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COIUtOSIOI D£·ARMADUIAS Elf HOIUIIGONES Ell COliTACTO CON AGUA 
DE MAl: EL EFECio DE LA GALVANIZACION T EL USC DE NITRITOS 
COMO IIIHIBIDOit. ' 

• 	 c. Andr.de. 'to Alonao, S. GotU (In.t.ituto "Eduard\) Torro::!a" 
de la Con.8trueci6n y d.l Ceaento del CSIC - Madrid - Espan.) 

y J.A. ~on~'lez (C.il.troXacion.l d. Im-eatipcionell Mete1Grt 	 ,ie.s d.l CSIC - Hadrid - E.paft.). 

I: 	 AIS.Tlt.ACT 

I 
In ailr1.'. e .... iron.ent., eblorid•• p.n.trate into concrete 
.truet.r•••eneratiDg tb. eorroaion of r.inforcements. In 
tbi. ~.p.r 1".aUlt. up to 5,5 'y.ar••1'. pr••ented on carro 
.ion rat.a of reinforc.aenta (••••ur... by •••na of Pol.ri=
zation a••i.t.nce technique) a.bedded in different concrete 

t 	 qilalit•• and with 0,5-1,5-2,5-11 .nd 1.5 c. of co....r. i.ae!. 
••ct, in otl1r.l ••• water. Gal .... nh:.d reb.r••nd N.II02 were 
.1.0 iI••d •••\lple...ntar1 protection "etho~t. 

: 
~ 

UTRODoccto,~ , 

J:l .•taqu."~ 1•• ar••dura. dehor'lliiOneS ait••doll en ••bien 
te••arino. ell conocido desd. h.ce'auchoil .nos, sl bien los 
co.to. de las .r.p.racionea DO .ra.n t.1I preocup.ntea C",1II0 en 
la.ctu.~id.d. en la que ha .uaentado e.p.ctacularaente el 
p.r~ue con.trulao .n 1•• sona. eo.ter.s en loa IIlti.os 30~. aftoa. 

La. "dida. de protec:ci6n pr.....nti .... p.ra eyitar deterioroa• pre:-.t,brCls,cu.ndo .e h.n to_dO, h.n incidido gener.l.ente 
elt. uil••, 'or-. del. caUd.d "el borlil!16tl (1) (2) (3) (Il) y 
del" r •.(:ubl'i.lellto· d. la. ·ar_d·ur.II, .al co.o .n un' cOntrol 

: 
~. • , •••••Hd. 1•• 1'.,1•• d. c'lellio para ~educir 1a ancbura 

hi•• Hiur••. $111 .ah.rao •. alln en horaiionn de !uienll ca
Ud.d,cuaiulod 'hO'rai,611 ud en .e'Uos ••rinos~ es a610 
cue. tilSn ··'di d ••po ~ae'iOil c10ruro.s .ical'u; en la araa dura y 
'/It. cc;iaience'a corrc;iera'e (5), por 10 que es necellario in
...litig.ar ;.sobre .•f~odos de' protecei6nitdic!onales' que' perllli 
tan .ilial'cll'r'todav!l:.a'. 1. y1•• en seryicio de aCluellos ti 
po·s de ·l!iatruetul'li'a .cll1o casto r.latiyo 4le·,.coftstrvcci6nlo h!. 

.g • .ac:oftllej.ab,le"•~" 
I 

:~~'~?' 
!) 

Varioll aon.los lII~todos de protecci6n. adicion.l que se pue' 
den utilizsr contra lacorroll161i de 1,111 ar.aduras, y mucho!!, 
son los trabajos que se publican en la actilalidad(S) (7) 
(8), debldo a las implicaciones econ6micas d~ las r~paracio 
nes. En el presente trabajo dos son los m~todos qu~ se co.~ 
paran: galvanizaci6n' de armadur.s y elllpleo. de nitrite. s6di
co coao inhibidor anadido al agua de aaasado. ;, 

TECNICA EXPERIMENTAL 

Katerial.1is 

Para 10llensayos aef.brlca!;"on pr",betas de harai.g6n de 15 JC 

.20 :II: 10 CII. de diiaenllionell. que ,ten!l:an eahebidoa redondos .,e 
8 aa de dU.lletro. con espellorell de recubri.~eilto de! 0.5
1,5-2,5-4 Y1,5 CII. La probeta se aueatr. en la fotografla 
,no 1 y en el esquema dela figura 2. Paraforza.r. a que el 
agua de ••1' penetre a610 pOI' l.a auperfieiea' anterior y poa 
terior (la diatan'ci. de loap.r.llento. later.l.a a laa ,ara. 
duras ell 'de 2.5clI) ~S.· recubfoieron l .• a auperficiea lat.r.- 
lea. superior e infer.ior. can un. resin.epoxl.y ',luego con 
un. capa de eeravegetal. De eat. forli. ,I': penetraci6(1 de 
loa cloruroa a610 •• Jlaaible par lea doa a·up.rfic!ea elltr. 
lIIaa de 1. probet.. . 

Loa redondoa que ae eabebieron fueroDproteg!doa con una dn 
t •• ial.n'te enau extreao inferior 1 .n la zone de interf.=
ae kor.ig6n/aire~ de t.l for•• quee1 'rea·expu.ata .1 at. 
que fue de 23 ca • 

El horllit6n ae fabric6 con dOli proporcionea d.e ceaento en 
leg par a de horaig6n de 30'0 ,IlO.O kg/a3 • Cada una de eat.a 
doaific.ciones ae .aaa6 eon doa relacioneade ./c ~. t.l 
foraa que elea.curriaiento en el cono de Abr••• fue de 1 CIII 

Y 11l-15 CIII. En el caao en que ae .nadi6 el' inhibidor .1 agull 
de all.sado ae utiliz6 un 2\ de 11.1102 en relaci6n al peao de 
ceaento en e1 caao de la dosfficaC::i6n .enoa fluida (2 c. de 
cono) ,con 300 y 1100 k,'de cemento/a3 de bor.ig6n., 
En el c.ao de laa .r.adur.a ,aly.ni~.daa" e1 ,.ly~nizado ae 
realiz6 par inm.rll i6n en caliente ... 50°C, obte·niEndose una l 
capa de ,rosor ....ari.ble entreSOY,100 J'iIa. De las doa aeries 
de ar••duras que contenia cada prob.ta', un. lie ena.y6 '.1.... 
ninda y 1. o~r. de .cero deanudo. ,. , -

Tod•.a 1.11 var,feblea •• ell.ay•.roIlPor,duplie.do •.d. t.l for
m. que loa valorea, que' ae' expr•••n'.", 10. 'l"_t'icoa .on Ie 
aedla arital!tic. de' 2 6 4 medid•• (prob'etas con, n'itritos) • 

Las' prob.tas, unay.:r;fabricad.a. Se :·(:.u1'.1:'0n ~ur~nte 60 dlas. 

pasadoll los .cuale. seintrodujeron ,.en ,.gu•.dulce durante unos 

15 dias 'II.!!s y cuandQya se ellco'ntrab.an .•• t.ura'a'as deagua se. 

introdujeron has ta 3~4 .CII de .su. borde ,sup,er!or en atua' de 8Ia:r

natural en una b.lsa de conaervac,i6n sit,uada .en el,Institu

to de Ciencias delMar de Barcelo'na, .pert·eneciente.a.! CSIC. 
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Lil sa.1$.,n~d,I'-...'ia, ,,~..,.. • ••• 3,8 ,r/1., , l.ri!te.pel'at,!!. 
ra os,ci1a,,~1It;,re, 1"-0 e,II;,invi,.r,•• ',. 21t-C, en,Y~r;;sno. y 411 co.!!' 
te.llid<;>; ~,el'ljo; d,. oxtsel\:O e~de, 5 ppm. £J. .«ua !Ie renueva t~ 
dOlfi, 10,~ I\~,se,••• ' 

"cnlca'de, ••Aid., 

Par. 'II. lui t' 1'. '.vo1;'c i6a de'la ...eloc ia.a .41' corro. i6n con 
.1 tie.po. ae .ti1i&6 .n todo. loa c••o. 1a determinaci6n 
ae 1a R••l.tenci. d. Polari&&ci6n. Rp. La intenaidad de co 
rroa16ri. ••e c.1cu16 .edi.nte, 1a f6r.ul• .de Stern. alI corr 
ilua1 que en .nterlor•• tr.b.joa (9), uti1izando un valor 
de 1a C:l;OnU.nte B de 26 .V. Lo. potencial.. n .idieron en 
todo., loir 'caitoa'; frente'. uli' .1ectrodo de c"l'OlIe1anoa a.tu
ra'do; 

RESULTADOS 
J 

En, 1•• ,fi,lIr., 3, ••e lIu••,tr.n uno••,je.pl0. de 1. evolu 
c14n4e,1'O.; potetld.l•• de ~orr".16. ,. de 1. lntenddad de 
c,~rroai4~de .•c.r~!I a••nudo. p.~. loa C"O., d., 300 ,. 1100 q/ll' 
4. hOr'!l1,6n de ,c..,n.~a;t'llcia f1dd•• En 10.,r4ficoa ~lo .41 
?lue.tran Ail8' 1'...u1udo. par. fl!ll,cubr1al.itto. de 1.5 (Hoe. 
detralos) ,. 7.5 (H1I" co.du.). 

Puedec:~,.p~b.r•• "1)1. 10,' l".donclo,••uellltr.B un' pri.er perl.!! 
Ii., c,on ,Ecarr:.n n.10~.. qD' 1n,d,$.can p.,.h:.c:i6D,. Ico~r b
hl'lol'e,·., III' o.~1M!c.2,. E1 prl.er redondo"......ct.tva (.1 
re4edord. 10. 100 dl•• , d. 10. cll.1•• 75, ·faeron de cur.dO) 
e. el ••b.ebido .-nllor.114D de 3CtO It, Y can' 1,5 c. de e.pe
.or de recu),ri.le.to. 'Lo......bide.'. '1.5 C.'.e .ctl"aroD 
.prOoxl.ad....nt.'.l.bilO tl••po ........ c.1id.de. de hor
.1,(\n (alliedeelorae 100' dl•• ). Un. " •• d_p.dv.do. 
Ue'orr "C!;!"o,;t-0,.2).\.4 Icm2 ).. la. '!utenddad•• de corroai6n 
v.li:crec,iendo p.u1.:t'1n••etrt., .1tli"ufo.e 10. v.10re••'xi
.o.:.,,e'dido. h••~.el ao••nto ea'tr. 50 y 100}£'A Ic.!2. ' 

En 1a.Uiu,.•• ,. 1i JI 1,.e 11.'11 ,retlu.id. 10. ,,,a10re. d. Icorr 
par. tod•• 1.. val"i.bl••••••,..d••• p.ra 1•••d.d•• d. 3 ,. 
5, .•11'0. ':' ••lUo.' , ' 
En cl1a~to .• ),.: eaH4ad .el hot'II.$.i6~, •• ~o••P\l.b. ,.ue un. 
• ayol' c.~ti'.d dec•••nto .. lI.n.nclo.. ai i. r.l.C~,6n alc 
eab.i. (C080 1 c.). J ••u...lir. 1•• probet•• COD cono dll 
,111-150••••p...e!a 11ft••ej,or1a en 10. re.\llt.do•• 3 .110•• 
ciu•••••pat-.e.:p.... 1._r..u:U••Oo•• 5':1100& ,. ••dlo. 

L..araad~r~~ ,t.i~~;~i~~d••. ,p.r....t'.~ ~co,rrinf.rlore. 'que 
1•• de 8cero de,.Dildo. E.t. 4i-f,ereDct. ea .elia.not.ble en 
elll()rlii,61i 11e'!';eot' cdta.4t,aayorralaci6n "./elque en el 
~~Ii"Oo,lt,y C01s0 -«!it 1 'o,.~ ~U.bio .1.a"pI'obetaa que COn
ti.nen 'ldtrfto. preait'riU'Il 'tin. claro .•ejor ·oo.portud.nto lia 
r.;.dll4e. ·dliHaN,s. ,,..,i.le').oa re.40no••hll.'do. a " c. 
pel'lIia:tl.cltnto4a"IIli'.Ji'1••O"': ~ ,..hi~aa.loa 5 ..nos ,.
_<lio." , . " 

I 
Las probetas no muestran en su exterior ninguna fisura y I 
Gnicamente aparecen manchas de 6xido .arr6n en la cara 
III'S cercana a los redondos can 0,5 c. de recubrimiento. 

DISCUS ION I 
Las condicionea de conservaci6n de eat.s probet.a no pllledan 
considerarae muy agresivaa, y. que no eatln ao.etid•• £ •• 

riaciones del nive1 del agua r10s redondo. e'~'n prtctic. 
mente aumergidos, pOl' 10 que e1 .cce.o de oxlleno, ain .a~ Ital' impedido. no es el !lids fayor.b1e para p,royoc.r e1.....d_ 
v.10cidades de corrosi6n. Sin embargo pu.de co.prob.rae ~n 
loa resultados obtenidoa que redondoa .ltu.do. inclu.o • 
7.5 Clll de profundidad (recubrll11ietlto••ntre _,y_ 7,5 c. eon 
loa recomendados en distintoa c6di,oa par. p1.t.for••• Ioff-shore de hor.lg6n) ae .cth·an .1 cabo d. Ull p.rl040 4. 
tie.po mucho IIIds corto que 1a vIda .n .er.,iclo no.in.1 (.1 
rededor de 50 alios) que ae eapera de 1•• con.trucclonea 4e 
hor.ig6n .rmado. 

t.t. rea1idad de 1& deapasivaci6n t ••pr.na d.1 .cero de 188 I 
.rmaduraa situada••n ambientes ••rino.'a.b. 11.var. in
.iatir en 1& blport&ncia de una cu'idllldo•• pue.t'. .n obra 
4e1 bormi,6n, que asegure para 'at. un."r.n I.PIl_a.bl1i
4ad. aal co.o la neceaidad de praver en'.l proy.eto c.nti
dadea de cementa y eapesorea de recubrl.i.nto re1atly•••n I 
te elev840a, 

t.t&a precaucionea s. 4ebarl.n to..r 110 .610 .n con.truc
cione. aingu1.rea como laa obr•• pdb1ic•••• illo t.abi'n e1l 
viviendaa y en edific.ciona•• que .n ,ener.1 •• tian. t.n I 
denci•• cuid.r 1IIenoa. pera que en oc•• ione. e.tln .o••tl
d•• a aituaciones a vecea Inc1uao ••••,1'••1"••• J. que loa 
c1oruroa pueden penetrar .ucho • .11. depr!.a eu.ndo a' "neuen 
tran suspendidos en las gotltaa de a,u. en cii••• hd.edo.~ 
caluroBos (penetran por fuerza. c.pi1.r•• ) •• i tu.cUln h.b! I 
tual en lila zonaa coate,r.a d.1 '.bito ••dit.rrlil.o,.donch ae 
d'an condiciones de "niebla" d••1.".d•••1inidad. tn e••bio 
1a penetraci6n de los c10ruro. por 4ifu.i6••i.p1•• co.o 
en e1 c••o de las probetas .qul en••y.d•• , •• co.par.tiv.
mente baat.nte mla 1ento • I 
D. los doa mftodos de protecci(\n .diclon.;t .n••yado•• a 1a 
ed.d 01d.a conaiderada <S allo. y ••dio)~p.r.ce ci.ra.ente 
.aa vent.joao e1 ••p1eo de nlt'rit•••ft.dldo••1 .'11. 4. &II.!. 
..do ••i bien ea neceaario e.p.rar ti••po••'.,1.1',08 p.r. Iextraer conc1usiones .4s deflniti".'. Y. que e1 ,.I"aDiza
do en ,e'ller.1 se carroe actuando 'co.o ,anodo de, ••crificio. 
de tal .forma quit lIIientras no deaaparece 1a c,ap. 'a1",a..,.iza
da. 411 a taque a1 acero base '110 es de••a i.do inten'so. POI' ·10. 
qu. 1aa velocidal'les de corrosi6a ~ue Be .st'n.idlendo,plII~ Iden aer todavia las de disoluc16n .4. h c.pa,.lv.1Ib;~•• 

POI' otra part., los ",a10,res ,de lntelisi••d de 'c-orro~l'n, ft-'· 
d).do.. ea las probetas Can nitri t-os'Par••-..,e• .,..es .<lie rflc'b. I 
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b.riaiento inferiClre. a 2.5 ca, aunque aenores a.l~s· de pro 
betasdn inhib;l;dor.izi4ican que los redondo II 81' ban ya as 
tivado, . pOI' 10 que. aunque aejoranel eolliportalll.l.ento del 
acel'O alal'lando slIvida (ltil, sin ellfbal'&o nO'repre'sentan 
tallPOCO IIna solllci6n definitiva al probleaa.

I" 
COJl.CLUS :tOMES 

De 1011 resultadoll obtel'lidos hast••1 .aoaent:o las concluaior nes proviaioual•• que .e pueden ext~aer SOli:' 

1a ) 	 La penetraeHhl .de cloruros en el boraig6n aediante diI 	 fuai6n es 'un prociso relativaaente r4pido. de tal for 
aa que 101 redondos de acero des nuda se encuentran des 
p•• ivado. a edades de 5 anos , aedio. exeepto para'eS
pesore. de reeubri.iento superioresa II ca" elevadasf 	 ca1idad.s del boraig6n (400 k& ce.ento/a3 de borai,6n 

I 

yco~dl~e1Jcia .~eaJ. 


2a ) 	 La l.al•• i1iz:acH6n de las .raaduras reeulta algo favora 
h.le euatido lie utilban elevadas caUdadee· de bonaig6n. 

3a ) La adiei6n de nitrito s6dieo.a1 .gu. de .aa.ado .upo
ne una clara 4i••inuci6n de 1.. inten.idades de corI'O1 .i6n aedid.. cuando los espesoI'•• de recubriaiento son 
.uperiore. a 2,5 ca. 
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CoMPORTAMh:NTO FRENTE A LA CORROSION MARINA DE RECUBRIHIEN


'l'OS DE NIOUEL DEPOSIT...OOSPOR ,iIA OUIMIC...Y POR VI... ELEC


TROLITIC... 


E~ JULVE " 

Departa.nento de Qulmica.Facuitad de Ciencias 
Universidad ...utonOlllia de Barcelona. Bellaterra 

ABSTRACT 

There are relat.i'vely few reports on corrosion res is
tahce of elect:.rolessniekel deposits and electrolytic ni
ckel deposits in industrial-marine envirOllM!nts. Iri this stu
dy,the ,corrosion beha,viour of both types of nickel coatings 
has been evaluated 'for three-mc:inth.,six-.anths,12-months and 
l8-months of outdoor exposure in a sea side site.The._nickel 
thickness of coatings and it co.po.ition have bee~correlated 
with it corrosion resistanc•• 

INTRODUCCION 

La corrosion de los ..etales,especialmente aceros,en un 

ambiente ..arino reviste la .axima importancia en la economia 

de un-'~'~i'~, spb~e todo en aqueUosque poseen una, gran exten

.i§!:' de ,?ost~:c.~j!s elc..1) de Espafia. Por ello,a los meta

ie~se J~,. sueie prot,ger con "pellculas,demayor 6l1en~r es

~sdr,d~ 'r~c~bri';i~nt;;'4e tipo org'ni~o 6de t1po metilico, 

que'~illl.n~l~tai'~base de ~~"_dio eli:te~ior agretilvo.' De 

ent~~ l~~'re~~~ri~i~nt'~s _dlicos mls Irtiiiud~spara Ia 

,pr~~ec~i6l~',l~~ ·~~~~~,desucan l~ 'de c1nc,cadmio,estafio 

Yhi~~o!d.• Lo~_'rec_q.ari~t~ftto~ d~ ni~e1 se "a~ u'tiiizado,de 

DIO"~ especi~l-;p~r~~r • la:wez proi~ctore.yd~cor~tiv~s~Tra
dicio~"ll1lent~'~~': han a~lic-~ PQrvia ~le~~rolltica."'h~ra 
bie,n,desde hace\l~s PocOs aiios,la",~'liculageniquei se de
Po"i,ta SOb~e~l-lletal a,proteger~; wa'qur...it:a,lAediante un 
p<r-~CE!'SQde re~ucci&' .cUPld6 -lu.g~t ~';una' ~s~'~'u~tura ;;ife~ente 

a la propia del niqtiel electrol!tico: 

Los recubrimientos de niquel electrodeposltados han sido 

bastante estudiados en 10 que s'e refiere • su comportamiento ' 

en ambientes interfores oeil ambienteil exteriores no dellasia- "",c' 

do agresivos,corre'spondientes e5pe~ialmente a zonas urbanas,-';; 

orurales'~'pero hansido poco eiltudiados en'lo que al! refiere ""'" 

a ambientes lIIaririos y marino-cost:e,rosindustriales.'Por otra ',,' 

parte,apenas existe informaci6n acerca del cOlllpOrtu\J,ento de 

los recubrimientos de niquel'obt:enldos Por via,qul.ica(sin 

corriente) en ambientes urbanos yrurales, y menos 'en ,10 que 

respecta a atmosferas 'm.rino-costeras' induiltriales,llevando 

como polucionantes a cloruros Y',al dioxido de azufre~.En 10 

que se refiere a nuest:ropais';no existe ningun datoreferente 

a la resistencia frente ala cbrrosioil 'ambiental marlnp-in

dustrial de ambos Upos 'de recubrimientos de' rilq1iel. 

En el presente t'rabajo se exponeel" coalPortllllliento;t!h 

un clillla _'rino-costero industI'lal catalin;de recubri.ientos 

de niquel electrcidepositado ''I de 'recubr'illientosde 'hlquel ob

tenidopor vb qulmica(sin corriente'~Ambosrecubrimientos 

fueron depositadossobre probetas deacero dulce y para obte

ner esos recubrimientos se 'partio,de un baiio, electrolltic~ 

de niquelllevando agentes de adiciondetipoorqlnico en el 

prinier caso y de un baiiollevanf1o hi,pofosfito como ;agente ,re

ductor en el segundo caso.Se ha estudiado el COIftportamiento 

de ambos tipos de recubrimiento de' niquel ',con diferentes es

pesores;durante un periodototal ,de 18 meses,comparlndose el 

progreso de la' corrosion en los IIIi Sll105 en' di s't intosperIodos 

de tielllpo .... 1 propio tiempo,el progreso de la corrosion ,de es

tas probetas se comparo con la cOrrosion observada en proH

tas de Acero dulce deslludo'sometidas 'a las1IIismas ~ondiciones 

de ensayo. 
".~.. 

P...RTE £XPERIM,ENTAL ",

Preparaci6n de 'las probetas deni9~~i y ~~a1t1aclon<d~ fa co

rrosion 

s .. pr""para'ron dos sflrif>'5 de p;nbf>tas,convenif'n'te';'f>nle 



f' 

iaentificadas .La prblerasez:i~.(Alcorreapol'ldia a ))~obet;as.de . 

.ceJ:'o ll.eva.n~o".uQ,'i~$iaJento ..de I\iq~~.. ~lt!!ct;iodepositado 
y la se9~".d. s,er.ieJ~)~o~J:'e~p~l'IclIa. prq.be.t-.,ck acet;C!,llevan

do. un rec,,.~ri.l.nt. 4enJ.:.cI'J~1depOsJ:t.~. POl' viJQllImica(sln 

corrienti!!h,Mbas .ezoiiUI a..uildivid,i4!ron eft . do•.•ubs~rfe. (1.-1 

. Y 1.,..2 Y 8,..1 Y'8-2) a~nUev.J:'".n an recubdlllie!'lto :de niquel 

d,e 6 ",III 6~ 12;~1II,~e::,I!I.~or •. ~.• prObe.t~,. que se I1tilbuon 

, eran d••cero ,dUlce,.&!! ·duie.n,doA"':lOO,," 50 ",.o"SJIIII.LaCOlllPC

sieion de,.e.t.~ae4llro, 4It+a.,laaJ;guie.Ptfh eIO.On,si,t,O,05',Mn: 
" ",,' , .." , 

O,35t,P:< O;02t .s:.(O, ()~"Jti t~,O~'Ql',cr :,(0 .OS'Y cu:<O, Q5'. 

Laa pcobet••,ant.a;de"!I.t,~il;;CUb,iert..co,, 10. doa dUerent.ea 


ti,os4e ~niCn1t!l,~.O. pul,.idaacon.papel.br.isivo ,de1nl 800, 


de.odd~d",~ -pQr i.r.i4n~u~.nt:. ,uno••iqlltOB, en HCl al 10' 


Y dellenqr•••d.~ ,cQ":paat.: ,4e. c~l .de Vie"a(dolo.1ta tost.d.). 

6eapue.;~eJ;t"u'~9.~•••n ..9':.•.corrie.~te y lue,cHtn.qua' d..ti 


lada" fuel\(>n"tJ:at~"••n.l eC)~~IIpOn4i..te~aillo para .er recu


biet;ta.:,con, n~q~l:,cen .....~I''' ·,de·' 6 '12".,.~n 10scasos. 

. La ~c>tI!PO.lcJ."" .delOll!'lIaAO••• "iqae1 ut11il:;.doa :electro

,Utic~Lyqul.ic~·(ai"c.rr1.ftt..)Fh. ~diC1c,.'e. operatori•• y 

car.cterillti~,. de,c."UftO·de .1~oll· .•• _lIpOaen<en 1. T.b1a I. 
L.a. p.t:ob.ta•.~ail•.v_.· rec\Kile~t;•• ccirt·Jts."uel y diebid._n

. teid,entit;lc."~.,~ tisPu.ier_~_ 1Iltaillelill.c:l.on de 45-re.';' 

pecto.j.bor1I_t.JI\3....r. II.....dder .. en••Yo.or,hmt.do 

h.cia el:&1Ir:(3 h ,V:n. Ye% transcurri,dos '10• .,;edodoa ,de exposi

, '. ,c16RalieUllla ..d~-.c:o.t.ro :indu.trial prOfjr...dos (tre.me,.... ' .. ' ," ',", ' '. '. 

sell, .tds ·;_.e.·~dQc:e ·..s.a.'1 ;dieciocho ....es I .••ata•. probet.s 

nlquelad.sse:t:'etfraron d.! ,b..tidar c'If:. ens.Yo ~ ae eva1.ueS .u 

corro.i6n•. 

L.,w.lu:.ci61l:·...-cediZ6 de doa ';nerali :llor 'ilst;1N.c16n 

_i.u.nt.~l~t.t...a :ASTH(4) y ..di.nb estiaacl6npor perdi

dade peao('5Ufi). Por e1 pri..r procedillliento clI!da probeta "i:" 

qUelada se ev.alueS ilIIHdiat.-amente·despues'dela ·..xposicion.ex

presandose 'la corrosiOn o1;)ser¥ad": -:dhnte: ~II:, -riUmero de cla

lIific~ei6n"(Ra.Un9 N"lIIber) .Est.., ~ ifSt'.Unil!!o por"la 
division d~lirea corrold. e~ die:r.:.~lIdO~:d~'5~e::ei grado, 0 

.al 9r.~do10.Enest .. evallitacion,l\:emQ~,'.intrOd~eido una 1eve 

Tabla I. COlllposicion de los bafiosde'niquel .condiciones ope
ratorias y caracteristicas de los mislllos. 

BARo ELECTROLITICO (I) BANO QUIMICO (2) 

N1S04 .1U20 ••••••••••• 240 '1/1 NiS04 ·6H20······· 7•••• 28 q/1 
NiC1 2 .6H20 ••••••••••• 50 q/1 NaH2Po2·H20 •••••••••• 30 9/1 
H3803 •• •,4 ••••••• e,._ ••• 40 q/1 Acido lictico(II81' •••• 25al/1 

Abdllantador Prblarlo 1,5 q/1 5 gIlIACidO propi6nico•••••• 

jAbrillantador sec~naar.O,5 q/1 . Addo lIucclnico •••••• 15.1/1, 

Aqente ductilizante ••• 1,5 q/1 Pb(N03'2 •••••••••••0.002 ,/1 
~gente -anti-pitting-. 1,0 q/1 

IPH I 3.8-4.,0 pH : 5,5 
IT : 55-60 IC T ; 118 .t 2 IC 

Dens. cordente 0,055 A/cm2 

Anodo :niquel e1ectroUHco·.!

[Rdac.inodo/catodo: 1,5/1 

,it.Ci6n catodica: 6 .I.in~ 
ist.nci. inodo/catodo:II-10 CID 

te10cidaa deposicion: 1.lVlll/min Velocidad depo.ici6n:1Sr-1h 

v.ri.ci6n en esta cl.aificaci6n,con.1atente en inc1uir 10.' 
. . . 

qr.dos ',75 , 9,5 Y 9,'25 entre e1 qrado 10 y e1 fjrack".UII 

nu.ero de chsificacion 6 qrado 10 aiqnif1c. que no ~e h.~b
aervado corrosiOn,ea decir,que corresponde • un 0\ "eirea 

corroida,aiientras que u~ nu..ero de cla.1f ieacion 0 gi-.dO 0 co-. 

rresponde al 50-100' de irea eorroida.Un n&aero de ala.ific. 

cion a qrado cOmprendido entre 9,15 .., ,corresponde.un e,Ol 

-0,10' de i'rea corroida.Estenumeto de cl••Uieicion 0' r~z6n 
'numerica corresponde a una f~ncion lOq.i!t;"ica del 'de ire. 

corroida. En la tabla iIse expre;an los: nu~rosde ehsifiea

cion "STH correspondientes al , ~e irea ccirroida. 

Por. el segundo procedimiento de ·eva~uaci.6n.cada 'piobeta 


nif'lu~lada se limpio y se pf!soantes y despues de la. ex.,osici

~n,expr-:~~f1(~"'~:n 1~ c('lr.ro~i6t'l ~~n cad~ p~r·Jr'.~0 d~- ti~rt1~en':'

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

http:corresponde.un
http:eorroida.Un
http:xposicion.ex
http:d~-.c:o.t.ro
http:Yo.or,hmt.do
http:1Iltaillelill.c:l.on
http:p.t:ob.ta
http:i.r.i4n~u~.nt
http:rec,,.~ri.l.nt
http:obet;as.de


forma ~' ·~rdida de peso" (en g~dIiI~2).t.Osprodl;!Ct:os de corro

dOIl'se aepararon ttatamio . las probetas ilique~~das expuestas 

eon Q.na. dJ.solllcion de lc1do fosf6rieo al lO'tvo!.) .contenien
".' :'- .,'..'., , - _ . . '. ",; . -".. - i - i : 

do coma lnhiQidor O. ltde.li l-tiourea(tiosinalliina).a una 

temperaturad~ SO·~ y durante un ti,e-Po' ~e 3011l1llutos ,enjua

gando f.lecando despuis ie..s probetas alltea de pesarlas~ 

Tabla I~. N~ro de claaiflcac!6n ASTH segunel irea corroida 
.. 

NUMERODE CLASIE'ICACION "STH 'DE ARBA CORROIDA 

10 0 

9 0.0 -0,10 

8 0,10 - 0.25 

7 0,25 - 0~5 

6 0,5 - 1,0 

5 1,0,- 2,5 

4 2.,5 - 5,0 

3 5;0- '10 

2 . 10 -' 25. 

1 25 - 50 

0 50 - 100 

~ 

-'",:·'
..

I

II

f. 

Determinacion de clorur~s Y dioxidode. ullfre

•II Los clorurol .tlllOsfiricol se capt.ron _diante el inetodo
:;.... 


.' de la ·pr.obeta de '~gulo" 0 ·tej....al descubierto,utilizando 


una' lu~rficie t.otaluUlde 600 cal.Esta ·teja" se .oriento 


III s~r fse dtuo • 50 c. del s~elo •••9unl. nordtiva(7).Ca


da ~es'~e r~alizo i~ recaqlda. de clor~ros,los cualeli sevalo


rar()nlledianteel Mto6o vOI~tr1co de ~r,eltpres.ndoise 411 


conte~i~ d!!ellos eftf~r.a de IIIgN.C1.lIt2 ~dh-1'. 


I 
", . 

f;ldi6;,idit'd,••,zufre ai:ooderico se capto mediante un ci -
II 


lindro depUst'ico duro. sabre 41'1 cual lIecoloco' tela i!apregna


da con pallUde' dloxic!ode pl<*O.~l eua! absorbe el dioxido 


de uutreyj9 ~rarisfonia en suifato(8) •Este cilindroeaptador· 


541 instalDen el int'-rior' de uria casta de tipo metereol69ico, 


I 

con circul~cj,on libre de .aire ambiental.Cada mes. se renovo 411 

cilindro y los sul~atos ae det,erlltinaron pOl' ~nali!!is qravimi

trico.expresandose el contenido de d.l,oxj,do de azufre en forma' 
-2 -1j .

de mg S03.m •d.1.a • 

preparacion de las pr'obetas de Acero Msnuda t'estigo 

Para 411 eStudio del progreso dela corrosion en 411 Acero 

desiludo se utilharon probetalil testigo,constituidas POI.' cha

pitas de acero dulce,de dimensiones :100 x 40": 3 .... Estaa pro

betas,convenientemen·te ident1flcadasy preparadas(desoxidada., 

pulidas ydesengr*sadas),se'coloC:aron,deiSpu~s'de pesadas,en 

411 misme) bastidory con lit miama orientacion que'las probeta. 

niquebdas.Ona vel transcurrido el periotio de eaposici6n pro

gral1lado;se retirarc:in delbastidor,se limpiaron de productos 

de corrosioB pteseot.,ea(por tratamiento ~n una disolucion acuo

aa de HCI al 50'.cont~niendo 1 gIl de tiouteacoao:inbJbidor) 

y,una vez secas,se vol-Heron a pe.ar.expres.ndose la corrosion 

en cada periodo de tiapo en forma de "pirdida de pelilO· (·en -2 . . . . . . 
g/dm ') • 

Obicacion deb estaci6n y duracion de-los·enUyo. 

Para el eistudio de la corrosion en una.atlll6sfera .arino

costeraindustrial se 4111910 una loealidad que.al prcipiotielll 

po que ambiente marino existiera en ella una de.tecada activi

dad industrial. exlstit!ftdo pOl' tanto en Sll atlll6sfera dioxido 

de azufre.en apreciable cuanth.La localidadelegidafilila 

ciudad'de Badalona.situada en 111 zona costera norteproxilllll a 

lIarcelona.situandose la estaciande ensayei a unos 150 .etros 

de la linea del mar. La duracion experimental de este estudio 

ha" sido de 18 lIteses :desde comienzos de Enero de 1986 hasta 

finales de. Junio de 1987. 

RESULTADOS Y DISCUSION 

Corrosion. en las prObe.tas nigueladaB 

Los resu 1tados. eorrespcirlCHentes ai comportamlento de las 

probetas de la serie A,l1evando nique! deposYt::ado electroliti 

e~mente. y de las probetaB de la serie B,llevahdo niquel depo

sitadopor viaquimica,para un perlodo de exposieion de 3 meses 

http:cuanth.La
http:azufre.en
http:nordtiva(7).Ca


"-e 6 ~.ea y 4Se 111 _ ••• ,se eXpOMn .. l.s Fi"uras 1 y 2,en 

lalFi9U~al l y 4 Y eft 1a. "ilJur~s 5 y fi,'-li!spectivamente.i:.a 

torri>s'ion 6b.el'vada.~e eXlm:isa~en lasU••"a. c~~nUmero im- , 

pat" mediante ,el"nuilletolde, ei.SlficAiic'..·.S'I'Mt en las fiqu

ras- eari',nu...,to par.edi~nte 1.·p;Hl.... Pe.o· (en 9 .dIIl-2 ). 

',Del examendeestiul seis f19ur.......prendeque,en to

dos·l0.: c~",os"C:OIIIIOera de eaP!t;ai,lae.rrod6n ,de :I,as pr,obe

,tas niq~eladas.ilevandoune.pesor"12,.,. h&~ldO menor que 

l.delaa probeta. llevando un ,espe.or .. 6,'111.1'01', otra par. 	 . .-

te,ae ~elipre,nde que,en t.odos los pedoCios 4e exposicion.las 

probetu de h".erie,B (Uevando ni"~,flUIIlli.c:o) han presen.., 

tado~alllayor re,lstenda a lacol;'l'(l1l1'" .at.lIIOsferica que las 

probetas ,dela: serie ,A (llevando nl..el elec,trodepositado) • 

cabe~tr.lbulr flste,co..portltientoU "'c"o de q1.Ie eldlilPosito 

de ~J.~~l quIlllico(sin,corrieflt.e)abt••l!1o a, p.-rtir deJ baiio 

precedehtelilente Citado y en las, Coh4ici.e. asilll1slllO citadas 

',C:H"es,.enrealidad,1jna deacio,,:ni..-l-f6sforoCcon un conte

n:ido.en I'del.10\).E.~••aleaci6n ••tl."enta de por~s y pare

ee ser queposee unJesu:uctur.,UIOrfaAt~ 10 ~ual Ie con

fiere unas,carecterillticas lIIas nOb1esqtte las propies del 

depOsito de nique1 electroUticoCexent;o.de f,osfaro) obtenido 

a partir (leI baiio,electroUtico ,anterior.ente citedo( 1). 

Pere l .. pro.b~.s niqueladesqu,b,ica_nteU1n corrientlll) 
.. ' 

Hevando un, espesor. de 6 v.,e1 ·nw..ro,·,de clesHica~i6n·ASTf~ 

fuede 9,541 ',75 pere un pedodo de, e~POslci6n de J mufts, 

de ',;,Spare un periodo de exposiei6nde 6 ,_ses,de 8,5 pera 

un'periodo deexposicionde, 12 ..ses yde 7 para un pedodo 

,de expo.siolonde 18 _ses. Pera 1.. probeUsnlqueledasquI-' 

_lcamente Isilt (!orriente)lljllvendo ,un eapesor de 12.., .. ,e1 "n6:

_rd'de d ••ihcae16n-AS,,", fui de ',75 a lG ,pan u,n pedodo 

de e'xPosici6nde :1 _seli,de 9,'1.5 Para un,pedodo de exposici

on de6'meses,de' pera Uft perlodo de exposicion de 12 meses 

y de 1,5 para un, pedodo de eXpOs"ician de 18 _ses. 

'Para las prolletas nique-ledeis "ele<:trolitica_nte. con espe

,sores de, 6 ... )' de 12 tI I'A, los "1'I~t9sdeel&'Sif1caeion"ASTf:l ' 

lueron,respectivaJIlente,de ,7 yll':pare unperiodo. de exposicion 

I 
de 3 meses,de 6y 7 para un periodo de exposicion de , .eaes, 

de apr()ximadamente 4 y epreximadlllllente 5 para unpedodo 'de 

exposicion de 12 lIIeses )' de 2 y 3 pere unperiododeexpesi I 
cion de 18 meses. 

Cuando la corrosi6n lie exprelio en,forma de-perdld': de 

peso" los resulta60s obtenidos tue,ron an11090s a 10scitedo., I 
como se puede observar en Ie. figures 2,4 Y ,. 

En todas las probetas e1 gradode corros16n vario BegUn, 

cua1 fuera e1 _s y la eatacion del ano en que ae expuateron. I 
Asi,segun se pued; observar en hs'f1guras 1 y, 2.1e corrosion' 

fue maa intense durante e1 periodo,de Abril ,e Junia Y de Julio. 

a Septiembre(casicoincidentea con ,h est.cione. priaavera y Iverano) 'que durante el periodo'Enero a Merzo y'OCtubre .;Dioi

embre(cesi coincidentel ,con 'la esteciones,invierno y oto.iie). 

Corrosion en las probetes de ecero desnudo 

Los 	reSUltados de co~roslon obtenides pare las probete. I 
testigo,de Acero du1ce,sOlletidas ales misllas condiciones de· 

ensayo que las probetaa nique1ade.,se exponen en la Fig.7. 

Como'en el1e se puede,ot;lservar,le corrosion en estaspro I 
betas lue mas intense en 10.s_ses de Merzo,AbrU,Mayo,.Jun:l.o y 

Ju1io(casi co.incidenteli cen las estaciones del ano:prilllevere 

y verano.) que en los _ses de Enero,Febrero,Septiembre,Noviem I
bre y Oiciembre(cesi coincidentes con las esteciones del aiio: 

invierno y o.toiio). Co.incide este hecho cen e1 observado,eri 

las pro.betas llevando recubrimiento de niquel quI.ico y deni Ique1 e1ectroUtico~ 

Por ,otra pa~te,cabe indicer que el at.que ,de ia corroSion 

es mucho mayor en,el ecero desnudo que en el,.cero recubierto 

connique~sea quilllic06 e1ectroUtieo.A.i .lIIientrasque el ve, I 
10.1' 	 lIIedio de la corroSion anue1de1.aceto de_nuda fuede' 

-2 ' ,', ' 
g.dm' ,para el acere nique1edo electroliticelllente·ese valor 

_ ' '-2 " ' " " ,',~2
fue 	de 0,18 q.dm (pare 6 VIII de espesor) y de 0.13: 9;dlll I 
(para 12 vm de espeso.r) y pera el eceronique1ado qul..icelRen

teese valer lue todavi;" lIIener: de O.OSg.dlll-21~ara 6 11m de 

espesorly de O.Olq.dm-2(p~ra12 Pili de espesor). I
Influench. de los c10ruros y deldi6xidO, de aZ\lfre. 

Las concentraciones de los eonteminanteslc10r\lri!) y S02 

I 

I 
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(expre••das CQIO "ac1 YSq,lprnentesen ;1. at~6sfera en que 
ae realiz6 e1 ensayo#se. expon"n.r~sPectlvalllen~e,en lllS Fiqu
r •• '1I1.:y 9. .< c 

<;:ciIIIo,enla primera de ell.s se ~uede. observar,las lIIayores 
conceftt~aciones de cloruros. !Ie enc4)n.trarojt en lps meses de 
M.rt:o,.AbrU,Ma1O.~unl0 • .:JuUo Y ~osto{eorrespondiente. a las 

elIItacioneslpii.aver4:y verano) 'fI'las aenore. col1centracione. 

seencontraron enlo••ses de Septieftlbre,OctubreiNovlembre, 
Dlcie..bre,Enero y Febrero{eorre.pondientesa las estacionesl 

ot060 e invierno):E.ta IIliyo~ concentracion'de cloruro.,acele

rante.de!: 1.corros16n~en los_sea de priaavera y verano(ayu
da.do SinirqiCai1lente' por la presencia en algunos de eso. meae. 
deuna .1evad. eoncentraci6n de dioxido de azufre) e~plic.da 
el Iaayor .taque d~'i. corroSion ob.e~vado durante eso. pedo
dOade Uempo en las probeta.,,de ac:erodesnudo y :en' las de a
ceroniquelado •• 'l:C)que' eont:ibutd.n#ad';"Ss.las altastempe

ratUr•• propi.. de 'b...· 'poe•• del ana,Alexistir Valorea ae
diosde'l. h_dad ieladv. del ah'elluy s_ejantes entre el 
perlOdo prillavera-verano ,'/ ,elpedtldo otono-invi«rno en la -. 

lQi::aUdad dondese har4!!alb~do elens.yo, este -factor cli 
aitiC:op.rece que no elf dlferenchdor en este caso.como puede 
.erloen otras lacaUdades donde exista una 

rl!!nciaen loav.lOrea 'dehu.edad re.l.Uva en 
pedodos. ". 
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~AHIFBtO ~:dlIC:o:llI uNAALEAOION CutMi EN' AGUA 

I>!KAR CONT4HltwMCON SULmlOs ' 

Hada ~l <:arM" LIllO ,81&1'Ica K.~'" . 


CElale :. 'CittFAlCoNlcET ~~~frt,a~e~ui 4]80 ~ (161)3) Vilia Hartelli 


8l/DfOS UIII.S -' AllCEN'rIHA. 


AlisTJACT .' 

Thill co1:i'Osi_ re.istance of'. CuINi 70130 alloy in .ea "ater "as deter
IIlned in. tilepr.senc•.1II\d tile al?Hnceof nlfide to .•nalize the.ffect 
of tJiIi ..d,On.lle'!:troc:_ti:,al testa .." perfonlllll .in 3.4% "Iv solu" 
~,i~ .~f;NiaCJ,,~th ... ;,tu-t addition of Na.,S· at·. concentration IO\t. 
~i:'SlOn . teat.. ._1iI __ to chirsctM:lu u.. corrosionProclucts 

. a.rilvnlD~ dlffarant,cOndltlons. '[be n.u1ta .iit-d a protective ef

.~~t ",aoei:atedtCIthe. C1Ip~A1flde f.rMdwhCI til••1crOblsl lDeta

bollta •• ad4itionad to the ... "star only in t..e &bsenca of oxygen. 


! ,.' .' . " . . . 

"'~ 

.,LaS _J,UdCIinU "C.-Ni. CIIJO cOliteaUoea -Ill ...rla antra 5 y 30%. 

'.. tenl.4IO:_ la 41t.UilicWcad~ _u apUcaclones an 1ai.;austria na

."al:,..ct';"9t_- 'ftat~j... pr'cticas , acOft6aicu_bre las de base 
l

,: r.utUl..... b8.ts.lI_ento , 

•... tril,f)jb&~ ~.C.rO~loMI... el costo de 1a cllrrosi6n a 

lilcrustsci6n ..d ..... _, .ia"ado '1 adeMs.ill a~to de 1a rugo.ldad 

del cuC;o inc:rM&IIta a1 COfI8_ de CoiIbIasti"la huta an Un 10%. depen

.41imdo d.ltit1l!ll'K'~ -SIs .ntreeada' llIIpl~U~ 11pl.cado cori a1 ..

c:i_s .daCia-INi rad\lce .,iNiac_WIIli_tn._ parte d.bido a qUe 81 

t1en~.~act,.d.t:lc.. ,antl:'illC.~tllltt...~ .. COIIIIJ,cionas "orilla1as.!. 

~i.e..ci... ~l--·... ""locIAid. cia eorrod6n MIlot que .81 acaro. 
". "",,~.\ .....::..~~;.... ::,:' . ." : ' .. 

c, ,Ottlt .,llellicii6i:da ...tu.1UCl1.... _ - Cl[Ifiaflu '1 f;ubcMda in

~iCi.iti~~'~.n. ,....,1.' eM1" di-cU1.aaiJade _r• 

.eo.o'COlU!~t. ~ ,ill. crac:iltRte' .1~l6n eft· el -aplAlo de ..stOs 

liaterlal.., .diVersoant.r.. _~1Hori -au ~_ilr!to f~nte a la 

c;:orro,i6n•. IncontrarOil ~ues. re.18tand~di"inuyi,~:'~~·:de ..~ en 

tl!rn~st1.adora del COIfICIT. 

. '... '. .' ' .,'. " 

presencia de contlPllinantes COIIIIO S pro<luddo p.or 1a ,reducl:.16o _tab61!, 


ca del suIfato pof blllctediui '8ulfatci~reductoras.· 5e realizaron,ensayos 


de aleacioriesCu:Ml.ri8qulpos' da d;vers~~ diHf!os cqn clrcutal;.l6n de 

'Jr,*,.

flUldo y se detecalruS _cnant~ .-did~s de ~rdid.. di!,' pes02,3,4.S la 
i' . ' ••', '. ' ,,' : ' .. - "~.', • 

Influenc,la'de la velocidad, de nujo '1 da 1~ conCeilt;~".. i6o .-.1 i60 S . 

en 1a realsteneta a 'la corro.i6ft. 

In base . a ensayoa .lactroqui:ll\icos mliu.dos enl!o,luci_ aCllO

..s de NaCl al ]%11. obtiem qU. lit mirva dapoladucl6nu6cllca de 

laa1eaei6n Cu;Ni70:]O present.a' tres*o~ ~.1.. ~ual~ae fClI'IIIIn 

di.tintos productos de corro_i6ft constituldo. principabDent. per co.
. 6 . . ' 


puesto. de CU ; 


B. C. S~ett?reproclujo e1 f~,da ,conolll6n encondlClon.. 


de fllijo, para luego reallur un. eatuclio, da I:. lI\Ip.rficlu a~ 

utUbanclo voltametrla cl'cliCs '1 IIlcro.copla .lectr6nicade bUTic1o. 

conc1qyand.o que la CQIJIPOsiC:16n da 101' producto., dit C~f.6n'" di. 

tinta .ap e1 -aio qua sa utilica '1 PrOpona un-.can1..o,decorrui.6n 
que dapende de I. histoda de loa _dios a101 qll4l ..tWa~ta 1 • 

. . I . 

aleacl6n. Incontr6 ad-u. que .1 sulfuro. en 'aunncla ~·a!ll"o. no 


.s el cauUnte diucto HI !ncr_to da ia' ;"loeldadda con:oal4n.un 


bajo t:ondicion~ advet"s d4. flujo.· rail:ultado que f_ CCIIlfi~ POi' 


. otros autom8• Dei utudiO rel.li~O porD~ D.Hc~Jl)" ~1.9.10 
.obre '1. accl6n delcixlCend ,'.Ii ·suif'.Jroenla c;;,rrosl~ ct. ~~~ al..

clones.sa concluye qUepoddllU:l.tirUil.f.c~o .ine~.lco ent~"'a. 
In ..I present. tt.~jo .. __lba .ill c.ft!lllianto de iaalu


ci6n CUIMi 70130';'iant. t,cnlcu al.~t.';oqulaiCU '1"i~ .. ""di


das da peso.Se relaciorienll:!sratiultados ant-dons * laC-POili 


ci6n yestructura da .10a p~oduC:to. 'da corro'l6;.'f~o.,deta~l-Sos 

..dl.ata ray. icy .lcroaeopls.leet.,&.lc:a d'ewt#I._id~!.'I* 


. .coplsda•. ras,.ctb''''"~~ 

IXPERIK!NTAL 

Se prepunon probatas de Is aleaci60 citjNi:n:jo;(s.:':~l~r'on 
, " " .' . ."' ....,,,'. '.''2' .,," 

en resina epcld .t!ejaitdo uri. iria expuesta de 'uno. 0.5 CII Y se las,po- .. 

119 hasta 0.25 111ft. Los e1ectroUtosutUhados fueron soluc:16ndeNaCI 


http:clones.sa
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'. '" 	 ~ 
3.4%fl/v con .lnaRe .. 11&25 an ... cOR,*,t,raci6n de 1 r- 10 H Y sin 

.Irelado del p<tluenta. 
'.,' ,"'1'_ • .'" .: . " i 

• 

S.:ru.llurOn cUrVas -de po1&riuc:i~ {>et~I..:lo,e1n4t.~cas. utilizando 

.... pot.to.t.tot.it.~uSirrit";2Q;'2JC _ UI'Is.tvoYit 1~ 1=0000&.-rador 

de"n:tcld~'.~ll'~~o~ 'iJrIa Yelocldacsde lOllY. ';in. '-I. Be tlllP1e6 una 

t c.ide (.:I}iiid:r~illic:aCOnftnei~l "..:iddo.;.u. al.ctrodo '" nfera!! 

,cia de&1~r" ••btt.CIo~. a tr...... up1lar .. Lullin. y contraelec 

tr040 da Pt. LO. ruulu40s .os ~1~" trlplicaclo•• 

• 	
. . 

WeutVu ...acUda. ae h1d_ ....rundci wlIOl'UCion.- -Slante• . " - -. . '. -. ,:.- . .'.,,', . 

• 
IiUrlJiJ)4iio d.'Hz ";901,. las ~t6dtc:as aatilranclo los_dio. c.on aire y 

i:Oii a,I'6ct6n_P4tic:a. -todu • tA.p.ratilr~ ..tllanta. 

. tulijo .d. toli ......:ro. ~icos 1 de l_ral6n,las _traS .. .-l!

• "ron COii un .icroa~lo alecU6nb:o de ban-ldo (tra) Philip. 5!)5 con 

• ~,9100.deta1:lli.....~ ...s.ntadifracc:i6n .. rayoaX.la cOIapO!lic:1cSn 

.d.108 ~~Nfoomdoii;• 
~ IISIlLTADOs . 

,• 	 i!nu..'.laetr!IC!UlJIlee•. 

SI,'tru.rOllCur.".de ~ladUcl" (Fil. 1). tie 1. aleac:t6n (:g:Nl 
'.... " .....~.,. ," .'. -'. .... '. - .'. . 

• 
~. 

70:30 ell ,.01udcSn de :!,-Clc:cm ,.la aa.reseda de ""25. Ind an..yo .~ 

landolllua 4...1' cont.-t~ .. .- al afec;to _del~lec;trol1to. el del 

.ulfuro'~orrespOadl..ta' a 1__uIloUt~od,l_.08 POI' los .lc1'OOrO• ni_* 'c.p.~ .. prollt.al" ,_ al "'i~. . , 

~ 


.Anllial. Korfol411co,'1IAX 

. S. jf;Uc6 "crHcopl••lKtriftlc:a de'"'~l.OIlOm: ""tras ._t!• . ·dd· ~.Pohr1Ud-'~lea~,_-ea~lc", co.o.,... :obaervarsa en 1..

• 	 ri".2,.i~"~i~i~~de~1~ OM! 1I1AX~~>lo.produc:tos 
cieci:in:o.i&:fci~- d.r~te Ln' polarl~l~ _,.,luei. conte• 	 . :, .,.~ ': ' .. -: : ", ' .".. " "" 

nlando S ,a.obra los .,. tlpos de. sa~ f.... ·o~.uos en 1& all!!.

• 	 c:i6n (1il. I).sod••.al ataque IlII6dlco; . '. "r' 

• 
lnIIa70a de i_rai6a . '. . .... .J 

- En 1.- ~i,uie:rt. taa.i. s"', RdnAn ;i.. p4i~i~de"peJ!9 de la. pro"' 

• 

• 

~ 

• 

I 
betas~rgidas en apa de "1' natural y sin~tic:a con didcSn de J 
NaZS en laboratodo.l)urante el ~nsa)'O de 30. diu S8111110tuvo la satu

rac'i6n en oxigeno. Mdlante burbujeo de aire. 

HEIlIO A8ua daHar NaCl 3.4% Haci. 3.4% + N.25 10-3 " 	 I 
Ap 	

Ir ~ 1.8 
. + 

- 0.6 2.7 t 0,8 50 !2 
c:a .&flo 

Anllisis -Slante difracci§n de rayoa X I 
El 1'&1110 de Pulvided~ obaer:vado • durante 1...polarluc:l_ &116. 
. 

dic.. de la aleac:l~ an .01uc1one. con 5 sa asoci6'a·~ fo~ci6R d~ 

una p<tl1cula proteCtora cte product,,- de corrod6n.euya c-postc16n Iae .t.~ln6 _dlanted1frai::c:l6n de rayos.X. Lo. anil1dil ••' .f.ctua

ron .obre ....tras ilOMtldas a pul.o. an6dlcoa de'polarlrecl6n'a ~400 
.VeIi. potancial c:orrupondlente a 1& rql6a de pulddeAI de la cv.t:'ft II) 

de la Fla.• 1. I 
En la curva ~)de la ...... fllllra se obaena una estncha 1:_ de 

pa.lvided a + 100 rtN~.1 un .uWo an la conlate • - 30 .Ves•. Pot' 

eUo.a• .-Uuron an Id4ntic:a. cmdic:ionu los producto. de COtTO. . I 
ill6n formad08 ...0Iuc:i6n de NaCI an .Wlucia de S· 1ueCO de ·pulao. a 

+ 100 y -30 .Ve.. In t04o. 10. ca.os.l principal COllllpue.sI:~ edst.llno 

enc:ontrado file ~(OO):JCl (paratac:aaits). I 
In _dlO8 qua contienan S· ae deteetana p<tUc:uLu ,,1'''' __1

furos cuproao ,. C\1pdco de hajo .Iredo de cd.tallni..d. M'bre la· "11

yaceat. de OKlcloraro verde• I 
Loa reilultaclO8 de 1....1'.1611 an presencia' _.oltia8ne evideftcl&ll • 

.. . 
POI' a! contrado. qua la .oluc:l6n d. MaCl ...i;O .... qreai- • 1. 

aleac:l6n que ~l acU ..de, ..r _tura! y .... 1M!! rmKuCe un p-&II. lftc~R I 
to .. la, p'rdlde de p<tSo por 1& adtc:lcSn,deS~•.It! ef~to,.el s· ....~ 
tones. con~rario. en pre.encia ',. en ausencl. deoslBeRO. 

ICONCWSIOMES 

De los resultados obtenidos en los ensayos de. la .1eael6n Cu:Ni 

I 

I 


http:ef~to,.el
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70:30 ,en a •• de ..r~.tilrdy dnt~dea,. sectltlcbiryqi1e: en presen

• 
~. cia de S· •• foqi..;m· ~ll.;a~ fUlil,coior nearo desUIftiros de. cobre 

debajacd~statblidad .Admade 1& ~i{cula d" 6xtJosde Cu. El cree! 

1\1ent~ 'del do!t,l.·filll 'artl!use"ela deo~llleno increi!ienta el Caracter 

proteetordef6ictli6 fo~do en aauade .'i.ii~. pUra~ jlero dacrece mueho~ au- poder piisivante enpre..ncie d.>' o:dIUio. ' 
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USOll! 'W.irt~;DKri.uo,t~:';~~~~INli.o APLi~AD«S Eft ";10 PARA LA Ff() 

TECCI~S~l:CtAL,r>!AC!ROS;Ai./C~ p ~I!!lTES '""lIMOS. 
" ". ";.; .... ~ ','. " ..,,". '",t': " ._: ; -". 

~:~~. -" 

P. ~r~~";' X.II·.~Vi:i4l·" ~'li, lsquierlo•• 7 i..tapads·. 

'.• ~pa~t;; ..,~Iic.~i.l"~ ...;,;c"'ic. 7 Ci.nc:1. de Mitterialea. 

··.::~~Il~:'~~,~~~~~t~',~t.lca. 
~~T.S;.(:t.n~~~;l~1ir:l.'e. (lInlveraitf.d .. Santi.go de 
'.:' • :~:". ,- .'.-- ... ~-:. '-;[ '"',. ' -:.'!.~"j.,~,,, -'" " 
CciiIpOctel.). Ap.rtedO 62, :H200 - '1100 

ESPAAA. ' ; 

'AtlS1'llACT/II£SUia 

• ·/t ••i ~lMiI.i:ifl~"C.:rbon a~.la covered by the cold appU:
c.tion or ,.~~~, fll_ :,'f1r ~lJ'Vlnr.'~ OW",," (PVFI wi1:t!4Siilcrome1'.el:'l> 
thlckri,euiwr.:, • .,.;..s>ti) .~ t,opea of emliron.o.nt conditions, ,In 
acc!ll.f.l:eCl:!1:ftj;lnc• .1!io~r,tokftoj, ..therthi.8ystetll ensures 'tJlII 
prote:C:1:l~:O(~~ .ur~~t~at\eii ....ll'lSt the __ine .eather ~ lbe re
lIulta>••~~~~;at::200::~,ot.~It1on in di..t1c chambertillrea 
dy t'.~u;:~*il{tl.:tl_ot:oX1;" pel"ts on the ateel au'rface, and 
.t2000_-~'(,(~~:i.t1ort~:' •.U,th. ate.l "rf.cs .... covered by an 
unir(;rii':1~s11ied¢o~*fon ;~tIi for ths test apec1.ens exposed 
to the"~i:.~. oc. eft!.i~"t.cOndltlorut.· 

c, '~~,~ .,.;;..:... ,'~~~"Y OIJEfIVOS , 
, .~·lldbJ,'.:tl~'::4;Ie':es~:''''''l.I!lto r~ 'el de,cooaprobarj mediante en

sa,:<f~o~~ef~,~'. '1~f~c~r:r~~' e1; cOllflOrta.itnto coilo 8latem. de r,! 
slatenels·p..l v.;·de I_1M." d.e tll,lCiI"UI"Q ", poUvlnilo 'apUcadas en 
frio. auperf1c1e•. de .ceroal. fC.~bQrio stl' ill.ar;.:con el fin de que 1. 
superCid. tr.tada •• cqnvlet-ta _ri',' lnl:1ede; rrliil!.,quilllica y fotoquiml 
cHent.. cu.ndo eaU, 0 bien .ullMlrC1da." II&1,Ili ile ..1":0 expueata a con 
didonea ..rinu ••vera., t.a1e. COMO 1.. quesoPortal!'''PoI' ejemplo.lai 
super••tructures de' acero d. loall.rco.'duf-aliw .una_a.ci6n. 

n ftUorwOd... polIvirili. (PVF) .. 1.ai,.,ol!JaerolllUe eontiene 
itCilllOlJ • (l\lO"~ ,M •• lis .xtand.1dolenaitudin.17 ~rsal..nte 
durllllta Sl.I C4ibric.ci6n;·parll.fQraar una especle depa,rrl11a enrejada. 
10 que Ie debe conCeril', al.eno.,.n. tear•• , ~_ ellCel4!itte:apropleda
des COMO barrera, ..I; COlllO un .lto ,rlldO de .resiBtenda a la abrasi6n 
y a 1. fliluracl6n; caracteristic.. estas 61ti". qu, necesarl.mente 
deben aCOlllP.llar a 1. priilera flar. aselur':r .I!IU durabiU.daci. Sin embar
&0. en este trabaj·o. esta!! i.kIs III tlMS propledades.·rio tum sido' estudia 
das. 'ai lIIenos de una forioadtrect.·. . ' -

DESCRIPCl~: DEL 'nlABAJO' EXPERIMENTAl 

Todos loserisai~;reall%ado~'f~eron i~nsa1os aceler~dos de la
boratorio. 5e utUiZo li.infna bianca"del'VF de 45 mii:r'oinetros4e e'spe
SOl". con 1a que ae ·r.cUbrieron totalmente probetas reCtanil!lares -tie 
.cero al carbona sin alear, tipo Nav'iIl it. de d.1mensloriesfOqlCfso _ y 
1 _ de espesor nOlllinal. Todaa 1ali superfiCies IlietUi~ais eli;~b.,. eJCWl 

tas de 6x1do 7. antes de l.apU~~ci6nde 1. 1I.lIina de PW; ,1••' Prolte
tas fuerQn desengrasadascOn triclcroetU.no 7 .c.ton.; .lavadei'· COn 
agua 11ll!pia y despuis c\I1dados.-.nte aec.d.s. .'. . 

No ae .plic6· nlnauna c.pa intel"llledi. cie ,protecci6n.::·ent;', 1. 
superficie MeUll':a y el PVF, tal como POI" eje..pio. fosf.to cristal1no 
con objeto de realizer 10. enaayo. en 1.s condiciones ~s cieaf*vor. 
bles. ' jLa ~pl1c.cl6n del Pvr aobre 1.a probata.a. hlso !lie tal fo~. 
que en 1.s zonas de aolspe,. fate. (uese. al ..nos de 5 _ de anchura. 

Se real1z&ron los alpiente. __yos, utilbando ai.re en ca 
de uno de .11os, prQbetas POI" tripl1cado: . 

a) Ena.7OS de c~ 911mAtic:.. . 1 
Todas '1.. probetae fueron _tldu dur~te 1.. '100 priMr... 


horas de exposlci6n\. una temperatura' de "S'C 7 una h__dad re

l.tiva de del. 65'1. De.pui. la cUuira .ereaUi6 • lpIAa condic1... 

nes cO,n.tan~s de 3O'C 7 un. h....d.d relativ. de alli.se...c~ 

7 en.ay.ron probata. por trlplic.do, deapu~s de 200, 500, 1500 
 I 
y 2000 hor•• de expoalci6n dentl"Q de 1. c6mar.. . 

b) tns.70s en cAmara de niebl. aalin.. 3 

Se utiliz6 un. c6..ra de nlebl. a.lina de 0,2 CM de c.pacldad 


neta, que cUlllple 1 .. no"",a ASTM -8-117-85 "Stand.rd Method of 
 IS.lt Spr.y (Fogl Teatina" 7 as;.s..66 "Method of CorrOsionT.at1lil 

of Met.Uic Coatinp (S.lt Spr.y. Acetic Kid S",lt Spray tII'Id .Co

pper aceIerated S.lt Spr.y Testln.Se emplearon 1•• c0n4iclonea 

de operac16n indlc.das en 1. t.bl. I. que pol" estUdlos tII'It.rio

res reaUzlldoa en el Departamento de Inaenierf. Qui.ica, ae de
 I..ostr6 que eran laa .. Hvera. obtenibles con est• .cHar. (1). 

Se fueron sacandO _straapor triplicado.de.pu~. de' 2()().,500•. 

1000, 1500 y '200() bor.sde eXJ)Oslci6n en ~1 interior de 1. cbs"'; 

ra. 
 Ic) Ensayos de 11'1111er,s16n. , 

Sa sumer&le~,1.. ,probeta., en -.u. de"r .rtifici.l prepara

d••e;.m 1a'..,01'llllll AS1'M 1).1141, • un. te.nitur. de ~,5IC. 

Se h~zo pasar. 8ire,. tr.vb 4e 1. di.oluC16n ,par. conae8l4r. UIUl 

saturaci6n de o~1gieno, toY.'cOnceiitr.Cion reiilfiunbt 1\te'de 6,3 
 Ippm". '. - _.-r. ·:<,.~r '.1 - . 

Se fueron aacando mueatra. por tripllc.do ~~~pu~sde 200. 500., 

1000. 1500 Y 2000 boras de inmersi6n. . ' 


Sobre todas y cada una de las probetlls' sometidas ., las condi I
ciones de laboratorio encuadradas en los tipos al. bl y c) ae re.lize 
ron los siguientes examenes: . 

I 

I 
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I' 
i I.-.Examen del posible deterloro.de las propiedades fisieas de las 

l,minas de PVF despuo!s, de I~ JU\poslci6n. , 

I 
Se estu!fi6:;Ii~fatit\i~este'ex'a'~n ;la":.l6s1ble vartaei6n del bri 

110 especular, dureza,espesor, ne)!ibllidad i ad'1erencia de 
1-.. l"".lnal5. Los resultados obtenidos fueroncomparados con los 
de pro'tieteilpl;'eparaaas"de '(dilllla 'td6iit'i~a~~ro. no sOmElt:idas a 
1.. co~!llRl~!:1I de",e"P:Osi~~ ",), '~Io cl. 

I !l brUlo especlllar se lIIidi6' 'de' aciuerdO 'i:cXi la nonaa UNI 48
~," ~~i:li,;.AA~ w,a, ..~trfa de lu: 'incidente de 85t •. 

El ••puor .de Iii peUeui.'de hF '.e iitdf6' ..ediente anodos e-
lect~tiC:()II,no ,delttruc;tivos. de 'aeuerdo,con UNI 48-031. 

I :,c.P..,..a de~l'!I'!mlX:"'la, .!lure,:a,lluperflelal de 1. capa protectora se 
utUb6 un ~n!1ulol'ertio:.,.de 'aeuerdo con la. nol'lllas IHTA 18JZ25 
;. UN! 48-024-80. 

...: 

• 
La .et:Uda de 18 nelcibUidad de la. l""inas de PVF, .e reaUz6 

..di_te ensaro. de ph,.do, de aCuel":do cOr)YN£ 418-032-80. 
;. ) "1.. ':;~' "."" ": ~.~ "":"; .• ,~ ":.:.,.,•.. ' .... ".' ,,::, 

2 • ."Medidai! ,da'.. lllpedanda.elect:.r.oqul.les. Se uti1iz6 la lIIislII8 Uc
. .ntc:,.;,ellP.le,a!l.)'a~ eO,I..~lcito:,plU'a d wnaliaiadel cOllpOrtallliento 

de .etal•• pintados -'te.la. COM'O<li.6ri(2 )' 31. 

• 
3.,.,;~ni.vla~l: ~e',j:~a~~ftcied4t "..e.'rode ~ probeta, IIMIdi., 
. te.lup. a i9 aUMnto.", despu& de: Ie_till', 1a l&ina de PVF.p! 

..Ii COtllp~rl. 9rellef'leia de t~ de, Dido.
"'~; '. ,:,', ' •... ; ,":":' ',' ,',:, " " .1" 

~ 
<!I.- Ist~,o ,,,,lcs:'OSC6pieo,-del. II\Ip1trficl4i:.,del aClro de cada probeta 

pare e.tod.1!1r,; la,protund1illl!ddeiataque ,de' 6xldO, mediante aec
ci_do de l_·zona andonde ... IItreaent6 el itaque (41. 

MSIJL,.ADOS £XP£IItIJItfn'ALIS 

Variad6n en lli.prop!ell• .,.. rlaic... d~ ·la. 1hUnes de PVF despu~s de 
ls expo.ict6n. . ,• neepu6. de 200 horaa lIeexpo.lcl6n en cada uno de 10$ambien
tes ...ayadOll, no .e obtI .. rv6 n11\1U1'1a di...inuci6n del br1110 especulaE'. 
Lo .i.~ oc:urri6con·el eapea~'de ·la. l'.in•• 4e PVF ysb capacidad 
de plegado que denot6 auaentia lie af,l"ietaMiento.hasta Con mandril de 
dUmetro 3 -~ Sin'abarao 1* Gear,adllci6n'iSe las Ibtnas de PYF' se __ 
nitlest. en .108, enaayOll de dur-eaa )' adbef'e!'\Cia. 

-En i. bblaII ae ~tran 1011' relN1.tadoa obtenidoa en 1. me
dlda .. 1. 1:Iure1:!l' de las IMinn de I'VF' deepu.t •. de 2000 hQrs. d.e e!cpO
alci~.. 'oII"~•• un Itanlficativo aUlllento eon reapecto it la. pro: 

.bet.Q pa~;totJr. tedo en las probata. axpuestaa en lacAmara ell 
114tic., I:.icMa ~ililtadoa _tradOll COITe.ponden a· 10. valores .lnlJao y
dxt~ obtetitdqa,' )' entre parfntelia ae indica talllb1~n eiv"lor llledio. 

La tabla III reeoee loli r-e.ultadoll del ensayo de .dhertmcia ., 
tea 1 deapuia de ..i- _Ud8s 1.. probetas • los di_t1ntos medios a: 
greaivo•• En .re.Jidad· eltte enaayo a610mide 1a p~1"dida de poder de fi 
j&el6n. deladhe.ivo .""'leildo para unlr las liminas al uterial base. 
Kedidas 'de Impedancis electroguf.l~ 

En la tabla IV.se muestran los resultados obtenidos al reali 

,,~...".~ 

zar sobre las prbbetas ya expuestas, medidas de impedanc1s electrequ! 
mica con 'cQrriente;,IIlt'erl!'" C." '.", 

Puede observarse ';~~ :9>;?ta, ~O horas de. exposlct6n en cuillqui,!! 

,I'a de. los medios. 8&M!Sivos 10 unico que Se produce es un Incremento 

Signiftca1;!vo' a.f ,"~ulodeP4rdida;:(taa~r'6 desvlact6n con reapecto 

a un componente. idealcapaattiro;. L8 'l1nlea'exeepC1'cSp' • 'eatt;"auoerito. iI!. 

neralizado a 500 herall 'cOrresponde .. loa ensayoa.neiinarli ··dl1116tica. 


"to... 

A ,partir de'laa 1000 hora~ de. eJWOSlci\$n.. ,~i.1!eR:"·poisenbl!: 

se-'arCQS capacitlvos. 1 e", algUn cqoi CQlllO e1 del.~,p~~~is elq)Ues

tas a la.camara 61i!n6tiea durailte.lSOO ho.... , hlIlI~,~s arcPlS capaci 

tivos. Laobtenc.i6nen el enaayo,de, un '~o ~ a~~ f]:ecuer\ci.,mide 18 

presencia relativa -de, ls can'tidad de, 6x1do ..ao~ra hI..!!I~perfi~I~:aiet6l1- :..~ . 

ca de 1a probets, de tal 1"orllla que . \.lila '~or relll1t!tnc:ia.-6I1Mlclia.oci. 

.\18 a la miximaalta freclJenc,ia .S1gnl(lca la pre.encl. de ~'~yor 
cantidad de 6X1do. La re.istencia 6hnii~!I ••~t'ada a .1_ b.j~ri-ecuen . 

cias es un indicativo .del cOmportaaiento de,Lf'Oa 'de"i'yt,'-pqrjo que-a 

ftl8yor resistenela 6hmic••soc:ia~ a la .i... b'ja.trec~nC{itle cor
responde ,un _jor COIIlpOrtuten~ de ,la 1~~ (51'- "" 

La fieur- nll~e.tr. de, forma ar~r~a.el~o.po..taaiento·de 

laa 'pJ'Obetas a partir ,de 1.. l(00):loraa,~,.~1e16n.Se ,~se~. c_ 

IllO a 1000 her... el enH)'o de. i.d~ia r:ea~II'tre ,lao P~.~(._ de 6X1 

do .por debajo de la IMina de PVF en 1.. probfltailsometidas' .'lil eua 

rade niebi.' lIaUnli; ,. Partir' de' lila 1500 .tKir.. :tut.tin n r-eaistr; 

eat. pr'e.e~1. en. '1.. Slrobetais saa.etid_ .,la'cu.ra·cl1Mtie'a,,,a in 

...r.i6n .en -aua' de ur: La aianiafigura'tub1'" •••tr.<,el::.;e.jor.c:o.n: 

portamiento relative. de la Umlna d~ PVF el\ 1nMMl14n en·1!l&ua. ,4e _r 

que en los otro. doa en.ayea, tanto porque loa vsiores' de 1. re.isten 

cia 6hIIica son lIIIIYorell a .. bsjas f'repiencias COlllO porcjue ·la· variac16n 
de la mi.... es IIMiInor, taicOmO 'lie 'lIIUestra enla pendi!lflte· de la z-ec.ia. 


£Xalllen ";'isual a~ t.supel'fli::lede '.cera': de.pu,s: ~"l~~UrUa,U"'ina 
de ·PVF. . ' . "',,' '" (., ,,. ,",; ':,,-:, 
---. '1.·; " ; "-'-:~,~~c">(~."~'~"~l~', •. ~ 

La tabla V 1III".tra los reaultadoa d..~,;d~~"'i.~ con lupa 

de ·19 aumen~ 4" la.~perrlcle deacero que habia ••tado Cbbiertii. par 

la 16l11ina de P'iIt 'durin't, ''l~Ii' ens.yC!a de -expolfti::16ri' a,;tos, 'lt~I\,t1pos 

de _di1)8. ~ue e'tiservarlJeque ia • 2OQtio.ras, de;:.4uc,,"1c;:169 en c611111" 

ra cl1Jl&tica hay IOOicioe de inic1ac16n. de plin.tlOS 4~;6d~~r y que en 

general "a partir de 'l.s 'll5OO::ho~1I ~S~,'lIl1ntQjl.·:de ,;4~~~ .,~11!;6a 0'1Il!no. gerieralbsdoli, poi" toda,la,.tillper('1c~.e'c£.!.,.J,~f,~~te'~:~1ar' 't_bi~n 

la aparic16n de lineall continuas de 6x1do co~~c~~i~~~;C~)as zonas 

de elllP"lale de,las 16..1n&8 de. PVF, 10 que Pexfrlahidic_rlJi 'neeesided 


, de, reaUzar \iii ~or .•01ape ,de la; 161inil .n~ 10IlF"'l".~:,;," ' 

". "';:~!I:~fi;~a~;2~;~~, ~~~~J.;'~~",di:~V!~:~6ddo '5! 
b,-,.la.•uperriCi" d,l"acero, de lasprobetaa diIlipu&Cle ••tiir _ti_ 
s 1590bo~'~ ~~Hi de "'!I!bl" is.l1na';,jo!'a,2Ob tKirli.l.'\I!IO(~t/lllle.,al6n en 
aaua de ....r/~peeh~rit1!~'; ,"',;'" ','. - , !,,~.; 

IstudiO llicrosc6pico' de las z'~ri;~ co~ 6;idCi: . 
II estudio realizado pOl' seccionado de las sonall dande apare


cieron' puntos de 6xldo, revela que esta oxldac16n fue en todos los ca 
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sos tota1Mnts iluparf'ielal 'i .1n ...".trar ftI el _~rial. 

eoKLIISIOIIES 

. \,~~..~l~idt!lo.~~QS n!.U~"bre Iuines bllUlGW 
die m.utill~:C.* ::_l_lJ~sl.r~t.c~~s .,te1a co~rod6n·.4e .1.1
pef'~Qlea deiM:el:'Q. """'~trlll;i ~,~.~~ifQk~". ~;1t6r.. deelcposicUn 
se ProduCtrr\ ·indido. ·"de,exiataci. *'lXIRtoti4e 6x1do por' debaJo de 

'l.·''c:.pt{'pt'Ot4tctor•• lo' ...· il'llUea.queeI elactt'6Hto bia penetr.do a 
trli",-da ·1. elIIpada !'\IF, "latlpol""'-IpI'OCHocOllll6t1eo 0 ~rpor-oa 0 
ltJ;et6iri.w ·... :ft p~en 0 .xiataft' pravl.ute an .1 ..terial. La 
a)ri_l.·" line_: cOl'it!nuu de 6xl_ an 1_. !lllifal"s de las luln.. 
bidlca)l,a "k.alda.'~uft ao1... ,-...p.rtOi" .1 _.ado.p.ro. an· cual
..ute.. 'CHO. _'lIonaS' critics. • .1,Uiir._ .1 .'BllPI~ In.d\Ultrl.1 de 
:te~to .Ixid.... ~_rratipoNlencia atltr-e los "".u1tadoa ~ 
t,nllSa pOl' l.~ei&l 'yi_l _1.....rf'le1. MUUc••. '~:V'ea .u
IiinHa'16 e.p.. ·tie PYF.7 1.·abtani.,. ",iante._n. per i~ci• 
.•iec~tCa"· ccirl'lente aUama:•.•~ _ta.G1tll11O Mtodo .s .s
~ci.1Mnte ......ttho.'.·,..rt1r * 1.. 1000 horu .. expoalci6n. 

'.11 cClllllpCirtUiento" 1.. 11111..... PVF ....Jor en los ensa
'jade l_ntl~ erl ",lh",iillr....... 1... at.6f'er.. de cuara de nie 
'~lii ..~tn4~.n C:Wn. clilliltica. . . . 

. . ",~, t1t,I_•••tiIcV 1.t...1.~i6naul'rlda an 1.. 
~l.d.. 1'blc•• de J.l~na da·.fW' ~ de .star __tide. 1cs 
diaUntOs ar-lOIIJ' .tlPQS"u.o.lci6n.~llllMnte lin.el _teni
tdanto .de su ..I1.r1I10 .., 1'ltxl"ll1~. ' . 
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TABLA 1; 


TABLA H 


TABLA HI 

TABLA IV 


TABLA V 


Fiaur. 1 

Ficur·2 

FiJUrll 3 

I 

I 


TITULOS Y .PIESDE TABUS Y FIGURAS 

Condiclonesde opi=raCi6n c;Ie I. ca.ar-a' de nl.bI. ./IIUna. IVarlaci6n de 1. duren de 1u lialna. de' PvF d.e.puts de 
expuea tea 2000. boro. . 

Varl.ci6n de la sdherencl. de 1.. liRinaa de 'PYF 4e.pu6s 

de expuestu 2000 hora•• 
 I

t 	 Med1du de Il1pedlUlci. electroqulalc•• 

: 	 ExaMn vi.ual IledllU1te 1up. d4I .....ntode la llUperf'lcie 
del .cerodespuf. de 1. exposlCi6n. . I 
cO.portMlento de luprobeta•• partlr.de 1000 bor-u 

expoalci6n. _dlante Midl.du de ll11pedancl. el.ctroqu!ai 

c...) A .tta rrOcuencias. b) A baj.. 1'MlCUencla..  I
Pre.enci.'d.·punta. de 6x1dO aabre· 1••uper1'lele del 

-";:er-O daapUb de eatar _..tid. 1. probeta enc6tUra de 

niebla ••llna dQrante 1500 bora_. 


Presenci. de' puntaS de. 6:ddo Iiob'" 1. si.iPerf'icie d.l 

.c.ro, deaputs de e.tar. __tide 1. probata en l_ral6n 
 I 
en aaua de Maf'. dUf'lUlte 2000 hor" exit). 

I 
I 
I 
I 
I 
I 
I 
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TABLA 1.- cormIC;toNW ,~~. ~*Iile~ De LA dAMAn,~!ttEJ{i.A ~~L:~A 

Sill •••• '•••:. .......... CUla con iMpurezllII <' 0.21 

CARACTE,RtstII:AS 
~ .................. f)est11aci8 

•Ccm~nt;rac16n ,de 
OJL 1.·.01uc16n •••••••• 10 ara/ll tro 

IilEOtO,A~RESIVO 
Acid.ide 1.:.01u

01&\ • 1. te.peria
tur8 c,te'operad6n ••.G.S ,,"pH"" 7.2 

.TElG!PATURA: DE LA SOtI.IcIOII .. ~ ... ~ .,. ~ • 3O-C 

...., ' '. 2 
PllESIOf(1)tPULYERlZACl;ON. ............. 1 - :\.5ICc!ca 

VELOCloAD DEI'lIODrJC:CION or tabLA 

SALIIIA ••• .- ••••••••.• ~ ••• * ••••••••• ~.,. 1 - 2 Ml/hora. 

SECutacu.,D£ PUt.YERtUCION ........... 10ainutos/hora 

TABLA II .- VARIACION DE LA DUREZA DE LAS LAMINAS DE PVF DESPUES 

DE EXPUESTAS ~ooO KORAS. 

tllJREU (En "ejp,lndo$ PertSoz) 

SIN EXPONER 

(Probetea patr6n) 

CAMARA 

CLIICATICA 

'CAlWtADE 

IIIEBLA ~LlHA 

INlQSI~'EN 

AGUA DE lIAR 

3~ 

(39.7) 

·46-52 

(48~S) 

~7 

(~.S) 

AO-41' 
(40.5) 

TABLA 111.- VARIACION DE LA ADHEJtiMcIA DE LAS LAMINAS OEM DES

PUES DE EXPUES1'AS ~~ 

" .', .'-2 
~dh~renc1. (~'1;Il J 

Sin eXporter Ci.MARA ~. DE ItfllERSla.t ~ 
(Prebeta. pat~) CLIICAT:tCA '~IEBLA SI.~: _DE lIAR 

18 10 '10 10 

,-." 

-




__ 

2000 

T~&L~ IV •..;j. M~qlMS'~' .1_~.CUI:L!CTIIOQI:iIMICA· 

HoRAS TI..o DE.EXPOSlCION 

DE 
C~1lA CAMARA DE

DPC1'l1tIOf IIIMERSION. 'CLI-MATxCl NIEBLA SALINA 

'.1t, ,r • O~2~ tg ,r. O.oa 

.. ': • • •. ' ." t:"' • ~ :": 

{tr. ~~l 

~.'!': l~ •.• l!Hz . 
II .0.22M oiW.ca+2 
C';O.2.. ,.f'~ea"2

1500 
"~'!! 1,,:1Iai. 2•.• 1....~._ 

tl'.•• O.·~.".·. ".Qt...~. .... 
t_!l·~:litz, .' 

. II. al. ,...,J,,,.r 

, .,...·x.··. 55.'. HfI.Z.·· 
II _ 0••.aha. ca2. 

'1"'""'· 3.~~ 1CH~+2W""X.:::::::. 900 HlI:~II .O.l2'IC..ohio.c. R. S.7MObM.cm

c,.; o. s.ir;'CII~2 . C -.tl,.1P*tF .c.':'2 

" ., .. , . : . 

t.(b.. ...... tt_ t~~:~.lti'iDJl,~,~
IftUx. ~lUIz ",""x '" 5.9IOtz'· 

't, d • O.3a tl fl. 0 .....2 

tn:...--ai-d.1d1al 
w.b • 1.3 101w.ti - 228'Hz '. 2R • O.IIM 0hI0.cat2 
R • 6.15M Ohln.em+2 

.C • SO fir. C1I+2 

WMx • 12 Hz· C .. 39 tlF.cm-2 

II. 6.5M Qhm.ca+2 


C .so lit'.c.-2 


.. " ': " .' - ," _;". ~. • 

(b __ ~t1_~ (n:.!Iiraa CllplCltiVllSI 

~.•.21 •.91IQ!z . Iv.lx >10 KHz 
It •.. O.01~;e.+2'R';' O.o1dtOhl'l.cii,2
C.. O.25·~.r~ca-2 C. 1.18 ftF.clft-2 

.. o~f1K0hIIi.e.2 . It·,i,· 0.01211 'Ohil.CII\2. ~c::'';' Ilfi'. _-2· l 
C .. 39",.ca-:2 C • 3~()(j J\ F.ca-:2 
'-'x.• 0.16 liz . W\Ux- 305 'Hz 
It _ 1~ ~2 .·It •...,., K~. clft2 

;. 1.3' "'.(;11""2 C .s.ss·l'I.r.ca-2 

I 

I
TABLA V .~ EXAMER VISUAL MEDIANTE LUPA DE AlJMENTO DE LA SUPERF.ICIE 

DEL,AdiioDESPUESoE ~. ExPOSICION. "';,
TIPO. DE EXPOSICIONHORAs 

DE 
El'RSICICll CAMARA CAMARA DE INMtRSION 


CLIMATICA MInLA SALINA. 
 I 
200 Inic1acimde IUltDs No hay 1nd£c!l

de 6x1do. 

LInea de 6x1do en el 
emciall11e- de las li 
minas 

sao 	 Iniclac16n de. pun 
tos de·6x1do. 

Llneacle6x1d6 en 
e1 empalme de las 
1,,1nas 

lOCO 

1500 	 Puntos de 6xldo 
unif'onneaente elis 
tribuldos par to: 
da. la superiicle 

.2000 Puntos de 6x1do 
uniforaeaente d1. 
trlbuldos par to: 

'da 1a superflcl. 
:rde l114,Yor dltMtn
s16n. que a 1500 
hor••• 

ci~ de 6ddos 

Iniciaei6nde ~ 
tos de 6xldo. 

Ut\e. de6~ido' ell 
el.· ellp.iaede 1.. 
luln••• 

Pu!'!tos de' 6ddo 
als1ados.· 

Linea .de' 6x1do, en 
el e"'''lae de 1a 
16alna. 

Puntos de 6ldclo 
aIs.lIdoa .de .... 
yor te.afto·que a' 
1000 horn. 

Punto., de .x1do 
aial8das de ta"
..110 a1aUu. 7 
dl.tribucl6n que 
a iiSOO .hor••• 

No bay 'iil'clicaci6n 

de 6ddoa. I 
Noh.y I.nd'ic:ael6f, I 
.~e,6x1dos. , .. 

I 
. No- b.;'1ndlc:aCii6ft 

dO! 6ddo. 

Llneade6xfdo en I 
el elllp.ll11e de 1 • 
l,min•• 

Inlc1ac16n de pun I 
tea.de 6x1do at.= 
1,110•• ~.)1 
Punto. 4e 6x1c1o 

uniformelllente dis 

~lbu1do. por: to'da 

1••uperfiele, .~ 


.u; pequefto t ...lIo. 
 I 
> 

I 
I 

I 
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I ·-Fig: 1 "-,c~d."lento -de las probetas a pard,. deiocio horas de 


exposlc16n, lliedbnte ..edidas .e illlpedancia -el,ectroquilllica. a) A al 


tas frecuenciSs, h) • baJas frecue.Rcias •. 

I 

Flg" .2 ~- Presend,a ·depuntoa -de 6xldo aobrs. laaupertlcle del 
. . ,. . ..." 

.ai:ero despi/fa de ~tar· aolnetlda -1a. p~ta -en c~ite "lebla
'. . .' .:. . ... 

sall". durante. lSOO·horas. 

Fig" 3.- Presencia de puntos de 6xido !Sobre Iaauperficie del 

acero, despues de estar soinetlda la probeta en iruaersi6n en 

agua de mar durante 2000 horaa (x19). 

": .. 

I

I 
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· COMPOR1tEMEHTDE OUELQOES'At.UAGES.'eu.,ZN. ALA CORROSION 
DANS',!J;.1!1tiDDEMER~' . '.' •. ...•. ,...' ,.' .. '. 

~le~MqR 

EL£cra~IMm",~Vf.~'mi·de ceNEs -ITAUE 

RESUME 

· L..,cntlorr ..At:(2,~) till ~ (it'~; ~ (.,atoM .",. (70 CU - 30 Zn~ 
· ~i,~~en ....d!! ~ c:al!,'ie i~~e. . 

L~fetJ;ihl!lttfeUt Pow' 1es: laltOlf~J·AI ..lnfluence Ii ~ tantllnOdlque 
que 'CiIi~~. ,Pi: .qUi elt dQ i. .18 (ermatlon M 'film ~jdati!lll avec:
Hcricatlpft ....f.I!:It decompo;es dlAlet Mlqu!. praentent Qri dfet de 
~y.tl(Il\;~en,t~~t iii potl)slt~ du~~t1on et en 
em~t,.. tor;natloftd'.lchtite loCale'quI ~tratne I&'~ion loc:alisie. 
L~fetd'lnhJbitkJn ... l'itain left\ble prin<:lpa.lerMnt dO i. Ja cfiJnipution de 
Javltege •.1:Cduc:tlOR dIl ~ qtho!lque.i. c:au:se de .. formation 
d'un film ~. d'eu.&n, qui .e redWent· mom ~ /e$ composes du 
aiYre. 

'.' '.. SUM!lQY ...... . . 

1'beacidi~ oJ; ~ (z.,2'lo>'~Sn (l.I2'J5).tAt"~.r;!. brua ~*Jntlibits their 
C»I'I'Oiion In ~ Idrtd·Jeiwatl!f at ote..· ..'. .' ...' ,... .. 

For 'l\ltiriiis ttIe.lllhHittIncef(~i~~ .~.·thI.!aithocUc and the 

anocIlC ~. ""'this Is· due 'to diefotlMitiOtlof an exidated 'film with 
secrei.t1...·C!ft die lUrfac;.eofAi *lid Mccom~ that have aSynerzistic 
pasiv&tieft effeCt ..,. ...e~.... the".r4MIt)' of the ixldatiiin Jayer and 
a~tct·fermatloil,.oflCieal,lIClditylft4ncto·1ee&bI4 cuToslon. 
The. ~ltlrlc eUectofSnseemiJ to be rMilnIy due to the oecrea$ed rate of 
dIe.r:a~~~beca- a",er -fSftUldil, that are less
reduc:t!.d .1th'l'Uped; of the Cu ·cOi'tipOUncII,·1s fernMd.; 

.. I 

;- 2  I 
INTRODUCTION . 

The addltl!lll of small amounts of some elements AI or Sn .... 2'Il1'o to Cu-Zn I 
alloys increases their resistance to generalized corrosi!lll in sea water (J-~. 

. . 
The presence of Sn in OTS/70 alloys (admiralty bras,) ac:cordin& to liOme 

authors seems to aUec:t the microstructure (J). the number of defects (11) 

or the segregatiOn of the alloy; according to other.ho_ver, It cause, 
 I 
changes In the properties of the passivation film formlne on the alloy U). 

The addition of AI to the Cu-Zn alloy (iJumlnum brass) teems to Infiuence 

the composition lind the passlvatin& effect of the ciXldation Ja,er formed 

duri", the corrosive process (6-7) rather than the mlcrostructln of the 
 I 
alloy. Different hypotesis ace reported!lll the composltion of this exldation 
layer. According to some workers, AI Is ptelel\t under the form of In,oxWe, 

. coprec:lpltated With. the copper oxide' In a struCture 01 Me++ - M+++ 
hydroxides (7) or under the form of hydrated oxide copreclpltated with 
Mg(OH)z. . I 
Accordl", to Castle (8-,' aluminum Is present In the CIOfTOIlon products 

under the unique form of AlIInd Mg oxycarbonate (hydrotalclte). Previously 

published researches (lO-U)showed that aluminum Is present under two 
 Idifferentforrns: a compourid (oxide or oxldrate) where AI is 1be unique 

cation. and a double' salt coprec:lpltated with _ blvaJent metal (M&> that 

exhlWts with. AI _ syneqlstlc action in the protection qalnst CiIIrTOSIon. 


In order to verify If the presence of .orne a,Uoylng ,elements 1nfJuenc:ie. the Icorrosion kinetics of 0( br&s$ It seemed advislble 10 compare, the 

beIlaviow of different alloys, one of which did not contain Sn lAd AI, while 

the other respectively contained ',1296 of Sn and 2,2'Il1'0 of AJ, 


I
~mental 

r-zinc alloys apeclmens (Table l) annealed at ~ec In .C!lIl 

atmosphere for 2 hcM.n, were slowly cooled (for J.2 hours) to roem 

temper_tin, pollshed with emery paper 600 and washed withCC4 befCliC'e 

being Immersed In seawater at pH 1.2 at the temperature of $(lee.. 
 I 
The corrosive solution was not stirred dw'ln& the specimens treatment. 

The wei&ht loss measurements were carried out by ~. rect:anpIar . 

specimens (.:d~ 14xO.l em) with exposure time of n, -I, 1200 2.0 and '360 
 Ihours and was.obtained by adding to the amounts of Copp4It lind Zinc 

solubilized dw'in& the specimens expollUl't! the atnouI\ts of the iamt metall 

still adhef'inc to the' specimen surface ~ the; I«m Of .corrosion 

products. 
 I
The COITolion products adherlnc to the metallUl'faceweteellllralntd bf X

rays cliffractometry, with a e.C.R.lnstrument by usin& the CuK ~ IlneU

mA,.50 KV'. 


I 
.. , 

I 

I 
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The chemical analysIs was carried wtafter trea_t of the corr~ 
specimens witli a suitable series qf specific sqlvents ~ueous fOlutlOns of~,' 	 glycine, rm"OH etc.) that ,permitted the ,selective dlssollitlon of the 
various' -corrosion prlJdwcts by leav"" rather undtanged ,the, melal1ic 
matrixdi2} , , 

j 

I The cations (Cu+,CUH , 1.1++., SrI ++, Mg++, Na+) and anions (CI-, CO)-, 
50,,-) iolubUized dqring the selective attack w~e deterrninedby various 
&naUtical, techniques (flame, atonilzitIiin and Uaphite furilace AAS; Iqnlc

I chromatography, gas chromatography of the. evolved CO2 for analysis of 
.the carbonatej). . 

~ Electrochemical tesU, were tM::rformed by.~ cylli1dflcal specimens (t., 
cm dlam.. O~, ern thick) embedded In ~ resln. on Specimens immersed 
for 2 and 360.\lOUrs in the corrosive solution, PQtentiodynainlc polarization 
experimenUwere carried out with IC\aIII'Ilnc apeed <If 2'" mY/h, obtaining 
the corrosion density .anent (icorr) IIld the'poiariutlon resistance (Rp).~, 
At regular lntervalJ dtrln&the exposure time, measurements of the free 
corro$la; potential.:wlth respect of the standard caloinel electrode (S.c.E.) 
werernade· 

Results lind discussionm, 

Ii 
Theweli,ht IosI values (Fic.·U .. that the aVErqe corrosion rate of the 
alumlmsrnCOl'ltalnlrC,alloy Is neatly tower ~the corrosion rate of the 
other a:.!J.o!. ;,lthlnthe entire exposure time. ThIs Is confirmed by the ~ 
and Rft-~. Yalues (Tabk2Jrcalculat.t from the Tafelltral&ht Ilna obtained 

, froftl "the potentkMfy!lamlc plots ,made on the specimens after two hours 
(FiC. 2hnd 360 hours (FiC. ) of ~ " 

m 
"i'be'.ter corrocrJbiUtyof alumJnum brass is ellie, almost for, short 
1nimer..tc:witlrneS. 'to the, decrease' qf ,the anod"lC, process owing to the 
formation, at potential. values be..... ..vO 1Ild..z20 mY ($CEl, of a film 
probably ,formed II)' cOpper andAlc:ornpoUndS that inhibit the anodic 
proceSiIn the ~I'" and -10 IIIV (SCE) rance. 

~ The, OxJdl.don Ia~. whoie preren,c:e Is .een by acIOdk'pOlarizatlon, 'l!houJd 

(I 
Inblblt the· ~ic proceSs In the freeCOh'osicin because Its formation 
potentlat (.2", to -220 mY) ,Is near to the eq~Wbrium potential of 
alunilqunl brliSs (about ..zao illY). for lon& IntIl'litfSIon time., (360 hours, see 
Fic. j and Table 2) aluminum br... sho-t;stloth anodic and cathodiC 
lnblbltlon with respect of the, other two tested alloYs, that exhlblt a -quite 
similar'blehavlour. 

The ~"'1'WUct1ort mecban1sm Is the Arne lot aU 1i.e' teSted alloys, 
becaUsetheilOpesof the Tafel'tralsht Ilna do.notapfl(WClablychan&e and ~ the amaJfpe!iks of the cathodic side of the polarlutlonplou are In the 
samet~ of pOtential ("""'00 to -m IIlV) and may cor~ to the 
CU++.;::t0i+ .. e- .......ltI,on of the lIivafdit coPper corI'ipoUAds, that tilkej 
place in the range lletween-)~ and """,~'".Y OJ}; - , ", 

~. 

~ 

( 

- .. 
The SEM exarninatJ<jrl(x 1500 enlargement)' of, the ,me", mattb:of. the 
specimens a1tec' dissolution of ,the corrosion pr.oc!uc:ts shoWed'the4lffe;rent 
behav,IoI/t: of the corrosive 'attaek of 'the three alloys;. The, corrOsion of the 
Al containing alloy lsuniform (see Fig. /fa) without preferential dlssolUtion. 

The two alloys OT5110 and,CII-Zn 10nO 'sfiow localized' cor;rosion 
phenomena w-ith ,preferentiaJdissolutlon. 'Figs. 'Ii andlfc show 
deziocif1catlon plugs of the alloys after 360 hours. 

The, dezlncUlcation te/ldency qf o~stlO and' cU-Zn 70/30 alloys Is 
confirmed by the results of chemical III'IaIYsls, that ,permits a 
dez.1ncificatlon factor, Fz, shown In PII.' as a function of the exposure 
time, to be calculated by the 

Zn Ou r. exp':II ,tb 
II: Cu ,Zn 

exp., tb , ' 

where Znexp and CUexp are the amounts ( III crn-t, of oxldated copper tInd 
, zinc experimentally measured as the sum of the solubUized amounts and,of 
those adhering to thespecirnens (under the form of corrosion pro4uctt), and 
Znth and Cuth are the percentqej of ,the two metals In the origlMla:t.toy. 

The smaller averll£e all'rosion rate of all,lmlnum brass and the IIbSence of 
locallzed corrosion may depend (IO-IU on the COI11posltion,and s~ of 
the oxidation layer; whete AI com,potmids, cOminc from the ~Ion of 
the alloy, and Mg com~ com1n&frorn'sea_ter.haftasyMrsls~lc 
passivating effect (Table 3). AI compounds, dec::rease, the ponJSi~ of the 
corrosion, pcoducts layer and M& cornpoundsprovlde .'solId reserve *Calnst 
develqpment of local ac1dity. " 

The ph,..ic:o-chernlcal prcIp!lrtIes and the behavkKlr of the, OJIldatloft layer 
on aluminum brass are therefore different from theSe of the cori'oslon ' 
prodwcts of the other alloys, notwtthstandinc the. main components are the 
$lime (Tables If.'.'). 
The low porosity of the oxidation ,Ja~ on aluminum brass mayen~ the 
concentration of the metal/oxide .interface 01 cut iOnS, whc:iMidlffuston 
through thie oxidation layer Is inhibited and,that are preclpttatedIIitOthe 
fUm as CUzO, as soon aslusol\lbWty product Is reacbed..' "" ... 

The CU+/Cu++ ratio chang~ as a function. of the exposltlonttrne fOr the 
different alloys (FiC- ') shoWing that ,Cu+ &, the prnaillr\g Ionic spec:k!s In 
the aluminum brass cqrtos1onprO\$lcts and .that ()u+. Is p-edOlninlnt In 
other two alloys. The formatl(\1'1 of I>ly~erir. copper'.~mpOunds,.,due to 
oxidation In' the corrosive. solution of.CU+ lcrIs'.diffuslnC,thnNCh .the 
passivation mm, taka place On. the. oxl~l,Itlon Interface by 
sedimentation of iuccesilYe layer of precJPltated~on prod!M:ts. The 
formation ·ofCU+ comPQUnds ~akes' place on the.~QiC1di! II'1~erf-.:e ..,.s 
the film Vows from. the,inr)er 'face, the ollicilLtlonJIIms,r;e also permeated 
by the In++ ions, wfIose~oncentratlqnln·the o~date(f'."Yer: ,.. .JnW!rsely 
correlated with the film pertneabWty IIldwith.~~tr.tlon ofCU+ 
Ions. 	 "',,' 

This.1s confirmed' by ·.the' behaviour.. of tt-e: Cu~/~-";~tio',•• ,f~ion of 
the expqsure 'ime (Fig. ,). . 	 . , 'c:" 
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Tafel,Jlopn, con'OI1cn density CWTent; polarlzatlcn condllCtanc:e and 
., 't'.·.. . .. cOrroaIen potet.tltl of ~"'Iotl In ..water. 
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TA8U!) 
.. 
:ChemJc:a1 analylll of aluminum brass corroslcn produc:ts In sea water. 

o . ' 

.The values .of the. various elemenu Cus~cm·2) are averased of3 
determinatiOns valuq. 

Al++++.• ,. +. Al""'+ 01:t· Cl -Zn++ rca++ co  50 -Cu Cu 
ox s 4 !h aUe. aUe. HHAOK 

i 0 ....24.7 17.0 14.7 O.SS 0.42 0.451 O.N 5.5 2.158 :48 I. 
< . 

i 
.. 1 ...8 0.141 90 11:).1 :.42.i 0.81 0.52 1.00 1.1 0.82 2.S2 

· . . 
j ., •. 

l.t20 11.~. 28.9 0.78 0.4S O.M· 1.1. 1.53 3.701.• 4011.' I .I . 
. , Ii 

I . 

· 2.0 18.0 .S••• 0 ...·1.00 0.57 0.85 ·0.18 1.17 ••0111.'; . 
l...........-.________ 
 I- . · 

• 

.. ;' 
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TABLe-


Chemical analysts of OTS/70 corrosion products In sea water. 


!bit, val".f 'ttMr varlOUI elemen&".~~2) ....' ,averaSed: of 3 

determinations valuett. . ' ." ' . 

t 
1\ 

Cu++ Cut 'ZII'" .++ I .",,++ Cl
aUo. 

(:1-" 

rtH4f11f 
80 

4 
- co 

3 
-

24 1.53 .'. 0•• 2.04 0.021 o.es 0.7 0.10 2.35 0.71 

AS 1.'" 
: 9o:J: ~.e· 

; 120 '1:",4.'52" 

O.ze 

f~~31' . ·1 

3 ..... 

•••1 

.....18 

0.030 

0 •.030 

·1"0.82 ,'. 

0." 

0.71 

l~es 

1.U 

10.. .1· 2~eo I 

0.05 

-
7.40 

6.74 

.••'19 

0.74 

0.156 

1.09 

, .~46 , l.l0~•. ,0••' "'.38 0.85 0.11 0.80' - 5.8'1 0.82 

• 360 1'23'.01 0.11 110.91 1;82 1.28 O.eo - 3.91 1.28 
UI 

I 

TABLE. , 

Chemical analysis of Cu.Zn 70/30 corrosion products irI sea water. 

The values of t!1e various elements (ug.cm-2) are averaged of J 
deterlTlinatlons values. 

t 
h 

au++ Cu· 'ZII++ ,..++ co a - Cl 84
4 

-

6 . 10.'" 
- .'. 

1.01 18.91' 0.53 O.~ " 0.4 1.42 

28 I." . a • .,. 22.... O~ll 0.11 1.3 2.52 

«!8. , .17.34 4.14 114.07 1.11 0.90 1.15 a.!IO 

go. 11.77 4;!IO '71.... 5.M 20.2 2.2 e.!IO 

118 21.'19 4." 93.71 5~OO 20.2 " a.o 8.52 

241; ~.05 .~17 111.00 4 •• 10.7 4.5 8.20 
, ' 

'384. .a.os 
'. 

8.37 200.00 1.00 12.21 8.7 8.'78 I 

o 
I 
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x Ray diffractome~'ic aN.Ipiaof Copper alloys cotroslon, ,~oduct$ aftef 
360 h exposureln sea wilter. " , , ' 
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1. 

'~CC~Qtl q~~~'.Dst..IN'l'RtlOJt DE ',UN" SISTEMA "J)&,.WBERIAS DE 

-AGUA.bE~~~q~e~~ 

* ' " ,,' **' *** Por!1. La,dera I . E. CUcarell~ y <M.A. Gullien 

1. INTRODUCCIOH 

'·'ti4pro-teccion cat:Odica tecnJ.ea quepuedeapHcarse para la pro
teeclonde c::u&lqUlel'lIIeta1 en contacto' con un' electrolito, es 

. muY'90nc:ictda en '.!IS'apl,icac!ioneii en laprciteccl6rt de estructu
't... marinas', depoSitos ytuberias' enterradas i>0r el exterior, 
e~.si:nembardo.u " lip-licad1on a1 int.-rio'r de' tubedas, la ex
'~Hetic1ae$ liIis~dUcida. 

En .tuberiasde: qran diimetro es, postb1e "lil ut111zacion de anodos 
desacrificio, ,pudi-endose .Qe«JUraruna vida de los anodos 10 su

, , flbl:ent_nt.c1il:af,:aaquejustlfique econ6micamente el sistema. 
En tubedas dediu.etro pequefi6s':~olO elsistema de corriente 
impresaces'aplicable. 

:":.'. 

" Pat-a -la' l:eal!z'aC1Oft d.e Ia prot.ecclon catOdicamed,iante corriente 
impr.,adel iriter!ordeunt:uboceutllizan, en general, anodos 

.	de' "tit«ri!o pUfbi"do en .fOrtla, de ]:anza. E1 anoda, 0 electrodo 
d!i~rsor;idecorriente, atraylesa de forma perPendicular la pa
red de' tuboaI"cualsesujet;aniediante una cabeza que se rosea 

: .. un ialln9liito roseado, previUlent:e scildadoal ti1bo. Hay que re
·,saltarlalnfornw.ciOnqi.te~. es~e respect'ofat\lHta J.H.MORGAN (1) 

:ceqUri:~ldl_tJ:Q de ioiS'tUlios habta qUe ecilhca.run anodo de lan 
lei. cAda 

. 
2,;:J, ..,.20. metros, 10 qUe,hael&tMly costoile:, el' sistema aSf . , 	 '. 

~aiIoc.ll':'d.la instl.laC19ti. 'lsi 1. t~ri. estaba biim reve!;
"ti'da'por ei 'ii\t.r£~t, ',1&' .epara.c!otl,'enhe-.tnoaopuede llegar a 

alc.niet lot 50, _tr~. ,ell'.aracion: .i.-oS'·4'~5 'metros que req\1~ 
dr4~"na baWd• .e1Jli.u...~'ri9. I'flatt" 8Qbre tod.a.s estas 
"Ciic:unstall~•• -.... C:Ouiael'~~ 'que .~'d~:'int~tes. 

C·) ~(**l F()rd EspaAa, •• A,:-:.AUttJSAFES(Valene1al 

(*u, In$tituto Espaflcil' de"~ri:'osion' y PrQteccion -' MADRID 

TABLA, I 

CaracterIsticas' fisiC(l""'qu1micas del agua de refrigera
ci6n. 

pH 
Resistividad 
Dureza total (TH) 
T.A.C. 
Calcio (ca2 ,,", 

Magneslo(Mg2+) 

Sodio (Na+) , 

potasio(K+' 
Cloruros (Cl-) 
Nitratos (N0i) 

Sulfatos (SO+, 

BicarbonatoS(HCO;) 
S~lice (Si0 )2

7,6 
715 Ax em. 

65,110 Fo 
21,5 F 

~ 

155,0 mg CI 
'65,9 iI 

95,4 ,; 

3,0 ' • 
177,5 

66,0 

,28~O 

335,3 
16,5 it 

~ 


I 

I 
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•• 

F.L. LAQUE (2) operando con un tuba de 90.0 mm. de di! 


metro y sltuandoun Anodo de maqnesio en su centro atrl 


buy.O .1a pJ;'opaqaclOn de la protecclOn a la fonnaciOn de 

una capacalcite. alsiarite, la evolucl0n del Potenclal 

fue un proceso lento que dur6 alrededor de cinco semanas.

• 
•It. 
•
• 


Hay que isef'ialar finalaente, el interesante trabajo - 


real,izado par D.J. '.rIGHE-FORD. Y J.N. Mc Grath (3) que e,!! 


• 

cuentran, .en un ·estudl0 ;realizado a esca1a de laborato-


rio, uti.1izaOOo tubas de 1 metro sin circulac16n de aqua, 


• 

decobre Y de acerOSl1ave, de.38 y 271l1l\I. de dl!metro, 

q\le elpOtenclal-en funciOn del Uempo se desarrolla por 

el interior de los tubas.t 
~ con I!.!;,ta breve introducci6n quereISos hacer ver, que 

hastaha~e JiIOCo tlempc:», se podia consicerar como invia-
t 
ble 1aproteeci6n cat6dlca del interior df!! un tuba, ya 

~. 
que s610 se consequia; 1a protecci6nde uno.s pOcos metros 

~ a partir de loselectrOdos dlspersoresde con;-lente. 

t 
. En el ,trahajo Clue se va a eXpOner iniciado en Noviem

~ bre de 1983, se va a ver con resulta.dos en trabajo real 

j ya 10 largO de.casi 5 afios, cOmo se ext.iende la protec

•
• 

c::iOn a 10 largO de lIluc::h08 metros a partlr del electroqo/ 


disperSorde carriente. 


~... 2. PAR1!E' EXPERIMENTAL 

. . .: .

•
~ 

• 
toscirc\lttosde ref'riCJerac:l6n cie los robots de sold!! 

dura de 1a pl.!!nt.a de 'Ford en AlIIlusafes· (Valencia) estln 

constituidos por.~s tuberiasde impulsi6n y retorno en 

Acero Y undil.etro de 250 p~ El 6xido que se produce en 

la corrosiOn interior de los tubos, arrastr.ado por el -- 

aqua, c:ibstruye 108 c1l:-c·,.I1to$ de ref-rlferacl0n de los ro-

bots ocasi~nando 9raves problemas. Las caracterlstlcas 

del aqua de refriqeraci6n se89rllp/l;n en la Tabla I. 

.4. 

I!:steaqua. tiene un compOnentesa~lnO aH9 10 que Sa tra


duce en una reslstivldad baja. La concentracl0n de catclo/ 


y bicarbonatos hace pensar ·en que pueda ser Incrustante, 

es declr, que sea capaz de farmar unacapa calcArea que r! 
 I 
cubra Interlormente el tuba. 51 as! fuera este recubrl·mie~ 


to tendrIa un qran Inter6s a efectos de la proteccl0n cat~ 


dica. 
 J 
Este aqua era tratada con inhibidores, veriflcAndose rD!.. 


dlante un s,impleensayo de medlda de p4rdida de peso, quel 
 Ielaqua tratada daba luqar a los mismos prob~emasde corr~ 


slOn que el aqua sin .t;;ratar,l>Or 10 que set0m6 la declsiOn 


de Qortar.la aclicl0n de inhibidores y montar en plan expe


rimental en un tramo de 100 m. de. tuberia de. la planta del 
 I 
carrocerias un slstema de protecci6n cat6dica pOr corrien


te impre5a. 

.. 	 . I 

2.1. 	INSTALACION.DEL SISTEMA DE PRO'l'ECCtON ~ATODlCA POR. cg 

RRIENTE IMPRESA. 


I
Como indica la tiqura 2, Inicialmente se mantO unsis~ 


ma'de protecciOn eatOdica pot corrienteimpresatradicio~~ 


nal. Como electrodo dispersor d~ corriente, se .uti11z0 alii! 


bre de titanl0 plat;no. Es~ alambreestabaplatinado ai,!! 
 I 
terva'tos de 10 min. cada 100 min. yunos sepaJ;ad9res en_to! 


rial plastico .asequraban un eorrecto aisllllmiento.del alam": 


bre frente al tubo. Se cubrian asi .84l11etros detuberia.• .,.. 
 I 
Se establecieron unos electrodos de referencia como control 


montados de formapermanente, esto$ electrOdos son de,c.inc 

. . . 

pu:tto, su situaciOn se esquematiza en 1a figura 2. Enla .....,. I 
parte. central se preparo un· injertOde ;iOOmm. .p,Qr el que 

.se introdujoel.al~rede Ti-:-Pt yell su tapa sefljaron

los alambres y se hizo la inyecciOn de corrle~te!se colo- . IcO tambien un purqador autqmAticocon o~jeto de·eliminar 

e1 aire 0 qa!iles que se pudleran .prodl,1cir •. 


I 

I 


", 
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11 
'c-diaoiect1tlc.~or seut1l1z6 uno'.que perli\lteunasailda 

:de lSA:' decorr·ien~rect1.flc.dli'· a 12V. La>requliac16ri del 

'loltlljt\se realiza:lledlanteunautotran!lfonnador de formal 
:contlnua•.. 

~.. 
:1. 2 ~UEstA a MARettA •. 

Cada tralllO de 42J11etroll. lineales tienen una superficiel 

J 
proteqerde 3,3 .2. Dada, lafuerte corrosi6ftque tienen 

loS tulX;$ POI' au Int~rl~~," aparecen con alguna' frecuenc1al 

· pO~os Y~~f~r~ciones, 8.et0M6 ·la' det':"is166 de aplicar unaI 
de.t~ida4ae¢<?rrierite de 1251lA/m2.Se,o.n es~o 1a lntensi

~•. · a 	 

'ca.1totalque'se necesita por trUlO es de· 4 Amperlos • 

k 	 Be act1';'if';l d.re ,de la lzquierda aplicande en f1 

, 
 :10aj"~Pirr~s~que lie C~lIlqU1lero~ a6V y'sequidamente lie 


· proced.16 a, aecUr el.potenclal en todo.s, los J!l.1ectrOOos de 
referel'!cia, taftto·en los que correspond!an aesealanibre, 
Ca.'..·.·.:. 
cOmO'· a1 del otroque estaba sift actinr.· ' 

,'":" . 

I El reaultado obtenld6 fue sorprendente ya que de formal 

ininedi.~'se'COnSe9\lla la protecci6n no sOlo'en 1& zona - 

dei ~lectrOdo'd.e r~fer~ncla qUe estaba dentro del radio de 
ac~16ndel al_bre de '1'1':"'Pt, eoSl\· tC1t1llJiiertte normal, sino 

,	~~i~~ otr()~ .•o~ que corresponcn~n .Ill aliuabre de 'l'i-pt too..!! 
via:~il!. ~cUvar, el_45:al~j• .:!o' lie ~h~itentra ~ U metros 
d~ tazo~a'~s .pr6xi... 'del allllo)I:'e &~tivado. T~O esto oC,!! 

rria'~n 1. direcci6~ d~l fi~jo, ya~ que en'contra de 41, al 
tan 56101. ",t.rode Ustand.,' la2:C;;fi~ 'del~lec'tr~o de re 

fereiii::J.a 3~\1edarSin protecci6n. 
, .; '. ; ~:":,y::.,~ -";'. '; ..~ -, i .. ; ; ': 

, '. ' 

Estos t~s~itadO.IIIO'i:i~.t'on a que 5e' slgti'lei~trabajando 
eon s6lo'est~' ~i~bre,-'cab~rtdoiiila1mehtepo.rrecupetar 
d ~i~re'~ a~ti~ad~y sibia:do 'en lazon'a'd'e retorno, ~ 
tali'coino s~ ~~dica ~'~ la:'h,!\li~ 3,.Ei electrOdo de refe

6 . 

,rencia 1 bls fue tambien trasladado al otro tramo. 

En el retorno laexperlencia fue la miSllla POI' 10 que v.! 


mos a tratar solamente los resultados de la:impulsi6n. 


3. RESULTADOS 

Ante eJ, qran volumen de resul tadosobtenldos ,se ha tt,! 


tado l:l.e .consequir unos valoresmedios orientativos de la. 

evoluci6n del potenclal, en fUnc16n del tlempo. expresado en 


horas.La Tabla II agrupa todos estos resultados, que hanl 

side representados en la f1qura 4. 


A la vlsta de.la flgura 4 Sf! ve que en la zona Influen


clada por ei alainbre de '1'i-Pt de fOrllla directaex!steunal 

sobreprotecci6n elevada. llegando.e a alcanzar ,potenciale$1 


con respecto al electrodo de referncia de clnc de-IGGOmV 

(el potencial de protecci6n con respecto a est:.e elec,trOOol 


es de' .. 220mV) el potencial de protecc16n se con.sique del 


forma instantanea. Se observa que, euando la ·intl[!lnsidad pa


sa de 9 a 6 Am~rios, el. pot~ncial sique Isubier:u:ro,a1eftdo.

muy fuerte la poladzaci6n. Seguid~nte:, st\lnicia un pun 

to de inflexiOn en el, que el po'tencial comienza a desc'en-


der ailn a uria intens1dad de eor:rlente mls e.levada!! Aalpe~-. 


rios, lo,cual pued~ indicar que las circunstancias; experl

mentales,.cdirio ox!genodlsuelto' en .1 agua, temperatura, 

velocidad de flujo pueden variaI' y generar una corrosi6n 
mis intensa que puede requerir anas densidades de corrien

te mucho mls elevadas. 


Dada 1. excesiva polarizaci6n en esta zona. se redujoa 


7 Amperios la intensid~d cayendo el potenclal a uri valor de 


+- 86 mY; tenlendo en cuenta que las otrascurva,s a Panas se 


modif1caban con estos descensosde intensidad, se redujo e,!,' 

'ta a .. Amperios, consiquierido que a este valor el .potencial 

se establlice en los 3 puntos de medida y que el punta 3, 
 "'" 
el que esti a 1 metro del alambre de Ti-Ptpero en contra 

http:horas.La
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TABLA II 
, 	 7. 

valores medios cie ifttensidad de corriehte y potenciale~ medidos 

en los 3 puntos de control frente a1 electrodo de referencia de Zn 

puro. Se dan los tieJllpQs tot:a1esy parciales de intensidad y pote!! 

ciaI. 

IN'l'ENSIDAD TIEMPO POT E N C I A ~ E S OBSERVAC.IONES 
(A) (HOIW;) ER 1 Ell 2 ER 3 


'C'0 I) +' 506 +484 + 567 Sipaso de co
rr!ente •B 3 t 296 + 86 .. . 354 


8 24 4-113· .- 15 t 300 

Tiempo parcial8 : 120 
 t '6 - 100 t 393 
 120h. 


9 850 .. 110 .;. 223 + 324 


• 

•••• 
• 

It 

t 

,•
t 

Tlempapareial 
730 h. .. 124 - 459 t 486 
 Tiempo parcial, 


'-t173 - 675 .. 435 6650 h. . ! 


t i8S -877 t 447 


+158 -999 t 488 

·t 127 -. !lS4 .. 03 


t 159 - 134 f 432 


f 175· -1050 t 370 

'l'lempoparcialt 200· -1130 t lIO 2500 h. 

' t 300 - 513 t 210 ' Tiempo parc;!:al 
9500 h • +179 + 16 t 154 


,. 
 t 200 + 162 t211 

t 137 + il8 + 140 	 'Uempo parcial 
5900 h. 

L 

I 

8. 

del flujo pasase la frontera del nivel de .protecci6n. I 

La zona fuera.de la aeeitSn delalatnbre de TI-Pt y con

eretamente el punto.JIIls .lejado, que es·el pur/to 1 de 1IIe

dida, situado a 200 di4me.tros (50 ,metros) de la inyeeci6n I 

de corriente, a las 72 horas estaba perfece.mente proteg! 

do y as! permaneee sin qUill 	 las variaciones de interisidadl 

le afeeten en nada signifieativo(Tabla II), el pQtencial I 

a 10 largo del tieJllpa ha permanecido practicamente consta!! 

te. 	

I 

El punta 3, el situado mAs cerca de la Inyecci6n de co2 

rriente, pero en,contra corrierite del flujo, ha tenido un 

pateneial bastante,constante pero siempre par debajo dell I
nivel de proteccU~n. Lasvariacionesde intensid,d t8ll!PO
<.' . :, . " '.' • 

co pareeen afeetarle, excepto s1 estas son bajas~coli 4 :... 

Amperios se ha conseguidopaaar el potencial a un buenn! 

vel de protecci6n (+. 140 mY) donde permanE!c~ despues de  I 

vario's miles de horas. 

La velocidad de flujo del sistema de refrigeraci6n esl I 

de 0,5 mls y a esta ·velocidad, suponemos que'mlls ollenos/ 

constante dentro de un trabajo industrial, esta actuandol 

la protecci6n cat6dlca. Ahora bien, era bteresimte c::ono I
eer las vadaciones' que podia experli1Mm'tarel potencial ..:... 

con H agua e.Utica. Para esto, se 'h.an aprovechado los '1112 
ll\entos en que por razonesde fabricaci6n las boInbasesta

ban paradas y par tanto no habia c::it'cul~ci6n de aqua. Lal I 

Tabla III agnpa los resultados,~ten,ldOs a 10 iarqo de 8 


paradu de las bombas. los interv~lo. 4e la~ I?aradas hani 


sldo,slempre de 2 - 3 dias. 
 I 

Se puede ver, que en qeneral, ea los puntpsl y 2. en! 

a196n easose acentua la polari~aci6ny'~n otros baja ·'11 I 

lJeramente. peropermanecen en los niveles, altos de prote.!: 

ci6n. El punto 3, wr el contrario 'Ill estancarJ\ieri~o del _. 

.aqua Ie favor!!ce,as! como las intensidades bajasde c".,.". I
rr~ente. 'Con :2 AIIIperios se 	obtlene un potencial de + 188mV• 

I 


•
t 

••., 


,.. 

It 

6' 


6. 


6' 


6' 


6' 


6' 


6 


9 

7 


7· 

7 

.. 


1500 


2200 


' 3000 


3700· 


4500 


520t) 


7500 


10000 


1350a 


16500 

19000 


' 2400(, 
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9. 

~ 
!!'AIII.l': III, 

I EVoluci6n del pOtenci,al eftcad<il uno de lostres pUntos de con

trol en 'los ·per10dO~ detiein.po en qUe\.:no hay elrcul~c16n de aqua/ 

por .,star l ..~,bO/.1lbas paradalh,~II 
I Ol!lSEIWACIONES !POT'ENCIALBOMBAsINTENS1DAD 

ERl tR 2· llR 3(A) 

I IIi.'licha .. 798 .';'343 Intertalbdel ' ' +294 
16-18/12/83.a parada +214 -248 +310 

," 1' " "marclla 

I 
8 ,+Ul -370 +310 
8 ma:rcl1a tl00 -220 +450 :inte~valo 31/12 

83 a 2/1/84.2 ';'240-parada ,+106 +1ea 
' , 

'~i(;ha8 '+' 92, -453

I 
+504 

9 marcha fli8 -463 Intervalo 7/1/ 
84 a 13/1/84. 

+SOO 
7,6 parada +109 ~190 ' +164 

' ' 
mareha'8 tl70 -430 , f510 

I 7 marcha H5a -528 +556 
' 7 parada +160 .,.720 +521 

6,5 marcha +132 -539 , +55S 

I 
'-612lllitrclia5 tlJ5 t376 

5,'4 ' +144 pa~ada -li30 ~354 
: 

5 h72IMJ:cha 
; 

-654 ,t397 
6;7 lIIarcha t46fi'-104e. f199 

I 'p;';.id.'5,2 US2 -83 +256 
6 I, '~~r~ha , " ,t157 ~uU :4-425 

marcha7 
~.".' ',

'1 parada, 
: . ~,,'. '. .~. 

7 .lIIArcha 

-86'S , +472 'tUO, 
fU'3 -840 +4B3" 
','"

+1;41 , '-834 +4U, 

Intervalo H/I,
84 a 16/1jS4. 

IntevalQ 10/2/ 
84a 12/2/84. 

IJ'lteryalo ,24/3, 
84 a 26/3/84. 

-''"''""'~''-,';-'-
Intervalo 7/4/ 
84a 9/4/84. 

-1463' , I:n.terva10 30/4 
'S4:a 2/5/84. 

marcha9 . '+,1,81, t44~, 

I 
8,4 -146parad.. , +20S -22~ 

' ' . ~'" "", I,
t 1,99 -UI0 H.75;, ,lIlarcl1a 

, , 

, , ' ", 

I 

10. 

partiendo de un p.otencial de corrosi6n de+ 450 mV. 

En un ac~ro desn~do, sl !Ie corta el paso de corrlente, 
la polarleac16n debe de caer bruscamente, a noser que 5,2, 

bre la superficie cat6dica 8e hayan podldoformar' recubr! 
mlentos calclreos pOr la elevaci6n del pH en la interf.ase 
metal-soluci6n. ~' cOlllpOsic16n del aqua con contenidos a1 

- 2 ' " ' 
tos de HC03 y Ca t, hacla pensar en 1 .. fonaacilln deestos 

depOsitos calclreos sobre tOdo en la zona de Influencia 
del alambre de TI-Pt, la rAplda caida del,~teneial que 
pasa de -1400 a t 140 mV, hace pensar que estos recubri-
mlentos no se han formado 0 si 10 han hecho presentan una. 

pOrosidad alta. Debido a la elevada polarizaci6n el pote,!! 
cia1 se establiza durante las 50 horas que p~rmanec!l! cor
tada la eorriente sln lle9ar a entrar en nlveles 'decorra 

si6n. 

En e1 punto :1, cuya pOlarizaei6n, esta a nlveles basta,!! 
te ajustados de protecci6n, el pOtencial pasa de +160 mV 
(protecc16n) a + 430 mV (corrosi6n) perlllaneciendo en eo-

rros16n durante todo el corte de corrlente. 

Enel punto 3, con este r:;orte de corriente se.observa, 
que apenas el Acero en esta zona est! polarlzadopor el 
paso de corriente; el' corte apenas Ie afecta y la.caida 

de pO~encial es muy pequefla de .. ,420 mV a + 480 mV se el~ 
va un poco el nivel de corrosi6n. 

Cuando se reestableee la Inyecci6n "de cO,rriEmte el po

tenelal en elpunto 2 subre rllpidamente pasando en 60 ho

ras a - 850 mV, otra vez a valores de sObreproteec16h. En 
este mislllO espacio de tiempO,la.curv.a correspondiente al/ 

pOtenclal del punto 1 evolucionay pasa ·de nuevo al nlvel 
deprotecci6ny finalmente la. curva correspondlente al PU! 
to 3 recupera la pequel'ia calda de tensi6n que experlment6 

y si9ue evolucionando pOl'.debajo de lo!, nivelesde prote£: 

ci6n. 

I 
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11. 

sepuedecdnduireste ensayo i,ndicando que 1a fuerte - ' 
caida de tensiOn que experi.enta la tuberitt cuando se sus
pende la inyecc16n de corrlenteparece in~icarque no hayl 
formaci6n de capas pasivahtes 0 51 las hubler'a eran su ac
ci6n protectora "es .uy:·pt!~i\a. 

En la iu::tlial1dad la densidad de. corrlente que se est! 
apHcandoea de 60 raAi.2 , consiquiendos~ tal y comolllues-
tra, la flgura 4 un p6ten~ial uniforme en los tres puntos 
y todos en DiVel de protecci6n comprendldo entre t 100 IIIV 
Y ... 200, aV. 

4 • -DI~c:tiS,:tON 

Seha visto en tOdo 10 expuesto anteriormente que el poten. 
cial se desplaza,a 10 larqo de los tubas, c~ minima a 200 
diimetros desde' el puritode inyeccion de corriente. Vadas 
son las eausasque pu~en lnter..,enireft este proceso. 

4 • 1 flESPoSlToS eALCAREoS 

F. ,t.aque (2) en eQsayos deprdtfH:::icon catOdica interior de 
tubedas con aDO<l0~ <ieraaqnesio atdbuyo el,despla.zamiento 
del,PQt;eneilil a la formaeion de una! capa calcarea en 'ra p~ 
red interior de los tUbas. E11l'lecanistaO ~ fOpuacion de es 

, " 
t& ca,Pa Va siellipre -l1l}&do,&:,l& devaCion delpK en la inte~ 
fase 'metal-.olllc1on, 10 que no:r:.&lJnent.e oc\lrr.e en el cito

" do POl" 1& reduccion ddoxi1)eno, I'6run !adO, y la reduccion 
de lo~Sfl~ por (j;t~o. 

Lo.estudloil realizados pOrli.J. TiV!le,;,Fordy J~N.McGrat'h 
( :3) .utuiltran qUe no '.dUe d1feren~ia 'f;I'i"lOsie~ult&dOS de 
losensayos euandose usa una soluc;:ion'deNaCl.,al 3\. a aqua 
de mar. ,10 cud parec:e indicar ~een ~li~teHor de los tubas 
pueda no haber elevaCloft del pHi:,;-,por t~to, r~uccion d~ , 
oxiqeno y, portanto, no puede haber formael,ondedepOdtos 
calcareos. Indudablemente si se formara capacalcarea se tenia 

12. 

que manifestar en el potencial, '10 cual, sin duda, consiqu10 
F. Laque con su anodo de magnesio, per eso resalta en su tr~ 


bajo la capa aislante de "cal catodica". ", 


En el presente trabajo lascaracteristicas del'aqua (Tabla 1) 


podian hacer pensaren 1" formaci6nde "c..:l catOdica", sin 

embarqo, teniendo en cuenta III. exponencial caida de potencial 

que tiene luqar euandole corta el paso de corriente (fig. 5) 


hace pensar que ni en la zona de mayor polarizaci6n, que es 1 


que reclbe direct~ent. III. inyeccion de corriente ha habido 

'formacion de depOsitos calcireos, 0 estos son tan porosos que 

su accion protectora espracticamente nlila. 


4.2 TRANSPORT! IONICO Y MOLECULAR I 
Pueden existir peliculas protectoras distintas de los recu
brilllientos calc,areos, tales c~ las dobles capas electroq\ii 
_ieas formadas en III. interfasemetal~solucion. En III. ZOna I 
cOlllprendida entre las dos fases conductoras se c),riqinan d1f~ 


rencias de potencial. En el sistema. metal;..soluc1.on la orden~ 


cion de particulas,carqadas es, funcion de los iones presentes 
 I 
en la interfase y de ,los efectos de atraccion 0 repulsion a 

que estin so.etidos. La ordenaeion estructural ~ la interf!. 

se metal-solucien, denominada doble Ca~a electroquimica, pe~ 
 Imite explicar el comportamiento cinetico de los procesos de 
electr9do, ya que ItA velocidad de la reaccion electrOdicavar 
con'el pot~ncial de la interfas~ y depende,del nfunero de eSpe 
cies electroa,ctivas presentes en dicha tona. I 
El transporte de materia se origina al modificar alqUna de 

las. cOftdiciones de equilibriodel siStema. CUando II. temperat: 
 I 
ra, I .. presion 0 la densidad no es 1a misma en tOdos los pUrtt., 

de la solucion 0 existe alguna fuerza mecanica se oriqi~ un 
IIIOvimiento del liquido que se den~Rlina convecclon. 51 existe Iufta diferencia de PQtencial electrlco entrepuntosdlStl,ntos 

del eiectrolito. cuando este contiene iones 5e produce el 


~, .' .. 
transportepor migracior:t de los ,iones en direcci6n del campo. 

Finalmente, cuando existe un qrad,iente de concentracion ~rt e1 
 I 
sene del electrollto, 'se oriqina el transporte de materia par 

I 
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difusion. 

E1 camPo electrico quecrea la pr,oteccion catOdica pensamos que 
oriqina una iIIiqracion de iones lmportante queda luqar a la 
forma~16n ded,obie~ c~pas ei~ctroqubnic~s que dan luqar a su~ 
tanclales,modificaciones del potencial. La eXpOnencial caida 
del potencial cuando se interrumpe el paso de corriente,pare 
ce i~didarq~e cuan(!o e1 campo el~ctricod~ja de actuar, la 

..f pelicul. forftlada por1a dObleca~aen b. superficle'catOdica 

_ se .romPe 1I;IOd~f1.candose rapidamente el potenc1al, 10 cua.! hace 
, SllpOnerqtieellta,40b+e capa puede juqar JlD papel illlportante

.' 
" 

,? 

I 
en ia., piotecci6ncatcxUca y sobretodo en su extension fuera 

. -~' ..~. .',. .' ,.: ." . .', , '. 
de lU2Ionas'de inyeccionde corriente. CUando el campa elec
tiico .serestituye el pOtenci~l, al cabo de un cierto tielllpo 

I 
(Fiq. 5).. vuelve a sus valoras primitivos, 10 que puede estar 
relacionado con la reconstrucci6n de la doble capa. 

Ell el tr:ansportemolecular es el O
2 

el elemento que juega un 
papelmas importante. Va a existir un qradiente de concentr~ 
cion entre IOU contenidoen la interfase I'Iietal-solucion y en 

-,' -; el,seno de la disolucion. Esto ,motivara un desplazamiento p~r 
difusiondeestasmoleculas hacia la superficle catOdica. En 
medios neutros el O

2 
jueqa un importante papel ya 'que se red~ 

ce en la superficie catOdica segUn la reaecion: 

•
I 

O + 2H 0 + ,4 e _ 40H
2 2

alcalinilando'la interfasemetal-solucion. Esta alcalinizacion•
I 
 puede, endeterminadas aguas,producir la precipitacion de 


CaCO; 0 slmplemente,puede llevar al acero a la zo~a de pasiv~ 


cion, siempre, r cuando se alcancen los valores de pH adecuadas. 


I En los estudi,osde D.C. Tiqhe-Ford y J.N. McGrath (3) encuen


'; 

tran que el desplazamierito del potencial por el interi,or .de 

los tubos es tanto mas ra,pido c:uando mas reduc1do es el sumi


I. nistro de Oz a 1a superficie catodica,incrementindose en 

ponaS profundas 0 en aquellas que han sido desaireadas con gas


':'.. 
,inerte. 

'"" 'I

14. 

, Teniendo en cuenta 10 que acabamos de exponer r se ve que has
ta el momento se establecen hipOtesis para tratar de expli~ar 
estos hechos reales, pero falta la programai::ionde un trabajo 
compieto y ordenado en el que se estudienlas muchas variables 
que,de hecho,intervienen en este tenemeno. Este trabajo#por su 
importancia tecnicay economica,se esti ya lievando a efecto. 

5. CONCLUSIONES 

1.- como en cualquier prooeso de polarizacioneltiempo 'juega 
un papel importante • 

2.- El potencial de proteccion se extiende en la direccion del 
tlujo a una distancia de 200 diametros (aprox. 50 metros) 
fuera de la zona de inyeccion de corriente, en un intervale 
de tiempo de 12horas. 

3.- A un metro de distancia de 1a zona de inyeccion,de corrien 
te en contra de la direccibn de flujo no se logra el po
tencial de proteccion. 

4.- Con el aqua estatica en la'zonade inyecclon de corriente 
y en la mas alejada, no se observan variaciones aprecia~ 
bles. sin embargo, se detecta una lnejora notable en el 
punto separado un metro en contra de la direccion del fl~ 
jo que pasa a nivel de proteccion. 

5.- Cuando se corta el paso de corriente de proteccion eatOdi_ 
ca, el potencial cae de forma exponencial. ,En la zona bajo 
la accian direeta de la proteccion cat6dica, la polari 
zacion se mantiene II. nivel de proteccion durante las 50 

horas que permanece cortada la corriente. En el pun to mas 
alejado pasa rapidamente a nivel de corrosion y el que 
esti en corrosion apenas sutre variac!on, 10 que iadica 
que la polarizacion .penas le ha afectado. 

Estas cireunstancias haceft pensar que no hay formaclon 
de recubrimientos calcareos 0 que estos son muy porosos 
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•
t y que fl'l potencid ~ se ext1~ndea 10 lugo'de los bmos 

·,f~ra·~ 3,. ;Io"a de !nyeccl(")ft .cQrriente,,pueda ~ estar

• 	 .,.bajo ,.d influ:t(:i" l.yposible.doble 'capa .el*ctroqu.imica que
- >',,,' " ' ,. •••• 

··c;~e.. el~,ei.ctdc;:o~eradocon 'laprotecdon catOdica. 
.Es.ta doble.cii.paser~ al cesar'ttl'campo electrico y puede
-.,'." ..•• 'I • 'Z " • 

.i:;oft~rlbuir al41cai4a br\lscadelvalor 4elpotenclal a nive

• 	 It'!*, de corrosion. 

6;- Rebajiu140 a 1. lllitad 1& dellsidad de c:orri~nte de proteccion 
(60 'IlIA/III I; • se lO9ra pasar en reqiftlen deflujo a potencial de 

protecclon el punta s1tuado a un metro de 1. inyecci6n de co

rr1~nte'''lIitwindose: 10$ valores ,de ,potneical en los 3 puntos 
entre +l00 y +200' raV con resp.eto al electrodo de referencia 
de Zn puro. 

7 ..... 	 La;"eli).Cidac1 dedUus,i6n d.l Q't y .l,I.reduccionen la superfi 
cJ,e c.tQdi~. parecenjuqar unpapel'!Mportante pero contra

dictorio. 10 que MOtiva el pr09r~r nue~a~ investigaciones
'. 	 .' 

paraacllir.r'el·liIecanialllO,de.actu.cion. 

8. - I!:$ta aportaciQn 4. 1. 'proteccion cII.t.Odica interior de tuberias 
pensai1los INti! II.porta datosde 9r&n 1 tneres tecnico y econ6mico. 

9. - oUraqt., 10.5 .flos. «Ne l,leVa funci-onando els:1stema de protec
ciol'leat6.di~ 'J>O~ c::ortiel)te i_pr,esano han .vuelto a aparecer 

nl paros ftlpeJ;'f9raclon~. e1t l~. tUbedas. no solo en la zona 
'qu~.rj!!:clbedir!!ct_ntel': proteCc~onsin~ en las otras fuera , 

. del alcance dUi"ecto.4e 1&s ,.bIUS~ 

I· 

'I 
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PINTURASMARINAS PARA BUQUES. RESULTADOS DE lJM:STIGAClOOES 

M.Horcillo. S. Gillllmez, J. Sillancas, J. ArItI.f[anoli Y A.!tXljl"
CentroJfaciOl'llll de investigaciones MetalUrgicas. 2a>4Q-Madrid. 
IlAStillertlS EspafIoles,S.A. Factoiia de 5estao. Sestao (Vizcaya) 
-Astil1eros Espatloles, S.A. Factoria de Puerto Real. P. Real (c&:Iiz) 

A8S'i'RAcT 
Unfortunatj!!ly. p",lIature 'ailures in lIarine paint systems 
is a trequ.ent proble. in tbe shipping industry. 

In 	the research. di.fterent stages. involve(! in the ship's 
cons1:ruction are UII.l.llated. 

The 1I0re signiticart variables in the anticorrosive beha
viour of lIarine paint systeas vere the following': a) sait 
contallination at thelteel/paint interf-=e. b) wtpropeI-ly cleaning 
of veathered ~ and c) hi~'J.evels ofcatOOdic protection. 

~oo 

Es opini6n generaIiz.ada que la i.nllensa .ayoria de los ta

llospreaaturos.de los recubri.ientos de pintura surgen al 

nobaberse. pi.lesto en prktica ciertosHlfUisi tos b.isicos 

relativos alapteptlJ'&ci6n efe IVperficie 4-.1 substrato lIe

tUicosobre e1qUe se va a apU,car JIOsterierHllteel es

qMllade piltt\U"a. a6tOdOI' y c0R4ici..... a,licac:i.6nde 

la.pintura. in~eC:dad:a iJIItetrac:ilnt de 'lOS ·trab.aJos de 

pintado en la ,1anificaci6n ,.nerd .. '1& ccmstl"ucci6'n ael 

buque. 

ttoY. endia, en 	el pintado en cons,"r-=cilm "AvAl ··sedife

rencian.dps etapas en La preparaei6n de superficies: 

2 

t. 	 a) la primaria. relativa ala' limpieza de las chapas de 

Acero (desnudas) que han estado expuestas durante cier

to tiempo a la atmosfera t en los parques de matetialdel 

astillero. Los dif'erentes grados de limpieza de estas •
superficies vienen sen.lados en la norma sueca SIS 

055900-1967. II 
b) 	 la secundaria. relativa a la limpieza de las'cbapas de 

Acero recubiertas con el shop-priller y que s~rren dis IItinto tipo de agresiones (quemaduras, soldadura, acci6n 

de la atlll6sFera saUna. etc.) durAnte el periodo de 

construccion 4el buque. Los diferentes grados de liM Ipieza de estas superficies vien!!n senalados en 18 norma 

japonesa JSRA (SPSS)-1975. 

En esta investigad6n se hill tratado de silllular las distintas I 
etapas por l.as que pasan las chapas de Acero proc4!dentes 

de los trenes de loinaci6n en caliente de la aceda. y 

que al Hegar al astillero quedansomeUdas al proceso de II 
construcci6n del buque. para durante' la vida en ser-vicio 

de l!ste. estar integrando el casco ,en sus ,distintas ionas 

de exposici6n:. fondos. flotac:;i6" yobra lIuefta.•. II 
En el estu~Ho se analizan enproful:&dldad los efecto~ de 


diversas variables. agrupadas del ~igl.liente.odo: 
 II 
VARtAat 

GTa:iod~~.
.PREPARACION PRIifAR.lA DE SUPERF1CIE. 


00n~6n sallNf 
 I 
.\ EnveJecW.tO.del '~r 

f'REPARIClOO SEClJlDARIA DESUPaF'ICJ:E' Li.II1pieza del sh:lp-prinler . 
envejecido II 


I 

I 
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W; 	 CO)fDICIONES DE APLICAcioN 

[Q·EsQ.JEHAIE PlrmIRA 

I• 

3 

, i'reseocia de hUIIedad sbbre la super
ficie' a pintar ' 

. Tietlipo ae.· r'epiq.tOldo 

Vida de :ta ft!!Zcla (pinturas de dos 
CQIIPOnentes) 

Eriotra 'seriede ensayos !Ie an.aliza' separadamenteel efec

to de la protecci6n· cat6dica en el cOliportallliento.de 5is

tella$; marinos de pintura. 

~. . ., 

DISERo EXPERIMENTAL 

. I..as.prob:etas. de,4illensiones 125 x 250.••. se prepararon a 

I 	 par~i},de chapas de' acerQ suave lainado en caliente de 

3 iliad,· es~sor. 

Utiaserie deprobetasestuvo expuesta durante aproximada

aente., 3 meses en unaatll6stera rural exenta de contaJIinan-

I 
',tes atlil.ost~ricos deltipoSQ2 0 cloruros.. • -
En !a Tabla I ,se exponeel plan experimental general en el 

que,~e detallan las variables delestudio. asi como los II 

I' 

niveles. de actuac161'l de. cad•. unA de HU.S., 


I 
Grado de. cho.rreado •. Losdi,rere:ntes orados·de.lilllpieza se 

obtuvieron porehorreado centr1f.ugo con. granalla.esUrica 

del 1;1po .&..280. variandoeltieJlP(> de tratMliento. L,aru

go,i'a,s Hnalobtenida fue inteJ;'Wledia entre Sh3 y. Sh 4 

h::eane';'Tator.,, SU,rface prorile. Coiliparator).

J Contailidac16tr'saliha.tol dist'inios niveles de contui:" 

n.Ci6h·~$ebbil1vierOn.~lfca~do cantfdadesvariabies deI; ,'soluciones'e~; .!J~Y' Jlleteolde "401 y Fes~4 • 7 H 0 • con
2

la: ayuda de \,U'Iavilrilla de Vidt'i;;;~pq$\eriormeritelas p~:;;,,'.' 

,betas setntroducia,ndurallte'lin'('lerti:iti.eiilpo en una 

.'l' 

estufa de laboratorio • ." 40...·50!!C.para evitar al .~xilllo la 

formaci6n de herrUJllb're . 

Envejecimiento del 	Shop~Primer. Eil lainvestigacionse 

consideran dos tipos de shop-priller: a) del' t1po,epoxi

-6xido de hierro 	 y b) del tipo epoxi-:-Cinc. de usa COlin!" 

en construcci6n naval. A tines de cOlllparad6n de result~

dos a una serie . 	 de probetas no les rue aplic.do sbo~ . 

-primer. £1 espelSor medio de pelleula seca deambas impr,! 

lIIadones fue de 3O~0 pm aproxil\aduente • 

. Para simular la condid6n' FO. de .las ,normas ,japonesas 

SPSS del J .S.I..A., las .superficies, una vez. illprbladas, 

fueronsolletidas a un proceso de quelllado con ,la.&yud-& de 
. , 

un soplete de soldadura oxi...aeetiUmica.-Las prOl)eta'S se 
",antenian durante cierto tiempo (- 10 seg) a la,acci6n de 

la lliulla y s~ retiraban euandO el lIetal'aleanZabal-a tet!ipe

, ratura .de 3500c, 1I0lllento en que ~e prociucla el C.bl0 de 
. 	 ., 

color en las lIIareAs real badas sobre la lS probetas can uri . 	 . 

;t~piz ThellloehrOli 	 de la lIarca F"'ber;.;.ca~tell. 

Al ensayo de envejecillliento en clmarade nieblaisalina se 


sOlleUeron posteriormente las s'eries de probetas lMp.rilla


das que habrla1 sufridoelproceso de qu~ado.juntollllente 


con'otras series deprobetas donde,ia iliprilllaci6n'sepre


sentaba intacta. Las probetas se retiraron de la c'lura a 


las 3QO.horas de ensayo tiempo que eO~DSidia aproxia~a~ 


mente con el grado 7. de oXidaci6n (.AS'nf1>.610len.las.;ro,," 


betas illlpri",adas con el'shQP-primer~1~i~epoxi:-6d(io 

de hierro. 


Lilllpie~a deishop-prilller envejecido. Seconsideraron ,3 gr! ' 

d,os de limpieia en las probeta5' i~~~iJl\adas y EmveJecidas: 

http:aplic.do
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" . ", ,.. - .'. -", /, 
il) favado con agua,'" cepi,l'lode cerdas de nylon, b) lavado 

. '.J" 
y cepillado mecanico Pt 2 (SSPS, JSRA) y c) chOrreado muy 

ligero Ss (SSPC. JSRA). '. 
~ 

Prtisenc$ade hUtittfdadsobre 'l'a sUPfrtfde All pintar (c;foi.) 

En una seri,ede probetilS las pinturas se Aplicaron en las 

condiciones': normale's"de I~bOratorio. en: tantc? ~ue en otra

• lasuperticie de' laprobeta pres~ntabauna Ii~ra capade 

b~ed;"d"A~terior a 1& apUcac:f.6nde'la priiaera< capa de pi.!!, 

•
t 

•• 
tura de,l' esqt.i_a. La prisenciA de esta capa acuosa, se rea

liz6pilsando pOl- lasuperficie,dela probeta una esponja. 

algo 'hUiai!d~dda. ilUlediatuente antes 4Ie la apUcAci6n del 

recubd.lJ:e~to 'de pirit:ura. 

p 
Ti_po:dffrepintado (T.I.)i.aapIicaci6h dela segunda ca~ 
pa def esqueMa 'd4t pifit:ura se ..ealh6 segun lassioguientes

t instruedories 
~ 

T~R.1: el especitic:ado POl' til fabricante depintura , ~ T.1. 2: 1. lIIi.taddei uei.po ainillO 

T.I~ 3: '15 dlas 

t Posterlores capas del' e~qu_a se apUc~ron sigui.Delo las, 
instrucciones dictadas 'Po~ ~l r.bric:antede l,a p;l.ntura en, cuesti6n.,, 
 VidIi ·&!·lll··••iei.(YJK.) . 'h'adlldoSe d. plltt'ur":!1 'it.dos co!. 


pol'ientes' sehanpr'parado:s.ries de probtitas de ac~erdo 


t con~los.fg~ient'eSl1fveles de actuaci6ri .~e 'es,1:& 'variable
, 
t 

Y.N.,":1 hr. des,u~s 4e haber':realiudo' la ~ezcl'a 


V.N., 2: ,.a.04hrll .... 
 ,~ .. 

•
t 

•••, 

En la Tabla II se exponen los sistemas de pintura aplicados' 

en funci6n de las c.ondiciones de exposicion a que iban a 

estar sometidas las probetas de ensayo en las balsas de 
experimentaci6n. En la Fig. 1 se ofrece una vista panora

mica de la balsa de ensayos. Los ensayos se llevaron a ca

bo en El Abra (Vizcaya), y Puerto Real (Cadiz) . 

Teniendo en cuenta el ,elevado nilmero de variables: que COlll 

prende esta investigaci6n. un estudio sistematico que 1n

cluyeratodas las variables asi COlllO todos los nive1es de 

actl1aci6n de cada una de ellas hubiese supuesto prepariir un 

nu.eroexcesivo deprobetas. teniendo en cuenta las lilllita

ciones de espacio de l~ balsa experimental. POl' ello, leI 

disel'lo experim~ntal qUe se ba realizado hel consisti.do en 

el estudio POI' separado de cada una de las variables men

cionadas,a base de. bloques deensayos, haciendo intervenir 

en cada bloque aaquellas otras variAbles mb relaeionadas 

con lavariable objeto de estudio. Lo lIlencionado queda 

ilustrado en las rigs 2 a 4 A base de cirCUlos (blancos y 

negros) y cruces. 

Los cipcUIOS seftalan las variables que son'objeto de es

tudio en c;ada bloque deensayos,asi COlftO los'niveles de 

actuaci6nde cada variable, en tanto que las cruces indf

can las condiciones eO!liunes para lasrestantef;; variables 

que no son objeto de estudio en ese blQCIue experi.ental. 

Paraestudiar . el efeeto' . de 1a proteeci6n
" 

eat6die . .• se . ,pr.e. - '. -. ',. 

pararon probetasde 150x 75X 2 1liii, que una'Jez. ~orrea~ 

das al. grado ASa 3 se .les aplic6 una Ulprimaci6n :del .ti1XJ 
. ,', -,. '. .;,.; .'" . 

"shopcprilller epoxi-oxido dehierro(2Q pili) y un!l ,intara :de 

acabado brea-epoxi 0 clorocaucho ,( 180-230. pm) ,dedi",ersos 

6 I 
I 
I 
I 

. I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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l 
fabrica,nte!! depintuI::a. La!!; ·pro~tas en una de sus caras 

. . 

presentaQa,n una zona circular de 17mJiide diametro sin pi!!: 

tura. 

Los. ensayos se llevarona cabo en agua de mar artificiai 

(ASTM D 1141) yun si!$tenta electr(lnico independiente para 

cada probeta perw.it:ia a,pUcar ,el potencial de pr,otecci6n 

requ~rido. Se ccmsideraron 2 nivel~s deprotecci6n cat6:" 

dica: -.0,85. v' y . -1,20 V con relad6n .alelec;trodo de re-
o ~••". • ;" • 

ferenda .de Ag/AgCl. COIIO testigos • fin de cOJllparaci6n de 

resultados una serie de probetas estuvo expu~sta a corro

5i6~libre en·aguadeaar. 

Resultados 

Peri-bdie_ente 5e realizaronil'lspeceiones del estado que 

prestmtabanla5 probetas de ensayo. En las i~specciortes se 

anotaba .el grado de oJC.idad6n de Ie superficie pintada y 

el gr~dode Ulpoualuentodel recubriaiento de pintura. 

En la,s probetas expuestas • 1& acei6n de 18 aba6sfera ma

rina (Fig. 4) eldeterioro se.anHiestaprincipallllertte 

porIa aparici6n de puntoS de6X1do eri la superfidl! de la 

pintura. Lavaloraci6rl delgrMo 41e oxidaci61'! se re.a,liz6 

de acuerdo eon 1.·Mnia· ASTMD-61.0, .en la que "10" .signi

fica' Ausend.a de punto. "odd.d6n y ~o".que la super

ficie" ajJareee eOlipletaente oXidada. '. En' .'steat't~cUIO· \ 

6riic_el1~.:t-eileI'UIiiOS c(Ue·. uri sist_ade·pintura elipieua .. 

taliartc1:rc:-Uioneghi) cloIando el grado deoxidaei6n alean

. za un valor deS. 0 vial.ores inferiores. 

En las :probetasexpuestias en inlK!rsi6np4l'eia16 peJ7l1lanen

te (Figs. 3 y 2)~~ det:erioro se:~~niri~s.t"ap~inci~allllente 

7 8 

".' -:. .... . '. "", . 

por la aparici6n de i1mpollaS en ia superficie d~ 1a pintura. 

La v'aloraci6ndei grado' deampollaRliento se ha realizado de 

acuerdo con la norma ASTM D~714con' laq'ue s~ evalu·anlii 

frecuencia de aparici6n ytamaflo de las antpOllas .. En este' 

articulo unicamente resef\amosque .un sisteJlla-de. pintura 

empieza a fallar (c1rculonegro)cuando la frecuencia·de 

aparici6n es del tipo" (medio), MD (.edio-densa) 0 

D (denso). 

Tampoco s~ considera fallo de un sist..a. de pint.ura cuapdo 

el deteri'oro !$e locallz& 6nicailiente en los bordesde iii 
prob"eta de ensayo, nicu.ando el ampoUaaientocorresponde 

a la pelicula de pintur.. antlincrustante,q'ue se'apHe6 

de Rlodo identi.coa todas las probetas expuestas en i~er'" 

si6n para apedit' la incrustaci6ri bio16gica, perc no para 

suestudio ensi. 

Los resultados queexporiemosen esta coinaniea:c16n(Fig.2 

a 4) corresponden aun tielllpo de experiae'ntad6nd'e 4' aflos 

en las condiciones descri tas, reUejirldose dnicllIIentelas 

tendencias obsenada5ysin protundhar .ediante un.anl- , 

lisisds .riguroso' de lagraduaci6n<de erectos en lasdi,! 

. tintas ver,iablesestudiadas. 

En la Fig. 5 se exponen los resultad()sobtenidos al e!itti.

diar el ef'ecto de laprotecci6n catbdica.£n las pruebas 

a corroSi6n libre en agua de liar ('sinp~tecei6ncat6di.ca) 
los ensa,yosduraron 12.eses, en tanto,qu~,en, la~,;.prue~as 

enque~e aplic6 un pote!lcial de. prc;lt~~~n.c~t6dica,los 
ensayos ,tuvieron una dura.d6n de 50"76() :di~s • 

'. 

D1SCUSION 

Abordaremos la discusi6n de los resultadOs experilllentaies 

http:sinp~tecei6ncat6di.ca
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obtenidos en tu~ci6n de cada tipo de .xposicibn y d~ las 

Vljit-iables obJeto,deest"udi'o. 

EXPOSIC.IOM ATMOSFt;RICA (Fig. 4) 
,< 

Grciao de; chorreadO'~ "Si bien' eSte efeeto uniCa/llente sees

, tudi:6~endb5 sistemas· (11 y '13)~ no se observa ningl'ln ete£, 
to Mgat;'vC) ,en losniveles'de .. c;:tuaCilm considerados pat-a 

estavariable~ 

Cont.airiac16n salina. Con relaci6n a '14 contuinaci6n por 

.isci6nicamerite en e1; caso ael sistS. 10. y sieJllpre y 

cuandd nef'sit aplique sho~pri.er antes del esquema, se 

ob.ervaun etecto negaUvo Par la presenciildel contami

nanteRaei' &- su'ni~eI sup-erior(100 .g/m2 ). Respfcto al ' 

coriiMdnanteFeso"tcidoS'lOS, sist"as ensayados se aues

tran sertsibles,ala presencia de este contaainante en la 

intercara'.etal/piritura, particularaente .. eoncentraciones 

superiores ,'a5OQ .0/.2 , independient.-ente de 1. aplica::i6n 

• o nO del 'shop-pri.er. 

• Limpieza secuq4..riadel' shop-pri.er envejecide. En tOdos 

,,• lQs s1Stetllas la U.pie.za del IIhop-pri.er ,del tipoepoxi- ' 

-6xidO de hierro, eftvejecido, 6nic..~nte Jledi .. nte agua Y 

• 
cepillode cerd. .. s de nylon, -se preseftt.. ineuEiciente. £1 

sh0P7pri.er ~poxi-Cinc: parece, en' c_bio,' tolerar este ti

po de,atresl0nes.,• 
CO~ciiciOri~i'ie'~plfcad6n. Todoslos s1st..as toler"n las

• des~iadones "eri~ay~as conrel~c16na ,1& ,buena prictica 

durante la apHcai:i6n: de 'los recubriilli'entos.de plntura"~-•• 

•
t 

10 • 
INMERSION PARCIAL (Fig. 3) I 
En 1a Fig.3 se obse~va que e1 sistema 9 muestra siemp~e'd~ 

terioros, con independencia de la variable en estudio. 10 

que nos. hace pensar que es e1 propio esquema de pintura; I 
a1 espesor considerado, el que rio resiste las condiciones 

de exposiCi6n. I 
Grado de chorreado. No se observa en los dos sistemas (1 
y 8) doride se llev6 a cabo el estudio de esta variable ni,!! 

gun efecto negativ~,en los nivel.s de actuaci6nconside7 I 
rados. 

Contaminaci6n salina. El.sist... 7 .uestra sensib;'lidad a Ila presencia de los contillllinantes laCl .0 FeSO4 en la .in

tercara Iftetal/pintura. independientl!lllente del shop-primer 

apli~ado, en tanto que el sistema 8 se .uestra. insensible I 
a esta variable. 

Limpieza secundaria del shop-primer envejecido. La. lim Ipieza conaguadel shop,..pri.er epoxi-6:ddo de hierro enve

jecido porIa acci6n de la niebla salina se'presenta coao 

insuticiente en el caso del sistemd 7••ientras que el I 
shop-prilfter de epoxi..cinc tolera este' tipo deagresi6n. 

El sists.. ·8. en cambio. totera el ciUdo envejecilftiento 

independienteinente del shop-primer aplicado. I 
Condiciones de aplicaci6n:_Lossisteaas 7 y a toleran las 

desviaciones ensayadas con1"elaci6n .. la buenaprlcth::a I 
durante 1".plicaci6n de los:'recubri.ientos ~e pintura. 

INMERSIQN PERMANENTE tFig, 2) I 
En' II. Fig~ :2 se observa que e1 sistelMl 5 muestrafailos

'. I 

I 
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con independencia de '1"" var~<lble en estud:i;9. 10, que nbs ha 
~ , (, . 

ce' pensarque I!!S e1, pr!?,p;oe!!iqueJlla de pintur'a.~l que no ,~, resiste las ccm<liciones de exp;odci6n. 

, ,> 

Grado dechorreado. Los sistemas 1 y 6 5e ;.ue~tran itlsen

sibles a las variacioneS de prep,~rac:;§n pri~ria de sl,lpert 
fieie consideradas. ,Tado 10 contrario sucede en el, sistet 
lila 4. independientellente del shop-poriar aplicado. $n los . . "', . , 

• 
• sistellas 2 y 3 el efesta d~ ,esta variablese acusa 6,nfca

aente frente it. deter-1nadas sU","ciones. Asf., eri e1s15

t tftla i el efecto negativo, de ia :;Yartablese present. siem
. " ' ''',. ' 

pre que el shop-priaernosea~e,:J. tiPOl!~i-cinc.· y, en el 

sistellla 3elefecto se presen~.,euando ,nO f/x:t.ste cap. de

• iapri.iaci6n y las, pJ.e~.rae,i~.. s\lperf1da~es son aquellas 

• que conducen • Jie~9r.s OradoSiSe Uapien (3 ,y 5). 

,• ContaJalnaci6n salina, Le. res~l tadOs experblentales obte, nidoscon telaci6nal eStlidiode etltaY&riabie sugierCt una 

cier1:a interacd6n entre,Us 'V~riabie. ~.-do de ,cborreado 
. . . ..' . . 

y contiuainaci6n s~ina. en"el sentidoque. ia presenci& de 

cierta, herrU1llbre (grado ,ct.chorr.eado) pyedee;ICaltarel 

efecto de una conuiiilnac16i:isalina en la:intercara metall 

!
• 

Ipint~ra. efecto que pot si '.i.llo no'hubie.e tenldo'lugar. 

Este es el caso d~i slst... 1 frente, III tina contailinaci6nI 
elevada de sultatOodel sist"a, f~te a cO(l.eentraciale's, elevada, de' db6l'corit_inantes 0 del si~t..a'~ 'f're~te a 

-.: .... ;~. ::.y. ::.: . ',., " :. 

cualquier ecrtita.iliriacll!nAle ,lasen!:ayada~.c 

En el siste.a 2 resul t.dechiva la intervend6n': de-l spop:
t primer ~ As! e lesqueJll.a. cuando no, existe illlpri'lIIabf6n:.no 
I tOleracontamiriaci6~ alguna. irnJepel')dientelll~nt~ delgrkldo , 
I 

de limpieza porchot-readoque corisideremos; cuando el shop

-primer es del tipo ep6x!-oxii:io de, hierro urii~amente 5e 

observan efectos negati~os en el'peorde los grados de 

limpiezi!1 C5) y frente a concentra!:'iones elevadas de conta

minante. aparecie,ndo de nuevoel eEecto sidrgico cOmen

tado Ilnterio1'1llente. 

El esquema 6 tOlera la,presencia ,de contuinaci6n $a1ina 

independiente.entechi'1 shop.;.pHlller apiie:ado. " 

Lilllpiezill secundaria del shop-primer envejecidobe,todos 

19,5 esqueaas ensayados, los sistemas 2y6 se presentan ' 

COliO auy sensibles al erectO del envejeci",i.nto delsbop

-primer y postuior U.apieza. En' el pi-aero' deellos. ' in

dependieritemente del tipo de shop-priaer,ninguna"del'as 
, ' 

Hapiens cons,ideradasconsigue pal1ar e1 erecto~l"enve-

jedlliento. En ~l s15t_a 6e1 deteriol'C), 6n1c..ente se 
o I' . 

presenta cuando el sbOp-primer es del t1po epoXi-6Xido de, 

hierro. 

En los restantes slsteaas, exceptuando claro<esti el, sist!. 

ilia 5. del que POI' las cau'sas ya comentadas no p~eden ana

linrse los ei~ctos: unicaMente se <>bserva un etecto rie
, ':,. ," •• ,. :.' .' ~: 7"' 

gativo en la .enor de las liillpiezas considerilldasj este 

erectose presenta en los sistelllas 1 y'3 e~andoel sbop

-priller es del tipo epoxi-6xido de hierro yen el 5ist". 
4 con _bos shop-primer.!I 
EFECTO DE LA PROTECCION, CATODICA (fig. 5) 

£1 deterioro. en forma de ampollamientos, dei sistema ,de 

pintura se localiza en la vecindad del Area des nuda (ven~ 

tana 0 zona sin pintar) permaneciendo por ,10 general en 

http:illlpri'lIIabf6n:.no
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perfecto estado,e+ resto delasuperf,ich de ensayp. Ello 

es ~eb~doai fen~e~~de deslami~a'ci6n' cilt6die'a . Que' ocurre 

en la proxi~idad de zOl'.la$ sin p~ntura. . 

Alc:>bservar 111 ),11'1, ',;cseap.recia que Ura potencial cat6dico 

de ~1.20 V.obvluente aceleralosproc:esos de deteriorQ 

del recubr1.iento. en particlllar tratllndosede los .siste

lIIas de clorocaueho. Tambib $e observa en Hneas generales 

un lilejorcClilport~~ento de los recubria1entos !Ie brea. epaxi 

con reiacl6n. a los del tipocloroc:aucho. 

OIled';' 4s11111S11io, b1,n.patente la gran d1VerSidad deeOlllpor

tamientos en pinturasque aunque pertenel£l3l1 a un .islio tipo 

gen#!r1eo. !ou lor.uhd6n puede difel"ir notableiilente. 

CONCLUSIons· 

E~ iainveS~1gaci6i1 se pone de.aniliest';'la lIIportancia 
· .'. . 

relattv. de lai distifttas'var1ables conlideradas.En dr;" 

alnos generales. las variabies con aayor intluencia enel 

eOliPort.u.iento de: loa~lqlleu.1 de pintura lue:ron: 
~ 

• ia~sencia de conC:.ntr.~iones "elevadas deeont'~lId ~. 
W 
% 

nac16n. salina'en h1ntercara.t.l/pintura. 
W 
CJ 

• el enveJee:l.aientodel shop;.-priaer sin. una adeeuada. 
-l 

~ 
liap1ezapOlite:r1or. 

% 

~ 
• Uft pOtencialcat6dico elev.do. 
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~ TABLA II':,';: Caraq.tedsticas d.e,~ossist'em~S d¢ pintuta 
, <lpli<;adQs; • " """ 

: SisteM Qe pinwra' 
Espesor totalJ Tipo de eiposici~ fClave~r ! :'npo, ~ti<;o. (pn) 

4

1 lcio:roCaucho piglientado Con 
iiH.IIl:illio (rabrlccij1te 1) 

,2, 1~~=os~~a:;;=:1)'" 
Itlorocauc:.hO' pjgrentado

3 p:jrl alUninio(FabriciIDte2) 
:tnnersiantotai 

c]"orocauctl<l, sin pignentar
<4 coo ahlldnio (fabricante2) 

5 , . Alqui trM-epoxi 

6 Alquitr§n-vinilico, 

7 'lclorocati<;'tK;! pigrentado
con alUlUnlo 

Cl~~ ,sin pigt\entar 
lrmersioo parcial~ , 8 con '~lil1dmo 

,.: 

, 10 Alc1dico 

Cl~ sin pig.entar
con al'-iJdo " 

.:.' .,. 1A~fffieA; 
" " ::q~~ ,sin pi~~ 

";.: :,12 J cilri a}ulrinio/acabado, ,acrilico ' ' ' 

v~nil~ca/al~i4ica" ;3 

. '.',.~ ..,.,
Y, 

:.~. ",.,~ ~ 

.. 
" 

~ 

1 • '- .Vista de, ia balsa .rimental para erisayQs depinturas en',
a9Ua ~ mar. " " , 

',e •• 
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Fig. 2.-ReSl.IIIen de los n!SU1.tados,exp!:lriment~"!S COl'I'\lspordi'!lnt''!s a los sistemas de 
plntura expuestoll ..a1~rsi6n:J?!!~i'it. ~j,,~~ dtI, mar • . , ,- -. - . . . ", . -' ~ 
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fig. 5.- Resumen de los r«"ultados' experimentales.correspon
dientes allis ensayosdeproteccion catOdica.t! 
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NIVEl D£ SHOP-PRlM~ 
PlNTURA DE: ACAIIADO PROrECCIQtf

CATQOICA 
1",1 .F.2 F.' F.4 F.G 

Sin prot. cat. • • • • •
Ctorvcoucle F.I -0,15 V. • • • • •-1,20 V. • • • • 0 

Sin prot. qat • • • • • 
" F.2 -0,85 V. 0 0 0 0 0 

-1.,2~ V. • • • •• 0 

\ Sin prot. cat. • • • • •• F.I -0,85 V, 0 0 0 0 ,0 
_1.20 V, • ., • • • 

'Sin prot. cat • • ." • .. 0 

" F.4 -0,85 V•• O· 0 0: 0 0 
~1.20 V• • • • • •• 

Sin prot.. cat. 0 0 0':' .0 0 . F.5 -0,15 ,V. 0 O· ·0 .() 0 
~1,20 V. • • • • • 

Sin prot. cat. • • • 0 •",.,a f.1 -0.85 V. 0 0 0 0 0 
-.1,20 V. • • • • •• 

Sin prot. cat. • 0 0 .0 • 
" F.2 " -O'8S. V. 0 0 0 0 0 

.:_1,20 V. 0 0 0 0 0 
, Sit, prOt.' cat 0' 0 0 • .: 
" F.I -0,115 V,. 0 O. 0 0 0 

-1.20· V.' 0 0 .' • '0 
Sin Pl'C!t. eat;. 0 0 ,0 ~ .' '~ 

" t4 -0,115 V.' 0' 0 0 
-,1,20 V.• ,0. O. • • 0 

F.IS 
S1I, prot. cat • O. O· 0 0 

" -O,8S V. .0 0., 0 0 0 
':'1,20 V. o. '0' '0 : O . ;0 

;.~". 
·i~~•. ' 

'f;: 
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OBSERVATIPNS .ON THE CATHODIC ,PROTECTIOto!· OF STEEL IN BiOLOGICALLY 

. ACTIVE SEAWATER. 

R.Q.J.EOt~, C.J.I:lUTCHINSON " K.J.SILK 

. . 

SQiOOL OF ~TBRU.LS.DIVIS.ION ,OF METALS, 
, "UN'IYBaSITiOFSHEFFIELD•. 

. I'iAPPUIST ~ SH!;fPIELDS1. )JD. UK•. 

I 

ABS'I'R.IIC1' 
I 

CattiOdic;prOt:ecticm .of st.eltn"seawater results in the formation 
of.' calcareous '. at:ales' .onthe lietai surface~ Such scales. can be 
botja.beneflelah in.;protecting the ~tal and. detrllllentall for 
e~am'pl.e:ln .. h"t: .xc~riger. sy~t..s •. The structure of scale is 
.odifl ed, , b:yehtilil'Ca1, and 'physical conditions at the metal surface 
including t~ pre.enee;of. organic .atedlll. Data are presented 
.hclwiflgi!,itlalcurrentdenslty.changes~ and scalecOl'llpositions 
for1illed i.n ileav.ter .withyarious l,eY~ls of organic .loading~ The 
resuHs are'.s;hcussed tn the light of cOl'llparing, experilllental data 
usinqart~t.ielal _.eawater with relll environme.nts. 

iMItODUCTIOK 

Calcareous.cale. ar,e' an i_portant factor in the protection of 

."teeliri' •••"ater by . cathodi~ protection. They can be both 

benefiel.al. Inprotectlnq the, ..tal and reduelng the current 

de",ity req!olired for adeqaateprotectioft, and 4etrl••ntal, for 

••..,le· in red~ilJ9t" effh:iencyof heat excha,..er syste.s or 

causinq the dl.b~nt of paint fU.~. The depo~its ~reproduced 

as a diree:teOnaiequence of cathodic rea¢'tionand form due to the 

bigh pH generated at the . protectec,!lIetalaur,facecaudng the 

solubility product of inorganic s.l,ti·in 'seawa~er to ;be exceeded. 
". .,.. '.":" 

Previous. "';ork has suggested that Ilifiificial s",aWl,lter has lIIiJJ:kedly 

I4ifferent effects than natural seawater on both the corrosion 

(Thomas et.all and the scale formed in the cathodic protection 

(Edyvean 1984, of steel and that this is large~y due to the I 
or9anic content of the water fCha",e and Suess 1970: Kit~no and 

Hood,196SI. Many corrosion and cathodic protection. experiments 

are carried out in artificial seawater and this., t0gethe~ with I 
the fact that. there are larqe varlations in th~orqanic loadinq 

of seawat.&, lIIeans that any effects 9f o'[ganics are impo1"tant in I 
interpreting and extrapolating .laboratory experimental results to 

a real situation. 

Calca1"eous deposi ts on, protected steel in seawater are I 
principally calcium and magneaium hydr~ides and. carbonates, 

although they often contain other ions.' The physical and chellliclil I 
nature of the scale is illlpQrtant in determining its 

characteri.tics, for example ita "throwing power" or electr~cal . Iinsulation properties, the stability of the cathodic protection 

system and the protection afforded' by the scale' should the 

protective current be cut off for some reason. where the scale I 
act. as a physical barr:i.er to the flux of dissolved oxygen to the 

cathode, reducing the corrosion reactlon. IThe reaction at the· cathOde in the .cathodic protection i •. the 

for.ation of hydroxyl ions and hence an increa.e in the pH 

i-.ediately adjacent to the cathode surface. pH vaiue. as hiqh as I 
11.S have been recorded (Hartt, et.al.U.t, • 

The scale.' that form tend to be. ~rbonatesot calciUWI or I.aql'le5iUII or both:-

Ca++ + co) • CaCO] (ppt) 

-++ + co '-..., ) .. • "gCo] (ppt) I 
+'+ ++ -- .

Ca +"9 + 2CO) , , • CaCOj.M9CO] (ppt) 

'-::llci'~m r"'ltt· ......'.At'"' (~~ ..!~ Ir; .~.:- :11 V} I':'" 4 I'" I 

I 
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I' 
crystal forllls 'aravonite J:ia :i:.icite.' Ma,nedum carbonate 

(Magnesite), and the .i:!(ed ••Cjnesi,./calciUIII carbonate, (dolomite, 

also fOni. /f 
T~ thickn~ss of sea les has been found to Increase linear ly wi th 


, tim~,aile~si:' initially' (WolfsOn and"Hartt; ~~81~ EdyvetlO,,' 1984) 


and' sea-les 'several' certtili,etresi:hibk' can 'be" faund 'on 'offshore 


sti:u~tliie., ' ••peeiaHy' where 'the metal surf.,ce 
, 

is,hot
~'," 

iJl!. g. on 

, , 

hot.rheililcarrying hOt oil from the seabed to ,the pl~.orin). 

Thi* ltOr~ Wd designed as an initial s'tudy of th"" cathodic 

prc,tectionrequ1temtmts ind itatU':e of' calcareous, sea 1e in 

artificial, natural' and h~avilyo;ganica1iy loaded seawater 

envirOnMents. 

MAT1Uih.LS ARD METHODS 

Test spe~i..iis. 

MUd • t"1, (O.026,c:, 0.0041$,' 0.005' .,<0.0215i:O.3.OI Mnltest 

spechlens 'o('di_lI:'sio.ns 8OX2Sxl,.5_. were ,cut frOiilstrip,drUled 

"to allqw the pailsage of • support rod and electrical cQnf!ection, 

sand-bU.sted v1th20-.0 grit to give a clean un!forJII finish and 

degreased 1ft alco.bol., The cone,cHon between, thevire and the 

speci_n v.siso.lated vith a sealant to. ",revent galvanic action 

and ,the ,speel.ens Vere suspended lnt.,e electrolyte on glass 

rods.,,9.P each expert_lit ,~1qbt, specl_n. vereconnected to." ~ne 

pole of a "pot;ent;ic.tat .o..s to ,aetas cathOdes, tt.e circuit 

being COIIPleted bygnph:1t:.e a~deS connec:ted ,to <the other P!!'~•• 

Current "~~ii.;.e..urftd' ~i~9 a high 1a~".ttce 419ital allllleter.nd . .... , . ,'. "":" ." . ,'" . 

~otentialC,a9ainat a .aturat" cdOllltl, refe,renee electrode) using, 

"a zero resi stance voltllleter. Each .~ystell\ ..~s, set up at a 

PflC-;"; 

'.> . 

potential of -l.OOV. The apparatus so artanded ~Jtatpll~r'!,'9t" 

specimens vere ~xposed at different depths from the tOp to th~ 

bottom of 30 ,litre plastic experimental ,tanks (60 awl. 

Short Term Experiments. 


Three sets of experiments vere carried out, all using ar~if,icial 


00, ' 
seavater (at 18 e +/: 2 e) containing Nael, eaSO. "g<::,12 and "gSO. 

(to BS l as the electrolyte. Variations v,ere made in the 

surface condition of th. cathode specimens and in additions to 

the electrolyte. These were designed to refle~t, in a un~fotltl 

way, high organic environ...ntl, either on the metal surface or in 

the electrolyte. The fhst two series of,experi"J!'l~,a involved 

coating the cathode Specillllitns with an agar gel to which vari,Qua 

additions, had been _d~. For the first seriea of experl,,14mts 

(series A) the gel vas ••4.\using 109/litre of agar p~"ei: ~I'I 

deion1sed water with the following additions:"; 

Al Agar gel + 5g 1:1 1CC1. 

A2 Agar gel + 109 1:1 Ket. 

A3 Agar gel + l5g 1:1 I.Cl. 

A. Agar gel + 20g 1;1 I.Cl. 

For' the second aeries of,:expedments (aedes 51 the gel was lIIade 

using 109/Utre of. agar powder, dlssoliled in the £ol1Ovlng=-

Bl DEIONISEO WATER 

82 'ARTIF ICIAL SEAWATER 

B3 NATURAL SEAWATBR 

I'n llil cas.s the u:erage thickness ofth., gell va.'betv_n I, and 

1.5m... 

For the third sede. of experiments·( serles' CI ,.0 ,cqatitll).9,1 v.s 

used. instead organic material (Agar in solU"tionl vas added to 

the artificial 'seawater electrolyte ift the followlnq 

rr,s;,: 4 

"" 
I 
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. c_c.I"I~£atiolun·'-· . 

ci.,t.259 l~lA~.r. RESULTS 

C2 0.50 • 1:1 A9lit 

C) .1.00 9 l~l Agar Short TeD\! Experilllents 

C4 Z~OO cj 171 Agar Current densities Iteremo,:!itoced over the t'irs.t 20 minqtes. 


following ill!1llersionof thespec:imens in the test .. endro_,nt•• 


ht each experi.ent',' tile current denaityreq\lired to maintain a 
 Typical results from the three aeries of experiments are shown in 


potential of-l.OV (va SeE) wa. auta.aticaUy logged over the figures 1 and. 2. For eompariaonbetween da~a a line of best fit 


firat 20 .•.lnute. on i_eraion ofttle apecialena. The data Itas 
 was. drawn through .the first· two minutes of each set of dat.a \1sing 


stored on 'a lIIicro c:a.puter fot later evaluation. 
 a computer program. The"slopu of these Uneli, given .in Ta~le, l~ 

2 and 3 provide a ~seful eQlllparison between experaent.. The 


r.ong Ter. axp'id.ent;a. tables also give the current density after 15 minutes. 


A'lieries of 4ucptdll!llentli vas carried out OYer '0 daya .in. three 

TABLB 1 

.differentse.wabr. endror'llMinta.·. to det'.~ine the effect of 

envirorliient ont.... natureof t.he seale that· foms on cathQdically EXPBRI~AL SBRIES .A 

protected ate•.l. The en"i·ron...Rt. used wer.e natural seawater ·oye~ EXPERlMEHT• GEL. IItITIAL CUlutER"l'DBNSITY 
SLOPE. AT ISH!!utuatitte Mud, (frClM theilu.~.rest:_r,. on the east, cOast of (IIA ca,» 

-1En,land) ~ de~aing alg.l _terial. in se.ater. giving a Al Agar+59 1"'1 ICCI -16.98. •0.353
"2 Agar+59 1~1 ICCI --17.36.• O~323rtidilc:1ngenV:iron..nt .ery htqh inorganic ...iterial and bacterial Al A9ar+59 1 1 ICC1 -19.96. 0.306A4 Aejar+59 1~' . lCl -24.12. 'J ~382ntabollt.. by4lrogen .ulphide) and thirdly. a.erated(..•. I 

artificial' s"water.th••e three en'firo..eftta w.ill be referred to 

. as natural s.avater, tllgb or,..,,'c ••,water and artificial I 
TABioB 2 

s.awater. 


Stee.l apee.n.!Ifls Were expo.ed tu eaehellybOniteat at, a potential -ZXPERIMER"l'AL SERIES 8 
 I 
of-1.0V .•S(2, .ltter 90 'a~ tile .,.d..... WKe rellioved and the 

i:XPEJUMER"l' •. GEL. INI'1'IAL . CUIlItER"l' DBNSl'l"f"atw:_ . 'of .. the· . scales' wa.deter.l..d· uain, x-r.ay powder SLOPE •. . AT 15ft!!, 
(IIA l:II, I.

dlUEacl:1on.. 01"1 finely g~OWH1 ..terilll ...il'l9 cGpper landiation I 
81 OZIOHISED ~TER • -20~81 . O.fU'

wii:Ii.-"4iv,,leriqth ejf l';~(05f111l. 82.. ARrIFICIAL SEAWATER -21.82 0.41'III 

INA~.RAI. SEAWATER. ~n.~ 0.531, 

',' 

.'., "";~: r, 

.' I 

I 




.......-:--' 


TAIL. 3 

~xlBftI Kstf'1'AI.;SEftll:~" ¢ 

~~ERIMBtri. ADIHTIOK 'l'O INITIAL' ,CURiU~NT, DENSITY 
ELECTROLYTE SLO~E.AT lSM!!, 

(mAi em, J 
" 

Ai 
A2 
A3 
A( 

,""1"
0.25g '1: ' Agar 
O. 5Q9 l,..~ Agar
1.00g 1 1 Agar 
2,009 l~ Agar 

-21.28 
;"~O.O,c • 

, -11.07 
-16,.02 

1.U8 
1.0116 
0,.912 
1.611 

Avet:age figures for ••ch of the three ,seriesofq:periments are 

given in Table ,c' beloW. 

TAIILB 4 ',' 

qPERIMBN'l'AL' AV:EaAGE 
SERIES CQIIRENT DENSln 

-2
COH'l'IlOL 0.995 ,M c."'2 
SERIES A 0.341 M,ea"'2
SERIES B 0.483 IlIA ea"'2
SEJUESC 1.210 llAea. 

Long Ten, .~ed.ents 
A yi.ual,._.inaUon of the sp«i••nl, aftu. !O dl!.Ys ex~y:~e gave' 

the fol1Oving r.sultj: 

spedaens frcii the naturals..water showed dark erealll/grey scales 

with thOSe on the apeci.efts buried in aud being'aueh thinner than 

those fra. the vater. 

Specil~,en.e:llpo." to the hlg" organic redueingenvironMnt bad 

~~Ckelled 1<:81 • .iltb la~gewbite crystals on tbeir. sttrfaces. 

S~c,iafins fr~ .~he "sUrr4td artificial seawater sheWed varying 
, .'. ,,:., . ',',) 

th ickrie••,.~" acr..lI/whltescale. 
• • < ~ •• ' ~ i-' ""', .,' • '." ' 

x-UY 4Utractl~r()f ttu! scales showed litHe differenc:ewithin' 
"j' '. {~" '..: .,.< :';:.-.. - .. . ' , 

water and, for ea.parison.ach env'l r"...,..nt , due, to depth of 

betw"I'I~,t"'env~On"nts, ,threespeel.ens, taken froe different 

'.;,' 

PJlGE7 

TABLl!! 5I 
, 'Dlli'l!'RACTION PEAKS OBSERWDIN THBTHItEE SEAWATER REGIMES, 

APPROXIM~TE RBLATlVEHBIGHT OJ!' '!'HE PEAK 

PEAK A B C, D E' ~ 
DESIG~ATION 

ARTIFICIAL 60\ 20\ '0' 100\ 0\ 10\ 
SEAWATER 
NATURAL 60\ 0\ 60\ 100' ,20\ 50\ 
SEAWAT;ER 
HIGH ORGANIC 0' 0" 60\ 0\ 20\ G\ 
SEAWATER, 

'TABLE 6 


CARBONATE MINERALS OBSERvED IN THE SCALE DEPoSITS 


APPROXIMATE PROPORTION OJ!' VARIOUS MIKF;RALS , 

ENVIRONMENT ARACOHiTE CALCI'I'J!: DOLOMI'l'B tlAGNESITE 

ARTIFICIAL 25\ 40' 30' 5'

SEAWATER 

NATURAL 0' ,80' 0' 2G' 

SEAWATER 

HIGH ORGMIC Ot 60' 35' 
 5'SEAWATER' " 

dept~s in each environaent were .elected and ~heir scales ground 

together. The X-ray diffraction traCft' were' found tQ be unique 

for each enviro~ent. To emphasise the differencelil randoM.ajor 

peaks hava been tabulated i~ Table ;. it is apparent fra. th.e 

table that the eo.pounds gtv:ing dse to peats C and E are· only 

fOrMd in natural sea••tar, the coapound giyin9' iisetopeat .'i.' 

only found in artificial sa.water and that lilcae cClllpounds (A,B,D . 

and J!') are not found in ol;ganicdch r4tduclng envirOnment•• 
J .;. 

the ' 
':" 

results shown in Table 6; Calcite is the lIIost abundant allotrope 

depOsited in all the env~ronment•• Calcite, 'Dolomite, A~agonite 

An analysis of the traces for carbonate .inerals ~ave 

'PAGE If··; 

I 



• 

and a littl.e aagn.site .en f(,~•. in file ~r~lti~ial s"water. 

Only Calcite.nd .agilesite wei:efoUftd>in ttle ..atura! s_w.ter .nd 

a.inly calciie.and dolo.it:e were found in the orC},anicallY dch 

reducing environment. Aragonite was only found in the artifIcial 

(organic free) seawateren":irC;;J\ment. 

lfhUe tl'U! x-ray cliffraction peaks could be resolved for 

• allotropes of carbonates sQae of .the other peaks present .could 

not be identified with certainty. However, sodium chloride and 

• 
 iron oxides are typical "contaminating" peaks. 


•
• ·DlSCUSSIOtt 


The elec.trochellical reactions· that occur at the surface. of 

•
it cathocilc';uy protected steel Alie ~siderably aodified by a 

biOlogically, active environ.ent. Such an environment, results in 

~ It COIIIPlex ,inte.dac:;e bet.w..n the _tal and the electrolyte. 

~ The forilat1on ·of calcareous scaias in seawater is due to the high 

~ pH cllused by. thecnhodic. reduction r.actio". However. the,, c.urrent densfty, and henCt! pH, over the ••tal surface "ill fall 
. . . 

as the aCal.buildsap~ Thus the scale is the result of a complex 

~ sequence of iniUa~ and subsequent reactions at a range of pl:l and 

• currentden.ities.; The nature of tIM· first forlled "bonding

• layer", i. iaportant to the1lltagrity of the sUb~equent scale, 

• which. h .•ore.contr()lI;ed by factors in· the a~v1 ronaient. These 

• . inf,lueneea Includa the. ratio of. inOrganic . Ions, tile rate of 

,f cry' talli••tloo;pH, .t...,erature aM the pre.."CCI of inorganic 
." ... 

• 
.olute. IItit.fto it .a1 •., 1115" • 

Although the" .hort ten exper:iaents ..are"ot e~tiiely consi stant 

• do. show SOCH interesting treit4s,rdated to the organic aRd~ht!Y 

• . Ionic conditionll at t~ IUtal surface>'fbesloP., and this ...the 

reaction . rate .t the surfa<;e 1.1~~H~ t'o'i<:,wer current dell'land. 

~ 
~ 


'.,"". 


• ,• 

Jncreasea with increasing •potassium· chloride in the surface 

coating (Table 1) and decreases with increasing agar in the 

electrolyte (Table 3). This may indicate the role organic 

molecules have in slowing down precipitation processes' (see 

below). However, these slopes are not~eflected in the ;curz;,nt 

densities found after 15 minute.~ 'In fact, in Experimental series 

B the cUrrent density aftarl! minutes in directly contradictory 

to what may be expected from thesteepness of the slopes. 

Comparisons. between experimental series are invalid due' to the 

obvious sensitivity of .ach run to slight. variations in 

.exped.ental techn ique.However. expedment 82 does fit wi th 

experi.ental series C. The results for series B show trends are 

opposite to what might be expected in that the system with some 

orqanic content (natural sea".ter) gives the steepest slope (but 

the highest current 4ensity after 15 .inutes). This reflects both 
.' .. 

the inorganic complexity, which results in a rapid surface J 
-,"" 

reaction and the influence of organics, (slowing precipitation?) 

.in natural seawater. I 
In the longer term experillents, the presence of organics 


produces a condderable effect. There ar* obvious differences, 


shown in Tables 5 and I, in the crystallographic nature of the. 
 I
\ 1 ~. 

scales foried indifferent environllents. It .ts intere.ting to 

note the .sjor differences between artificial and . ~tUi'a1 I 
seawater and then to note the considerable ~ffect: higiloi9~l'Iic . 

loading has on the nature of the "scal~f red~~l~g the~~lclte and 

ma!Jnesite an\ll increuing the prol,cu:tlon· ofdOl~lt. when I 
c4al'a.resd. to natural seawater. In fact in" terms of "the 

.>: 
. calc1U111/lIIagnesium mineralll, with the exception of aragoni~.,' the I 

high orqanic seawater ill more akin to artificial aeawater' than 

n.tur..l seawater in "its effect. I 

I 
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I 
Hartt.•t~al.(l".) report tliat .cal. ccapodUon ha function 

• 

'of current den.ity-.n. tltat ift la"oratol:Y .,ate•• at low current 

densities calcb. carbonate is favoured whHe !>he lIIagnesium 

cont~nt increasu witb increasing current densiUes (Klass, 

19581. A higher paten,ti.l will also produces a less eoherent 
". .' .\; 

scale (Muette et••L un',. Bdyvean (1984) lias shown a layered 

atruct tire of scalea forMed in flowing seawater wi th highI· ,. 
.a9.ne.iulIl CO!IpOund., alil<;:h a. lIIagneaiUIII hydroxIde.nd carbonate 

nearest the aurface and then, as the current densitY and hencet , 
the phdropa, calci_ carbonates' further awayfrClnl the surface.• 

. 

The . influences detetlllini"9 which pol)'lllOrph of calcium carbonatet· 
• 


deposita ·.are . CGiiPlex. In aeawater, if precipitation is rapid, 


ar"90 n1te will deposH clue 1;0 the presence of ..gneshm ions 
~. 

(Kitano et.al U1S, I'jh~teccnt, 1;101 and thh iathe case in 
. . . 

ar tUlclal ...water and tn acale' clo.eat to the ateel surface 

(Bdyvean, Ma9fte.i_
,• '198.,. is thought' to retard calcite 

depo.itlOil.by incr..,i.., ita solublilty, However, ucept at high
• , ..' Or .. • 

•• telipeutiJreii, a iarg. ~rOilnt:age (4ot at lOoe) of any precipitate, 
frOlil a carbonate .ollolt.ion. wiU still be c.alcite even in the 

• pre.,nce of __qneal. (attUno,UUI. 

• Thu., the .equ.nee of deposition 11l the artificial a••"al;er 

~ WOll14 be. that . the Inlt1.1 high carrent density causea a thin 

layer of ••gneSi. hydroJtidit anel ..gftesite tof01"lll.· This ia 

foUoWed byaCa9~it., h •.the presence ·of lIIagneai. "ill retard• 
• calcite dePos'! t 10ft' . . artCi the abed a~nea1. an4 calciulII 

carb~ate. .. 8lld. then,.... '. d61011l1te at lower cur,rent denei tiea, 

deposition of.cale1te.• 

• 
t In t::he nat_al.eawater environlllents the aineeals are 

deposi,l;ed."ln·CJu.it~,different proportiOfla ('Table 6). There ts no 

aragonite or DolOMite but only Rag••site and calcite and it is 

~)\.t;~~ 'l"'l , 

likely that the differ,!!Oce h c,.u.iI~. by the presence of organics·";-' ,,-; .'; '..",, ' 

in t,l)e, !eawat~r•. kital1~ a"d,,; HQ9d U"S) . atudy.ing c~t~~~ . 
carbonate precipitation frOlll solutions containi"9 organ.<': 

material found that many organic:.aeids, .such as' malate, lactate 

and pyruvate cause calcite. rather than aragonite deposition ev~n 

in. the presence of ·illagQ••ium. Se~eral. .echanbsills have been 
:", 

proposed for this effect, ineluding . the . preseneeoforganic 

COIIIpoundsslowing dOwn thepr4t~ipitatiCln rate, the: cCllllplexing . of 

Mg2+ wih organic .cQIIPou~ds or th.·. adect.ive adaorbtion' of 

organics ~nto .aragoniti~ autfaces inhibiHng crystal growth 

IICitano and Hood, 1965; Lippmann', 1973). Thus, ill the.natural 

seawater magnf!siu. collp(lunds are likely to cJepOsitfirst foil~ed 

by caicite,the Ite"dsiti~' rate beincjlilow.ed tiy the presence· of 
\ . . 

dissolved. or9anlc,. Firu.lly\in thehi9b ~rganie.eawatetboth the 

carrent densi ty, and hence . pH is' likely to be lower clue to' 

absence of oxygen tand the diasolvedo'rgai'lics wUl higher.. BOth 
" :' 

theaefactors will lead to very low ·depo.Hion rat'elf" The.lOw 

reaction and organic aatedal is 11kely not only,'to.preyent 

aragonite frOlilfo~ing but also·allow ••gneslUJI.ionato.Mlcllfy 

the calcIte prec:ipluti~n to do1 0lIl1 te• 

CORCLUSIORS 

The phyilical and electrocbeaieal interactions .t the . pr;otet.'ted 
, ,. :.:. 

_tal suif~ce in' thedifhrent. environtl~nts ate obitiooaiy co.iplex 

and Rlore deta.iled work ia ·rieql.lfr'ed on' :·h1.9hlycontr~iled 
differencea . environment. totesol"e the rea.oa. for. '.U the 

,,' 

.the . tiigh dl!igre~ ofobser.ved. Hciw,ever this wOrk does' .how 
'..,:. 

variability of scale formation and caUio'dicprotection.,behaV'ioltr 

in the eariy st.aC)"sof protect!on. 
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J.~B. isttol4.1if of. the '$~bY:Je8eitrcb rell~blp of the Royal 

SoCiety. 

4~~~C:ES 
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FIGURE 1 I 
CONTROl 

Cb.ve,IC:E.~pdSuei:l.,E,•. U'-1oj CalciUIII carbonate.8,llturation in 	 3 EXPERIMENT A2 ......i' aeawat.er: 8ffect.· of dis.olved ..organic matter. Liillriol. Oce'anoq.
!1PP 6:u~';:n. " Ij 	 .CURRENT 

DENSITYttdy.t~aR, ·.a.G.<l. U''') Inteucti.on. betw.n "icr<>foullng and tbe

it calcaleoua. depodt .foQl:ed. oneo*:I1o<lica11y prot'ected .teel in Z, 


IlA/Qft
Z)· .eawater. Pro ...... In.•··of tbe 6tb Intern.tional Con res. on Marine 


Corrosion an Fou r ne 8 0 O9yVolUllle U- 83. 
 I 
Hartt,w.H':) Culber~on.c.". J .n4 Slaitb,S~W. (1984) CdcareOu. 
.depo.sit;s. on.•et.~l1c;s\lrfaQi. 1n ._w.ter - A critical r!l!view.•t • .~ 

• 

· CorrosiOn'!!. 609-111. 
 I,· l.it.n9,:r.,19'~' ,A.tudjofthepolporpbic fOrllation of calcium 


carbonate Int,h.~\.pd~g•. wit,b 8n ....111 on the effect of 4 
 8 12 ,.6te*peutur:e•.Bull •. Chea.Soc~· ,Japen.ll. 1913:1980.t 	 TIME (MIN)' '. 
~it:ano,y, .';4 "OC",ICS;O.W.u;,'S') n.lnfiuendt of organic aateridj 	 I 
on the",pq~,.rpbiC' .' crY.tall1••ti.on of· CalciWII carbonate• 

.Geocl111li••t,ConIoch...~Acta. n. 2t-U 


I4... 
F1r,lIp.f ?•• 	 EXPERIMENT C~ 

• 
~ 

,\-	

IEXPERIMENT B3 ••••00
1.1... ,H (1951) U(lt.e~.ucl1atl9~ uber die Decbschicb lenblldung bie 3 


der kath04bhen Pol.d..tioa YOnSt;ablolMuflachen. (Tbe formation 
 CURRENT
of coatiftgs ift theClltbOd~c, polarl.atloa of. steel .uruQa.).t 	 DENSITYArcb!". fv da. Ebenbuttenw_en, !t.. 321-321.

j 	 Z 
Lippaann,r. U73.Sedlaentary CarbOn.te ainet.ls. Springer-Verlag II A/al,
• ew Yo!:k. 228pp. '. . Iit 

t Mar.tte,O.J GU1l1.._....A. and Hache.A~. (U~3l. Contribuc1on al 

••••• 
estUI.Uo. d •. ,1•.prQtecf:;:-.en· c.tllodlca· del ace!:o iiuaergldci .en agua de 1 •• 
ur .(Contl;l~ut.il'lft_, .t~... the .•tUl!Jof. the cathodic protection ofj 	 ..••........~.....•.~~........ I
steda< in ..."atl'rl.. III.tlhUe, del /hierro y del. Aeero (Madrid)., lCOfttdbutionil.,.!! 110•.,,21..)1. . . . , 	 pentecollt.l~: :(1'., Caldflc.Uon·· in plant_.Int.Re". of 4 
Cytology,. !!.' 1-:27. '. . . 	

8 u 16 
~ 2'.-' i " TIME (MIN) 

'l'haa•• ,C.,J.l·Bd1'le81i,a.c.J. an. ~OOtiR.il'81' 9.i01091ca11y
enhitnced,corrosion-f.U.Qe. ilio~."U ..., !i5,",1'7•.,• 	 I 

Wolfson,S.L. and lI.rtt,W.M. (Ull)~. An. init1:ai investigation of FIGURES 1 AND 2. fOR EXPERIMENTAl DETAILS SEE ItIIfERIALS AfftI !!IETHOOS' Aft!) TA8LES.it 	 calcareol;ll!l deposit. upon cathOdicate.l aurfaees·. in seawater. 
Corrosion II 70-7i.• 	 I 

I 


•
It 	

I 

f',ri" 1 I,
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A cOMTRIBOTIOK TO THI DiFlIII'I'ION 01' Ii QUALInCATIOM 

PROCEDORI fOR APPLICATION or S'I'AIMLESSSTIILS IM'SEAWATER 

J.lt. Itrouaaan andr.P. IJ."ll,,-


CorrodoD Laborator,.. Ro,.al Metberlanda Maval College. 


.DeD Helder(Tbe "e'h.rlanda) 

A qUalification prOcedureladescrlbM. trhlchbaelcall,. 
conaiata :ol: three tJ'Pe. of expo.ure appl,.lD&' .Icro 
crevlced;~el.ena·ln ateaperature ranae ID'CludlD&' the 
serTlc.e teaperature and .eaaurelleilt· of . the polarisation 
CUrTe. la;d.ulated crevice tioll.:ttlona In th..... . 
t ••perature raD&'e. TIle procedure I. applied to a duplex 
.talal••• ·steel whiCh vaa ""a11a~le In 'tbreeprodqct fona 
one of vbich "In, teated.ln addition In weldedcondlt1on. 

" . ',' 

l.IMTROQUCTIOlf 

In ••'''ater at ..blent. tMll*rawHtM."sceptibll1t,.to 

cr••lce corroaioD «Iet....llu!j. tb.aj.pUcabUlt" 'of 

stainle.. .t••l.. fro. n tuature ..'0)' te.t ..th~. are 

known for. ;.tabliahlrctlHt auaceptlbll1t,.t.O cr'4Iv1ce 

corroalOia• .ojt.ot.t~•• t ..t ....th~ d.11-.Jd...... a 

Clriterlemt9rall;"" t••U .. (rel. 1 - t2J. ,.owever. 

eapee;.i{j' for '~~1'ti~~l appl1catloaa. the ~ha~lC)\J.r under 
:f':, • .' ;.,' ., ~. • • ':, ~ , 

the actual aerilee 'concUtion'il iau.t.bCIi.li:ltown.,or thla .. ," . " '.' 

reason dataconcer:niQ'ln1tilitiontl", prop"~t1otl rate 

and tendency to repa.., i vatiaft have' .to. ~·obt.ln'ed. 

2. 

From the _nifold 'otfactors whlch may influence the 

crevice corro's 10n' performance' and~he demand' tor data 

concerning actual service conditione the need to qualify 

etalnleas steele for application In eeawa~ercan be 

i derived.I 
I 

I 2. UPIRIKEMTAL 

2. 1 Hatedal 

S~ciaen. ·of a duplexstalnlea••teel (25Cr5IU2'.5Ko2CU) 

were avallable in three product fO'l"lls:ca.t1q (C). "bar . 

(Dt a~d plate (P). Tb.chealcal .OOIlPoe11<IOa. of.tbe p~uct 

foraaare _lveD In table 1. Tbe prodQct. fons calitlq and 

bar wer.available In .olution-treated (8) ancl .. eoiutloll 

treatedplu8 qed ~lldlt1on (A). pla~ew.e available In 
I eol~tion-treated and solution-treated plua welded .I 
I 
 condition (W). 


2.2 lxpoaure teeta 

2.2.1 Galvanlc.coupl1ng 

The teeti"- Ie perto~d'appbliic sailpleli which. are. 

provided· With ecratchee. cov.ered b:vanQ-rlnland ..c)lIftted 

In a ·.peciaen. holder. (ti,. 1) ..The. ecratch.ad ,eallP1 • 

. (anode) 1. ahort clrcuitecfwltha l.ar••. ~athOde (100,,100' 

II") of the ea.. ,allo,.. ,bJ'Mana.,ofa ••ro~eh1.anqe 

__eter. 'Both the free corrosion pottntia",. and th~ CQrrent 

betwlllen the electrodea are lIeaau'red ae a function of t111e 

{ref. 13Y. In this way apart from ihe initiatlon.tillle, 

http:ecratch.ad
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the propa.atioll .ndrepalSshation beb."iOl.tr' ••y be 
! 

indicated. In. fiS. 2 the scratched surface before and 
. , 

after atta~k 1s shown .. ,'The teets,'1tithgalve,nic couples can 

be appU,edwitb,freshlyeltPo.ed cathodes as welLes with 

:preext;lO.edcathodea. The former represent the llletal beins 

inlt1etlvexPQsedw,aoawater.•nd the latter corresponds 

t<> ••tainle.'••udacel beinepartly cleaned or d.allased 

atterprolon.red exPOSure in .ea.ate~. 

)2.2 .2Powntio.tat1c elCPOlSure 


The.tectrOch.il1ccl .ea.urine _tbod to be ,u.ed. is. 


. ba.ica117th..... a. "ntioned,under pt .2.1 lteepins the 


'.cra~',a"Pl.~teatio.tat1c.ll" .t600.V va. SCS . .for 

threehoura ....urinl.th.cu~nt .flow. By increaainsthe 

tuperatuie 1ft ·.tepa of .!SoC tbeexpo.ur..areperforlled. ,. . . ." 
.tarl1;DC .•t, l00C;lref..14). Apart .fro•• 'ran_ina accordina 

to ,the '.illiau. :~Jllti.tion te.perature.D indication' of the' 

. ProP".tiOD it obtained: 

2.3 Pol.~i.ation .....re.ent. 

Thre. .,..ul.tedcrevlee,.ol.UoDa,are'~.ed:.. art if1cia! 

see".ter-, (prejltlredaecordin« toASTfI.t.uiqrd 9-1141-$2); 
, . 

b.;.J'tUlc1.1:...e.watotrti1tb _ a<l4ttionofl46 cra. eo<1il1. 

Cbl0~a.'''r'u.t.r .....ter _4 'acld1fie4.itb· 

hydi'O(:h16ric:,acld lip to ' pH2 : 'c ;artUicial,.eawater!,With 
." . . . 

.an addition of';:~611:P'_.OlIiu. chlodde>perUter .ellwllter 

.. 'and .cldlf1ea'Wl~ ·:hyd~h'lQrlc "jicid' uP :to' pHI. The " te.t 

"'it' 

I 
.4 

solutions are deoxygenated by nitrogen. The te.ts are Iperformed at 10, 25 and 40oC. The mell.ure.ent~ are carried 


out .canning potentiodynamically in anodic direction with 


a scan rate of 20 mV/liin. Hore experi.entaldeteil. are 
 I 
reported in ref. 15. The aim of the aeaeurellent. 18 .to 


obtllin current den.itiee llnd potential. characterietic for 
 J
crevice corroeioD initiation. 

3. RESULTS J
3.1 ExpO.ure teste 

3.1.1 GalVanic couplina 

3. 1.1. 1 Coupliq' to\fl"esbly expoaed cathode I 
The clltho<1e for these experimenta wa••ade of duplex 

.tainleee steel plate· (S). The duratlOD of tbe elll»8u~, I 
,Wile 56 day. and in one case 49 da,lI. Inf1c'.3 the cur.....nt 

lln,d the potentlIll of the .peC1_DII are .iven ••• functiOil 

of t111e. It appearll that ca.t1ntt(S) initiated C .... vice I 
corro.ion within 8 day. and cll.tine (A) within 3 day.; .bar 

(A) initiated within .Tda,l!!. Bar (S),. plate (S).ncl plate I 
(tI) re••iDed free frOil crevice corroslon.' The .a•• '108I1e., 

the total chllrces. the types' of at.taclt, and the· RxillU. 

penetration depthe are .1venintable2. I 
3.1.1.2 Coupii~ to pre expo.ed cathode I'rhe catho&ts for the.e experi.eatill we.re the ...... u.ed' 

previouely for the c~\,Iplins totre.hly expoeed ~.tho<1e•. , 

The pre. exposure ti.e was two, IIODth•. The duratloll of .the, I 

I 

I' 
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expoeure wae 25. (hin. 

. .,. 
lrifll;t: a'the current and the pot.ential of the specimens 

v.e.iiiDe are dyen. It.. appears that. castin&fS) .initiated 

. within 2daye'arid ~~.t.1~ (A) wlt.hin 1 d~,.; bar (A) 

initiated within 1 da,.. Bar (5). plat.e(S) and plat.e (N) 

rellained free froa creylce corroalon. 

The a ... loseee. t.he total charlJ".. .~ typee of, attack 

and ~be aaxlaua penet.r.t.ion dept.h_ are civen in table 2. 

. 8 •.i:2.~t.6ntio.t.t~c exposure teet. 

.the .specl~ ha~ been tested in duplicate at. 500aV·.IS. 

SC;Blnnatgrd .....t.er at 10. 25 and 400C. Znfia. 4 
. . 

c.haract.erisUccurrenta of t.he .pec1aeuare lIhown. In 

table 8 the .ass 10..es t.' the t.otalcharcee. the types of 

attack. an!! the aaxu-penetratton depth. of bOth alde. of 

the .peeIHa. arejrlY_. It ....ar. that the .IMiliiWl 

te.per.t".... at· whlch til. .~1M". bitt.ted cre.lce 

corro.ion are •• follo".: ca.tia.nJ)1GoO;bar (6) 26oC. 

plate (S) 4000. c.et,1n& (A) 1000. bat Ul2SOCand plate 

(N).(OoO. 

3. t.3Polarl_Uon aeawreaente 

The or1f.le&l currut.dea81tl•• for pa••1,.a1;1on and 
.' '", t," • ";':".: >. ",,, •••• • ~ ", 

breala~fOi~fttiab at-edYeD lrit1l:.S. The reeietance 

alJainetcredce; eorrodon'be1q faY~r6d b7 loW critical 

eurre~t den~ltle.".n41 blch br.altd:".. pOtenti!l1e •.the 
. .,", 

followlnlJ J;~nUac In decreaeb,. re.1atuce cube 

5 

est.ablished: 

-'regardlt1/il Qrit.lcal current denl!!ities: 

plate (5) bar (5) oasting un 
) ) 

plate (N) bar (A) , . caaUng fA} 

- r.carding breakdown poteatials: 

.plate (6) ) plate (N) ) bar (8) > bar (A) 

) caatine (5) ) cast.inc(A) 

4. DISCUSSION 
," .. 

The resultlS of tbecouPUIlIi tests appl7iq froeebb expollied 

catbOdes .and pree~posed cathOdee are baslea117 the sa.... 

The aain difference. ~hieh .was to be ex~d. '1e t.hatthe 

pre exposed catbOdes decrease the InlUat10D ttJ.eof 

cre.ice corrosion. Tbi~ is' caused b7 the rel.il~~i7 noble 

poteDt~U of the pre expoeed cathode ehlfUIlIi tile' 

POtential of ,the scrAtched saaple. in pol!l1tlY. dlrection 

thue et..ll1UlatinlJ inlt..iat1on of creviee cortoaio,t troilthe 

etart of the exposure. 

In eea:••ter the pH in crevices .pontaneoue17 clecn.ee. to 

approx. 2 (ref. 16). It ls.postulated thatcritlcal 

current ·denaltiee. obtained ina1aulatedCr ,.ice 

801uUO'Cl,.. hi_her then 10 uA/ea2 Indicate de,.••ivat.1oa 

hence ei.teceptibil1t7 to crnlce oorr0.1Oo.. ( ttl!. 1n. 
lSoreover breakdownpot.ent'ia-ts· ~low II:PP~ox.;SOO aV v•. 

SCI. which b the b1ghest potenUIIlsta.lnIJlllee. e:toefll can 

reach lnseawa:ter(ref. 18) ,also ·indica1i.e l!Iuecept.ib1l1t,. 

I 
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, 7.,• 
to crevioecorrosio'lL So. regarding the pot~nt1a1 vs. time 

curves of the lidv.nic coupl1l'111 exposures;; the current VI!. 

• tille curves of the>poteJiltiostatic lileai!lurelMmts 'and the 

• breakdown potentiailfind.ulated crevice solutions at 
t 

250C. it .was to t!e expected tbatdurlncthe coupUns

• exposures castine (5), calJtin,CA) and bereA) would 

initiate crevice corrodon and' that ber (5). plate (5) and 

plate eN) would r..ainfree froe crevice corroslon. 

The eUperior perforlNnce of plate II." '"' attributed to a 

bieber "IIOIY1:ldeAUII' and. "Clower sulphur content co.pared 

"lth· castlq and bar. The Inferior beh..,lou,r of solu.tion

,treated P.lu....d prOduct fo.... lIa,. be due to 

pr~lp'ita'UoA of deleterlou. phaaes In .the IIlcrostructure 

dur~na, ad~. 

Frollthe resultliobtaitiedthe follodn, criteria for 

qu.iiflcai1on at thilt lilt.nded's....ice teilJ:ierature lIa,. be 

derived: '1. no Initiation of creVice oorroalon. neither In 

the: ••lYule COQPllq· expO.ure testa nor In tb& 

.potenUostatlc te.t. at 'tbe hi,he.t Potential the alloy 

canteabhln natvral ••awater; 2. liladdlt.1ontbie 

bilh••toUr· .hOia11:l·be eonftn.dbY-polar1Ntlon· .e••ure..ents 

in .1~1.tri~r~lce ·aolution., L. ..rune&! aeawater-up' 

t.Ci'.n ;addl1;lO~;ofn6./l 'GocfiUIt,cIlloridf;.andaCl.dlf1ed up 
.' '. 

to pH 2'1I:idlciaUftl: ~dt1cllIeuirent ~rtdl:tles lower than 

:10 uA/c~2~d weakck""ft pOteri~t.ls. hi~b.rct.han 500llV va; 

I 
8 I 

SCE. However. morerese.arch l.e. labora~ory teetl! and, 

long.,.terlll exposure has to be devo~edto the. proced!l,e to 

prove the validity of the proposed qualification criteria. I 
5; CONCLUSIONS I 
Fro~ the results as discussed above the follOflina 

conclusions can be derived: I1. As reaards the exposure tests. applylq 1110'1'0 creviced 

specillens, the dlfferlns severities. of these teste 


deliver resultswhleb lIa,. eutuall,. confi~. reinforce 
 I 
and/or cOilplete the ctevicecOrrodon ¢barllict.er1.stice 


obtained. In thierespect the polar1aat;lonil~ui.ilre..nt. 


. In sleulated crevice solution• .a,.'a1eo l!IupPortandior 
 I 
verify the result. oftbe .:itpoeure teata.On th'ls beals 


the test procedure applied ie. IIOre . adequate to qual1b 
 1 
stainless steels for application under actuel:aeavater 


service conditi.onthan one, dnaIe rankina test'.ethod. 
 I2. Concernins the saillples of the partioular duplex 

.ta'inieae st.eel tested the followiq conclu~lonl!l can be 


drawn: 
 I 
- In soluUon-treated and .olution-treated pluswe14lled 


oondltion only plate did aot.ppear ~obe .uscepti~le 

. . . . . ".  Ito crevice corrosion. up to 25oC. 


- In aolution-treated and solutlon.,.treated plus ...ed 


condltioll bar behaved better than c_t1~. 
 I 
.,. For.each product forll the sueeeptlbUi.ty to creVice 

I~ 

I 
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corrOlI1on in ..ol\lt~on... tre_ted plua _.ed condition 111 

increased coapared 'with the solution-treated 

I condltion. 

6. BICOKMBRDATIOR 

I, 

r The qualificatlon prOoedureaPJIlled in th1alnveiltlsaUon 


haabeen based on relatlvel..,- short-tera l.boratory 


expoaure8 applylne one type otc~dc~ l'eOlletrJ'. It If! 


.J1v1eaced to oont1nueth.develop..n~ of a laboratorY 
. . . . '... . 

qudlflciition proeedurePerfora1aa bJ lO11l:-tera exposureI in alta u w,ll ai 1n thei~bOratOry, III additlon 

t.he Idcro oreviced eQoliure teat. w111 be _apted to enable 

'.' 
.teetiq ot. tubular pi'Oduct•.I':···· 

I 
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THE COIUIOSIOll AlID PIIO'l'ECTIOtl Oi-STEEL' PIPE PILES 
,,,,, .. ;. 

IN ~'to.w: S£I\IIII'1'EIl 
i 

Dr. Kiyos~i Katavak~' 

Dr. T.tsu~ t.sa ..... .. 

Kazuyukl OOi... • 

1.• 	 l:~.lICTIIJM 

ill order .. to .ec¥r. 10n9:-t.ra d~rability of offshore .teel 

structure., the· e.t.al!li.hMnt of corro.sion prot~ction' t.e<;hnol09Y NY ,be 

..id :.to·~ indispensable. P,!rticul.dy, the ';"rrodon conditions are 

Hver".t .at the '.pla.h -lid tidal &pne.; whU. "intl!tll~nce and repair are 

dif~icvlt:,.nc!},t . iaaba0lote1y ne.c~••uy for a corrodon protection 

·tec:hri,plogyvhich can ~ .•I!PJ,l~ tothia enYiro_~t •. 

'itierefe>re,.. • pert of tbe .J.pene.eCoVerNoent IUnistry of 

O:!n.~~t).on·. project. Jor. "'u.velop.en.t • ~f COnstrUction 'l'ecbnolO9Y for 

Offshore Stzuc:t...r".~.• P1IOS.iar. tII.taofcor~a.ion-Protecte4 .teel· pile. 

vith tbe d,jecU,•• ·Of~1~1a.9.'• n.w. 10ft9':'1utlll9 
. 
end ....t:nten.nce

free cqrro.ion protection t.eehnol09Y weI'. .tart.ed .t two locet.tOn. on 

the ••cffic Ocean _.t. .of "apan vit.h a 15-year.chedul. fro. 197~ to 

19117 in the fona of joint. re••arch of the Hinbtry of Con.trUction 

Public -':'1'11:.....arch lutit¥te....s. t.... ".pan.se· b.ociaticn for Steel 

Pipi .il.s.
112'3' 

'l'hia peper is ........d ..tiOft of t.he te.t· re.lIlt for the 10119 tel'll 

period fro. 1973 thnNfll I"", 

--..;..-------------.-~....----.-.--~----'-.-.--------.....---
* 	 Dr. Kiyo.hi P'IlI'IfM:iu the di~ector of Chetd.ti:yDivi.ion, Public 

Iforks re•••rch IlUItU:ut., ki..i.t.ry of .. ~t.r:vCtion, ",•.panese 
. ~.r-nt..... baa ....a9H 1n the ~.9int· r;e...rc:h .ctiVitie.
I'.lau._. the _rit"- ..t.nICture .nd civU .",111••1'1119 ...teri.la. 

•• 	 Dr.' ....uuo aSAM lathe .uc\lt..iv•. 'irecitor o~ .JapllMN baoci.t1on 
for Steel Pipe 'ile. l.Jl\.SPP'" K1s .. principal l/C.hi......nU· are on 
x:•••&rc:h .nd· .....lOl*tttlt: of .teei .piledeaip And co·n.tr\ICtion 
pr.ct.1c:a :in eb'il .ngin"rin9:. teetmolo9Y. 

... Mr. JCazuyuki 1Jbi' ..i ••. t.edlnic.l -.iberof ..Jap.ne., AssOciatlon for 
s.teel .ipe Pil••;· He is. senior' r.....ti;.r of Sllrf.ce Treap.nt 

. Rese.rch Lab. R&D Labor.tesie.-II. Nippon 5tee~ COrporation •. He has 
enqaqed in re.e.rcll M<l developftent oi' corroalC!fl protection tech
nologies on ..rit.t.. steel structur..s. 

2. 	 TEST MATERIAL AND TEST METHOD 

(11 	 Exposure Test Sites and Th~ir Corrosion Environments 

As .the exposure test $ites for .corrosion-protected steel pipe 

piles, two locations vere selected lit ChU,a and at ·Aji<jaura. Chiba is a 

site inside Tokyo Bay facing the p.acific ace.n wh~re vaves are qu~et but 

there i.contamination of seawater. 'I'h6 expo.ure site i. 80 M off.hOre 

fr_ a f«ctory wharf bJ the city'C?f Chi~. On' the other hand, Aji,lIura 

i •• loc.tion .t the sea coast of ibaralci' Prefecture facln,tbe ••cific 

Ocean .,here waves. are rou9h but . t.he· ...vater is cle.n. 'l"he exposure. 

itite i. 100. fro. the lil!Ore l~. (See Ii,. 1) 

llext, inv..sti9.tions Were ..de o'f vaterqual1ty of ....titer In the 

vicinity of the exposure te.t Sites ,in order to conlin. the corroslve 

nature of the exposure envirolllllenU.'I'be re.ulta of the vat.er quality 

te.ta are given 1n Table 1. Aee.or4ing to this t.ble,· there'll•• nothl"9 

particularly unu.ual, ex~pt. for the facta that the c:hlori~ c:oncerntra

tion .t Chiba v.. .119ht~y lower cioIIpared. vith .tandard .e.v.ter, .nd 

that the index of water pollution _; ~t Chiba ft. lIi9he~ than that at 

Aji9·ur•• 

Nt,.. hr\,J r.cJnc,Oc.u 

Fig. 1 Lobation of Exposure Test Site 

http:Treap.nt
http:Sllrf.ce
http:O:!n.~~t).on
http:P,!rticul.dy
http:10n9:-t.ra


TABLE I 
Che.icalAnalysis of Katural Seawater at Exposure Sites 

Month 

Inve~tigated 
Chibat 

Fel!'75 

Feb '76 

O!:t. '77 

AlJ9 :7e 
J~l 	 '79 ••'. 

.AUf~eo 

Jill 	•el ..... 

~pc'·2 

AUf '8) 

1 No. '84 

J~f .~!I.';".
'. ;~l:'~'· 

Aji.,.urat 

reb '76 

Jul ,'77 

·,jul '78 .... 

-'it' '80 

JlIIl '81 
Ju.i·i2 
JIIftJ_ 	'83 

'.~ 

Il10-=-1 •.•• 

... ".t.r 

W..ter 

'J'elllp. 

toe·) 

•• 5 

, .. 5 

19.0 

31.5 

2$.' 
19.0 

21.0 

24.0 

23.3 

17.3 

21~3 

'.2 
22.0 

. 24.• 0 

10.0 

2j.O 

11.2 

1'.0 
.'17~O 

pit 

11.60 

e.20 
7.90 

11.08 

7.67 

e.38 

'.00 
'.18 

'.40 

••10 

•• 20 

.~;tO .. 

'.20 

.;2S 
'.41 

••10 

'.10 

1~10 

7;90 

'.1 
~ ·.·.3 

cC 
(",Ii) 

17.61 

11.19 

le.50 

16.~3 

16.35 

17.91 

17.10 
18•.0 

14.60 

17." 

16.40 

1·'.l2 

17.]7· 

1,.14 
11.'4 

18;50, 

18.50 

17;,0 

17.'0 

l'.fO 

. 2-· 
S04 

(gil) 

2.42 

2.53 

2.40 

2.211 

2.67 

2.2' 

2.65 

2.39 

2.49 

2.5' 

2;54 

2.5' 

2.65 

00 coo IlHot Hoi 
(ppl1l) tIP) (ppill) (p4111) 

11.1 

3.8 

6.2 

5.2 

7.5 

7.2 

7.4 

5.' 7.7 0.20 1.40 

7.S 2.2 0.27 1.00 

7.3 

'.5 

•• 5 

11.7 

7~5 .,. 

7.' 
7.' 

,7.l. 2.0 0.111 0.03 

7-10 1 o o 

I 
(2) 	 Numbers of stee'; Pipe Piles an,f Test Pieces, and· Areas Corrosion' 


Protected 
 I
As lIIaterials to be tested, ste!!!l pipe piles wich co"'l'rise the 

s~ruc·tural forlll utUb.., IIICISt. collllllOnly and ..hich can serv!!! .as bases..When 

configurations .re complex ....re .elected. The steel pip'" pUes use,d 

....re 24 structural-uSe carbon ateel pipe pile. of 5011." dia..ter and 44 I 
• length at Chiba and 18 piles of .609 ... di~ter and 16. length at 

Ajigaura. Of the total nu.ber of 42 .teel pipe piles,· three piles for 

control ..ere _t corrosion-protect"', while .39 were ",hen corrosion pro I 
tection coverin9s of' ••t the spla.h-tidal zones a••sholm in Fig. 2. 

(See Photo. 1 andl'hoto; 2' 
Also, ...11 dia.eter st..,l pipe. of· 100·.. di• ..,ter·.nd 2 .• length I 

were provided ..ith cornHIion prOtection. covering_ •• shown in Fi.,. 3 and 

used ·as test pieces. 'thrIise tnt pieces were exposec'iat the .pluh-tidal 

zones after bein9 inflicted in .dv.nce ..ith the 3 typ" of artificial 

defects, that is, ~cit defect, enision defected .e:iz-atch "feet. I 
The total nlDlber of test piece_ prepared .... 100. hi; in this paper 

test results of.teel piP. pile. are ..i"ly de.c~1bed. I 
I 
I 
I 
I 
I 
I 
I 



Il' 

!;j 

III cO~reiil~,";"~t:w'c:pt_ ,.,.,il'" 
The tlfpM .eI. ~1'';;;;;'~~~~iMt,it.ft:.iill'''' ''''lie~ _re selected 

_9systeioS pre...Uy beln: .;;.atn1y· -.5..... ~ :i:i\ose new, with 
. . r ' .'. . ' . 

which 10"9 ,"nice U.,••.•1p~. ,bt "~t..~_ .._inin9 ~rrosi..n re

.btMce. appuc"'llltj~'j,~:~~' ~k.~U\tr ~brou.9h lnves~19a

tiONof I1t:.r.t.......~~IiI!I(~...,..If'fIiMc.~ . 

'l'M••'Jt1nds ,of·tJM.. '.rst'" ~;,'.!Oil_, . . 

Metal co_ri119 .,.~ '" ~ ••• ~ ~;:< •• ; ••••••••••••• ~. ~...... 5 .Jt1nds 

••tat· .is-at.- •••••••• ; ••••••••••• ;......................... 7 kinds 

Or:pnlc I1ft1,..· .yet4Mlli ........ ~ .............. " • • • • • • • • • •• 19 kinds 

lnO~lc ·Ua1..".,.. . .~.•.•• ,. ~._ ••.••• ~ .......... "! ~" .." 2. k;il!dS. 

.~s cOno.1oI'I P~UOll .,.. ere 11.t~ 1ft 'fabl.· 2. 

1'h8.na~nts .of atad pipe pU•• · ........... plecea at Chlba and 


.. ,.194"". ~~ .~ ift. "1'I!'lC a" 5. "~CUftlrj~' . 
I 

.~ 
.-~". . , 

•· 	••1.Ht-'.... ,.....)
". 	''h~'"'''' 

'.'l"~ ·•.!_.}Sl.t:~.~ 

. t ";.:. ....." 

.iLY {~"-""'.',.; 	.P. 1& . • 

!.< -
..:. ····a;~ ··bJn·hL.' ..'. '.~. - ':,;f'~ fl~~ 

.. ;; ...~·~~);:"':·D '. ! 


',',. 	 "-. :~:"~'I:" '. 

_ 	 "-k'U~~I,. 

.' 

tABLE 2 

DESCRIPTION OF CORROSIOH~PftOTECTED STEEL PIPE PILES EXPOSED 

AT CHlBA.AND AJIGAURA 

No. TYpe. of, Covertll,'1 	 Expolilure 1;est 
1. 	 St.lnl••••te.l 


. (ZS Cr-13 11l·•••to. wrap.l· _I ., .•••••• ~ .... ;: ·.c·.U'. 11 


2 	 S--all~ t ~m,.-io-.t:esl.t:4UIi *tasi' 
CCU~:"IIl. .!Me':wap, 6.1 • ~.~ ••••• ~ • o. .. .. .. •• C CP. TI ~ II (p. '1', 

l 	 Monel.(ilbeet wrap. :2 _, .................... ~ ....... c C'1'f 


.. 'fltaid...•·(._tt·~~~· o·.!r_~ .....:.·...... ~ ~;..~~ C~t'l' . 
5 tl_-.prayed ,alttalnu.vlth ••at coat··(200 .1. C CPt '1'1 


6 Fl"'':.pra,..dalUaln_ (100. III, + . coai~tar 


epoxy C300 •• 21 • ~ ••••.•••" .......... '. _.: ~ .......C CP. '1'1 

7 Fl_-sprayed' alUid_ (100. III + cOAl-tar 


.poxy vi:th ,1... cfOth ('lOO. 11 21 .............. ('1'1 


8 F'l__.pr.yed al__ (l00 ., + coal-tar 


epoxy w1th y1njlon cloth (lOO •• 21 ............ C: tP ... '1',.. .. (PI 
, Fl..e-•.,:ayed 1'lac:.(100 ., ... coal epoxy . 

(30:0 	 .•• '2) ..... ~ ...................... ~: ....... ·c:C•• '1'1 


10 IMrtlill11c dnc-deb .,.lnt Cl00 .1 ............. c til· 

11 lriOr,a'nic.•1nC"'r1-cb priJler (7$ III +_l-~r 


. . . . '. 
",~·.~loO, ·•.x::3'~ ••'."~.!! ••••••• ~"t.~ .•.• -.~ •••;.·.• ·C"~.f ',l, ~ tP,.'" 

12 lnorpiaJ.c d~rlCbprJ.llil!r(7S ., "spoKy 

with ,U•• cloth (JOO illt', .... ~........._.... I: 1P,., 'I'J .:;J. 'PitJ 

13 G1.~.fid..';'f111.apol:r-.t.~ (i ... ami 2-.1 .~.c4t'J ...' (t'l . 

14 fiol,ethyitineCeOht.i.. tyP-, .ictr..tl~ 

.~.~~ .. ·~l.••• ~."~'(~.•~~"'~ •.~',;,~ .•-.~.••,.~,~'~:~''''~'~.~:~.'~ ••~"C .(~, 'f). A I', ~• 
15 	 .' Po1;.th,-l. ... ·'.....1... :~ps,.., .1l~1oI'I 


.-...•. 4 .., .~ •••.~ ••'.~. ~.~.~ ~-~'." •• ;~'.'•• ~ ~"•• ~~:~' ~~. ~ .•.•.: C w; 

16 1'01,ethl'" ,,_1_ IIoMs4 ~.j iIII!l' •.• ~ ••• C ttl 

17 polY-thl."s ....t:-.1II'1IIk t:1.Ibe (i ..I; •••• ::.; ••• C .... ) 

. ·18:·£pol!y(f_ioa _mIH pi:-oc•••• 0.3 _l.:' 

pelyethyl.ne C.llUu.sl_ proc...;4. _I .. ; ....... c.,.} 
19 Epcilly _sin IIOrtart4 _. 5.1 ........ ~.; . •. ~,.c ,u., ,.. ~,~ ,,"~.",.) 

.. 

http:C.llUu.sl
http:pelyethyl.ne
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,.able l RelilultS of Visual Inspee>t:ion after 11.S years exposure off ,.able 4 	 Results of visual Inspection after 10.5' years exposure 
off-Apigigaur'" .chiba. 

• 	 AtIDospheric .and 
Type of coating 	 Tidal Z.one

Splash.zone 
tr",,·. of CMUn\l INrec- Abo, Spluh ilpPer t-er' S_r""d .'. ." . . ' 0-- • 

'.'.jtfbft . Udd UM! 	 1. Low allOy corro All aur(ace i!l .covered . 'J'IUc:1i 'ru;llt layer••re,• 
1.' ,. , ... .., , aion resisunt thic:k rust ..ayer 	(6ai!). ~rved around ~ pile.,

1. st.lat... .U<i1 
A J. A- A-	 ateel (~I wrap and "'ny ruated .bll.teltlknt rust. l.yers seell(2~7U,"11''''~1 . Jll!l!l . 	 ~ 

li , , , , , 	 '(2o-5~1 areob- to.be Ugh'!::. . 
.erved '.• 	 ..,...I.......
2. n.. • 	 , , I) 0 0 ~. 	 e C I I I(lOG .... 1 "'" ' ... "II' 	 , ,.

• 
'0 0 0 2. lnol'<)aic Zinc tii.bond of ciotting iaAt.off-llihor:eaide coating, 

rich pri8er -(75 .) ob.erved alonl the dlabound U ObServed and
J··:tt:-li:rt;r:.t~:!iMi·· .L S 

I) 
1 
.. 

.' Q "' r,~"o t 1\.... 0".;,..,( ,~,. 1 " ..... + coal-tar epoxy . .piral bead at DYeral' nated. Conllition of 
.,..; ubO .• Ii' 2' . '11 	 0 0 

I) 
I) 0 0 (l00 • It l) Qat • .!\br..ton.g•• ~tUlg iagenel'.ny , Ill'e ...n· at 1an4 aide good.t. n..e-.pr.,...· .1...... L S 0 

c D I) C 	 and rut Iws occaRd. '~. U:jIo"l,. coil....ar ~ , e 	
~ '. &witlld_,liR .cloth '. "11 i 0 s 

U......2', 
L , 7 , 	 3. rl...-sprayed eo.ting fil': is al_atA!liloat ail surface coatingS. ~.,..su"':, IlPO \til .~ _I-tar .., , • ., • • E I C Alumn... (100 .) dilibonded Jr- AI. layer .tei:e.,..~ fro. A1 1.Yer 

(.~.'a,.ll 
;. ; 

.. II 0 7 • + Coal-ur epoXy <lnd ruted and I:'WIt~ 

,. ......lc: IIIIC"riCll' . L t J t With 9lass cloth 
pilat 115: .., ... a.l-tar 	 .' :.. , • , • ; • (JOO .It II DB' DB .' 

'IIf'!OIf Il4!O ..... .11' . ... 	 t• 	 • ; 

, 

, ., , 4. lnoqanlc Sinc Al.aMIt aU surface are 	 iIo rU.t is '~n~. 
7. I....lc: *UC-rld! L S 

pllIiO;S"1 +~ ·11 • • , A .dch pri8er c:lwIUd. Coating lIia- Coatbig fil,ll iii .....rallyt lJOO.. !iII ."II II S • , t • , · (75 .) + Epoxy bOnd i •. obHrYe4 at ......1ne4 at fOO4l c:on4i, , t ;, , vtth 91ass cloth HVeral sputa and . ~..,,"l~t.IooI!lc:-..- L .. 
.......,;., ·..tfUl.eft , M , ... , A- , ," 	 (l00 • It 31 ra.ted.Condltloft of 

~._I 	 t " coatiJuJ iagelWtrallyIIt .. II • • •t •. ,...., _la ..rt.ar·.4 ., 0 fOO4l. 

at G C C C I 	 All 

, , , 	 ..."y pihole. are ob Spotte4 riiat i. obn'l''NII
10......1 flllft rel.for.:... L S t 	 5. E,poxy reain 

oiMret. 1100...,.,.· .. • • '. , • , • _rUr (4_1 .erftd along the. :at .11 coatiftt .....f.c:e 
...... , SO • ..,. opr.•,I.. f t .pi...al beall.OnaU aildobYioua1y c:~""'b)'I 	

0 

I:'WIt.of ..,a.e ..tal, tNtCOIIting .•urfacea~ . ,. ,". 

.eived .Potted 'ruta ia, at4t.ipU.~ 
. ClI .....;..;U......, r_ to 1... U4i!OI a...1• 	 'ttl ..~...r.» ': .~:ao!:ff...... a...' ·ca.H ·of I:'WIt of .baH 
t2J~ " ........lc_ .. 


151. 1...1' ,,1..1 I 1_1' plrt of U ..I._ 	 ..tal. Upper part of
.14' ''''''I'.,uillil·,•. ·...F...rt.f ~I".l'"t~ 	 fJI A • II ••1..U", or .urf_ ."....- pUs' aurfac. iii' feMIl.. ' CI' ......... I ~..... -- . a(~r _d ., "1'1_ 11«.
til 'I! .,,'., ••_ ~ .'.r ..·_t.r·..... 	 by E.at fl0we4 c1Owft.,

..::, ....l ...t.....1. Mr .........-W:_tlat 
 .., ....ter 	 f~.~r·aide •·1- ........' 	 Ie' .
" C; r- '..... ' 

.• r 
 .... 	 .''1 t .!Ient 	 -,;;

6. Poly-Urethane .~Un9 !lisbond. i!l":' OH.t1ni' dl"',,'" ... 
T _aUc'Cl _) ••rved ar0un4 the .pU.....n ..t·.U .....f.ce _.pre!. 

I 

Many blistera of ._~lly ·.t.off~.hore. sl4e. 

coating can be .eell.· . 


l 
• 	 DB" 

.,;.-:

• 

http:I:'WIt.of
http:n..e-.pr
http:iagenel'.ny
http:areob-to.be


• 
No. ~~peot'co",rln, 'r;xIX>SlJ'Ce Test 

20 underwat.er-curiri., e~lOy, .lS III!II! •.,., ••••••••••••• C ,hI 

t n Glass flake-fil1edeBO~;' (2';") .•...............¢ tTl 
22 f:poxy':"saturated nollWQ".rl.·fa~ic tape (3 _I .•,. Ie (T)' 

2~ Coa~-UIl' "E>C>~y,_stiC. IU. _) • ~ •• ; ••• ?(!; ('1'1 

, •t 24 	 1.I~.,~.n~~;.loti~~'1j:.)· .~ ..,:; ..,~:.. . ..... ~.. :,,:itp;.T) 
2S 	 F~ ~1)'1l.ri.t:h.~. Uo.l. •. .CI'I'I .. 

" . ':>,,+-, .;": :,",:f:"·; .. ",;' . ,"".: "':,' 'C' ',.' ' . - , . , 26 Ailpbalt_• .t1c no ., .•••.••••..•• ; ........ ; ... C ('1') 

27' P01,ur.t,....jl.r~~ I.. .,' • .; • • •• • .. • •• • • • • • • •• . A (P, '1"1 , 
 " ,',!_i. '" ,_' . ".. " :' - . 


28 • u~rl~X'-I;(~ ~I , .....;..,'...... ..... ••••• .(;('1'), 

29 c.:;id v~lc~"i~4cN.o"'jlnl\e .•baetels ..i ., ....• C('l') .

• 30 51;";1, .·fti;e~"iliinfOraidconcret.ClOCl.~ by 

"sin9.so.'.bf ~~rai~t .• ~ •. ~ ..:-.;.......... C ('1'1 

• 31 Gia•• tiber r.·inforce!l 'c_nt "rtsr (20 .1 C ('1'1• 
.I. 32... ~~nt'~~~yU (41.'lpol,..t.er ntP COyer 

• 
 (3., .'•••• ''; ......................................... A (P, '1') 


13 Petrollit\ll!""Atur.te4 tape (2 .1 .. ru COYer 

'.3.' •••••• ! ••••• ~ •• ~ ••••••••••••••~ •••••••••• C ITI-• 	 Ct' At: Chli:1a" lh At' Aji..ur. P.Pipt ,n. .'1': T••tPi.cet 

• 
(.1 ..'feat Protl'- • 	 InYe.~i..tioU a"...... _ the ..cienolenpn.,..d- perforNftc:;t. 

ev_r)' ~ar t~fh ••~.ti~ of !urfece ••~r.nce. ·.nd non- iIfe.tntl".t •• b. . .' .. ' ..'. .., .• 	
. ·.\';fel p~IMIPll••,offCh~-r._r~ t.Y, Unde~ter cutting about• 12 • 1.n9th lift.r 11.5ye.iilof ilXpo.u,.!;ancl.tM co~ion j)l'Otection 

~ propertie...... ill.,..ti;t.. Iif ...~l.. t ••te;, It YisUal ~ft~ti~' ' .. .... . , in.pecuOli , ..... ~, tIM· _faCe' In. Ii ,boat or • pier and 

the at4l'~••f 4eted.•catiltl'l an ~r.ecl~ ~p:I.J.on protected 
..: ..,", ......', .. "',' ..... ~,~-~.. ~-;i ·-\oiI'rl.·.. :;,:"- .;!. ..:" .::'"' '. " • 

. "~l~l.".tf.~.,~t.:~ c:ii)I~d*'9I11,(lNtill9S and 

,•• 'li1i.lftljil.n.i· the. ocftrr.nte .fc,n.t.~~· base .uel"'•• 
investigate•• 

,• 
• 
~ 

I 
21 	 photography 

Photog'Caphi; (color) are taken from a boat or a pier of· the Isplash-tidal zones and damaged po'Ctions, while' 

underwater po'Ct1~nll tlie' vic'ini:ties cif the bottom 

i;over1~"11 are phQtographEld: 

3) 	 Measurement of thicknell. of base .te.l 

Thickne.. of base .te.l is ....ur.d by ultr.llonic 

IJ&U\JOI or aicrometer. 

41 	 Meallur...nt of:Mhesion of eo.tin.,. 

regarding 

edges of 

' I 
thicknell. 

I 
The .dhesion of coating. i. • ••urad by .n.~sion, te.ter 

(pull oft type). For bond "'ith coatinti_ ... ',J,'IOxy ba.e .cI~ 

hesiv. (Aralclitel is usecl. IS) 	 Me.llur_nt of Electric.l lIe.istance of Coatin9 


The .l.ctric.l r ••i.tance. of the cov.rln9••re· ....ured by 


the guard rin., .thod using. pein; fi1!l te.~r~~/ 


'l'be .thod.of _a.ur..nt. consi.ts of attschiilgal-.(nua foil 
 I 
.nd • guard rlng "'ith electroJ,ytic liquid pe.t. ·'.nd _.~lIrin9 


after 18 hour. haft .l.ps.d• 


61 Mea.ur_nt of physical properti•• of pol~t:I:'Yl.M: 
 I 
Physical properti.. of polythyl_ .fter 11.5 ys.rs of' 

expo.ure are inv••tig.ted .nd COII(iare4' with properti.. befor. 

expollure. I 
3. 	 TEST USuLTS I 
(1)" 	 Vi.ual Inspection of Coating. and IaH. Steel ...ults of vis..-l 

in.pection.by ,.ur:face appiar•.itCe clbnrv..tion aftd phot.09raphy of 

cCiatin<Jl!l., and occurrence ofrw.t of .... : .tee! ar.......riMcl in I 
'I'abl.';'3 for .pU•• off-chiba. 'l'hr!I re.iilt:lO;t ..~l...iin.,.ctl- off

. , 	 . '.. ' r 

Aj1..ur••r. listed in 1'abl...... 

I 
I 
I 
I 
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I 
r' 
I 

I 
A~pJ;,aric .... 	 .",

T:lr'Peof coating 	 'I'idal zone 
51'1~h EOll., 

!-t"-{ 
7. JIe.lnt;or1;:ed C_nt Uppllr, ...ir~ of"FlU' co-:- ti.in~ is r~~ined ex

Mo~tar lining , '(er is,';Jtroyed, and cellent condition. 
(47...,.) +Vt~- ,~",,".~,~~ ) ; 

I ' 

reit!t;9""ct:-PP~;" i,i~IIji~!.lsd"v:•• ;r~J;'t! 
, esti!r\'~'!l'jerj.: ",' ': ,,;-tJ..~t t.,~l\ Ji!.l~, ~. i' ' ,,' 

','I Y7~r,,!,tl::'~!'r~;_<_~_~ ~. ,! : >A i,; • 

e.poltI-Ufi!'th6rie,; ; ~. SiR'~~pArt:,pf ;~-:- : ,;~t1n9:!.. x:e"~nill4.x-
r~~unln~ ,u,np 'fi,lIt, til; ,~11l4' '.:; ,~i:lerit ~i~ion. 

.... \ .~":("~i,¥~~ 
. . ) ,~ . 

9.~l~thtl~,;: ;;~~';l~~~~~~ill~!' ~t~ ~.o-~n~ 
',(C.!lI"'s~~tt,pei,"i".'~O!I~,i.M~f ~"'~:, ; ~l~~t FOntIition. , 

~f""":~'-'~~~i:!.1 '~~~~U$~~:r: 

~i~;irt; i~~jU:;j:~~::l;:::_~t.lt~~ . 
,Jrf .-NIt *1: ~t 

.",> " , t,; ;", ; t:;rt}~-" ,.:t;,,;::,~,~~:,:, '",,' 
C2J - ,Iii"~ta;.r- JIIl.....'cif ...... ''1 , ' ' ' 

;;, . 

I.in!itf 'eM Staid, .,.....11•• 

tt.. '*l.cukal hiill.t:aneit ... al!UlHien ilthQIJt:b of ~lng. wen 
....\lre4 fOl.' .teei 1'1", ~l~ ::r:.-¥.-.rrOla ~.t sih off..,ch'lb.it. 'rbe 

re• .ilt. of tJMila ....Itt~t:._. ~1wIm 1ft 'l'ole 5. 
J~> , " 

(4) 	 Measuremenl:1l of ""ysical.Propertles,o(l I>olyethrlene C..Un"• 

Bec;lU~e i~l.yet"yle.neeo~tin9 iSl':eJ!lili.nede~~p'~~t condiUo~ after 

11.5 yellJ:s
" 
e~~~~e~'fi-Chib~;

" , s~ 
.
/?h~.~~~~·

' 
;~~"~i.-,,

, 
were~~asured 

-
in I

'" . .' " . . . 

order t~, l~v~~tt9at~ ;cha"'~iif;of P~P'!):h4;i':before.~ after riposul'e. 

The result. 'Of ~as'~te_ht~ 'a~e s~hl!led lrl·Tabt~;~. I, 	
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I 
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4. Discussion and Summarization of Test fte.ults 

Steel pipe piles and test pieces given corrosion' protectioll with 

various coating or wrapping materials were expOsed to. natural seawater' 

and subjected to tests de.cdbe<!·in tbefore<jOingvith tbeobjec::t1y.,. of 

selecting the opti_ <:orro.ll.ion .protection ..e~: for .teel structures 

at splash and tidal &Qne•• 

Tber..ulis of COIIPrehena!ve andy"s On 'da~ fr_vi.ual in.pec

tions (coating surfaee and i.tit ba.e' _talsurf.ce) .....ure.ents of ad

bedon of coatings, "a.ure_nu' of electric.l r"istan~ of coating, 

and _a.ureMent. of physica..: properties of i»iYe.thyl4inecoatings atter 

U.5 years of expo.ure at the Chiba t ..tsite of, vadou.corro.ion pro

tection .yste.. are ._rized a. follow. The A.ult of visual in.pec

tion evaluated at off~Ajigaura.ite are also .....rized in this .ect~on. 

(11 Stainle•• Steal S....t Wrap' 

Although .~f~ce a~ar.nce of both ',teel piftt pu•• and te.t piece. 

pre.ent • browni.h, colow: becaue Of rust fli::lwedbn fra. upper .teel 

-"'Iier. no corrosion Can .be I:ecognized~ For th4t ·'IM•••ted ....,ved 

.tainles•.•teel shUt. no corrosion baa oc:CurncI.' aut gabanic corrosion 

baa 'occurred between llitaiil1e•• llitee1' a~ base .U;-l.pU. (aee Fig.' 7). 

As it ha. been report.d ·that no .ereviell co~iOft can bti occurred for 

.high quality .tainl.....heat wrapping ~I: aplash .4) , ,this wr.W1ng 

.yate.wIth cathodic protection in a\lbliergeo! zon.·eanbe axpacted ax~ 

tr_ly lon, te1'll .enice life. 

uf Lov-4Uoy COl'roai~~1t"l.tantsteCl Sheet "r~p 
Corrosion ..... pr09r~iII.ed for both. steel pile" ai-4 i •• tpiece. 

covered with thick· laya"'. of Nt. It is recognbedthllt the l.yer. of 

rust at tidal zone are thicker anddeft~er'ithan ~t~t IliUiM.phet!C
." ,..' " . ...,~ " 


and .plaah zone. Fi,: .. shc!ws that no ..era cel~Co~toft ba. occurred 

. ,", , . '. ~ ~ 

near i..tI.L. for lo-allot c:OrroaioQ-resi.tant, st",1.8"t it i ••.en 

- .'. .' . ,..~ ~ '. . 


according to Fig•.S tbat·..qro cell corrosion "'IFoecurred tI.ar L.tI.L. 

for ordinary ~teel, pi~e without corros~onproi:ec~i~n·:. it i. ob.erved 

that loc.l corrosion haa occ;'rred On the bAa••tile·l neat the edge of 

low alloy steel sheet • 
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t, 

l.•t 'ii .:...;,;-'e 

« 

, 
• ,- ,• 	 •••,. Polyethylene (-0-'10 ,• 	 ,..,3 

10 

., :~;~"". •'" '\. ,,-. .. 	 .• 	 ....• ,',. A .lnoI'9anic Zinc ...: 
.,; ~.------------------- + Tar EpOxy• '(--6--', 	 o.t ," ,." :.. 
3 .. __~;.;.~.............. - -:;.. ...,.._" ___ - 1. EpoxylteBin
.... 105 

i- e 0 	 I40rtai 1--:0-) 

r 	 ... 
w 

100r 

• 	 5 10 15 

I 	 ~.....·,.d" IfUr-' 
,{: 	 .t 


"1"~'9......i.~ ..........•t. ~~J.cial naiatance


[ cOUc:1WI!lf . 


i .... ,Or POIy~"U•• ~uiIt ~c.... __nea at vide 
. . _" '. .. ".' .7, " :. ::' "'. ",,', '" " . ,_, .,: ',': '.," ,," 

r"~of· .ur~iiCe: ..,. · ........1 ......-'_ ·0ff..;.A1ithit'a al\i~ 


I 	 ·i'olf"'urett.a-. .n.w..r'~;.......... n.iI...... __J.lent eun.tition, 

~l~h'_l1 ,,.tiff ..-c.....j~(... 1'_';K~l~' .ff•. 110 rUt' 01:-:~" .' ~~...~ ~.~~(I!'£"'_"~.~~f.fJ;ia~'. "''l'hI;' ~'l..on for 
.cal~'otl~iIiir'CM .et,..... , .",l~f·":~.".c."e~f H"u., ili 
"'W.!d~'~>~> ...... ',>' , ' .... ,.. . ", ' ". 

~ ·"'Jli.t«~iC~."'.(~.__b""'Qiliertite wlUlout'end 
'~i~"~~ci~.j;:: '.' . ...... ' .' .' 

Ilva'l", a.;;.. to eteeiiUie~ 41_ tilt ......t·;~·· ...t* ... 'of Jlurface 'ft aitli~ ~1"'~il'" U ..... : . '.". cr-.c:It~:~~ be.~~ ;!!~. ;U.iiJ.*r'ilart 
I oftMlirdft9'~ ther _ ....___ ·~htHi:~·'-Ue·Itt~;.t:eei.afte~ 

relllOvinq' the linin,: .'.;/:C·' '.
~i 

II 


The base steel has remained gOod cO~ition on. the..whole.e1tcept the 

upPer part· of the lining- SOme . local corrosion:,.like J:;.o crat.erc.an be 

recoqriizid at the b~se ateel near the lower edge of·the lining. 

For aiortar lininqwith FRP protector, .upper part of coveris 

-c!cstroyed and steel bilr can be ."n•. But· al_t entire surf&<:<! ha~ been, 

raNined excellent COndition by visual inspection at, 1.Hqaura ai""'~ 

With thita.test re8ults, woa have_de the guideline ·of corrosion 
. . "- ' 

protection design at splaah .and tidal 110M for ·..rltJae steel structure. 

"thiil tec_ndatiop6)7) I that was revised in 1988, inc:lude.t'" c::bntenta 

as follo..,· 

1. ·'en.rai'scope 

2. cOrrOsion' Protection 4e.lgn 
2.1 structure 

2.2 .ei~ctloli 
f 2.3 perforNnCe 

2.4 reliability 

3. 	 cOrrosion· prOttic:t1ollsf8te1a 


3.l_tal 11nbl9 


3.2 concrete 

3.3 I1U' 


i.4oI'9anlc ibl1A9 


3.5 -.tblg 

4. application 


S • ..bltenanee 


http:crat.erc.an


• 
(1)fl._<;;SPt.y"~A1_il\!.llli . ,.> 

'It is 'obseryed'abpllt 'st,.l:, pipe ·pU•• that ~d"· ...rt;lkce is on 

the whoiecOverac'f "nth:WI\ite coire.!.. prOaU,ct. 'Of, .l~~'atat

• .,.phi!r1(i and .pilSh ZO!MI ".rid CO".i'.dW:l:th ......i:orrosi.;n ,products ,at 

Upper tidal wne b'ut. CQYell'ed -with r:".t a,t l,?,,"!r ti~l:l~: ' 
At lowl'ti-l tone an4a...r:914 .~COIII_.U~.Of "lUilliliUlllh••• ,ready p~r"'.(lk'f.rHI rlPlt:has oec'IIrr.a QII .nl:ire, .urf~~u,., ~'e 
•Adb.tdcmof c04itlft, at~~:""" ~i!'l••1IO"in9.hi,h value, 

•
a 

10 i{yc.l'. 	 -. 

'., • "", > .' (4) ,ri"'-spr.yed a~UIaiIl" + eeatift9' (Coal 'l'ar' Epoxy and, Coal 1''''lit 
1poKY' wlth vl"l~ C~otb)a ~", the, .ur:f.~ .can btl __ chalt1tl9 on, the wbol.,., "itai're.o ll9 

_dM 11v•• Qf.te.l.plpe pU... r:IPIt. CM be "'" ••,t .ntire .udace.. 	 vl 

at: ~ld&lUu1."~.oM aR4t111.a~ t:hat ~.~~iQnof· .1_lnUill a 
 . . . ".' . , ." ", '. . 


ha, _II pt:o,A*,.a. 
ijj 	 Ups*r . part. of '.--.phadc 110M .... .-oil I!l'I*.U.II~ .n~ ,1iO eorr:oaiOll 
1,

hal.~ra4 ~ft.r, ~.1"" ~l-W .poll)' _tl.... At. l_r part of 
~ '.~phadc ~, .....l~'" _.' ~t. CII! be obM~ 011 antlr:a. 	 . .' "~ 

~ I,.urt-ea. 	 ' 
~ 'rbe val.- of: .....l - at.relooJU1. ill tIM 

1
""'of,19 to 41 k9lell'. 

1l1.c~lcal ,re.l.~ .r~w.9.--' 10 - 10·Q~elI· .t. .pl~.h 
~ CoM an4 co-Pal'.t:lftlr, lIIW .11... 1.5 .-,elI" .t tlckl.n4 .\lblle1',ct4 
II aiona, ...ilft9 Mtwe...l-ttil' • ...., vluvlAyl- cioth ,c,anbe ...n .t 

Nl'ndpcH:tlon. ' " ' 'if 
if 	 (51 ; .....-s.pr;.r"I alnc: + Qllaa.9 ceeal~'tUBpoII,J

"rt';t ....,.u;, _1_ ;u". ~t CII! bI _II, ln ue wlda ran,. ofit 	 S\ld.~ at tb. ~l'" .....~ ...'. ,. .
iii in ..,al..t'iIii- ~tt9 til ..... sual aftAl,r ~lft9 coatJM fU.•• 

if altholl9h ..ri-t:'" wMtAl .....iaft pre4l1Ct - M .... baM _.1 
is In .,ocs C'OIIiit'tMiCh""tiiell .tzUiJth .t-. -.....r~1_1~h19h y.l....It 
41 ~ sO ,t,/ell" 	 ," ' a

" 
 Electdcal~d.ta-l........ .,.. Otv~_1.l.Ol.-l08 a·elI • ' 

. . '-..:' ',' ~:~:~'~...,='."~'.:': . 

if .. 
8 
I 	 ·21 

•
It 

It 

I 
(6) 	 InOrganic 1:inc-Rich Primer + coating (Coal-Tar Epoxy and Epoxy 


"lth Glass Cloth) 
 IChalking has on the vhole progressed all surface. 


Some sliall rust' can be observed, hilt the baSe .teel after relllOving 


surface coating ill in good conditi~n. 


CoaIpared with tar-epoxysy.t...l1li4 tar"'pc;xy wl~ 91••• Cloth'for 
 I 
adhe.ion,.trength, the value of thefo~r' i. MUCh l.rger than thetof 


the l.tter, respectiv.ly 46 - 48,k9/c::II,' and 11 - 19 1c9/elIl • 


For electric.l re.iatlnea, Ur...poxy .y.teil _ lucier'Yalue 
 I 
(10· - 109 g,_a) than that of tar...IOXY 'ld.th gla•• cloth .y.te. 

, 6" 1'" '., " . 	 , ,
(10 	 - 10 D'Clla ) • Man:y pln hole. ClU\ not be .een tor: tar:-epoay vlth 

,la.. clOth .yst.. but ..ny pin bole. for: tar-epoxy .y.tAl-• I 
(1) 	 Org.nic Lining Syste.. (Polyethyl.ne (Cohealon 'IfPe. £X~aion 

I 	 IProce••'-. EIOXY Reain Mortar, »al~thane ....tic, I'c:ilyuritthane 

Rubber Lialll9J 
Polyethylene l1nill9 is lit _.t. eacallent condltion _ •• 

.tainl••• steel sheet wrap .abcn;t _ntlonrtd in.ll ......laaUan, that iii, 

yisual in.pec::tion.•t,aita',.urfaea ~wrearanea obHn.Uon .f~r re~ I 
_vlng .arlne live••na r~in9 1~ fi~. No rust has ocCurred 


all the.•urfaea of th8 bu• .st..l ••cept the aA.of l ...11 crlicta. 


Electrical re.istance of'polyethylene.~ highe.t val.. (lO"g·t*a), 
 IUOftg coatill9. te.t.H .t off ChiH. Pig- S .~ the _l.r change of 

aleCtrical r.si.tanee of coatin9a, .IId it ,can be _n that, 101yathylene 

hal r_ift.4 highe.t value. oferectric::.l nosi.tlnea. 10,- g-ClI'* • that af , ,',' ',', '.. " 89 " 

inor.,.nlc aine .y!lta. can ,be _urillC! about 10, - 10 'GoCII~ ...4 .po!\J', 
 I

, • .,'. . "5" , .' -, 
r.dn .y.taa,ha. 10'Wll.t .... 1 ..... 10 G-ea",

,,' ..".' . \ 

'fha......lue., COrte.pond to-",",. of CQrto.iota,oc:e.ur:~ of ..... 

.te.l (See 'l'able-2) anc'I' agre• .,ith tb.!I•.,.r_tal~.~__5) .tJia~ ~~.1011 I 
of ba•••tee1 he. ~c~redun4er ~. "'11_.1i·a~CII' ,.lft~r.l" tnt; ,.' 	 " " .. '." .~ ", . ., ':' ~" ' ." '" -' - .', ' , ".,,:. 

J:poxy ,re.l. aort:;ar caR be "'n' r:uatlAg.U thIt!!W;f~ o.(~, ",.e 

ateal ,by vlaual observation .ftar u.oving thellftift9, ' Mbesion 

..trel\9th.hov!t lower val.... at 11 ,:",11 1c9o(caa _"val_. of: 'el"ctrlc.l ,: 
I 

" . ' c.", ':- " ';., ": '. .", .4" '5 ' ' 
no.1st.1ICIt are lowest _'.I' coatings teste4at otf-ck.lhl n9"" ':', 10, ' , 


D-eaa). 


~ucb .any pin holes can be'.een at 'the .pl.sh .~ ~, part~lly 
 I
. • '<.'- "--"".~.~. • '~ ,- ...... ,~-,-~ - .• ' 

at the tidal ~ • 
.~ \ ' 

" I 

I 


http:Polyethyl.ne
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'the e(feet of the ••rly .tallJl!lI of ..icil:l.1. for_ti_ on the cerro 
siC!l't.behaV:io\Jr ~,fCJlNi)~!l..•llOy; in. natllr.l sea ....~r.. ;.,.i\f!I litudied 
thrOU<Jtie~ectx:o<::~~C.re~i!'lents, and lSuperficia~ 'analYSlf. Acom
padson between"elIllCtrocl!e!llic.l""",aGuri.ents perfol:ao:d i,n. the labor! 
~ry with arUf1e~.l sob.tiona.and ,with filtered ......atef Was also 
..cte,. ' . 

• 
"jD~ 

•• 
•• 1'hia ~dcin9 e1ectrcide. used vere' 41i!k1 of, CuIIilOFe alloy tIIIIbed

ded In.. an epoxy rad," which pr.aented an exposed an. of 0 ~38 ca2 • 
1'b.e ~e-tce:J: Co.iPoaltlan oftiie ,&l1~'i!'U: Ou6n,lIl.U." and Fe: 
1.1";'lIjItor.~lii, u.id. th.t'-~ poil.hed "lthaner.i IIIIIIiry pa- . 
pet'S ofdiffennt fritlil (320,' 400. 600)' di~ pate and flNally 
with altalna U P.II.4i_). 1'b.i··~U.hei:! .pad..n. wre ,.ucces~hely 
r.liiH4 ..~t1t.acilttcme.'A:.; ;t.vlce 41~ilIed..".t.r and flnallyalr 

~ 4d.ed_t. .... tellptr:.ture •.,Jt. ne.., -;l.ectrocSe .... \IIIed for e.ch !:\in. A 
aatuiii,t.eCl,-ci&t.i ,••eCtiOde', (sa) lOcated 1ft a ,lasil t.\Ibe p~dedt with''': ,~In,:hblr. ci(illtaly '.Up..... 'GU4'.. . rafeAncaelectrode •. 
ftilcIrcu.tt " ••rCOllflil\:4i4 With il ft.:Viie ... _teAlect.rode. A cOn

~ ·...at~dOU&i.R1i.;nxfl... ~I1"'''''~, . " '. 

• 

LUOtatory ...r1iiiliil~' ...... '•.~ illt:har natural sea ....ter 


fi~bt~:¥£tIi.'.·'6.2"'''r:''''of t*ililUJOAtyp&,or,ll ItIICl + 

"tt.;iso'1I01vnomi (0.4:1['''0.5 Ii. 0;"" .. O'.023'IIJ. In .llc.... 


~ ale;c:t~l:al ....u.r..nt.1i w ..... catdeiSout at U·C. All c:hea1c.U 
Mel blie. diiitlll" .,.tir _ .... \IIIed ~ ~pad t.b!I41ffennt alec

~ trolytelll:)lUUanli. . . . " '.. . 
. 8io.,ocjlcal fi,... IIIoire' forillltcl by ..-1ag the _taltisll:.of 

15_ i:tl"'tar~1ft .....~ .....J.n hixpOs4ldan~2.35C112).~ 
PdvlOll.'to"thii'a"aiei t.b!I ..talll'lirf_ '"•• Pt'ipuec! .by' 'pol1.h
illl9.it with 120 ~,600 _ry papers. Expoaud u.ea varied between~ 
5 and 4;4&y8. Supla. _r. 'locatd .i.acrylic. p&IIiIlS lUte those . 
uS1.ially 4IIIpl0re4i1l i:be_t:ud» Of _~feuliD9 (3). ftlepanel. weA 

• 
~ exposed to· flOwiR9 ......ter, (0~2 '-0~3 at.J .tthe !ntab ch.nnel 

of. ther.a.l.,.,.,.rp1&n~1oc.t..s 1a the vicinity of ttArcSel ,lats 
bartIour (38-OS'U".,57-11'III-.) Azgentiaa. . 

• In the· coarse of i:be pr..ent .•tudy there w.re yari.tiOfti in 
t.eIIptr.ture,pII aM,cU.sol"" 0IIJ9'ltl r&nfinq,frGII t.1 toZ4.4·C, 

• 
 7.57 to 7.68 and 2.M to.l.l7 Ill/I nspact'ively. . . .' 

.. Microfouiin.' oI.'lMri.tiOil. _re ..-u. .. .JlIlI'L 07SK.' 35'a SEK 

or .",l.:r:l~505_~Sutf_ depoelt:s_re aleo .-.lysedbj'EOAX. 

• 
lit. oreer:- to- ....uri opctll-d1'cult pOtential. for·CUllilOl'e .lloy 

-in s1t:'Il· -lilt tiIrI .....lywter ctraanotliil the I\arbOW.te.~ ,......le. 
aia1j,ar to ,.t:JioM ...., to ..~. blofoiallnq_z<a IIIIIplopc!. In thi. 
~. 'e~ ..tal'epeci"'_ p~4ed with· an 1Mul.t.eCl aleCtrical 
ten.1n~l c:ot1Me., 'tIiI."ithley169 _It:l.Mtsr·. In .Uc:&lIH a SeE 

• 
~. 

• pl~ .in ,a. 91""~llt" • ..sed 'in • J.u<ni~ clI.Pillary ...... u.ed 
•• potential nfii!r.nCil elft'troM. 

. / 

• 
~ 

1tESVJ.~ 

• 
, . 

'!'he STl's' ucla ,vi th .CUlIJ.JOFe, alloy in deare.~~e.centM;.ci 
solution••t 0.02 V/llin ..as ~Ushed ill, apr.:eviouspape~ (4). 

~ 

• 
• 

t 

~ 

'I 
with clearly visible cracked are",s irregularly dist.ributed (Fi'J. 5). 
Upon fUIII relllOval, • s'illlilar crack patt<!!rn could be observed .' 'Longer 
exposure of" \:he sainPles, shoWed an erihancedattack, leading to deeper Icl\'",cks and better defitted dItches (Fig., 6) .,5II1II11 !!pheresof corro
sIon products could 'b<!i seen. ~ ualy*b of' the, flll11 re'ftale.t '''he 
.presence of5&1'1d hicjhar leVel. of Fe t114n tho.e' of the b.se ..,taL 
At the bottoll of the crack. higher leveb of '~l than 'those found in 
the ni.. were detected. ' . ' '", . IOVer islands of COllpact fila. MterocJelleOlIII dap;..i~ COIlU be ob
aerved. 1'b.1Iidepo.it consi.ted ":inly of ol'9anic fl1u.ntoil. _l:erial 
and partlcul.ted corrosion pt04ucU (ri9. 1J. Isolated bacteri.l 
cell., P!lrU.l1y covared by Corrosion prodUCt., could also be' aeen. 

tlhen:exposute tt- .... incre...d. the ~ of fita.ntOus _ ItiIIrial and bacteri••1.0 inczoe.sed. 'they ulI\II.11y .ppaared entr.pPed 
bet_n deposit. of cotZ!l)s101l prodUct.CFi,. 8). 

CUNi30Fe .ample. expOsed .urinq 19 dey.· to artifici.l·......ter 
solution .lso .~d a l.yered diwt;zibuUQIlof corrOsiOn I>rodticts. 
Nevertheles•• the outer layer .pPear. lIOn fln..ty packed d1&n those I
(lbserVed. for _tal SUlple. exp0p4 to. natural ......ter (Fig. '); 

...DIilCUSlIotI I
CUIIUOl"e 'and CUNi30h aUoyII UK (AqIMntly ,in '1nclUllttial J:niI-' 

uU.tion. a.ploying ... ;,ater flow •• coolant flui4,·abi:JIt • ~lu 
Corrosion behaViOur. 1'b.i.cO.pleJtity .ri•••. nO. the ovoerliappin,.c:if 
two diffeAnt type. 'of corrOsion I'roc..aes, i.e. loci.l1aa IIDc! 'JiIIMr. 
l1:r:ed corrosion. IIben the' foniaUon of ""ral layen Ofconoal"Oft '  I 
product. take. pl.~ It is foll0we4 by • eed•• of coat.lJl_. c:twate. 
of the layers which Condition t.Iie future'PUslye be&hViour'of. theal
loy.. 'the!!e chanCJ&s cSapend an aVid. v.riety of envir:ol1lilenUl' factors 
auch ••. te......r.ture, di_lWel oxygelll, variation in, the c:batU.cal c:e.
poslUonof H ....ter and fin.lly bio'fila preHnce. I 

1'b.e &no4ic current/potential curve tor CURI30Fe·.lloy'in·deareated 

..a ...ter .a._li •• in llliel t.olUUQIl. .~d .eyer.1 cOincident..· fea

turea ..ith tho•• eorre.pon41l19 to pure COlIl"Ir or' (l'llAliickel. Ctiil.... 

quently, the 'peak recOrded ~t -0.50 V-prevlouslydacdbed .. pealt 

Ali (rig. l~- Could be .ttribUted to the,fo.....Uon.ofll1(ORlj.'U • 
 I 
COIIPUbon with re.ults. ~lIpOndiR9 toplln IIi is""'., 111(0111 is 

redUcecl it yery ~igb c.tiI!I4ic potential Cc.'·O.I. V (S" ,close a AC 

peak potential· (I'i,. 1). thua confira1R9 ttl,....uilptloe. . 


.In buffered solutions c:cnUining c:hlc:iride; three' peaJtS' eM. bit ..,!. 

tlnCJbished.t -O~2 V, 0.0 Van4 0.1 V. "...,. .............i .... toCU20', 
 I 
CuC1 and ClIO h.S\IICU..lr (6). COII.seqiaaatlr, ,for CUIIUOl\lalloy 111 . 

the potltllUal re9iOll betvaen -o~:z V and 0.0 v. cOn-ton nact.ion 

.hould),!eld 'to eu,.o a.nd cuel. '. . .' ....,. . . . '.' 


.ar.Uc.mta precipitation can be aupported by'·1IOlM .l'ectrochelli 

c:al results obtained lite the deer,ase !3f the &no4ic pealt hei4Jllt and 
 I 
the c.thodic direction of potenti.l diapl.c,aent when'pH v•• ·increa..d• 

At hiqh'~ v.lue•.the preci~ltationoccUrred·e••lly and·the.anodic 

pealt .... lower. eon..rsely••t:hi'h chlod~ cOncentr.tions, h.iojh.er 

dlssoiuuon of cOppe,r accoiint.ed for. the lnctealliein'be1qht of the 

anodic pealt. At: 0.12 V'and pH 1.5parat.clUftite iii .table·. consequent
 I 
ly, the ab~p~ current decrease recorded near to. that pOtential value 

I 

I 
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1"19. 2: ~Ic pOJ,ad#:% ~~,fo"f:~.t3CifeJI1~OY ~t v. 0.001 VIs 
In O.5"lIaCl"101~Clft,.t·~Uf.rentPH values. ,(-I pH .8.0; 
(-.-) PH. -.1.11, ,(~) .~ • 10.5.' ., 

',::.." ' 

:'";''':.~·S}::li''' ): 


'.. . ,~':,T~//;,:;'.: .. ,' ...'.. ' '. '. . . 
~t ~1~ .l"'latl!,:,l;ilil"\.pu,,"lI,torC\l!fUOr__ aUey. at 17 ...·0.001 VIs 

." in, ,d1ffe~~,,!~~trolr:~{~l\l~,i~"'••Ji;i1"":;'F~.• oU -I( ~iiQ,.,· 
, C".-J'Q.cn3f1IUC1, (-"-')0.023'1( 1Ia".!lQ:+O.OUItNaCl•.. 

b) (-.~) O~023,'n.2So. + O;046M ...d;:·1.,•.JO.:O:Z.3 JtIla2SO,.+ 
0.1 MllaChC"---J O~I1:U It 1U2S04,+:O~4 M. ,:HaCl. " ' 

'J~ !".l"·.),,.·J,.'.··~·:I"·,1"... 	 ,. 
~ !"";~!'. " ::,;'1';':~·,:~J.·:""·W.\.·,,\.

•.•, "'n ,-, •.•,,,,,,,.,~~'I!.z:;;r;1 ' 
'{';~;'M""i:- ,(\':~·A~f";\;;:'~:.1;!; W'r~~~~

'.~"r'9,"~"I'{';';'~K·~'~'·'. "! .' ,,..c~:r~,':' ~('/'C'''''!/' ,\::",!!' ';-,"1> fI. ~"'.1!1""''->'''...)Z.f}4;-11 ·":l~)~ ..... ", -, "'..~ t~t-f\..M, ..". ....,{':\v~\\ol.;..,.(:'.-~ ... ,) ..;:'\J1!......·~\1 
!, ... k \-.;';·.'.,.·\... ·::;r-:;:;.<:1:I;·' " "" .("iI' '';:t'J.:

'Y;~L~' "",. l .,'. , ..... ~ or'~\ ,~f;,.."'.:~.~ ,'" ....... !';-~• .......Ir~, ...~; :.l..~~~~j~~~ ~~::(\~~: ~;..\~,. .';-.:: 

~5:,"",,~.~. ~~~;\'~';...{""-.rA/,,\ \;,1 1' ,~... t, .... 
,~~~:~ (1. to'l.\';~\:>';;;'~rJ;\:~)\~~"''t.<., ""'.;,.,. 
~t\~~··~·~~"~':'~"J;:·{\\'.<\..·~U~;'~:~: '~'~fY ~j 

~y~~:~;~i.'+{!)~'f~t0~;~):!:;.'~~·.~." ...'1 ....:1":;:>,"':., ,.,:,- O~.' ,~, .• !"." .r.:>.,', q.)J...!\:...,~ ..~ .. .....;" "~I. , ......" r,,"<. I ~ ':'\., ,"':t •. ~ .. 
\J,.l~t "~.'''- ..... __ ". ",;.~\,,,•• ,,, .',i''''
': .....IIIi.......'::·,' .. :!::...~ ..~ :,.... :.." 

, e.u 14e£3 eeln,"~ D"lIHTt 
Fi9. ,., SEK IlicrophotO<ja::aph . ccn:'tespem41rig to a 70/30 copper.,nickel 

aU:oy suple potent1ostatlae4at -0.12 V .in 0.5 K lfaCl solu
tion dudng300 s (2.COO itJ • 

.('I~... -~',. ,. 	 l",'<.:...~ .,... ...,( ~ ,~\ r ~- ..."'\~~. " ,;j\:J .'"• " ._ ~~ .J ...- ~ ~ .... ~it~"X.li:· ..;,~·~·V:;;'~~~ .r~~~~":.>.., ......-'" ,..:, .. ,", ...,,,:~ .... ~'" 
• r ,.,.. •. , r . ". t ~~"4"" I

'. ,!..,,;:~,....;.,. .~ ......... ::r"l~J> ..... 

, ""(" ....._, • J' ," . r{~l> ' 

;..,..~""JJ'~'lJ-·''''''''"-'-':.'''\~'''' ..~.~~.. .~..~.:j ~"':-:'lf_' \~~lr.:.'J},(~
,:.", . ' .,., (,'-I 1'.::..' ,...••,,-{'\o 

-..:, 'N j.:bJ' .~~"\r-':'l~!":""'1!j~.of
it .~J~~''-'1''''''~'- ~l·. . . ,T.V.;1.:. "\:":i~~'-;''T' .'-..,~~ -...;.~,-"\.........,:_ ~-:-......... '.1 ,\,\, .. '-,T"{TC 


,"'t. Ih.,6e.v 10~!!"!li,,:i~"""'~~_ aele"2 D"I'-':"'" . NTI ~JJ 

~,	 SEN alcropbotO<Ja::aphcoa::ftspond.lng to a 10/30 coppea::-nicltel 
alloy·s-.ple after.,1 claY1lof~rsion in' natural sell vater 
(1.010 X) • ' . 

Fig. 6: SEM aicrophotoqraph coa::responding to a 10/30 coppel'-nickel 
lIlloy sample after 35 clays of lamersioR 1n ~atural sea water 
(2.020' X). . 
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A COI1PAAA,.:tW S'l'tiDY OF. 'I'M! CUNilOre,ELECTItQCHE"ICAL aEMAVIOUR IN SEA 

WATER ),NtIi:JIFFERDI'I' CHLOIUD£ . SALIIIE SOLUT1ONS TO A~S£S THE EFFECT OF 

HICIII.Qf'OlILIIIC $E'I'TLEl'1ENT 

.! 
I 

M.F.L. de lIele" .G. Ilr.nltevich' .nd ft.A. Vield.

,. iIiOelec~lI:Oetiellititrysectj;O!' - IMIrrA - Facultadde Ci..ncias Exac-:I t.•• , Unlversid.d M.clonal d. La ·Pln. - C.C. 16, 5\1c. II - (1900, 
., I La Plat•. ~ArgentiNl 

• 	IRIDEP-~'- PI.ya Gr.nde - C.C. 175 -.(7600) Mar d.l Plat. 
Ar,entin': . . 

'. .•... '.' ABSTRACT 

~.c:orrosiOftbeh.ll",i.our of CUKilOFe.l1oy ittnatur·al .•e.· v.ter 
ancI .•rdflclal ...llltlOfts w•• si;U4ied by usi..., 4i f'fer.nteleetrocheMi 
elil techniques. 5f!M. observations wer.. utI!I!d to .ss•• the .tt.ck and 
aicrofouUng: .ettle_nt.. t;DAX .n.lysis of the corrosion. products was 
.lsO_4ih. .'. . . ' ..•. 

.el.v~t. d'iffennl!;lts bet_~n ~eleetrocheMicalrespon"s of 
the· alloy in the electrolyte Mdi•.QMd coul4 be detect~. 

.Accor(!i"9 "tcit.tte" ""..e"t re"ul~ the protective·ch.racteristic.I of theCOlllPlex l.yerlit!i.t .....r. forN4 Oft CuJI;ilOte .surf.ee COUld be 
lIitere4 ~ the IlicrObialadMsi... 0.. -the ...,tal surf.ce. 

J 	 ~IO! 
~'bt9h. corr;oslOftr"lUstanc4! ·.;.w.utifouitngprape"ties oi' cop

per-ni<:kel· aUoys h... l.d to ~ir ..i'e accept.".,.. .s he.t u!:h4"9er 
Con$i;ructioiU.lillllterials. r.oc;.iiae4 .ttadt, ...tu.to t:tie cOlllbifted ef;. 
fecU of.C9rro.iOn~. erosion fil,pingeeoe"t~t.ck)Produc~d.s • con 
sequoin~o( ..~.,r.liov.l of ....,.iv. fUM bf.t!lrl:i.al.~t v.tu: fl_, h.s 
been. r.port.... on. oltho _jerc_H. of ....texcbaftg.r·f.Uures 
C1l.~Ut*rb~~~",of _ros1_ ot '~r-n.ick.l .it110ys ill 
_rine .en.i~U .hii. beea ....ted_ted to or9-ie "t.~ial pres.nt 
bljlOllutiK! ~ ~l"t .•t;'~t ........ter ift.harbour ar~.. i2'. 

'I'M 'c:ot~lOftbebaYioW of I:OfIf"'*r-n1ckel anOys J- strimq1y de
.pendeht.. Oft .tIM! nlltuc••nct characterillti cs. oftl:Mt. p....1ve:.fn. for...ed 
011 the' alloy, f .~ . .. .' .. ' •. '.".. . 

Insptteof .the .1Ltir.at!lrlt .v.U....lel~:l'lI'l.ticm ,to.1:~•. 00':1'0-' 
. sionl!ehaviour of cq;pet-ltickeI.Uoys· i,!l'l/lhor.tjt.C#y·elCpede'"",nls 
usi"'J' .rUflc:U.l s,olutl.,..•• · sea.ree nfe~em:.s .ca", be:.oj)tain.e.d ,on the 
effect of the biol09ieal Ntivi ty of ib.. ~ iodcr.Go",g!lJ'~slllS. ~sually ~ pre- . 
sent "in sea water. Ge...nlly spealtiblj.... :tt,ds·b.i91OiJic:..cl :.cti'Vity is 
11'r.in,1y. devfdo~d ,in hi0fi1o!'- f(':'11"t'''j )~~:::,:,J~,;~ q:(>~3·1·:·.~jql.!1.~ ·:.n-1rf'~·pf\;t';"~P'~· 

....,-~ 

When the reco,d ~;lS "madeat a higher sweep rate (0.1 V/s,it 
coilld be I)oticed either in Nacl sOlution ox: in natural ·filtered Sea 
water, t!)at current increased to. form II p14t,eau Aa at -o.S v whie!) "'as 
followed by another plAt.eau (BaHFig.·l). At higher pcitentials values 
a shax:p current increaSe _so noU"eable. Whes). ,a/iiTPS "as ..~o!Ie:~ up to 
an .•nodic limit of -O.l V it could be ..een·th.t pe.k A•. w.s reined 
to'. cathodic peak recorded during. the negative ·going. sc.n at -O.Q'BV. 
Other STPS run up .t:Q higher pot..ntial .Ii.JIlits sbowedthat: th.. pull: lea 
.nd th.. folloWing current incr..ase e.· were rel.ted to Be .'11\1 Cc ea": 
thodic contribut1aas~ C. is related to • curretlt pe.k;foilrl&ti~. 1'I)is 
peak _wd in t.M ca~ie directiOri and its siZe d"c.r...sed vllen pH 
increase!' (Fig. 2). '!.'fIe height of tJliseurrent peak v•.• also depen:" 
dent on chloride cOncentr.tion and on sweep.r.te. 

Mhen the potenti.l w.s r~v..rsecl at 0.2 V'. lOOp v.s fo~d so 
tJlat ·current val~s recorded' durin, ·the ~g.t:ive 90i"9s£.n ~rfI Iioore 
anodic than .those Corresponding to tlie pOaiHye sc.n. 'Si\a!lar results 
were obt.ined .in .tbe.pre"nc~of od.,en. ' . 

'!.'fI.. 'l!l.ectroc:bemc.1 lloeh.viour of C.uJlilOJ;:eallOy;"tpotentialli 
hi9her tJlan tlIose ,c::oirespcmding to the anodic Pe~·.t 0.1 v in M.liel 
solutio;ul vasdiff4t1:ent fr_th.t observed in ·n.tur.l And .rtif.idal 

.se....ter; In t.IMt ·l.st·. two electrolyt••• sh.x:p inc;re~~' in current 
.t ~te~ti.1s· ofO.l5 V..s observe4• .mere.s .1n NIlCl'iIIolutian ••1_ 
incre.se,"ill current ·vu.noticed. '!.'fIe electrochemcal ~havi9ur of the 
.lloy in sea _t...rcouldbe nearly "~tor"by addl"9, ~2S04 10.023MI 
to the Hael ...lutial. . '. 

I 

To an.lyse th.. effect of sulphate ."10ftSpreSence, '4iffecent ~lo 
ridelsulpl\Ue conCentrations r.tios were"lI<iId.. A brasel·ailOdic peak 
vas recorded either in tho!pr.Hh~, of .ulph• .:eIFiq~ l ••cuxVe .) or 
chloride alone (Fi,. 3. curve h); tloWner,' '. dr_tic:ch~ ill the 
electroche.dcal behaviour of CuNi30Fe.lloy v.s obserVed in the pre
sence· of both anions. A line.l E/i rel.tion ..urecord~. At constant 
sulphate 'conc.tttr.tion 'the incre.sei'n·Chlor1de .f.w1 induced th.. 
forma.tionof • CUrrent peak. '!.'fIis pe.k. which vail hardlyd.efined .t 
0.046 M M.CI (cur;" d). ~c..- sharper. .nd hi,her .men thechlor1de 
concentr.tion v.s incre.sed; 

Current vs ti_ rel~tionships were. recorded at • c:onstaftt poten~ 
ti.l Et, coVert"9 the pOten"ti.i ran9" .mere the peak~ fonoA'tlOJi and 
theinittiation of the llttAlck ."had ~urred. When. theelectrC?de vas 
held .t potenti.ls·bet_en -0.2 V ·.nd ",0.12 V •.siailar electrocheai
cal ~haviour v•• Gbseri~. :TlMre .... an ab~t ~rent' increase ..nd 
decre.se durin, the fo~r· 5 seConds .nd • ~lower decre.... 'thereafter. 
Supl.. held .t- 0 •. 12 V.bOwed _11 spbeiesburiad iit • thin l.y.r 
of corrosion prOductIFi9. 4,. -," . . . 

When th. electl:Ode ..... held.t 0;1 V. ah.~diy de (,I Md' peoJk vas r,! 
"corded •. '!.'fIe ...xi_ v.s not notic!iable vhen the .presetpotentiaI value 
w.s increased... '. . 

Qpen circuit ys time 'records obtained ·by.ans of -in situ~ exper! 
.Mnts showed pot.enti"J values ranqing be~''''en - 0.S2 V and - 0.10'V 
•(SCE} !T.able 1). The tilllOunt of tJle sc.ttering in 'the ".in s~tu experi
ences· vas higher than .tJlat correspondinq to labor.tory "'N!SlOrelllents 
withar:t;ificial sea vater. In the Case ,of filtereds.... v .. ter. cor.l:O
siGn potential values 'ranqoed hetveeft - 0.21 V.and -··o,lO·v. 

~'rM nb"prvation!:of CuNi30,,, 51;...<:1"":,,, f!xpo"ed to ",,,t.1Jr,,l flpwiJl9 
,.... . h ~.' 	 .. \ .. ". 
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as well. .s .I:h~ [lQr~~. fil":\.~rved ~hrO\lgb ..ic~sc:opic. obser~a!i'ion 
could be telat~d to ,the P.~,clp1tatfolt of. pu.tacanijte. . '., .. 

AlthO\lg~ th'1.:,ef(~~t ?f chl.o~ideo~t"ebreak~n oJ, pasS\1Vity .of 
Cullli al~oys +.l",~;,ld~C~!lt.e.d., ,sa~ce ~n~orn\~tion 'h"s ~een: reportc; 
.~ on other, ,i,?n.,~,,~h.:~l!.,s,:,lph~t::e ,\',!'::e$ent .in se_:.",.!;:er. Ith~ been .. 
written that pitt-irl9 d!rro.~oriis f.vOuredln t\Jbes of beat . e~~ 
chanqe.t;'S. elqlOje4 to,,"{jI'~er,,!! ..i!:II~,i~h.au~p"~te £Onte!lt .~nd. that faU.::: 

. ures occur IlIQst. ra~ldly,in 'waters ",htel1 abo.. have low chloride con
tents. In 119~.<;~~t:pi,.e~t.r••utt~ .• ~c.i ... h19h.d~.$oiution· ·r.t;e, 
when m.ixtures .. of. N~l .'~ N',2S0t .wl,th 1qw '~hloride levels ",ere, used. 
8esidea,•.·.~r passlvl!tiO\'lfol owed by .l~alir;ed attack was found 
for l1igb. ehiciridet~U:h'hAte .~et.ti~. ,sulPhate' effect could eve~tl1al:' 
1;' lIIQdify copPe~ ox;ydefol"llollt,ion.,redueil>g .its protective eh.ra.ctf,r 
bties ,.,.~ favo.llring the .l?real<dOwn:o~ P4!ssivlty .t !:l1gh pot.el>tials. 

S£M observatio~':Qf' the .•peCi~na _de .fter fi va days. of expo- , 
aure in ae. w.ters~. ~a1: tluiy _re i:o;verell by • cOlllp4ct l.ye.... 
Scarce 9l'OUps of" s ...11. sPh<;r<;a. _re detected on this layer. For lotl2. 
er IIxposure ti.s the ...11 apheres coalesced and· formed·a thick 
pOr~ non adherent layer with cle.rly viSible cracka arid. ditches 
that .~.red to follow the 9rain boundariu. (Fi9' 51. 

IDAX analysiaioade at. the lIottoal of the Ctacka showed that there 
was' a ~fe~,ntlal: \illll~olutionot copper in. thlll .i"tergranular ,zone 
faVOured by ,tlie.",r'eaence Qf ~l :Whlcb Waa at. bigher concentration 
level than lritbeouter ~fU•• '1'I\e .nalysis of the fU. revealed the 
pre$en¢e j,f$~ ~lncideht.:J.ly, WAlII,£sCA and 1.uger sl1p8rfieial ana,.. 
ly.ta ofCuKUQre.lloy IIIhOWlldtl1.t tI1~ .outer porous layer is ..i.nly 
CU2 (08) 'lCl"'.1th .o.e.. c.u2~ and.. Cu21 particle!!. The inner byer was.•i 
~r1bul:<!lCl,.to Cu "doped yithllj,•. Fe, S pd Cl (71... .. 
. Ope"S:lreuit.po~"nUal".luea rec()tded durin9~~daya of. inmer,.. 
aion ~in al~)I~.~rll~ Pet'!lleen. -0..,52 and -0.10 v ,;<,.&I>la 11, '!'he high
eat Potenti.l values "'1','., t~1_' \:cljlistUy the presence of Cu (!)IfI 3 2
C.l(P."~.~cpit:e .. a Cu(UI_~ndl ~ich was dl!tectedonthe sur
f.a of.CuM;l.lOr.llllCJfJ", t'tl.t,~nd"jI. at-.!lIe at O.OV. ac

. cor~nft9 to "the.cOrnaPQl.\dinq..pot;antia1/pK dia9raia.ilQVe".r,it IN,t 
be colIsid,tedthat,O~ii ~i:ea Cu U;)'t.oCu (It IconVersiOil .arid . 
this fa~t. ahc:Mt~d_f.c;iil,ba~e ~rdia.olutlofa, eu{l I I.p;j~~es . form;! 
tion and Cui (.Otll,~r pnctpJ:t,t:t:~c:icI' . .... .' .... , . . ' ..... 

Mic~r"PMobtaJ._d after l.IO~diIl9,the electrode.t:-O.1:!V 
ln Mrated and de!!!ratH .~~lIa~nt aoiuti«!llS; .~d. the for-tiOl) of 
...11 ~..... ll1as th.an! .• ·di"'ter, 68epl;'I:O. IiIore, ~ct layer 
,,.ig. 4.1 .. ~ (~}, ~·ttiat. when ·the ~r':'rilelcel apeei_n w~ 
e<;Mtnd .111 thei. by'.a,"~ ~os:: in an,. ~lt1qnof r.atricted dlffuaion, 
the 'l"U:ypeot;rM~i:llan.: for:wed.lnltiaUY,. thea\lrf.ee was tar
D.i~ by • tIt:1ftt'1iatotiNuClll. ch;d.r dlffuai91lA1natriC;tJ.onsthili 
~sa. "".a:lllPl1~t«t."".~ .-=-l.atiClll Of. c:opparoxyde(CuO'~t 
preCiplt.tH O!'.t;Nti .~ta~~~d.c... .".ly1lia il\dic.t~~ th4It. ~ .nq
~u1e.,.re .1~.tentlAlf Cu.2~"¥l,, "10 el\r1ch~ re91on. occur~ 
betveenthe-. JCQdul•• _re,~~fo~ ..nen.free diffuilion of 1qns 
existed. ~aet:.ctii'.~lalll .t:he:!5etectionof a.l,;l.apheres 9" tIwi ' .. 
lIIet.il a\lt'~ace. il:l;l;a.bcratcj.ry.probea~il\quidcei!t coftd~"~IR.:" #~ 

loe.UoR.of ••t~ .~re!i_r,the bott.OII.of.tM crat:lts and dit.Ctie

Where the .5t,(ua10;' Qf.ion.w.. H8trietH~_.:' •.... ". - .... _ . 


'. '!'he organic ge1& fOE1ll!d .f~ IliLcrobial extr.cellulArpolJllleric 

substanees IEi>sl could act as cl.iffUtlion·al~.r.ders at, the 'solutionl 


metal interphase lnfluencing flui": flO'lresiJlle 011 the surhce'.Thfs~ 
could result in concentration -;:i'.aoi·cnt1;lini'l affectin9 diffu~j"",al ~ 

. cesses .to ana from themc,tal:f:u:'fliC:E; :M1!i6es. "p~eres ofCilze li\ay 
plE'C'"ipitate bel 0""· ~f'$ d£"!.J('H~,:t'$i r,(loi~viuC;; th~ ad:)~.!"inq .d.n'l'i't,"h.nlf;. 
t j cs of· the inner ~ ayer . . ' 

Specimens eXl'oseqduri,ilg til,.ee wt'ells sj'(JWed that .several micro
or9alliSmslUld fUAJ!II!ntous ",atefi.lll ~~d been entrapped between corro
sion products Il'i9. 1 aTldS). ''l'his CoiI!i.noed the feasibility of adis 
solutioh-p~ecipitati~n pechani~ ~~ieh explains the fo~tjon of cor
'rodon products, ' ..... . .' '.... 

T&M obsery.tions haVe,. sholm ~t' .baet.eriap).ced between~.he cor.
1'051.00 la~ers of copper-r'li.c:l<el,aUQYs·produce Ift\Icil.ge,. 7hi~p.robably 
fonos tUl;>e.&t.ructures surroun4in, ,tJMi.' cOrrtlsion :I!roducts. by the 110";111
ment of b<lc;te~ia bet_et;' the ).,.,,, (IO). .' . . . . .'~ 

Although the antifoulll\9Prqlert.y of copper-riickel .noys is well 
dOcuInente4, . the protective' ch....IIc:tedstics of. the eQIIIPie'i( iaye.:ts that 
are fo.--d on their sudacell coa14.be c1istor,.tec1by~, actjoll o{ J!Ii
crOorgan151115. The incOrporati.on. of organiC,...terial clos. 't,0the' 
.tal sudac~ causes 0~Y9ep relllClVal and 110 .ff!!cts. cathOdiC: .'re .• c.tiO/.'l 
control. Besides, the prod!lctilil" of t:PS. by'. the .iucroor9ani,s~!ftCidi
fies the trpspor't properUe•. at~e metal solqt~on illterpha$.C!JJener
atlng''C!Hfusional barriers. The1il1'fect, 9f biofHIIIS. on the '1IO~~lo
91ca1 characterhtica (Jf • the· 'different l.ayers of co:n~osionl'r<l!'Iucts 
c;an be notiCed When a' Co.p~risoil betVl!en .tal saMple•. im.,.ersed i.R 
..atur.1 se. waf;er pe! a.t;'tifici&l Saline !lPlutions is ..a4e(Fig•. 8 and 
9). A 'lOose structure of the<iut:er l.yer of corrosion. pr04!11:ts is ob
t.ined· "hen biofil!ilS· <!Ire present' .t the .tal/solution inteQlh••e. 111 
these co!>dltions .the .s1oughincjof the .protective layers 'COllle! be .. f ... · 
cilitateaenhanc:ing the risk of. loc.U:r.ed,.orrosiOil .t ..r.stri..ct';~ 
sites of the metal aurface. 
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~ 
RESUMEN 

~ 

~ .Este trab.ajo tiene comO princlpal f.inal1dad dar a 

conocar los resultados obtenidos can diferentes fOrlllUla
, ~ 
clones sumergldas en el puerto de Palma de Mallorca. , 

Se efectuaron .studios sabre hidrografla, pigmentos 
del fitoplancton, fauna bent6nlca y larvas de organ1&mosI 
adherentes. ,I , 	 Las pinturas ensayadas contenlan, como aglutlnante 
acrilato d~ trlbutl1estafto y copol1meros vinl1icos y clo, rocaucho y corilo plqmentos t6Xlcos Cu 0, 'rB'rO. 'rB'l'F Y SCNCu. 

En el lllismo se dlscuten las ventajas ydesventaja. de las, 	 2

ciferentes fOrlllulaciones ensayadas.,, 
SUMMARY ., 
Results 'of research on antifouling palnts summerqed 

in the harbour of Palma de Mallorca are presented in this-.. paper.

•t 
~ 

,t 
~ 

, , I
Studies on hidrographyj·phytoplankton pi9lllents macr,2 

benthos settling on PVC panels and zooplankton -are also l~ 
cluded. I 

Formulations of tributyltinacrylate and copolimers
vynll and chlorinated rubberllYatems,pigmented WithCu 0,

2 'I'rB'rO, 'rBTF, SCNCu, Fe20 3 . an4 ZnO and with mxtures of the
se toxics, were tested in a exper1llilntal, raf~ 4ur1ng. 1'2 
lIIr:mths. The adventages ~d disadveatages of 41tf,reM; 
paints formulations are discussed. I 

lNTROOOCCION I 
Los probl_socasionados par la corro.iOO y .1- .~.fou 

ling" en 10. casco. de las emba.rcaciones, per debajo de la I
linea de flotaci6n, se r••uelven sati.factoriAlllentecon 1a 
aplicac16n de recubrimiento. anticorrosivos y antiinC~
tantes y con una adecuada protecci6n cat6dlc.a. I 

Las obras sUllergldas eli el IllAr quedan recubiertas 

per 1II1croorqanismos. que. eli SU fase inlcial, .stin consti 

tuidos esenciallaente par bacteria., protozoos, hongo. y a1 
 I 
gas, . que prol1fer.an en 1m&S condiclones favprabl•• 4e1.....
dio y, pesteriorJDente, a1rven de sustrato de. f1jaci6~· a . 
las larvas de otro. orqanl.mos adherentes•.LRsp,r1lllero. I 
lntervlenen en un gran n6mero de procesoi evolutivo.'y,con 

su incrustac16n, degradan la pellcula de la plntura (pro

tozQOs), aceleran lacorrosi6n de los metales (bact.rlas', 
 I 
ae fijan en la linea de flotaci6n de las .abarcacion.s (al 

gas) y son la base de la incrustac16n en las obra. sumerq! 

dati (honqos y dlatOllleas) (POTIN et al. 1.982). Para'Su .11 Iminac16n se emplean pinturas en cuya composlci6n entran a 

formar parte compuestos lnorginlcos y orglnlcos blocldas 

con un espectre de actlvldad muy amplla y con una dlbil t,2 
 I 


I 

I 
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2 

xicidadpara el orqanismo humano, a la vez Clue presentan 
una qran ~sta,blli'd~d:a ial~z" a' 1a oxldaciOn y it la acciOO 

',' I 
_1 co2 , S02 ySH2•,Estes compuestos sc:mllluynumerosos Y 


'" 
 su.s9T\ipos functona1es muy'varlados, ut1l1tlhdose en las 
foz:'llulacio,nes ajainas, qid<ls~cOmpuestosde amenIa cuater

: ~ ,.'...... 7\';,:,-:":';:,'""''': "_~_- ',,--::.'.',,~ ,;.:':"; '-;)_'~ ,: ,; __~_~\ _ ,. 

uriO, ,c.,arbUat~s~ fendlesicompuestos 0:r;qanomeUl1cos de .. e~i~&:(~ 'pi~;'6x1~QUprcisJ:; iloeiaiiato d~ '~~~e. 'etc•• 
• " i' , ,,', • -. , •• i ," . " ' . 

ete•• 

$41~ vutoNtiiN' (1.963), ~ UQa soiaPintura no po"
. ;-', :t ,". :" _,~_ '.', .;':'. _ . - ", "" ..:. ~___ '>', _ ,- \:- . , 

cUan coaib1.D&.t.e 1& aeci6tianticorto.iva Yantiincrustante' 
debido a que, e,n 1& formulaci6n de lail ...g;;mdas~~. ~adl-

... an" eorapueatos ,,' inorqlnicoa de cObra', y mercurio qlieoCias1ona 

b~ la e~i:rC)~i6n,porac~16nei.c:tr~c.a.r.a apadd6n 
de io~'c~~.'~~ orq6hicoa t6X~Cos'~'i~ba, en ~rte, 
eate iDconvanlante Pero como, en lO.'pr1JlerOS~~ubrim1e!l 
tos, 1a pellcula'd,ebe P8z:manecei, t,naltel:abl.econ '81 'tiempo 
y, en 1~a .avundas 'a.to ~.•~cede~ c~ consCl~uenc1ade.u 

.. ~an1aiDo d~a~c:i6ft, i~pr~p~aci6adeun.a pintura que reu 
na ~.' ~roP1edades .; hace ;~Icti~amente lmPos1ble por 
10 que ae"debe' ~~riJ.>~ 1& obtenc'i6nde antl1nC:rUstllJ1tea 

que '~'~~Ziin un~ ac~i6nfi:mdamental' c:ona;a 1& probl....tica 
1:I101691c:a pero qU,al Is1SDlO tiempo,aumenten laprotecc:161l 
c:on~a .los fane-no. 

".
f1~iCO-qu1lli1C:OS

- .-
de 
, 

ias aquas.
, . '.- . 

... En 10. d1t1mos &fto5 ,adqulri6 una amplia difusi6n el ' 
empleo deresinU bioc:ida. t1po acrilato 0 Jlletacriiato,de 
tr1llletllestafto y tri~utllestafto. La forma de actuac16n de 

estas ".tntura..e fundalllllpnta en la b1dr0l1s.1,s de,la mollc!
"" la de pOilmero, que perm,Jot..a'dism1nuir 1a ruqosidad de 1Il 

.uperf1Cie~ 1a C'Ilal Se ':tenueva an contacto con el aqua au
Mntti\dose',' ~r' tanto,; 1. acciOn ~ti:incrustante (TORTA

IIO~, 1~981). 
; 

Esta clase de pinturas ensayad~s,por diversos inves

tiqadores '~RONSTEIN 1981, DAWANS1.982, PITTMAN 1;i9~,2 
presentan,se911n ARIAS et a1. (1.986) presentan una ae'rie 
de,ventajas, junto con una serie de inconven1entes respec

toa las pinturas ,coDvencionales Y a las llilliladas de ,cCin- ' 

tactQ,:continuo, constitu1daa por re.in.. in.olubl•• y.a

poniUcable•• 

l.it.. p~opiedad.s flaicudeJ,Os pollM~ de ecrilato 
y'lI8tacrilato Iloaoll, eDgenaral,' ,10 euUc1ent:aelit:4a .aU. 

factor!as ~a que ~ 10.f1l116qell~s obteni40. denUD t.liIiIpo
prolongado de .id..: a~t.1va ':,1..,pillt~a. a4t11neruaUn6l., 
.alva en elcaaode que •• apl1quen ell grand•••spes0r.-•• 

COn .1 fiD der....diar ••to. 1neon~.ntea ,-mDM$ (1.982) 

recurre ,a 10. copo11118ro. de cloruro yacatato de vinilo 
'. - - - .',' '. ,". \ .' - -'" . . ,

acrllatos 0 Jaetac:z.:llato~ de alcobllo y de acrOllltrllo. , 

, rl f, 

-(CB2 - C'-(~-C)~
II ' 
COOSDR3 X 

, I.,. AleobllO 0, FenUo 

Il'. Hidr6genO, 0 Metllo, 

X. H, Cl, C,BS' Of 

En este trabajo se astudia al corapor.taID1ento de 32' 
" I 

formulaciones de p1ntura. antiincrustante.en 1S da las 
cuale. se emple6 ac:rilato de tributilestaAo y enias re.
tantes acrllat.o y copo11ll8ro. da cloruro d. vinUo' y clor2, 

c'aucbo. Se emp1earon CU 0,'l'B'lO, 'l'B,~ Y &CRcu cO!lO~lQ.co.2
junto a estos tipos de lig~ntes. 

Los pol1merosbiocidas fueron, usadospor ser b1ode
qradables ya que en 'zonas fuertemente cqatamtna4as'por eu
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• 
~ 
Ii) '

• tJ;~Nca,£,i,~,~l d!~d!lo -d~ .. tJ;:ibutlles1;ai'lo,.:-l:!_vansforma en 

• c~lfJl.~:m~~g ffil,E!/ J)Q~~er.~ormente~ ~or ~ acc16n /l:lacter1ana 0• 
4 

,. 
 ·.P!lfJolJ.'r~¥?s:;.J1;ltfay1!{~eta"li1. ~~sc9lUPo~e, dando l\J,':1'ar a1 


~~9~:·;~Bp.a~~p~e;,~~xfi:?·, '. .. -H20'. \ CO2 ." DV-",1I1.;roor 9an1S!!1OS 

R3snx- (R3snt 20--::;.. (R2Snt 2C03 ,. S~02 


it 

.. 
... .') .. ~~f~~i~~;p~uesto,~~~rg..m~~ll¥o..& de estallo, 


~q~ eJ:)"~ A~;.~•.~~~CI' en. :l,?:S"lIOIIen~os ~Juales, par su 


_~1'; ~gi'\'~~1o~~r~~:Xat_~o,r~yi. la, fa~;~: ~ra': pese
it ~.~(qCIIQ.·~~;1~982,

'".'" :""~"~ " •• , ,-" ,.:.;.., .",_,t~', .. , ,~""_,, 
iICin.~~. 

...' .~_,." <.:- 'w< $. < 

i) ;' .... 

" 1fA~,;,~~~
it 

,_ ,Jd. ~~~t~ja,c16", Bobre e,l sistella de pinturas fue e-it 
,fectuado ~r"dlo'4e ia iDM:ri~i6n' 4_ 'p~ob4!ta. reeu.biertasi con una 'capa de 200 u de, p1nturaantlincrustante en una 

i bAlsa fondeada 'en' ~l 'P'l~to de ,.l.....de lla.llorca (f19. 1t • 
LAs placas se inspecc1onaron reg'ul&rlM!nte prestand? part!it 
cular atenci6n a la.foniaci6n de-AIIpOllas y qr1eta., ad

i COlllO a la pJ:esencia CIe ~ ~tesCCllU1iilades irla1.uItantes. 

Este tipo de exper1.nciast~ laventaja de que•it 
se efectdan Cal un control de . las condiciones f1s1co-qu11'11!

it cas y b1016gicas de las aquas, 10 que perllite obtener una 

·valiosa inforaac16n .obre el coaportallliento .de las fo.rllUit 
. iaclone~r.nsay&d.s.it -; 

it Sf,t' tOlllol.ronlliuestras de aqua de liar para .·ladeterl'll1n.! .. c~6n 'de aquellos factores ecol69ico. qua tienen una lIIO.y.or 
'1ni:i4enciaen 1a coionlzacl6ndelali probetas por. e.l "fou

it ling, se col~a.ron paneles'de PVC at6xlcos para ,obten.e.r 1!!, 

It formaci6n del·lIIacrobentos.y,por dltillo, se hicieron pes':' 

cas de'zooplancton, prestando p4rtlcular atenci6n al estuIt 
d~ las larvas de organ1sDlOs adherentes 

It 

,It , 
•
t 

I 
5 

Las formu1aciones ensayadas se exponen ep el Cuadro I. 

IRESULTADOS 

Los datos de la hidrografia y de los p1g..ntos ~el 

fitoplancton durante el pedodo.en el que .. ei.CtU4~o~ I 
las 'experienc1as s. exponen el Cua4ro II• 

La tellperatura estuvo cOllpren41da antre un II1nillo de I 
13 Ge, en el ..s de febrero, y UIllllXJ,.wo4e26 ,6 SlC,en al 

.... de agosto. 

I 
La .alinid.d sUfri6 escasa variaci6na 10 largo de 

todo el ciclo estud1ado estando aituados .1;. valoresilai 
tes entre 35,91y 37,82. . - .. 

.'- 'l. I 
Los estudi~S. d. los valore" MdrogrlUc:os .y denu

trientes no. perlliten 4lterenciu tre• .on.s.n ei inte

riordel iec~tOportuarior Una, en doride s. fonae61a bal I 
sa, fuerte.ente conu:ad.nada Polo eutroficaciOh .i.st.act6n 1;-; 
la sequnda .n donde -la contuiinac16n 41S11l1nuy. cons1d8rahl! 

mente (estac10n 21 y, por dlt1llo, ia zonacorrespond1ente I. ". .. . '. .'. 

a la bocana d.l puerto.Cestaci6n 3., en la que 1•• ~guas 
tienen un contenido ennutr1entes _nor, e. nOrMl 1'; COI1

centrac16n de'oxlqeno y Ills bajo el contenidode clorofi- I 
14s~ 

Las concentrac.1ones de cloroUlas y al .contenido de IoX1genodelas aguas en donde .e fonde61abals. no pre.e!!, 

tan una relac16r1 estrecha debldo a ~a los pigla,entos extr~ 
idoa .ran prodUcto de_ter1al detr1tico y, enconsecuen

cia los valoreadel oxiqeno disuelto estuvie.ron pordebajo I- '.. . 

de los que se debedan hallar con un plancton productivo. 


S1 se observaen la fig. 2, el ndmero de larvas de I 

I 

I 
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\. 

It 

6 
eii"r;lpedos qllarda, estrecha relaci6n con l,os valoresregis

:IHati'3%''':,liec'1:0!l:''6fila :!. S-ueoncentrac;L6n aumenta'E!lla'es_ 
ue16n 1, desde: e1 !!IeS de ..rso'hasta ootubre, 'Cob laQ.nl
ca excepe16n del mes de septlembre, en el que la i pesca de 
·!~l'i.n:eton file'''l.; il4s rlc'a .n'o:tgilillslilOs.,en. partlcular ' 
, (iot ld';~ia'b&ciir.f• .iencia.. ellt. t.lpode larvasy a los 
;'toP'~O"'" ' , ",' 

; "1 ~ 

Lo.<.:ntU:ji. dezodplancton (£1c;r. 3) en las estaclo
ri.~;"ils~lil4as aiIWstr,a:COlDcl el' ni1mero mill elev.do de ClrrI 

"pedo'si4i.p;'isent:aen la .st.ac16n1. En lasotralidos ••ta
c'i6ries 'la"yor lShUndancla fu.e d. Cop4podos.LosPolique_ 

,,"'to".;'AsC:ildiadOs"'1kmel:lbrariqulos','estuiri.ron reprelientados
"",> ~ -, ),,' ,",,, ",', , 
ae una' forma: pu.ja ell las tre.' .staCiones • 

. :}....:. 

I 
t,ai pria.endade l~.de otc;ran.i:.iiids adhet.ntes a 10 

1&1:9'0 elatedo el ••ecaracterl~6 p~r densidades etevadas 
b: Clrr1l*do.U'10s ".e.'demarZo,Abril, junl0,julio, 

I 
••phillibre'y octUb:tey, por 10 que h&ce referenci.a alas 
i~iU:i't1lri'qU10'.,10s' valCire's I116saltOs se elitiron .n pr.1.llla
vera '1 otoAo, .decreciendo en verano '1 flleron au'1 bajas en 
lo.restantes ..... del &60 (flgrs. 4y 5). 

I DESCRlPCIO!f,E! '~COMtJNtDAD INCROSTAN'l'E 

La C::Om~s!c16nd'el "foulln.c;r- de. lasprOl:ietas testigo

I e.tuvo constituida esencialmente p~r Cl1Atro tipos de orga
nismos .esiles: M1croorganismos, A19•• , CirrS:peelo. '1 Se.rp~ 
lldos; el resto de las incrustaclones .e encontraron s6lo 
'~~po~ldic"nte '1 -'" un· nomero tau'1 eseaso, babibdose claI - sificado alc;runos StlolOos y\ .b~idiados. 

La c~uriid~d' d~1II1croorganismos estuvo inteqrada, .I .prefer'e~te"nte~ 'per Ba~t~rla&, A19~S microscopica.'s, Proto 
" " , '. 

I 


-


zoos '1 Cop6podos. Esta comunidad se encontr6 durante la6
poea lnverl'!-~l '1fue dism1nu'yendo a iaedlda quese' fue'entraa 
do en la, primavera. 

Los,Cirrlpedosestuvler,Cln representadoli porel,/jIlne

to,Bal,~us4elc~l, ,se e~ontr~on ,las ".:L9'llentese"'cle. J 

!~ IUIIph1trite,!. eburneus'1 !.eerforatus, il1.,4iDdoel!1:/l'Q 
t.1.lla la Ill. 'Ilbundante. La' lnqrv..*l~;& ••toll otgblqo. 

,fue lntel1S1s1ma, ene.pecialeJ1'dpe~i.04oc~rendldo.n
tre los •••s de .....'10 '1 oetubre. 

IIOs Se.rp\Uldos .e encontraron 1I,\c;'U~tado.,abundai!,t.
JDente entre jul1~, y octubre, s1endo 1& ~.pecle doiDj~.nte 
&ydroides elegans. Esta 'comun~' ap&reci6 pr.t.r_~te 
.n. aqu.;U.... pro!Mit.. \te.tlg~"'J;914as .,. a61030 c:a.de 
la fuperf1cl. del'.~. 

\ 
£l. clclo,da ~o.oqanl"" J.Dc~tantea .. lnlc16 

conlolill1cr()Orqani..,.. en lDY1.l"DO, slpl.ron 10 •. C~l
pedos '1 Per I1ltillo par loa Sez:p\U1doa.LA. ~teMl~a 
fueron .~1IICtuAda., par.tanto, en 'uouagua. con una varia
ci6n es~lfica po~re, pero dec aria gr~ Intens1dad en el 
pedodo,e.tival. 

PIN'l'URAS AN'l"lIItCROSTAlft'ES 

Todas ias formuloiLCione. s. prepararon a ..c ..~ de l.!. 
. baratorl0. Las pro!:leu. util1zada. fueron de I'VCprotegl

aas con. una capa de 200 p de ••pe.or con lo~ ~ecuOr1m1e1).


to. antllncrustante. que •• exporien en .1 Cuadro l~ 


Elprop6s;to;fun~nta.\- dee,ste trahajo .ra el desa 
rrollo de pi~tl1ra~ ~tl1ncrustante~ .fi~a~~$~rala~· ~9u;S 
medit e rrlneasespaAo1as cuyos pllertos pre,sent<:m un,eleva
Co grado de eontamLnacl~n par elltroficac16~ y qu~,por las' 
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[ 

",.c,."'<'r. 
..,

Pi :) 
...... ,'> ,-:.;:,:> ;;""J, '7,''; : .:, .," :", ,. '. ,," 

Cl)nd.'(9i.9-!:leS US.lco"1ii1luicasde SUS aguas, dan lugar a qra
ve~ p-;"bbleiilas d~ in~r~~'~~ci~~, t:~nt6 'de cihgen/vegetal co'-: 
mo anj.mal. 	 .L: 

:;:~;;:- ,"~"~::; . :,':i:~' \'~;,:~'" ,,'ie .. -· /," ~ .. : 1", : 

, .. " ,,~411 e8t'!.dio.~~ afl,uenc1~" y .i"tipO 'de :t6iico~"la c~ 
. ,.·1.· '. ;. 'c' ., ...•,!,,! ' 'ii""' "$.c... .' ...." :, '.,:' ·.C •. '.. ;..... ... .' .. 

po.ic;~l5ni~l.~.ca~l",,~li!cuI9t au cOiapOrtam.1etito' trente "II. 
.~. - ... ~, ,,_r.. ·!h.'I ""':"),'01.: >.,.:"1.,.;~_.\ ·,,:~,.'''i .:-~ /'.: ", .,.~ .._." , . 

19;,f;:,qfi~,l.~!,4~f~t6' 'Jlre••nte."in' las a~.;del, puer
.' "', ~""",' '. ~ .' ." .:': '" 

to ..

" 	
.{ . '.~.' ::i . 

a 	 Pl9l!!nto. 'utiliU,dos 

It ~~c~en~. e~piefidc;lien laaplntllraa eriiayadas
it (Wlr()n,~~<? :(,"203 rc:OIIo t6Xi~~ scifcu, ,CUiJ, \rBTO' Y 11iTF... 

8i ~u~~ "e.i~'v~iQr•• .l~ti,acit.i1del -fOUlIng;'it 
reve],a que 1•• pintur'a. enaay-ada.' 4ietOn·i!xcelente.:t r.aul

iI t:&doa, ·tfi9ra. 6y7) e.elperlCi4o dedoce ••esqueper
J!IIl~~Ci~~9ll : .,UII8r91da~eft ·la. "~ondlci&ea ' hiihol6qleu y'Ii 
bi~l6gi~a~:~"u••taa~ ':, " 	 . .. 	 La. ilxi,,1aciGnde e.~.pit\tllfastue"l'.cieC::uado pa" 
ra evitarel ~CrOfoUl1ng i, ~iit.J:.' tl:lC!a. laa ;fo:rmUlaclonea 
ensayad.4a, la que di6 .-ejores re.ultados fue'la'nt1lilero 9,•tj encuya c~lci6n. el t6xico ..pleado fue el cu20, y laa 


j U; 13 i 14 Y 16. compuestopor CUlOY DTflCu20y 'l'BTO en 

l~ proporci6n1:1 y. cll20, TIT!' Y TlTO en 4 propOrci6n
if li~:*.· 

it 
Vehlculoit· 

I Loa tres tipoa de resina. elipleados proporclonaron 

{I vehlculOS' de buena r6a1iitti'nct.t, .de:f(cii 'apl1caci6n y e


ias'tiCidad.
•If 	 Les reedbriiaiento., cll~owMcU:lo estaba eonstituido -t 
,.. 
t 

,, 

.. S 

. exclusivamente por ac.rill1to de tributilestafio,- .fueJ;o;!l. los 

quedieron majores resultados. 

La.s probetas recubiertas por. p1ntura., cuyoveMcu

10 eatabacolllpuesto .por 8Cril.to ~e~~u~1,le~tAfto 'I por 

10. copolt-roll de vailo y de cio~.\lCbOpre.ent.aJ:u!Aau 
'auperficie 	recubierta, en g.neral 4e. for:- parcial y, en 
alquno. casostotalmente, por 11l1JOa, baCteria., fitoplanc

" . 	 ',' ' , ",' -. 
ton, zooplancton y o~o. II1crOOr;9~8IIO.'~.IIJ;'OJi!Qrci6ft 


entre amboa tiP.ls de resinaa no fue, P?1hl.....ye, .~ ala 

adecuado para JlW!.ntener e19rado 4c!t ~fectiVl~de 1,a, .re

sina.• bi9Cidas, que,comoPIAS et al. 1.986 lIiIMtienen de 


, '. .., ' ._ _ _ , t",,' ""~' • _ :_ 

ben aplicar" en' capas de.aayor·groaor ,COD el. fLn ~ CNe 
au l1xiviaci6n' ..a la a4kuada.i uyorU8IIpo poa1hle.El 


1IeC~1.." c!e~c,i~n de eat:. ~ipo," p~tUf~" ~ en 1a 

~~61,1•.1. de,l ..crilato q·tr1but1.le.~.y.,.n.l Gp"~


to con.tinuo y di.fuai6nu 1.., vi,ftfllcaa y_ 1&. <l8c19r ,2 


caucbo di6 luger li, que '.. depoai~..n .lIObrela ~r. 
1,.· 
auperficie de ,la placa la·. ba.e 4tI Uj8C.\.6n .~1, "'c,rofo\l' 

ling_ 

L4 formac16n de copoUaeroa nodi6, por el· iaoaento. 

10. resultadoa peraeguidoapue. ,.au c'*PO~~t.o&J\tUn

crustante es ligeraJllente aferior deb140, po.iblemente, a 


laproporei6n de I~. tipo~ 4e reaina. empleados' 
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BIBLIOGRAFIA.Cion~s durante' el ~dod~ de tiempo queduraron estas ex: ,t ~ per1encias. 

.l\.lUA.$, E••.,J. H. SQIJSA"J.MORAx:,ES, r. Vtv:ES y ~ .', ~1J.;:
1.986~ _~tadon•• biol6q1C.,s:en el:p~r
to a,viil;UlJev" rqel~,EQ.e.yo.pU!l.U

I prevenc:16n CQIlptAt'ilr&l!l w.ntifou1ii1.9w .', !!t~ 
'Tk. inst., In!~ .~!S~~ 1f8 134, 1-24., 

'0AWl\HS. F. .-1.9.u~ Lea pe1rit~•• a..r1Ji•• anUulia.Qt••I a bU. de ~i"'~"or9UO.tUniqU.~ !fl , 

l 

r 

, 

r 

.lnst. ,rr•. Pe.t., 37 ('h7n~o7. ' 
. ':, . : . '.. . .... 

KB.ON$DIN, H ••- ,1.981.'t9X1crelus.. f~.pPU..ailimt1
foaUnV' P,Un~'.2U• Coat., ,,'l..t~Ch"~ .44' ' 
363-UI. 

I'IT'l'MAN, Cb. Jr. y •• K. L.I.II!'D.- 1~982.P~liainary ,eva
1uatiOll. of tM'bio1og1Ca1, ac:t1vlcy of po1y- , 

..r. w1th c:beiI1callybow)4 biocid••• i,.£!!.$.. 
'1'ecbDo1., S4 (6;0), 41-46. 

PCn'IH, CR., A. 'UUltDEAU yeM. BatJIIEAU.- ",9U. ro1)'1111r•• 


l propi6U. bioc~••• ~~ Peintur•• , 

Nil 3221 269-282. 


. 'rORTAROJ,.O, L•• ';"1980., "cent! avllupi.dell. p1tture ant1~ 

,geUtive.SocieU V.rulcl ]:ta11&O St~diu'd, 

,45 {lh 133-136. 

vaN, LONDEN, A. H.1.963. A study of ship bottOJll paints 1n 

particular pertaining to the bahav10urand 

action of ant;1fol:Jl1ng paints. '!'NO, Report 
S4 C. 

http:P,Un~'.2U
http:anUulia.Qt
http:w.ntifou1ii1.9w


- - - - - - - - - -	.. 
CuadJ:o II Clol: • a 	o.ns .6p. 430Nitrito. Silicatos , Bst. . 'rae °2 S Fodato.. 	 -. mMea 

,,!'~ 3, t~1,n a,u ',12XU 1 1h2 . 3,10 37,26 	 2,86 2,00 .3,09 
16,4 .. S~Oo 37,42 0,65 0,252 	 -~.-----	 2;993 --- ---~-	 0,47 10,5.1 3,20 

. 13~2 4,72 36,64 0,91 	 2,88I 1 	 0.15 . 2,16 3,"0
2 13,2 :-. 5,54 37,24 0 --- --3 3,42 . 3 ~ 19 ---- ------ --	 2,750,20

II 1 -13,2 5,28 35,!U· 2,47 	 1,56 3,240,04 2,77
2 	 fl,G 5,5' 37,42 1,1t 1,55 3,40

1,25 0.,03 0,45
3 	 .U,l 5,67 37,59 2,854,40 5.,.542,23 0,4015,4 	 4,38 37,25 2,87III 1 	 1,05 3,90o,n 0,025,71 37,48 	 2,812 14" 	 0,90 3,02 
3 14,5 5,88 37,68 3,20 0 5,41 3,0( 

IV 1 16,2 4,60 37,34 1,H 0,37 2,94 
.6,8.0 2,7BO,O( 0,94

2 	 16,0 5,31 37;57 .1,0' (,13 3,00
0,(8 0,08 0,06

3 	 16 ,0 5,52 37,83 
3,20 0,23 4,35 '. 11,66 3,n 

20,4 5,07 37,53 3,02V 1 	 2,26 4,04'0,09
2 	 20,0 6,00 37," 2.63 1.55 3,940,03 1,83
3 	 20,2 6,67 37,79 2,39 12,05 . 3,320,13 0,30

VI 1 21,5 (,85 37,61 1,la 	 0,17 4,50 3,14
0,41 0,12.2 	 21,6 S,79 37,63 3,38

21,7 5,29,37.67 1,15 0,07 0,13 2,39 
. 3.39 .3 	 21,1726,3.. •· ... 60 37,63 . 2,55 0,19 2,"3. 	 3,50VII 1 	 2,07 0,19 1,91 6.63

25,8 	 5,31 37,55.2 	 0,07 1,82 1.81 ".03
25,8 	 5,52 37,73 1., .. 03 	 22,a7 2,98 

VIII 1 26,6 3,95 37,61 0,44 0.06' 5,23 
7,33 3,190 3,6626,14,81 37,71 0,61 .2 	 3,23 3,480.05 3.0626,3 	 5,41 37,82 0,113 	 5,86 16,47 3,13

1,53 0,"3
.IX 1 25,S 3i33 37,"8 	 8,56 3.n0 2,3'2 	 26,1 4,22 37,60 0,21 (,8( 3,110.,05 0,89

3 	 26,1 (,85 37,67 0,1' 

Cuadra 1 

FO.rII1u1ac.lone. enaafad.. en e1 puerto de Palma de Mallorca. 
5;Ngde las ,Intuua 2. J 4 , 7 .8 § to 11 12 13 14 15 16 17 18 ,

SCN~ 18 	 t 6. 
cu2o, 18 9 9 6 15 
'!'B'l'a; . ta .9 9 6 18 9 9 6 lS 
'!'BTl'" 18 " 18. , 9 6 18 , , 6 15"" pe2~j; 	 14 14 H 14 14 14: 14 
ZnO ;1" 14 lQ 15 14 t4 14 14 14 H '14 
D1so1vente 'c. .....8.: 48 52 ,4.7 48, (. 48 48 48 41 41 48. 48 48' 48 48 48 (8 
Acrllato 60 "~'I XUpl, 18 18 11~ f8 .tI '18 18 18 18 .18 18 18 18 8 -8 8"8 
Vinyl1te .30'~U.l.Ol " 	 8 8 8CIO'rQcaucho 301 ¥l-. 
10'1 t~j 

Tlt.1xogel 
" . 2 2 2 2 :2 .2 2 2 2 2 2, ,2 2 2 2 2 2 2 

TriCres!lfo;f.Ato ". 5 5. 5;!,,,. 20Ng."de las ppit)ir.a, 2i .,21 1~ 2f 25 '26' 27 28 n 30 31 )2 

SCNCu 
CU20 8 8 ~ 15 8 8 25 10 10 
TBTO ,~ 5 15 8 10 20 10
TBTl" 8 5 15 10' 20. 10 
Zno ..' ,·14: 14 14 1:'4 14 14 J. 10 10' . 14 14 14 
DisO'IVente~,:<(I .1"".8· ~8 4:& 48 41 48' 50' ..0 40 36 36 36 

1. • 
Act1lato 60>t.~lQi. •• 8"\ 9 , , ;, 8 8 9 , , , 9 9 
V.tnyI.Ue 30;~ ~1~1.:. ,8, a8:"CIO'roeAucho30" X1o:- . 
10'1' .,.' 0" 8 ~.~ ':8 8 8 9 , II 9 9 
Metil.ster·dubl1uuna 5 5 l 5 5 
Thixcigel " .(1 .,' 2 2 2' 2 .2 2 2 :2 2 2 2 l 2 2 
Tr1.CreSilfosf.,:· .. .. 5 	 5 5 5 .. 4 5 5 5 5 5 5 
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Fi9. 1.- Puerto .de'palma de Hallorca en donde se efectuaron los 
ensaYC?8 biol6cjicos de control de l&a pinturaa. 


Fi9'. 2.- Var1aci6n e.tac1()nal de 10. Cirr1pedo. y de 1& clorofi 
la ~ a 10 largo del c1c10 ••t~1ado. . 


Fi9'. 3.- Coapo.1ciOnpor grupo. del aoOp1ancton .n 1•• tr•• e.
tac1oDe.. . 

Pi9••• .., Var1aci6n ••tacional de 1<* C.t.n-lpe40. en la ••taci6n 1 • 

Pig. ..- Var1aci6a ••tacional de los LaMlibr.snquios en 1a ••ta
. c16a 1. 

Pig. 6.- Estacfo de a1guna. probeta. al f~lII.rla. e¥perien
ciaa. ' , 

Fi9. 7.- Estacfode la. pzobetatl en cura ~1c16ri .-pl• ..,. 
acrllatO detrtJ-ti1••taao y clOrociaacbo. ...~:. 
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PINTURAS ANTIINCRUSTANTES DE MATRll SOLU'BLE 

f 
. TIPO iLTOESPESO.R 

. VIc-.n .. J.D.· It..do, Carlol A. OI6d1ce Y ildtrlz .1 Amo 
" '.'.' ,c·o • '.' " '. " 

I 
t 

ClbEPIN1" ;i.C.ntN»'de Inves~·y pesarrol.1o en 
. Te.c:nolog;r.de I'intuA.(CIC-CONICeTl 

, " ';. 

·ABSTRAdt:.:. .. AntlfClUltng."'Ii'!~ of 'the..hlg~bulkt t.y-pewere studltd· 

81~ .~ . prepared .~thWW rOsin, IIIlitg dllorl....ted,.-ubber grade 

16::. titr~u""tin94Isso!lit!on 'r:-ate~Cup':OU~~!~ ..,a. -employed a. 

~"iC:a'c1t anc:tqstor.oIl··~. ·'r;heokjglcaladdltlve,. Raf.t""I.· perroniled
t alcirigi'.25 iiof\i"perml,ed.to .."'1:>11.... * l!IIportlntrole of· fUlII"'lck."~

onbiOllCtlvlty~ , . ' . . ..' ... ." .. ' 

t al4'TRGilUCtIOI( . 
.uI corrosi6ndelli. _trudura, "~llQs sumergldil. enagua·

• I!Mir ;'.yllis lr¢o.stac;:iOnes blol69~~que MI ~ltanlObre .lIist 
. mis•• ob.ligan a:enca.·r:II ....f. i,.P:8r~~,tIi 1Ii"IIIII~q :»::_1- -.ntcln.. .. lm.l.mto 

de Iosca~;4e_mba~. I!poyosdeestnktu"s (uera de f;OSIta,
·etc. ........ ,_.,: . ...... . ',".. . 
,r ...' Ej q.,hKhIi:CQI1OcIdoJII Inftl,JeOClaque·eJer:cej~ Incrustael6n de 
los orgiliillimcisdel."(oullng'" .sobre .",:Concl,li::~sOpe...tlvas de 101 
buques, alwrandolac:ontlnuldad i:lelrevestlmlento protector, aceleran
do .101. Procesos .de {cprrOlI6Jl, ,YProvocanclo una _r..... de ve*ocldad 
o un aU,lllllntodeconsulllO • ~bultlb"pc!t .. 'rugo'ldad. que produ.,. 

l 
QIn. 

La ~slc:illdderesolvel" ,..te prob_ delli,fol"lN_tU. erectly. 
pos'ble'IRlpul~ ",1n~t,lgacl()!Ms a ,fin de9~tenerproductos de Ilrg. 
vida 6t11, ~tlbles '(.0/'\ tosaspe<:f.Os eco~I¢os Inyol~rados. 

Una .Pintl,lf..ntnm::riistanteefklente .~~ preven,r.1a fijaci6n 
del-fo!Allng. durinw "PIGS prc:llongados 11-6]. En. un.producto de 

t 

,• 
 tipO matrll. SOluble.. iii . vejocldad ·.dellbC!r1If::l6n delt6iclcO, que define 


elpoder.blocldil.~,p~ •.,.tcOntrolliC:ll' tant9 par el tontenldo dedi

the .susUli'K;ia. en,,,'pel'Gu,, a,no.ml;lien.parlil veiOCldad de dilOlu

d6n dellimatl"ll:. 'Et c:On~nldQde 'i(,xlc:o: .pUIidfi' ser v.rlado entre . 

Iflllites muyampllOs t 1!'pl6tur~ miinttin:dl""su efectlvlc:tad sl Ie ajus

taO)r;nlCtalll,,-ntfllll vekic~~~ de. di,$oIue~ del IIgl\nte. De esa nrane

ra sa: -lograr4 dlsponer~rie Iii superfiC:te de iii pelfcula Ia concen

trllcl6nde ,t6xJefI reglJerlda.pi",. repek,. ,",.' larvas del ·fouling-. 

Estud~ pAvlosi'ea1i1adOs IObreeste problema ,(1,8] p.,rmitleron•I; 

• 

f 
t 

Uegal' a la ClIOc:lusi6n que pinturaseficaces y mas cpnfiableslncluy:en 
ligantes ~alta Yel9Cidad de disolucl6n en agua de. nrar~ Slne",bargo, . 
para perl'odos prolongados de_ inmersi6n, lapelfc:i.da se .goUi parelal
mente .. y calrderiu. verlflcarse el procelOde f1jac:16n de organl.... 
Incru~~...te.~ . . . . .. ' . '. .... '. ..... .. 

'. Un aUnMmto de Ia vld!l6tll~....tGs ~tos_.~:~.ra~ 
apllcand9 ·!An .,yor. _pe.." de pel~" plntura ..tI'~f!tante 
(p. eJ. 100-12" II.) en IUSJllrdel...~_p~hllblw,.I"n~(5o- . 
6011111). .E$tAeJH'ClP{lslto .~9b~-~ .....~ nfiiM..., :die. 
lIIo1IIi't9Ideunpro'duct,o can~ O~"""ClP' deptntu", .•tt.f.r'i$
pica (·...~bUlld"'J ~ . '. " -:< ,: . .' _- i . 

." ~. lncoI'p,rad6n de lin Ha~Vo nlClt6glco .. I...... lapl!'!tu;"PfWi.... pilrtlq.tla....... Ioql,lfl~~lqgrar'un~. CiOI) Atlli 
factorIa ~11Itenct. al uclJrl'lilllento dUnln,,1Ii .p'fCKI6n~ qw prapor
claM.•lto espesorde pelrC;U1li par .... (y en~:.", pKIiIIr 
cubrltlvo). IKfec:uaclli nlvelad6n. buena. ~ •. pI"tIIbIlldad 
y corl'WCta adheIl6n.· . 

EI. objetIvo .deI pI'1IIen.. ' trabajo .. ewluar iii Il:tftLll!ll1Cia de dlver-A. varllibles de ......1Iicl6llsobn ,. poder bIoc:lclli cia ... tlpo de 
plntura.~en NIacf4n CDR,.' de prod~ cia ~ conoddo. 
riOtixotn1plc:iN...tudII!..\prev.......~. 


'\" . 

PARTE EXPERIMENTAL \, 

, 
.. ~ 

http:tos_.~:~.ra
http:lapelfc:i.da
http:reglJerlda.pi
http:preven,r.1a
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Preparaci6n.de las pintw'as, '•I 
__ ._ i~,n,-,~'~~·~~~~~;s~)i'v~. cjtx;~h,,~Ii,.illolino de 

bolas de 28 'Iitros de eapaeldad total. a;ustando ~s..~Mti:;~~.s operatl
VI!IS de IIIQdo de Iograr una buena dlspersl6n de 105 p1"!rlilentos 112,13) 
rfltude~'.r;'mrrilniit'>1a "te8tC:161V entre .r 4c:ldoabl6UcOde la resina 
CCi.oldfllliytcis aHilp~it'O"·'.'c:Iri¢."·c:alelo r 'CObre (Cu2tJp~llII6te$( It. 15). 

..• 
C·:'>'<" ... ::.·:-~;'l.." ·:t;-::;-.:,,~·<~':'} 1::''\.<;:';:-·>.':~ \ " t'<,J" ....., ;.,'.',' ~~,_'., ,,' ,"t . ..~~ ,"d~tl.l(9,,-,~~~-f~.I~~r~:!,:.,~~.uOll.~ las muestra. 

.,~".fg'1IIJ., d.!,J",k,I~!dI!.fl~lIz~ ~ ~C;iI.per~T~nde ..~plgmento•• 
La op6rael6rl .. liev6a cabo Hen uri equIPQ.,~jll~VelOCl~, termos
~tlz.ndo .1,.11..... a ItO-ItSoC. . .,. . , 
:.' • '_',~- ,_-;,.;~.:,;, ,',I-}." '- ..~.f.t ..yt<.. j :-,',' ,T",:. ,.' . ~;;., ',",; ;.:( _'.\~' ,_" .. ,._.~ :' 

:.' .~I .. g.~1. If/MI ,'p.~•....'r....~.~.~,.....,~ .... ~ ... .. ..' en xlleno.... ...~~ .. n.t.,,,.~..,,~r"",dO:.}it,,.a.'.t.t.,v.Cf05 ~ .•n.:~);~I,m~ ... ~P~iC~. CJe,.:U~;~~f",r;:~q-,¥.~d. Y traba
jal1~ a,.~II:::~$~C. ",S"" 'lcan.~l!'r,una.!tr".ctur. ~1~I~Les~bl•••I •

•• 
. .. E~".;os' de tnii*;Si6n 

"'.~ ~-::' 

'. 'Ur· !dif:lllGr~d,'htlll'icr\i.t.nte ·c:i6·lal ; moestra.iI.·(poder blocida) fue 
evaluia.','i!1·"til Ndlo natunfH(agua· de'IiiI"),, eaipleando fI'Ira tal fin 

':una- ~'''IA·.xperlmentilll;·-llfl .plntura. :conc·...,.Yol" contenldo'-de t6xlco 
(25,3 'en peso) fue~·enAylldel:'.tiliDbl'nsobre"Ia·drena de UN 
embarcad6n de Ia' Armada Argentina,. 

•j 
r Para Ia .xperlenela en balsa se uillli~~· CniI';'sc:k!: acero SAE 

1010, arenadal a grado AS. 2f·. (~J~, Q.5:~.9 ,~~~~7J~ +OS. paneles se 
protegleron con UN plntura anticorrosIve (l20--1501i m de pell'culei 
~J. y!..un . s.ellapor . (ltq~$g_ "!!I), a!!l~. c;te ,~cac;:'~t comprobada en 

.. r; 4!xperl~la$ .n~et;lOre.. $ciI;ire. ~1~tal.:f'lnJ"~.s· ~.p'IIca~ Ia. dlfe
~ntes m~~ra~c' ,,~perll.M1.n~(es~ .cOfl:.~ip.sore:$ ..~..1~O-UO, \I m en el 
caso de .1ol!p~ctQS tlpo alto .'P!i:.sOr Hcapa) Yde 50-606 100

. 1.20 i \I ai Jle9l1n'~ ,n6mero- -.:se, Ri!i09S) ..~.. el.~.ta, plnt~~~s;.convenclo
OIIles. EI tlempo de secado·entre _no. fue de n hOiai. deJ'ndosei transcurrlrlgual lapso luego de Ia CdUma C8pa, antes de Ia h'..rll6n. 

I La &al.s. rue fon~da en Ia BII.e Nav.IPuerlO Belgrano (laon's 
Y 62·0~.· Wl. ,~ Ciilci:!I-IdIc:lones hidrOl~lcal y' blol6gtd.1 conoclda.
(16-1a). . -. . . . ..j 

Lasins~l~s". reallzlliqn a sOs .1~,. 26y .36. meses, lapsoff en el cual atuvleron InVOI;'cr.ldoS.. trel perrdi:solde Intensa a«lvl
dad. blol6glca de los organlamOs del '·foulingM (primavera-verano).i) 

hr. el ""'-l(O en Htvlclo sa pr~'6a lavarcon !l,9ua a pre
~. 116n1a·· arena' de . Ia' eftibare.c16n Seiec:donacia'. A ....lIzaron retoquel 

en diverui zonas ~. plntura antlcorrOslv.a y luego se apll«- UN 
_no. del . selledor.: Ambo, prociuctos'tenran compollcl6n similar a Ia 
de 101 apllcado. en ..,.. panales de Ie bIIlsa. 

Las zoria~ plntades (P.rleles de 16mt , "<:ada uno) sedlspusleron 
a ambos costados de la carena. desde Ia Irnea de fIotaCl6n hasta las 
alelas IIntirrolidO. En. ~",Ielo 1610 se ap'lical"on. las formulaciones 1. 
1,5, 6. 9·y 10, UXotr6p1cas- Y convenelonales •. En el primer caso 
lie' utiliz6. soplete .tipo .Malrless,M y en el" segundo soplete con alre 
comprlmldo; en ambos casos Ie operael6nestuw' a cargo deoperadores 
expertos yel tlempo de secado fue similar al de los paneles de la balsa. 

I 
Esta experienela en servielo se prolong6 'durante 2S meses. durante 

los cual<!s la embarcaci6n naveg6 en mar abierto 0 estuvo fondeada I
en un lugar pr6ximo al de la balsa experimental. 10 eual asegur6 
similares caracterrsticas en cuanto II faetores abi6tlcos y "foulingU , 

RESULTADOS I 
EI comportamlento de 1111 plntura. antllncru.tantes fue evaluado 

mediante. Ia escala da fllael6n yli mencloMda enanterlOr.1 publlcaeio
nes: II. luperrlCle .xenta de Mfoullng·;"~, lllUy poco; I, poc»; 
2. escaso; 3, regulltr; 14, abundante; 5•.•uperflcl. CIOIIIpletlimente 
Incrus~. . I 

Los valores de flJacl6n JQbre los panetes de:.. bill.. 0 sobr.· Ia 
C8rena de Ia embllrcacl6n se Indican en ... Tablal II y III. respectl
vamente.· , 

Se consldenS el valor 1 (poco) como el _xlmo admilible para I 
callficar una plntura .oomo de bIoactlvldad Kepwbte ('0' de .tI 
elenela).· '. . 

En toOos los. C8S01 Ia. observaelone••• COIIIPle~ron COn reglstros 
fotogrificos en cOlor, \0 que permlt16 CDlllparar 10. resultados obtenl Idol en Ia. dif.rentes .tapal. y unlflcar .1 crlterlo de C8l1fidlCl6n. 

En eI enAYO en bIIlsa. luego de " __ de Inmerll6n.' los resul
tlic:ios obtenldol Indicaron que .1 espesor de. pelJeula hl!bra Influldo 
decl.lvalr.eflte en el CIOIIIportamlento de Ia. forMulKlOnes. UI .....t ...s 
tipo alto, espesor y lal c:onvenc:1ona1es apilcadilicon elpesores de I 
100-120 "III cumpUeron con los ..-querllllientos del ensayo (fijael6n 
o 6 0-1). mlentr•• que las itlUmel eltade•• cOn espesores de 50-to lilli, 
manlfestaron un poder biocide Inferior (fljaci6n entre 0 y 2). En el 
caso de los productos- elaboradol COJI IIgantes con una relacl6n resina 
colofonla/caucho elorkdo 211 y 1,511 (mayor velo!::ldad de dlsolucl6n) I 
y con' el '_r espesor de pelrcula se notaron iGNI.1 de CIOIIIpl.to de.
gaste, 10 que permltl6 Ie fljacl6n de "fouling". . 

AI cabo' de 26 mese. de Inmer.16n .. Influencla del ••pesor de 
pelreula seacentu6, con fljacl6n" Senllble.."te _yor .n 101 paneIe. I 
c:te menor apesor y fundamental..nW.en los. prociuctos con _yor 
veloCldad de dlsolucl6n (relacl6ncololonla/caucho elorado 211 y 1.511). 

Se debt! re'mllrcar que en el caso de Ia. pinturas tlpo Mhlgh-bulld" 
y en las convenc:io...les apllcadal. con .1 .spesor NS IiIto, en tOc:Ios 
los CllSOS se obtuvc) uri AUsfaetorlo iJ9der antllncru.tante (0, 0"'1 6 I 
1). . 

En Ia observacl6n Rnal. (36 mesel} de Ia .xperlencl. .n bIIlsa 
se puc:io constatar que en 10. panela de plntur.ICOnv.nclona~s con 
mellOr espesor de pelreul., Ie flJad6n tabra au.."tado .Ignrfic:atlva.men I 
teo u.smlsmasplnturas, apllcada. con un . .spesOr de pelrcyla'de 
100-120 II rot mostraron. en Ill~uno. Cilsos •. elevado poder bloclda. ~I 
respecto se deben cllar en primer tirmlno las. plr.(uras 1 y 2 (mayor 
relaci6n. colofonla/caucho elorado. liaayor c:ontenldode t6xlco). Ie 
~uldas lueso par lasformtllaclones 5 y 6 (relac:i6n 1/1 y mayor conte I 
nldo de t6x1co),que tamb.lin cumplle~ el .o,.yo (fliaci6nG-l 6 
1). '" 

I 

I 


http:CIOIIIpl.to
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·En ,I ensayo en Ia,Carenadel.. navw. de la Armada, tljnto en las 
plnturas tipo "high-build" .comO enJas formulaclones col')i.leneionales 
aplkadas con espeSQres de pelrcuta de 90 ~ 110 11m. se qbserv6 buen 

J 
pod,r b,.lockfa._;J.ln.fljac;l~ 0 ~ IIIUY RQCcr"foulln9" (06 0-1) luego 

.de 25 meses' de Inmer$16n. Ni), se' regIStr6; Influene/. c:.te nlnguM de 
lal atral varlab,1ei conllder-dIIl en esta atUdIo. 

CONCLlislONES '. . . '., ... '. .'~ . . " . . 

J 1•.·,~_I QlIO de Ia. ".po,...n" tnfluene,a delapesorde pelkula 
lOb... '" 4ilflc::lencla de . las .. plntUnil. fundaillentalmenta en aq~lI.. 

I 
forlllUf.clor!js'.labQradlllcon 101 liga",* de. mayorvetoc:ldad de dlso- .. 
luel6n 'i(re!f~sciolofon"'Clucho dorado, 2/1y 1,511 en pe~) a 
~rlo""rClr lat...~ncla" de! .pleo de, ....plntu,..s . tipo 

I 

,-high-bUlld-. Eltal' forlllulilClones'·. pinnltJe,nIft ·obta.,.r ·ape.-' de 
pelrcula ~ct.e 100 - 120 1t....CIDI'I una 1IOIImano (apllcacl6n .lllama' 
alrl...}. 10 :cual ..-pr'e$enta una ~nta .ec:iOnoIIIr. de mano de 0b.... Las plntu..., forlllulada.' ....ulilron aptal pa.... Ia prevencl6n 
delallncrustaclones bIot6!:tICllpor ~ perrodo .... nlmo de 25 meses. 
no hli;1U1ndo,econtlnl.l;l.do II expeNnda .pOr Ia necesldlld de entrada 
de la.ban;ac16n a dlqueseco por prOb.-1 alfinol a Ia pratecd6n 
antJlncrustanta~ 636·..... enbal.. (ensayo'".Uc:o), .En 4111 ClIO 
ct.e.lal.~tpll. 2. < 5 Y 6. deKUer:dO a .. espesores r:emanentes 

I al final' de .. ,experlenCla, aabrfaesperar .f.,ctl". IICd6n t6xlc:aduran
.. un 1apIO_yc»r. , '"', " , '. . 

2. '..., va,.lables yeloddad' de, dlso.lucl6n del llgante y contenldo 
de plgmento son IlIIportimtes. La prl..... por ,c:uanto lIS factor deter-' 
..nanta de Ia punu- en libarud dill ven4!II1O' alpecto;~nclali" en 
cutnto, al"poc;Ier ~Ic:ta dela pln:tu... y .1 lap•. de ..ntenlllliento 

it pro. unadel IIIlsmo cuando Ia; iIIllma tuper'flde lumerglda en 
4111 mar. La Clntldad de t6xlc:o tamb".n tI~, en, ultima InlUncla Impor
Uncl_. con ...~to al tIempo tobll deprateCcl6n (un contenldo der 
20 , 	.~ laplntura.lgnlf"lCI!_ un c:OmpromllOi:atonable entre ClUdad 

I 
 y ~ra). ' 	 . 


3. La,s plnturaltlpoalto apesor tormulldal presentaran buena 
rell$te~" al escurrlmlento '-sfsglng-) .durante Ia apllc:acl6n, buen 

. nNeraciO de Ia pelrcull y ac:lec:uadas clrKterfltlc:as de pintabllldad. 
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COMPOSICIONOE LAS PINTURAS ANTU.NCRUSTANTES 

.'~: < , (91100 9) 
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.Colofoilla ........ .- .... Ii 13,1 1',. l' 13,. 11,1 12,1 IS,' 

.'tij~ho ~do ·t,~;~~ ,';~ I. J ',I ,r'· ',:1 . 10,' 

3.5 . ....,~5 '.& 4.1! 5,3.f'tra~~,'~,'!. , ... t:. .' •. 
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(Il) 	~s pintu"'••ntllncr",ltllntel tlpo -high-build- H elaboraron con 
c;a~bo dorado grado 10.y 2.0 , de adltlvo tlxotnSpico; las pintu", 
.ras antllncrustanles. corivencionales H' preper.ron con caucho c:1o
rado 9rado20 yl.0 , de aditivo \'eo1l%:1.cO~). 
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1'ABLA .111 

FIJAClON"DE -FOuLING- £tUA CABa:NA. DE VNA EMBARCACION 

OELA AilMApA ARGENTINA 

i" (25 ..... dfi 1,......!6rIl 

.! 

Plntllra........ .1 2 .5 , I let 


PrOduc:to··hi9~!;Iulld· : .. 

Babor•••• ~.~ ••••••.• 

EstrlbOr. ~." ••••:~<.~.. 

0 

·0 

0 

0 

0 

0-' 

..i 
hO 

0-1 

O· 

0 

0 

·Ptoducto,con~~I: 

Elebot.....'.......... ". 0 0. 0-1 0 0-1 0 

Estrlbor•••••• "••• ". 0 0-1 II 0-1 1.;-1 0-1 

EI HpeIOr de !MIkula sec:av.rl6.ntra. ,0 y 11QpIll.. 
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SECTION Il 

TITJ.F. I TITULO ~P.ftQ~T.qi;.~~.~!I?~~~IHEsCENCE DAlIS L'INTERPRETATlON 

0&$.Tm'$.~ .~~U~TlQf:!..qi;.~~~Tfi~~<;~DES SPEClFIQUES DES. BACTERIES 

$iJ(';A'104~ICis. 

~£ I ,~II~ ~W\-flV"'IH••••..~ET Paul 

oitc.MIlZATIQN I OIl.("..VIlJ;ACUlN fiQCtnE NATIONAL! ELF AQUITAlNE 

f'IWICE. 

·AIStiAcT I ·1l.~SUHEH ,. ................... ,.. "'. 

l'i\.tbe 011 J,ndll&tr,y, conventioruol tests for selectin& aulfate 
~1n& bac;terlabllcterlc1des are often affected by uneasy to 
analy~ ~~i1n. 

Blo1UlkinellCence used as a cOmplementary technique in re.sult 
-interpretation Nde it poasibleto. explain IIOre Occurately 
heN certllinbac::tericidesoperate and to establish our !lel~tion. 

WOlUC i COMIENZO OtL TRAli.uo 

La eor~~on bactiri<i!f\M! par bactiriea sulfato-~w:tric::e (SRB) 

estune dea 'principales causes de 'la degradation .s installations 

d'explo.itation des hydrocarbures liquides et gazeUlC et d'injection 

d'e~u(partiC:ulil....nt d'e.u de -r). La lutte contra COlIS 

phenOllfr1ea eat. &6n~al...nt eUect;uee au lIOy.en de bactericides. 

CoM~tenu·de. qusntitia utiliseea et des risque!l encow-us, lOll 

choix. des additUs .. utiliser eat f.it par 1Ielection en laboratolre. 

Toutefois, lOllS C""Ult;1!ots obtenus .sont, souvent, entach6s d'anoaaall:es 

que l'utlilsatlon de la biolwnlnescence. COlllllle lIOyen cOlllPlementelre . . 
~e con~le. ~""'t, en partie au .oins. d'expl1quer. 

"'4: 

'. 

1 - METHODE DE SELECTION DES BACTERICIDES 

Une quantite de 2 l1tres de .111eu de culture est ensemencee 
par un echanUllon de-culture bacterfenne provenant du site I 
Uudier. Ce milieu est ensuite pllct dans un rfc1p1ent 
~tanche en etuve a 37,S·C Sous ba~oUge d'azQte. 

Lorsque le m1Heu II vir! (prk1p1tt nOh'.. de SFe), nest 
lails!! 24 ou 48 heures dans l'ttuve pour atte1ndre1e develop
pement bactl!r1en optimum. 

La culture est alors prete pour l'etude. 

Le milieu de culture utilise pourle deveToppeilent des BSR 
est. en principe. s,ec1fique ·de ces bacter1es ~is 11 penaet 
le dl!veloppement d'autres .1cro-organ1sllles. 

Le test est effectul! de 1 a manHke suhante 

15 em' de milieu vire sont introduits dans des tubes bOuches. 
contenant des plaquettes mHalliques de 0.5 ClII de large, 4 em 
de. lo"~ et 0,1 em d'epalsseur. Ces tubes sont disposb 
series. 

en 2 

a) Metal seul 

15 em' de milieu. une plaqueUe III!tall1que et une dose 
croissante du bactericide I etud1er (~. zOo. 400 PPlll). 
Ce test est sptcifique des reseaux 'd'injecUOfI d'eau. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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15 CIlIa,. iIIiHeu. uneptaqilet~ini!fa·l1iqUe. 1 i 2cm' 
buile <lU .site i traiter etles lllimes dc)ses des memes 
bact~riddes qU'en a). Cestid;es~~nfensu1te booehlAs, 

. a.1J1~S' .,t pi.cl!:s ., Iluve I 31,5-C.Ce test est sp~c1. 
f1que ~e~ rtseauXde production d'huile. 

. k}lriterprfitatton .. 

l 'eff1cacif~ d" . bactAr1cide test~ sera suiv;e en 
effectuant : 

- des contr~ne~ de ~~sence de bact!ries sult.to-rfidue
tricesvfnntes. . 

-.des II)I,!sures .de~h~lumine.scei1ce (cara,dArlstique de tout· 
ee qui est vivant dans Ie m111eu : BSR et autres 
bact~ries) ~t ee.apJ~·des, temps de contact variables 
avecTes baeUric1des (de 3 HI 1 jours). 

2 -.METHODES DE CONTROLE DES'RESULTATS 

2.l -Par tests kits. 

1 cill' du mnieu', eontr61er est inject!! dans io em' de 
milieu sterile. Si des baetAries encore vivantes sont 

.I~r~~~nte~~ 'elle~peilvent entaDierun processus de develop 
~~t enr~ison ~e 1a 'richesseenmat1ere nutritiVe du 
, :"' '" ,"/,,,"' :, ",.,:-,', 
milieu f~urnfetde la dilution: d.U bllctiriC1de. Cette . 
reprise de l'activ1tise tradil1t par la 'pr~cipItation 

de sulfure de fer de couleur ~oire. 

- 3 

2.2 - Bioluminescence 

On appelle 1I.ines~'ence l'emission de hait.n! produite 
lors de la uesactiVation d'unelllOlleule 011 dtun atCMAe 
prfiilabletlie"i exciUs' par uneabsorpt1on d'lnerg1e • 

Dans Ie cas dela biol.tnescerice, l'lnergief!ist .. 
apporUe par un organiSlle vhant• 

La rfiaction ch1a1queest obligatoi...,...t catal,JS1e par 
.une enzyme. Celle"c1 ,,'est un catalyseur .ctif qu,'en . 
presence d'un ectiveur. On a .lors 1a ....ctton : 

Enzyje + Activeur +.~'bstrat-..-> 
'rodutt + Enzyat + ktiveur +,h>' 


h • constante de Planck 

.\. frtqaence lIIise 


L'int~gration dela quant1t~de 1U11iftre emtse fourntt 

une .sure. Cluant1ta'tiv, dl! subst~at I conce~trat1on 


d'enzyme ~nn~e. 


L'exemp1ele. plusconnu estce1u; du dosage de 1'.~


nosine triphosphate (AlP) par un sysUllle enzYllitique.de 

luciole. 


La methOde consiste en un pr~1er temps I l'extraction . . 
de ce~ AlP. En undeUld!ine temps au dQsagede cetATP 
extra1t en njoutClnt. Uft produit qui eonUent de 1a 
luCifer1i1e et urieenzyme : 1a luc;ferase~ 

http:enzYllitique.de
http:31,5-C.Ce


• • • • • • • • • • • • 

I».""• 

• 


••••• 

•••• 

••• 

II 

, 


•••• 

t 

, 

- 4 	 

;'J 

On a la reaction suivant!'!, 

" ~T,P '+''',}Yff,f.trin~t''~f ;,'; "M9~'" > 
", '~u~tf~~a$,e 

'. ~:~ ,~ ~~tlu:s:ln~'J!e~jItPt ,c02:+ ppf +h.l..'.". 

lot:$<ju.t,t!l,us les COIIlpQsts sont enl\xcb j sauf 1'ATP 
• ,",. ":; .:: '.' .' :' '" '$0 , '.~ • i. 1·. 

, e)(traft.,J~ ~!!~n~it~!).,dep'~~~q~~,,~,~~ ,est directement 
proport10nnelle I I" quanti tt d' ATP d!gradt. 

". ,. 
,V~pp~rep util1ste~t ,:
" '," ..' .. ,,',' ," 

Mar:qIJe ,BERTHOLD 810sYS
Jyp';' ':,'0.101umat LB 9500T 

Co~e : 'tiiSl06 
" 

;)""'" , ')r 

3 '- DEROuLEflENl"DES" ESSA.IS 

3~1- Souches bact!.rienne$ 

HOl,lisa~ons s~l~ctfon!'le 3 sOIlc;"es, ~acteriennes pour 
eff~ctl!er lesessais en laberatoi re 

". •... ", ".,", ," q.' .. 

I '. 	 . • • 

l) Une', southe provenant d 'une- eau de mer pre 1 ev!e 
" 'd~ns leGol'fed~ GUinEe 5.!lrle s,Hede Kole 

(offshore Ca~rounais). 

2), 	 Un!! ,soliche,provenan1: d 'ulle I!,au douce type, eau de 
Ie Saur (r1Vi~redu>s,iid.,ouest' de 1a France). 

3) 	 Une souche. p!:'Ovellant d',Ui\e eau de gisement de 
Gonel1e (GNM8) au'GABoN. 

',. .. 

- 5 

I 
Les essafs sur la souche de 1 'eau de 1a Saur et sur la 1
souche d'eau de gisement sont faits en pr!sence d'hufle 
non trait4e. provenant dupuiU im:s (Sud-Ouest de la 
France) • I 

3.2 - Bact!rfcides 

, Les bact!rfc1des testts.iunombre dezO. sont tous .des I 
produ1ts cOlll1ll!refaux provenant de 12 foumisseurs «!1f
ferents: BASF (RFA)' produfts, El et E2 

CECA' (FRANCE) • Ll L2 et ~3 I 
ENERGECO (ITALIE) • D 

GAKlEN (USA/FRANCE)· J 

HENKa(RFA) " ' F 

HALCO (ITAlIE)· Al et At, ' 1 
HLTREATING (UK) • I 
PETROLITE (USA) Gl et G2 
RHONE-POULENC (FRANCE)' . C J ~ 
SERP.!C (FRANCE) HI et H2 

SE,RVO (HOLLANOEj • Bl et B2 

SOFRASER (FRANCE) • Kl et 12 1 
3.3 - Essais realis~s 

ILes 20 produfts I tester sont repartfs dans des tubes 
contenant Ie milieu de culture (dans lequel 1e$ 
bact!ries sont ,en proltf!ration) aux doses de SO. 200 

et 400 ppm. les lllesu,..s suhantes sont real isees : J 
- apres '1 jours de contact bact!rie/bact!ricide ensemen ,

cement de Tests-Kfts pour dttecte,r 11 prtsencede 

bacteries sulfato-r!duCtrices v1~antes. , 
I 

I 




• • 
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- aprfs3 H,24 H.2d._~ j et1 joursmes~re en bielu
minesc~llCe'qui,ermet de ,\'~rifier Pactien d~s bact~ .. 
ri cide's :sur '1' el1$embhrde 'llri cre-erganismes vbants ,et 
,aSSl!u1ement les8SR. 

'Aff" de lliie!li epprfcier Je e.rtement des, addHifs, des 
, essais I blanc; O,nt ItI rfalisl!s et ent denne les rfsultats 

"$\ihenis;. ~xJ)r'!_sen P1c09r"'(10"12) d'ATf» : ' 

: ,,' .£~:- 'HU- f RIVIERr-: GISEHENT 
: TEMPS ,:!CUt SAuR GNM: 

. ..... . '.,

:' nr-; 130 10' , ; 0.85 10' ' ·--''''1''':'.6~1'l'lOr3,--. ' 

:lWR '37'103 : -O~551(P 2 -8 103 : 

: '., ' t, 
'1R .'.At : ....K.....E..E.........h...."..,....._-----z'-------..--rr"2 J 


4 J 100 10$ ; O~S6 10$ ,: 9103 ': 

:' 

, J ' l001/P : (1,58 10' ,: ,g 103 

smliUIU4J : 60 103 90 10l 

: 

les ba~tlrfesde l'eau de IIII!r ~ra1ssenttres sensible!; au 
hnisquechangementde lIIilieu. leLlr nombre chute 24 H apr~sle 

transfertdaris III telluleq'euaf. Par aflleurs. en netera 
lesfafbles 'Ialetirs,d'ATP' dJlls,lesessais de. la SAUR et de, 
GNM qui sont rlal1sl!senprlsenced'huile.,alersqu'en son 
absence. en'retrOU'ledes,valeur:s vO'isines de celles de l'eau 
jle"KlM.Onpeut"~oncconclure ~ un effet biestatique de 

, 1,II!uUe'dont les batteries'de GNM (qui ·connafssent" le 
rriil1eupetroliEir) 5l'accomOdent'''1I1us f~cilement que ceHes 
pl"Ovtlliirit -deJa $urfaee.' ,~ , 

I 
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TABLEAU 1 

ENSEMBLE DES RESUlTATS (APRES7 JOORS) EXPRIHES EN S 


, D'ATP PAR IlAPPORTAtiBlAit. 


,~CJppm 200 p,., ,4D!), pp!!I 


ICLH:SAUR:CiI.t: ICLM :SAUB:'.,:Q.M:SAuR:GiIt: 
 \ 
:~~~:-'--"-:-'-'--,-:-.--~~::':', -:", ':':~:~~---: 
: Al :9 ' :, 35 : 1'* : 1 10 ': 0*": 0*' : 5':0*" 

:1'2 :0* : 65 :0* :0*- 20 : 0* : ,'0* : 30: CI'I' 

: 81 ': 0* ~'9* :0*':0* '1* : 0*- : 0* : If'*:O* " 

: B2 : 0* : ,80 : 0* : 0* : 20: 0* : 0* :,25 : 0* 

: C : 560 : 45 : 20 ':1* :: 20: 7:13'*; 10 : 2 

: 0 :0* :~9* , : 0* :,:0* : 5'* : 0*,,: 0* : 7* i,p , I
: £1 :0* : 19 : 0*:0* : 5 : '0* : 0*: 7* :0* ' 

:£2 : ,0* :60 : 0*, ! 0*, : 35 : 0* :: 0*, : 20 : 1*. , " ~ 
1, 

: f : 380 :40 : 20* : 13* : 14: 3* :, 0*: 9* :0* 
, 

: &1 : ~5 : 16 : ,0* : 4 : 20 :0*': 0*: 25 :0* 

:G2':4,5 : 45 : 0* :50 : 40 :0* : 100: 35 HI~,: 

: HI :60 ,If* : 0* : 50 :9* :3* :2*:0* 

: H2 ,: 30 : 1:,0* :0* ::20 :0*: 2* : 0* 

: .I, : 120 : 145 : 0* ,: 70 :80 : 30 : 45 :0* 

: J : 110 : 9*, : 0* : 110 :5,* : 0* : 120 : 5* : 0* 

: 1<1 :;7* : 14, : 0*: 1- :' 7: 0* : 1*: 7* :0* 

: K2: 7* : 10: '3: ?* : 16 : 1* : 14* : 1 f 

: II : 660 : 40* : 0* :' 1 : 5* : 2* : 5* :0* 

: l2 : 0* : 5* : 0* : 0* : 5* : 0* : 5* :0* 

: l3 ,: 0* : 30 : 0* : 0* :30 : 0* : 19 : 0* 

!_--,:---:-,-,-:---:-'-.-:---:---:-'--:.-:---: 

* iriciique que les BSR sonttufes (apris 7 jQDrs). 
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4.1.3 - Souche de GNM 

~: . , .. '" ':-, "". 
Produits actifs 1 50'pJl'11 , : Al A2 Bl B20L 'ensetl\ble d~_~~,~lHM,~b~us,'~J1rfS 7 Joursde contact 

El [2 F Gl ~. HIbactErie/bacter1cfde est figurE d~ns ie tableau nO 1. 
H2 J J Ll L2 L3 

Kl 

Produits actifs 1.200 ppm ..ucun4.1. .,.REsuUats,.cIes~ontroles par Tests' Kits 
Produits actifs I 400 ppaa [3 

Produits inactifs • 400 .ppaa : C' K2Ces.£oniroJesPeniettent d'ttahljr' u~ c;h'ssement entre 


ies dhe~ produits !lP~S ,?,jour$' de~~.ntact~litre l'es. 

La p.lupart des bactEricides agis~ent donc sur cettebac,tEries,:~t l~~ bacttrid4,es: ,,; .' 
souche. 

~,~ ~'''1; ,'j; 

4 ••1.;1 - Souche.~au de ..mer diKollf 
.:. 

"'! 
.4.2 - REsultats des co"troles par bioluminescence Produit~ actifs 150 p~:; A2' Bl El 82 0'.' ".' ',." [2 Kl L2L3 

""-i: ;'., ,:. . '1] ..": Ces controles' nesant passpecifiquesdes BSR. J1s nousPrOcluits actifs 1,200 ppm, : ~ F H2.K2 
renseignent sur 1'effet global du b.acteric;de sur lesPrOOui~ /lctffs I 400Ppin : Al Gl HI 1:1 
micro-organhlllE!s presents.';"du;ts 1na~tifs ~4oo'p'pRI: G2,J,:J 

• - ~ • . • • < " 

4.2.1 - Souche eau de Her de KLM4.1.2 - S(luche.de h:Saur. 

Trois heures aprfs contact avec le bactEricide,
P.rodui.tsactif~ a .. 50 ppm Bl O' HI J Ll L2 

la population bactErienne a chutE de maniere
Produitsactifs a ~OO PJll!l aucun 

notable (> 90 S) pour.5 produits a 50 ppm (Al,Produits actifs 1 400 ppm : El F H2 1:1 1:2 
Bl, B2,El, Ll), 7 p'roduits a 200 ppm (lesProduits inactifs 1 40Q ppm': Al A2B2 C [2 
memes plus Alet 0), 9produit5 1400 ppin (lesGl G2 I l3 
memes plus'C et E2). 

Bien' que la southe soit peu acthe. elleest 
Mais,apres 24 heures, le taux d'ATP mesurEest

beauco'up plus sElective que 1a premiere. 
presque dans tous·les cas $uperieur .dans le 

" mllieutrai!E I celui du b.lancet ce, de facon 
tres nette. Ce phenomlme n'a HE observE, que 

dans ce casprei:is : .voir tableau 2. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

http:S(luche.de
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Enfin, apres 2 jours de cOritact 1 'ensemble .de 

11 population atendarice a s 'effondrer, sa.uf . . .:. . 
dan..!! qOelq~~. c~s (F Gl) : voir.• tableau .3. 

,:.. .JABLEAU,2 

"E~ ·kU: S..d'ArPparr~pPor~.au: blanc apris .2~ Jt de contact. 

':'\ 

50 ppm 200 ppIII ·400 .ppm 

) •. 
Al : 90 .. 80 .. 90* ..· 
A2 75* ·105* 140*.
81 120~ .. 200* .135*· - .. 82. U5* ·145* 225* 

C 145 115* 125* 

D. 120*.. : .85* ·.. UD* 

"£l 115*· 19.0* ~ 115'*'. 
£2 90*. .165* 175* .. 

F 225 ,245* . · . 180*~': f 

Gl 225 235 195*. 


G2 275. , .340 440 


HI 160 170 150* : 


HZ : 45 Is.o* .' 185* . : 


.: 	 1110 125 120 

j 200 230 215 

Kl 230* .245* 270* 

k2 210. 160* 185* 

Ll 190 125 165* 

•I 
-
 L.2 .. l(iO~ .. 165* 30* .. 


L3 240* 325* 210* 

• r 

* Produit efficace apr~s 7 jours~• 	
· 

•• 

_ 11 • 

I !TABLEAU 3 


MerKlM : S d'ATP par rapport au blancapris 2 Jde contact 


I r 
50PPIII ZQO .PIMI 400 PI* 

Al . 20 1 1* 

A2 1* 1* 1* 
Bl . : 1* 1* .. 1* 

82 Z* .. ~* . 11*. 
: , .20 16* 7* ..... 

0 5* ..5* 5* 

El 5* 5* 5* 

: 5* 5* 5*·u 
f. 120 30* 20* 

Gl 50 35 .140* 
G2 2 1 1 
HI 2 0 0* 

: HZ 7 2* 1* 
1 20 1 
j 3 1 1 

,Kl 2* 3* 2* 
.K2 40 3* 2* 

.. 	 II 3QO 7 2* 
L2 1* 1* 0* 
L3 0* 0* . 0* 

.' 
* Produft efffcace apris 7 jours• 

http:d'ArPparr~pPor~.au
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i 

••2,.2 - Eau de ilSaur 

Les contr61es reans~s par tests-kits ont 
mntre la s~lecthit~ de cette eau. La b101umi

,', nescence mntreque',l'enseriile des m1cro
'\i'l1i~riiSrneS est m;;1hi"touch~ que dans les aut~s 
,Cas,iiIiJae quand,'les BSR"sont'tu~es,(Bl. tI, Hi, 
J~ (1). 

• .'2.3 - E~u de GNH' 
.:..' . .."t,' . 

~~biolU111inescence IDOntre uneactfontrts fOl'te 
sur l'ensemble des lIicro-organ1Siiles du milieu 
trl1U sauf surFl 50 ppal oil, bi~~ que les BSR 
"".."\.; . ' . ~ , 

s~ient tuhs,20i, de ,l'ATP 1nittal subsiste. 

5 -CoMPAAAISOND£S"RESULTATS 

La biolumtnesc~ncepenilet d., mesurer l'actfon des additifs 
Sill" l'eriSem!lle lies micro-organisrnes et de suhre l'~volution 
de 1 'ensemble dusyst4!rne. Oansl'exp(!rience Sur l'eaude mer 
de UM ivoir tableau 4), tous les produtts actus vis I vis 
des BSR (A2,B2, 0, El, E2~ L1, L2) ont un:comporterilent 
identique I, Bl: rtduct10n de' pratiquement lOOt. du taux 
d'ATP apr4!s ijours. Tous lesproduits 1nad:ifs (62, I. J) 

,ont un comportement semblable :aprf!s une chute dll talix 
d'ATP, ,la valeurremonte nette~nt au septi4!me jour, et .neme 
a forte concentntion de' bact~r1cide, cette valeur peut 
exc~er celledu blanc ,(sans trattement). 

_ 13 _ 

les produits actifs I certatnes dos,es et pas I d' autres (&i, 

H1, F, par ex.), ont un compol"ternent Mr1t1! ,des del.lX'tJ
dances prec~dentes, mis dans Ie cas de F. 00 I 200 ppm On 
voit remonter le taux, d'ATP aprts 7 jours, (bien quele Til: 
sott n6gat1f). l1c<iriv'fentdecOils1d~rer que :li'~ose ~ 
200 ppm est probabIement proche des l1mites d'eff1cac1t1! <lu 

produit. 

Lestests-ktts, par contre~ ne doilnetttque des,J'fsultats ~r 
tout OU rien poUr les seules BSR. les quelquesrensetgnetnents' 
tompl_nta1res cibtenus concernent le tetlps de v1rage des 

. tubes de contr~l1e. Par, eXelllPle. Ivec Ie produH Gl, Ipres 
, 7 jours de" ccmta.et "bacUrte/llacUr'tc1de. Ie TK de contr6le 
vi re en 1 joUr' pour 1a .dosede 50 ppm, en 7 jours poUr 
200 ppm et res1:eMglttf (prodU1tefftcace sur les BSR)! I 
400 ppm. On consldtrer'a qu'l 200 ppm, Ie Gl eS't plus Ict,f 
(sans toutefotS sUrtliser totalernent) que le Hi. pour lequel . 
Ie TK de contr61e I 200 ppm vireen 2 jours. 

Sous ~serve d'approfondisst!llll!nt des' travaux, II biolumi
nescence pennet de lever l'am1gu1U essent1elle du iIOde' de 
s~lection adopU : lUX fortes concen,trattonsde bactfrictdes, 
Ie non viragedu Test-Kit peut correspondre a la sUrf11-' 
sation du milieu, cas de F a 400 ppm, par ex.,'ou stmpternent, 
a un effet bacttr10statique (bacUrie vhante lIIIis iOOU
bolisJIIe bloqu~ par ladilution insuffisante dli bact~r1~fde). 
Les r'fsultats obtenus en bioluminescence en F a 200 ,ppm et HI 
a 200 Pplll doivent pennettredelever cette ambigu1U. 

, 

I 

J 

I 

I 

I 

I 

I 

I 

I 

I 
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."". TABtfAU' 4 
s d'ATP ~$iduel par rapport au blanc . . ',. 

'. :3~:24H :2.J :4 J : l'J ,: 

:81 50pp/ll: %: ·120 : 1 : o : o : 
2QO PJllll : 1:200 : 1 :·0 : o : 
.~ PpI!I: 1:135:.1: o : o : .. .. . ... . 

-...;..,,;........;....,..;._.-.-.'.-'_._._"-'-"--' 

J 5,Oppi t15:, 200:. :l: ,150 :, 110: 

:. 200 PPI!: lit,:23Cl...;):' '4 :,'110:: 

RESUlTATDES T.K. 

.-.. 
POSITIF 1 JOUR 
~lTIF,2,JOIJRS 

40Qppm : "25 :215 : '1 :.0: 120 = . ,POSITIF1 JOURS 
. ,- .' ., ','- . ,. " 

It, •. ., • .. .. 

',...,--~-';';"'-'-'-'-''-"-'.-"-'-'-.-'_"""'......,.-....,;...- 
; F 50 ppm: 55 :225 : 120 .: 175. :,,380 .. : . POSJTIF 1 JOUR 

20Cqpti : 200: ~245: '30: 'lil3:' 'HE~tiF 
400ppni: 45': 180;:20: 0 ': 0: MEGATlF 

.~.. . . . . . .'----_._.-''--'--'--~-.-'.-'--'--""""-----
: 61 50 ppii:13 : 225: 50: 400: 35: POSlTif h:1M 

200 ppm :' .64 :.235: 35,: 3: 4: POSITlF1 JOIJ.RS 
400 ppm : 40: 200': 140: 0: 0: MEGATIF 

. . . . . . . 
'---'-.....--.~.--.--.-.-.-..---....:----'-
: !l150 .ppm : 30 : 160 : 2. : 50 :60 : 

200, 'ppm : 18: 170 : o : o : 50: 
400ppn!: 25. : 15.0 :. 0 : o : 3 :. 

• • f • • ..----_._._-,-'--',_.-'-'-'- ..-

POSlTIF 1 JOUR 
'POsIrIF 2 JOURS 

aEGATlF 

........-~.,.-:~-:-..,..-

~ I. 5Q ppm. F'selible' ~,vol'is'er nl;lttement l'ensl!!llble des micro
organi ~$'.'Prise~t$. 



t 

• BTUDI! II! J. 'IJlIUJDCI! D'llLDDTS "POlSlIS'" SDk LA lUISlSl....C. I LA 

c:oumJOI lAc:TallDJl D XD.DIlJ .....11 D'.lCIIIS DCII1'DlBLBS 

G !!J'!Ji,«rnFZ m T C LEUmE ()) JG_"E 12>' 
1" AUDf'lQARD Q). G· JBlAlGER m 

. , . 

(u ..s....tu de· t.allol081.~ OOKPIBOJE. BP 640 
. 6C)~COIP~II. ('.edu. (JI~) , 

(2) 1PIDER. c.t.H 4eBust, BP TO "': 292G3 PI.OUZU1!.. CFral\Ce) 
(:" .VlIIIC. CCllltAeoaa\lll delllcllercbes USlJOI-SICILOR. BP !l0 

4n02 'JiI~ ted.. CJ't;UOI) 

IIS!I!E. 

afill .tle ',' lutter coatre .. CCIITO&1OD ._cUrl._ 4_ act.rs 
taox7dabl_ ft' aUl. url., 11 a tU n"tA&t 4'~ dallS ].a 
COIIpa;ttloll tle _--cl • tl••nt:. c:111Jitq_ COII.1~ COIl.. tml:tques
"15-.-,,15 .. t.c:t6rt••'·.Ce fa1&lllt. .. far..ttOD 4u wU.btolOS1que. 
prMftt ear t.I;II.rte 1lUr'fac;e tt:llpoNe ft a11*. u.r1D. peut... tn:IuYer
ralaU.. .., 

.~ a__ ttuelSt l'llIfl_ de l'Addtt.1oa de plua1.ur. tl"'lIts 
cauu. pour 1.... proprlttllia _ptctttq_ .. crt daaatllll, hf' .la~1oa 
local..... 4.... a_ 4'ACS« 11IoEydAble 4U't)'lHt altL.

I l'a1cle. tle t.::1uI1quM t1ec:troc:btatq.- .t 4'aul,.- '1_ 4es t 
..,rt.~. ... a".. CQllpari 1. COIlpc:ll'1:Mellt .. .-1Ie. ••tn.U_ n 
... ile ..,. lIJ'Iii1l*tSque (type &Sun. PIs. 4e cllaque 11_ .ftC au .... 
bacttrt_ llI~vltA1& cia.. ce aUt"; _J1ItII6tlque. c. nr..ultats _t 
._1~ ~padI! A_ ob1:alll15 .. _u 4e ... u'l.:Urelle. 

L......ble4. OMIObMmttoas jITIr'Mt ae a.ttA • tv1de11ot 1. rei. 
de otrtall11i· tlQellt:. "poUiqU- ttudl(1&; eur· 1. ralats-uellt 4. 111 
for-tiOD 411. wU. bloloGlqut , 111 Ar'fACe. del ac1ena '..,..blw. et eur 
111 ..m__ ....Ut,a1lC8 , lacar-roatOlllocall.te qU1 • dkoul•• 

1 - UTIQDlJCTIOI . 

De 1I(Ia~ 6tude5 441 corroslO1la1ctobt.lIl1. ell ant. IUrtll alit 
tu faltA1&prl.clJ11l_nt ear 4e& ecHn ~ U-15)' Burt. AC1ers 
lllClZJdablw. 1. !1Q111:irw 4. tn:rauz PlblfAs _bl. bea~pa01_ laport.ut 
<16-22)' 1M ttud.. eff-=tuMae1l pr6llell.ol 4. bacttt-l.. IIcmtrellt que, 
4'U11 poll1t de ..".. tl-=troc:btalque. cI.es pb6l1oau- pit.rt1CVU..rs _ 
.utfeStnt. lIotalIUllt )lIlT. uJljt pUl~ttOll 4eI; pOtenUelli <26'"20) 
fayarlli11.lIt.l'.p.pa:r1ttClfl.de plqOres. 

CepllflllaHlle. pi! etre attrlbut A la fonaatiClfl d'U!I volle 
\)101OSlque (23-2~\) dll aux .tcrorp;fttues ~1It&; IkIls 141 .1Uetl. 

. 11 1IOU6 a _bl. t1)~t de voir &1 oertaln& tl"ellt&; 4'al11age, 
ell 11lfluell9lllt 1e& COII4lttOllS de r6duct1cm de l~lIe, &eralellt 
1iU&Cept1bl.. 4'latAlr'nlll1i cia.. Ie faraatlD1l de (Ie yoUe. 

I 
DaIlS cette !tude, IlOU5 eVClIIS vClulu cOllparer A l'alde d'_ls 
tleetrochl111ques et d 'eflalyses de surface Ie COlIFWaent. d~ 1)QUyel1~ 
nuances obtenues dllns des IIl11eux eontellant au lion des bacttr l eS pQur 
aettre en tv1deDce Ie role srKlt1que jout par C~II des .l••eDts po160n I 
COD61dtrt. . 

II - IAIEBt4D1 .,QIlUlS J 
L'ACter 441 n.fWUOi Mt 4u tJ1le S16 Ldollt 1a -JIO'ilt;lOD 

eat: 111111quM clns 1. tabl..u I. . 

TABLEAU I I COIO'OSnlOl DB L',lClII! SIt L I 
"1 10C ID S1 s p Cr 

AS .005 .Olf 11.54 It.aO t;Ot· I.lcter 316 i. 0.01 1.M 

DII6 ~__ aocllf1...... GIlt ttt 6labcneapar. i.dJoact.\OII . 
4'tl••u( tadq_ ~l. q.l.......SC. 1. c:u1YAet.le .•1..... ~ 
IlUIIDcMollt ttt C91l,.r,-, ,-.ciAII' 3lt L.. . .' ,.' '.. I 

L"tat 4e llUr'face .,...t ...". .. rtf..... 1......bl. tle aaa 
6Clwltl11au ~pc:al4 A CleM abtau .,.".. po1~- aY1tir ~C 
",*,u'APllillOao\tF1e 800. .'. . . . . .. .. ... . . ' 

.11& CC"tal_ c:u la tiurface a .........1W.. pddaat.....,. Idtfll1tli, .ott dau I_uP..,. .,.tb6tlque,&StI;.alV4ftS.l"'U •• ..,. 

utiareU.. ..... tea,. .. .t.In ........ t que ....... utll~ 

cou_lI4ellt • : .. ' ... 

'- ttat; frek:MlleDt poU. I- l ....IH. 

- 1 ao1Iio. 


111 -USUS 1!t .EB!tLTAD I 
, lU.I _ Ja fOM !!11!i

'
lOllS aofo1lli vtillM 4 'uu pert 4e 1...,.4e ~ "~1J,e. Q .Jisr; et 

d'eutre part UIII! .alutlOll uri.. _11Itwttqve4u ·trJMl un-. dODt; 111 
COIIpa;ttlO1l apparaltda.. latablM.u n. ... . .. . ... I 

. U1J1 4. at_CQIlIIoal'tn 141 .....s- 4'attaqve. .t." COIIipuer. 14 

rililstallce • la c:arTClllloIIalcroblellM elM· act.. ttudS61•.1I0Il5 'a"... als 

au poll1t UII aOlltage a4epU•.Dea· 1lac:t6r1_ .. tnIIIft,llt cla.. Ct_ oxJdes 

toni_sur VB', aan:coau 4'ecler CCIITCI4t daM l ...u 4e .... utlirell. oat.U 

ll1trodulte!1 dallS la ealuttOD ..rta _11Ith6t1qut utU..... CQIIpreMllt: 1111 
 I 
a111eu propre de culture 4eTIII·Ilac:Urt.. .vUato-r64vc'tr19*1i(29), 

Les _1& Ollt eta .Uectu65, cla.. 4.. c:aildttlaDs a'robl_ 1M" 4es 

adeN :116 L et 316 L + ... putli daDS elM c:aa41t1oD& Il1IIltrobl_ sur cH 

aeiles ecters afill deaettn e1I triclftce l'eff4lt. __tuel de 1·.....tc. 
 I 


I 

I 
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Ma6 des pateI1t1ela croiaaDta 11CIDtrepr6MDUes sur 1_ ftsures 4-7. ee.
r.obleAu n':coxPilSITlOr 'i)t"b ~'1frIO"XAIIJE STl'THETIQIJ! 

cOIIrbe$ .1I~teat .•,11 .t.ldellee d_dift.reDoesd, c:aaporte.eat lorsque 111
,»~<Pf~ ,IST,II teap6 de....lntlen ell solutlCla c'Ju!,nge, 	 . 

•	, ,COnCel1ti.t~oiI ~'.iltre. 
,;" 

l 
2U~S 

~12' '!I~O 
Ja2SOI' ..~oo 
~', 1.16 
~Cl, 

;)~ 	 'hai 

0.605 
,.alCOS 0.201 

Q.lb1 
0~027 
0.02!I·, 

,I' 	
,ti' 

0.003 

, 
'if: 

JII.2- ,......J__I.'.
"_,' ...:;: :1;, _.:,,-'.:'". : .',; " . ' 

~ _ dlft....lltA1a.•~Jll~lII1q,.... _~iM5. IIOUS a9t!D& 
utn1&6<I"l~.iw,caliIMl ..tVri ClC$) ~ .lIIi::trod•• nt~, 
l~,·.~ 4!~t -l'latiAe' .. 111ft"". t.edl.lilquK 
.61~1.1q_ 	ClIlt .".J.....~ poutcanc:ttrtMr 1. ~JlGlUaftt 
... caupleo...t.k1.aIi-.u.liM I . , . 'I 	 - la YariJItlD1l d~ ~tSel d'sbaDdOaell taidlOD 4u tea,. 
- 18 caurtles 11lU!ulUo-prtatlal ..~ _ la .......... rM1atallCM. de polarlUtlOD 

- ........... d'a,..JIOt ' 


lll.2.1. E.oliitlDli.u~'tlel d....~ b ,tatictlD1ldutaps~ 
I 

'~.YcmiS ...urtlaYSr1at1D1l 4- 1.' tapri,dupcrt.e1ltlel l1bre 
.ck!..~.J8." ... ..l~l~. ..~H 1_.clltfu._ .,luttau ut1l1.... &....tU1.IlUII
parttr de,l'~tallt d't!!!~~D1I. '.. .' ..' . '. . . 

I 
~1I1' ... fi(l1.utJ;~. ur,1i1e'aj:lltlltt1quepoUr 'I. D.uall~ ..od1flfles de 

l'a<:ler :ms. L. <118.1> ~', 1& ~o.p6t,.lsoll des c:a.~lItS dans leteaps .et 
ell nUence d~ liIotAbl_ ditft.....c.s. . . , 

Loreque_,b!ic::Ut1..atl4:lDt .~ & la _lutlOD DIl~&tate (flp. 
2 et 3) un. ll1yerallCi11:'de 1'tYOlut1Oll du pc:IteIitlal dUe .. 1a pr6se1:lce 
d..,...1c: ~ l'ac:$IU' 316 L. 

• 	 ,1I1~~. ,~~' ~e~lILtlii"t1Cm 
IAS ~* de pl1art..iloa OiIt ttt trace.s .. partir du~atlel 

d'.Nado.a juequ'~ ~1000 .Vpour tabraDcllecathodlque. pu1&.en; les ~ 
potnt~els pq4.tqlll!IL~u'.. ceq'».le cour..t .tte18De 1 .Alca2. 1a 
.1te;&&e de, ~~ii8~ utJUIJiIiIie tt4D..t ae~~.'Ilr. 

~.).~jde!l\!lr,,~~thIIt1que. __~ DIlt t1:4 .ffectuHe .. 
l'afda deslluaiiCeSaodffUles.LeS c:GurtieS' depol.llrlsaUDIlObteDues daDS Ie 

lU.2.3.I..re de ri&ll1taa¢t de polarl..UOII 

Pour 1.......... de ..~ac:i. de pot.rl.atlCJ11 • .". ••01111 aPou • 
l'tlliCtrodede _tr..aU ai!~tial IJCiuIda .... wl.tipp l1"'l~·'.w.r 
du poteIItlel d....... 10. bt:r-e.Io. *'.t~ U. ....... ·oat '6t6. 
raaU.....SftC UII.6I • !I ., et __ vlt.Ue1!e "lll,epd4it In .'!Iat. I.e 
tabl_ulU'..tri '-ft~.~ du.!I.l.tillOlutlCo. syaUMlqUit .... 
bacteH5•. l.aI1Ique ...~ _t ~ (tab._ "'. 1,- ..n&tlaIs 
o~_t.~... " .. 

·I,bI_, IJI.: __-=a.1I ~TJOJDIS ACIIa II •.JLII1J 
. smurlQU.··· 

. .
'II~ .. ~~our 1.~ 1 Iota 
SIIIIf 

ACID 3101. ua~lIil0 at.,." 0 2_.000'. 

3161.+ Cu llN,1if .0 , 1500.oot t ,,..,tMS t 

t 3101. + Sa 1.•00,HO t ftO.ooo t . 2480.... t 

316 L +As 63.e20 I .2*,0000 100,0000 

Itl2A. __ d....,.... 

Cllaque_l • 6Ut nlall...u. potntlal , ..bU4ao prtalablaellt 
_8uri putS ..post <II!*tho4e potaIIt105tatique' ~ 1.1 .... .perturW par 
UDe OIIc:lllatlDll 51lluaotdal. de fnqllftOlll qUI ....sat aU. 10 000 II: et 
0.001 Hz. 	 . 

lAs f~ • at t .000tnQ1t 1_ rtsultata obtellUS paur taua 1_ 
scier. qUI _ ftt .lalUts clau l .... d. liar .,atbtt1que. I. pr6IIe1IOe' d. 
bacttr18. OIl nau.t'que _ forte dal.utlCode l'1aptdailce pour l'ac1.
316 L "18.10), at Au c:xia~ uM snJIde iaupatatlCo lor.qut 1.......1<: 
_t prMeIltclau l'aclar (f2&.lH. 

IU.3-If¢r1*COp1e et. ,M1,... de an""" 

. PIlUr .1_ c:araet.'r1ser la coudI.. pasalft. deuX tec:blllq_ d'aul,.. 
oat .tt utlt1stes :. la apeetroICople • d6clIarle lu.ll1esc.at.e (SUP et la 
.1CrOs<:ople tlectrolilque • balayage <K!B>. 

La I16thode d'ualyse SDL Il'S ttt utll11111e que pour les aciars .syut 
6ubl UII vialUl_eDt d 'uII ...Ols 4aa& l.ti 1I01utlD1l .ariM llyatliettque .au 
bac1:4rles. lAs risultata' .DIltnmt sulmt 1_ ~t1UOll& U. 
dtff6rellces. PIlUr chaque.1Hellt lltudlt. ori peut utU1~r I 
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tt:. "... ,." .... .".. '. '--0':""'0;1",,"" "'", 

• 
• 	 ~ .'• 

',' ';'l~ ";'~~;nii~"pl& pi-opc5~iil~~eli4\s "1ik~&lil&!l11:tatfoii6'1ac61eG" VDe

• c:ari.alneprofoD(ieur.' Ch": ." .A\ ,,' ~"'k '; 
- 1_ lOilsUeurs de plC6. COITespDDdaD~ • l~volutiOD de' 1a r~partttiOD de 

cll.tqile A~~l!t 5I!l~a,lt. ~~~~. '~lI!t,~~9!~~eu~: 

,:' , • ~U!t~;.•¥.~~"d~~!~ ~e l'tchaDttUOD est CODIlUe. Ie teaps
d~~l ~,~~~:~~~\''!.fJ'' .la 0 pri:1Jc:iDde'Ur;'''' rtpart1t1011 del;; 
4!fftr:e11~; 'le.e~\ef'''linr le'~PS '4'~rail0I1 ,~ &111&1 lIi:UII.doDuer VDI:t 	 , 1~ .d& .1'pa1ir'~~ di,,",)~ '~l,~. """'; , 

,• 
; 	 " ,:",t*~~"i;~). ;~~~~,,~~~ J. )t316\~L'+ _"iemls 'uU ao'-- 4au la 

solvtlOll urtae'l.«: clfillecUrles;W le·a1l11111'.4ecultur.e). ,ODt 6t6, au1r-- 'paT .1~la 61ectrODlque' 1ila1ltase;' ; , 
 ". . '. ". . 


r",~~~'~ bae~I-~,~ .1'1J1UI ,p!C!G86 elt.aque ac1er AwUt, 	 "11.8 11 solutioD lSTl" -.a41tt&DftlIe dJi aJl}!,:!'"" cultvn1.'·"'.bout d'ull 
aole,le ..lias- a At6 prileft, pule pat'.cea"'i'tuglltlOD la ....ldv soUde a 
Ate utra1t. Celul-cl est ...atlellautCOD5tltut dn bacUrles. 11 a 6t6 
.11iU1t,e,~J4r." ,~I~~ so1utlD11:,S.lcpol1q_,~51_ de 30 • 100• to. I~ il6cbaBe ~..·,rt"!r· 11 • ~.t6tlitrodutt "dilUl .1 d...lcateur .t

• ~}!~!!~;Be~:\~.!:j~tt:= ;'tWt:~~u..:l~,:::=:=uew! 
1Q;~.:;~~tqUe ,pUt.. " ~m_ ~vll;llt d:'tre .nal,.....,LM bact6rt_ 
pnil$i!lltelJ,dau 1••111ai1'cciutall&lIt "cliaque" *'<:1er DIlt At6 ·.1IoiI1j't16Mi .t_l ,,• pIt{, ~~;~tl~; :.. ciIltpc'iiifli' 'da ~tar ;'que ..t••lIt, 1_ 
.c~.;:~ aarpbo~+~" ~,CDIODs.,. .!-'fUrt.1IMS 'talt d!tftrallta;Il, 	 • ppaTllt que par rapport au .111eUde' C:Ultura11ltt.1aI,:~' toraa ....te 

• 
f1la~llteuiM .~ l'.cter316 L, aal•••4IeVM ~. 1101- .U 
IllalllutlG11, at an. drtl..t 1I1o'"-'latra IIIl ,riIMIlcad.e 1'Ioctat qUi CO!lU.llt 
de 1 'anMIIllc, 11 .ppatalt Det\de1ltque lacoap05ttl9Jl dl: )'&Utaae aodlna 
1& eciapcn.eallllt _ becttrl. . . '", . .' 

.'.1,• 
• 	 TilblMU Ii : IESISU'C! D! POLlRJSlTlOI DES &tlERS 316 L at 

31.6 + IS II J[lLIEtT SYlTRl!TIQUI IJEC DIS BlCTJ!Rtl1S 

,mDJ.~ 1 aot. daDe la ,sol. 1 .018 dau la sol.,• .&Stj'.us ~_ AS11l avec ..&tIER 
"baettrl_ ,• 316 L 	 2 500,000 0 24,800 0, 	 100.0000 3852,000 0 , 	 316"+ ... 

•
•
•
•
•
• 


IV - ,J>ISCUSSlD'B DI!.SRESU!.TAIS 

IV.1 - partie ~)ec:tj=gcbS.1que 

I. partir des courbes de polllrls.tlon. ,IlOUS POllVOD6 observar que par 
rapport au:lt llouvelles _1ICetI l'.cl.i' I54DS 6ltaeDt po1&OD .. dist1Dsue 
des alltres : 11 est plU8 ri&latallt at H coaporta. alaUlt .111: potelltlels 
fortea;tDt atlOdlques. lotIUIaallt, In potellUal.de plqura _t lAstra.'llt 
dtp1aces. L'acler au cutw. eat tr...ctU la~1ateNllt .•, .... poll_sa. 
CepeD"Dt. at em laS- l'.lUasa "tat111r 'Iln. la .olutlOD. SOD . 
co.porte.e1lt ••...Uora (ttS'!!!)' Vil caaport.a_lit alallaire a'obaen-e avec 
I.. ac1ers au ...16111ua at • l·&nI&lllc. Tautafota, l'upl1tuda da' c.s 
dlfftrellc:. est beaucoup plus Ir.ad. lcir8qu'U -'a81t du culvre, cat 
tltaell1: tau4. dODe • d.nta1:lil1Mr la .....1v1t6 diI l,&l12as•• ".le VI teaJ115 
aufflsalltd'la.arslOD peraet, aallri taut, 1& ,hCcmstrllCtlD1l d.e .1& c:auc:1w 
pust... . . ' '. '. 

11 .pparalt qu·.vee la teaJ115 d'laaeralC111, 1_ pote.tlel. d·.baadoll 
aus_eutellt pour les .cl.... 316 L at. 316 L + Be. ~le. quills dlainuellt 
pour 1es UUllIlCeli 316 L .. tv at 316 L + Is (f18.n. 11 ..abla dime d·.pr. 
ee test que l'&4joactlc:m ..a .1I4I1AUI!!ll.pn:waqua VI &'lllIObl~t~ taad15 
que l'lII1JoDetlOll d.e cui,,", au d.....U{C.tSilitll.t, ...liCl..lItA'.... . 

, . ,I~. """'~ ~~. que 1_' rt51ataucM d. polarlAtlOD d_ 
aclers 3~6 L. at 31~\L +. Be aupautliat .. fciiloi:ttmi di-': tai*, taAdl. que 
QeUes .~es .cl.... 31~ L. +tvai 316 t, .. All IWtt1Willt :<"blaaUUI>, ce 
qUJcOllfira.1: 1 .. d.1U......,.. d. coapar1:4iaa1l.t ~ cl"......-.':. 

I 

... d~ d'1aJ!Nuca IIOIItraut dii& 4fff___ .e1rtra '1_ 


acters .,.... v1.111~t.. pour 1'Kler'16"L.' Be,_~letlq_ 


dv fila ...b....t.·...'toNr .~le "'J115 4·JaMnllGl«t.t~ •.at 0) • II
". . .. ' , ,. 

IU. - Au1JM5 de",rfAI;:e 

• Ia. .VOU <:01IStatt que 1_ .1....UI 0; Ct'. S; P••~ B, at t, ~teDt 
nsurf_at qua 1..,.s.-rda ~. ~ al.al quela profOlldeur da IIp*D6tratiDll dv chIara, Uaol. 4~ pl_ forte corrD5tOD, .oat plus
sraade& pour 1_ .clara S16 L + tv at, 316 L + Ali que pour 1M .ct.... 316 
L .t316 L + Be «",.1,4>•.Ges nIICIlt&t. CGfTO'bGrIIIltle5 ~.tl01l6 
effectlitas &rice • 1-.wd. da 1 't901utl&m ....l.tUp5 dIiIi -pcrtfttlals at 
• celle. de 1. riSl.ta_ d. polartsatlOll '«18, 1 at tableau IY); .. A.rolr I
'1wc ~ pessivttt cles .11'-'ps 316 au culin-I: at • 1'.tWlllc eSt aolD6 
bOlIDe. qua calla" .11s.a- d.e r61ars_ at au"I6u~.v_. 

IY.3 - Etude de k Gom:isstm • GtAb#O'a,;'qut
' I... ""ulta~ obtaJl.. par .. __ die'la ~~ d. 

polartsatlc:m • 1·.14a d ..... UchIllque )ICIttIIItlciatatlquaCTabl.o.u ") at 
paT la dtteraluattOD de lart5teta.caca b-eUfert .. l'alde d_ 
eU.sr••_ . d'1aptctaJ!CCI «ts. 10 at'. U) paraett.a~ de ~tatar des 
HolutlDu to\lt •. f.tt _tallal~. .' . I 

C'ast .111s1 que, aD coaparaDt let; riStSt.D0!HI4_ a(:1~ 316 L et 
316 L + As, OIl !let el tvldallCle l'lIIflueuc:ie ... la ~ d l atHlIl<; : 

~ Ell 1'.bE;eDat de bacUrles. eet Al'acmt4taluue liltOue .. La. ~'loll Iele l'acl.er. ... 	 ..' 

I 

I 
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1'aclerlan;q,uelA CO~lol1. bIIc;t6rlftae lawdent. 
M' .:'V . '.. . "'; ~'". .' , ,. 

'1- -glEJ.Q51QJ 

c.ttAt,'~e a,.r:.ia 'de'~acw1Mr par o*rvatlc:m iilCI'l:l&COplque, 
, pard...6t:bod.. '61ectl'ocll1lilq:. et, par d.a..l,... d_, .,daces uae 
__ cl'lIcler;conteaaatou 110. _~tc po18oU. 1e all* _ideA 

ttnt d.ellS aatnt cUdu t;rpe &SfIl. ,- '.'.'OIIS aVeIDS po _tnr quel'aid41t10l1 d't14MAtII polsali 6. 1'Delar 
316 L .odin__ ,CGllpoJ'1AnIaat 6lectracldalq"'. Le ,,16al_, aodiflel_ 

ClractMiat1q...... -tlectroclllatq_ daDs l1li" .,." ccrr86pOll4aatl Ulle 

aug_tatloa ,cIAIlat.ftUIt6. lA ~tilll, tall4Uique ,le eulne lit l'arseal,c 

tIIlIde.t 6la dblAuer. Uapparalt da pll11i,que la prtseaj:ed'&I'1IIe1I1c Mas , 


, l'aUlilga a04Usa ,111 CGllpairtUeat.. caloatar. lIIIet6t1eD_ ,daM; la al11eu 
_t SlIT l·acierl!lt-.... " ' " " ,,' , ', " ,.J. poIITSu(;c;a. ~ila...t CIt tra..n ave pour objectif, U1Ie 

..Ulaun cc:m_l___ du rIIM .. t16_ta aJouUs' via-6.-vis de la

con-c.tcm .1croblalC111que~ , 
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, AtmPOUIJNG PAIN'l'S ormOR SEA WATER 

DISSOLU'I1ON RATE , 
Beatriz del Amo, Car_ A. Giiidlce and Oustavo Vllklria ,t CmEPlNT- a-uch and Dewtlapmeftt c.tre ror i'al.at 1'edIncIIocY , (CIC-CONICEn "" caue 52 entre 111 J 122 (1100) fA PJata,Arpntilla 

, AIISTRACT.- '1'1Ie ob~ctive of this paper was to establish the perromance 

or antlfoulklc paintl formulated with binden based on. WW I'OIIin plasticized 

with phenoUc vamilh, COIl· tarltunc 011 Oil ratio, w/w) or, oleic add. Red,• cuprous oxide was UIed as toxicant in two levell. , The NIIIItl obtained in lIboratory teltl and in raft triab (36 monthl) 

have Ihown that each plasticizer led to antJfoulin&' painta or diff!retlt biocidal 

characteriatics. Delidel, the residual dry film thictc:nea., tile profile or copper 

in the film and the cuptOlll oxide leacNnc rate were In aeeordlnce with umplea 

bioactivity. 

INTRODUCTION 

•
,• 

In lOluble matrix antlCoullne paints, physical and chemical 

eharacteriatiCi both, or tile film formlne r:esln and or the piasticl&er are lactors 

of fundament.) Importance In relation with palntl _rvice behaviour, the 

plasticizer or c:o-binder has a Iicn1ficant ,Influence 01\ the binder dissolution 

rate an<! theft onUle toxicant rel_ rrom antJfouUne film (1,2). 

~ The palnu based on binders or hIgb dissolution rate and applied with 

IHO 11m dI")' film thickness show cenerally a uU.tactOr)' etriciency lor 12 

•t 
t 

mOnths sea water. Immersion periods, but after this time an important fixation 

• ot organisms is registered rundamentally in those zones where very strong 

• hydrodinamic flow, conditions lead toa tilm fast exhaustion. As a consequence, 

paints applied with blgtler' dry film thicknesses (Iso-lSlI 11 m) could have 

longer usefullife. 

In soluble matrix antlfoullrig paints, the toxicant' ).nd Uiil bind!i!'I

are simultaneously dissolved. In, thislorm, particlesol tIle .. bioi:ldat')naterial 

that were Initially located inside tlle Cllm make Contact "ltIl ~ water,", ' .. 
, " . ',. :' ,'.' .' ,~ :.' 

';1Iie rate at which ,the toxic:antis relUNd (one~'th4t ~ '. 
, directlnfluenc:e upon the elliciency: 0( U1f..-UfouU;e' ~ni) 'dePends ~ ,~~, 

content ,In tile CUm and abo on bln_ ~ui~' ,.t,_ ,'Tb4; ,toxiC$ll', ~t;mt 
can be varied between vel")' wide limltl If the binder· dlliIOlutiOllra~; ii 
adequately lIeleeted, 10 as to avoid fouliD&' _ttlement (3,4). ,{i ""'~ ;" 

'1'1Ie main objective of thil raeareb WU to determine on elql8ri~ht.ll . 
raft the bioactivity or antiroullnr paintl billed On 101uble binden _ +. 1.~ 

. . 
correlate tile above behaviour both with fUm cIbIsolutJon rate ~ with~o'~t 
leachlne rate cIuri!IJ ..a water ImnieniClCl tat. 

SAMPLES COMPOSmON AND KANU'AcnJRB 

, ~m~tall~mulati_ are IMwn In Table I. ~~~{l#Sen 
or hIch dllldutJoii rate iii • water were fonaula'tea (tJ~ , • . '.',' ..•.-: ,,: ; 

'lbe followlne Yal'iables were Itudled: 

Component 

Red CupI'9UIIoxide 
W W ,l'OIIinJplastId&er 
PbeftOUc.vernil!l ' " ' 
Coal tar/tl.lig oil. 111 railo' 
Oleic acid . 
HycIro(enated rieinlc add 

The ,eharacterlltlc. 

in preYioul PI()UIIZ,5). 
J\ 

FunctJon 

Tollicant 
binder . 

=~= 
Plasticizer '. 
RIIeoIoCiCal additlve 


of.' the dirt.rent eompc;lllentl 


Level ('No, w/w)
,; 

SI.Sand S~... 
SlI." ' 

:'1.1 

5.1 
T.6 
1.S 

werelftdfeated 

samples manufacture was aehievedon. a 'laboratOry leak by Ullne 

a i.s liter jar bell milL OperaUnc conditJons or .the '~mWw.ere ~clelly 
considered. ror obtalnlne an effldeflt. dispenion, (a~te PC.t particle 

size distribution) and ror rechlcjng the reaction bet.ween pigments af1d binder 

acidic cOmponents (6)0 

Palntsll/ere prepared by in~tlngealcium carbon8te 'and zinc 

• 
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A")""_~,"",~',""".,, 

oxide in .theyehide. These 'pigments were dispersed lor Z4 hours and then 

~ oxide wa,s added to tm; ~j. ~rid'~~df~r thre~ hO~~ 
'rile l'tJ~logi~eJ ,ddi~lye. eQl(1\9yed wa,s. C8IItoroli/ which was 

In~~~,u~,~t(J.l"".~/~~;~t,.",,~~c(ofP,~ments ~rs~op,; for this 

'~~~i~.;~;~~~,,.~,~t~~1~,·9tem~",,tu~ "f8,ll;UMd. 
, . ..; /I.'be ..~>4'II,"U~,..,1 ,w.u :pre.1!io.~Y. m,an~.ct~by, d.fssolving 

th~ ..-tanC4!'lQlCYlene Uldng a high IIl*id impeller at 4CH5~~ancI by stlning

""til a'~~4Il)'~t'n."'u,,,,~ ('I.8}.

, .,;,~'~twM'fIlI~e4 up ..II'! ~ ..m~ lor.permlting the 

~u. .. or,.\""I..-it.OIpJIi~ :,Ullta..,,.-cll of ,tl!em"u, ~ to . apply 
4l~,~.~JId,~,rOl',~ ~quIlIl~tlve evaiuatloq alfUm 
ttii~~.cIurq,tI!e.mmeralontes~ 

1.6BQRATORY·TIlBTS,,·, . 

AdI!e!fcIg andallraloa ftIIIatUce 

8AE 1010 ... plates were UIed. tortbe tats, previOUllly IIUIded 

to A Sa 2.. (SIS SpeclficaUon.5 59 00/1'1), with 40 1I.q madm·U/Il roughnea 

(Rm). The thidcnell of ~ plat.. wu lA mm. 

Belore . pafntlnc . the IIDUfoUUnc amples,the pa.Rds were protected 

with lID~tl_rOllhl""'~tol ~.rnciency{:S' 111,11 dry film thielcn..). 

Alter '4 boUI'IIdryi,I'II,. ptlfouUng paints wereappllild.by ~ forming a 
2$-30 I!I'II dry 1!J1Il tN.cII:!1411i J'!'~c:al tests were performed 24 houn after 

the appIicaUon otthe.II)U,t'ouUIIgCOAt. 

Both appU~tion of paints and 'laI:>oratory, tests were carried out 

uncIer ~~tlonl (IO ! I-Ctemperatllrll!. aqd 1.0 ! 5 ... relative 
humidity)•.' 

TIle acIMIIdonof COIIlinI'mm ... evaluatedbyapplyiJ:lgand removfng 

. pri!ssuiellllililtive typeO¥ercvtsm&de. In the film {A$TM. D 3351t-78) IIDd also 

by determining tensile·.trength(Elcometer modfi!l 10ji). On'. tbe.other hand, 

abrasion I't!iistance was evaluated with Taber AbruedASTM. D 1044-18, 500 

tUnlli, 500 Ifload and abl'llfiv.li! CS 10). 

Copper IeadJing rate 

For this test sanded glass panels were painted with elqHlrimental 

samples and arter 14 00111$ drying they were imme~ in attif~cIa,I ~ wate.r 
(ASTII D 1141''''1$). 

TIle toneeotraUori 'Of copper ..... did not exceed'" lID, CUe 

the 0.5 ppm YAlue,in·....ay tbe di.oIuuc..~t.w..~ alfectid. 

BothWUal Mel flnal ooneentratlaft of CGIIl*' in artificial iea water 

... .... by 'coIorli'Htty ..... '''1Im ~docarba...... m~ 
It permits to .. detenaIae 1. part .01. CAI(JIW in a bunclredmllbl 'part.I tor 

CGnCeIltraUaft between .8.1 and 1.0 JIPIIf'l,lt" 

Total C!!II!II!!' eaatAalt at !Iff"""~.... 

TIIe·...·of toC!d·oawir.-... _tile·..... mm ............ 

in.natUNl Me ................... I.. dIt.-t..,..; .,r.,*,'cIlteNllt 

deptlll. Por.1hIa (U:pIiIe. 'tbe ....'............, ........ wltIt Ute....... TaIMr 


Abruer; diU~'" and abruI.............. ,..~ ... tllllected 

> • " • ~ .-. "",' .". " 

dlptlll. 

BOth inlUal and ......... ., .... ttilcillu •• i. lor_...t U... 


or test weN ~ b1 ..........t CuriNnta. 

. ." . '" . . ....
" ) 

Copper.canteat at dlrr~ 01.. dIptbI ... IIIIaIIied bJ-.tbe 

.ve IOCIiUm dietbyidiUlloC.ubaute method. In ,thiI case, ample wlUi .PrePUed 
by e1ectI'odepoaiu...the copper.. diIaolYlnr .... eoppeI' trom the ~ with 

nitric acId and llelec:tin&' a IIdtableallquot tor examination. 

SERVICE 'I'BIALS 

IlamenlGil fillilituN11iea water (raft) 

In ordet'-to"eStabUsl\ the tOxic behaVIour 01 the palata in the natural 
envil"Omnent (sea' water), a as. tnontha ImlllerSlon test wu carried GUt on a 

'raft anchored at-PUetto.8eJp'ano (38-54' Si ""06' W), lID. area whole hyctroqical 

and biologic8l c:ondiUOnswere pfevioualy atudied (11.11,11). 

SAEUI0 ateel PIates (20 ilao x 8.3 em), wi... theame ~ac:e 

..l 
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treatment as that mentioned in the laboratory test, were selected ror these 

':tdals. Pane\Swe,re ·protec.tf,!d, witb .anec'(icie!)L anti(:Orrostve paint (l50-180 

~ni'ciry tilm '~Ic\ulesshlnd ,{in8Uy"wit"th~ et"periJ.llen~1i\ an}~Oulin~ ~int; toxic 

dryCilm thicknesses of 75 !. 10 IIIIl and 150 !. 10,.11;11\ Jtwo, a~J<!W" coats, 

'res~tivUyl",~re,~~~,,'~~~\ ~fS ~~t~~~,~b~ OIle different colour, 

It in ,- .n.C8SII8j .pain1lbW~M?~·..JXm~ .",it".1111 int~.~ 24 hours , -." " - - ... ' - . -.- '. , ..,..., - ..;: ."-. ".., Wt"4!f.i!J,;,_~,.J;)mnc,t1.m,~:RL~;~'.~f, ~r~r.:,~~.llllm~rslon was 48 hours. 

The"t_~/"~ DlIt~ v~~,eaJl)!,~:~,tra~es ot ,tIl4!, ratt, at about
I " ,,:O.30i0"O'·IIl,~~a.t,er !IY.I:(~~'-- ' ,,'. .> .. ',., 

In ~to,est.ablJsh,~I!e,;.~~~t'~t)' C?ti~~~QlfiC~~~1Qbservations• were, made, after ~. 13,19, 24~ 36 months Immel'llon. Photograptltc controls 

were performed In order ~~~~(lP"-.,..,tt~H~"f~e!1\,~~ to adjust
tile dirterent values at tbe'~ ot U; t~u.:·-" -'--- ..." '-... ,~ '.. ,- - ' 

• 
.;" !.'~<:~:~~t :;';1, ·',;-t~. r~' '~ 7.t'l" \: ' . ..q1;Jj, '': 

.: ~".l::;":.,!,'; ,;.::~,~. 

• "'l-.'-:". :"':"'h"';: .."'" <lj.ft ·:-\i:-r.~·. :<l?~'.:·~·: ."1t 

:~-.,-,:",.;'AcIMIIiOIi'e---~~-" 

it •.'·T "'!." 

". . ",.; ~;;.~"~il~.,.~".,,td,..~¥,ct~ values or.iadhesion (trom 
It 5 to. for cutu.~'i~~,~t~'~~~5.~;;'~i~.c~';2~jf~,!enaleatren;th 

""e~),,":and,or~~~~(,nIax1mu!,,261.J mg; minimum 165.4 mg).it 
'1:lMI ~t1~ve, ~nt ~~PIoyed had ";adhesiOn of 14 q;cm-2 to the metallic 

.,- - "'.," , -~.~ '; ,~ , "., ;,... "< " ; .t' '. ;' .; .-.

•
... 

.-ubStl:lttft~ 

• 
•,. • 
• 

.:r

g.pper leadd!!c rate 

The reSulU of the tests made In Iabora"t~to determhie the total 

copper released frolll the paint films atudled are indicated In Table 11. This 

table diaplap that cuprOus oxli:kl: ~t~t~-tii~:'biiider t~ I:ftdcomposltion 

InnU!ID~, ~f1~tf~.CIft le,cIllll(. rate." 
.' With, rm,rd, to the antifoullll( . paint tldckDess, this variable plays 

en.imporf.fl\t role 0C)lY. In ~.samples with' bln~rs of veryhilh dissolutiont 
rate (paint.3,;t. ,'tlI\<tli)•. ,1.he f!l!~i.r~ e~~n'of'th~ p8j~t films elaborated .. • • • •• '_ • :. - ,_ ",' ~w. ' •• ". .', • • ',-" •. ·:':,11>.'. :', 

rundllm~ta1ly.•I~,oleic:,.ac:id,"hiCh was observed during Immersion test (Table.. OO,i. the basisot ~e di,rerentc~r l~~chi~ :~ate:~ched with two dry films 

thicime!!S considered. 

..~" .'Capper distribution'ln the remaining mm 
!"'. . • " 

The antifduling paints tested showed during immersion a signiCicant 


difCerence ill the iotall:Opper 'distribution (cuprous oxide, cupric'oidikhnetallic 


CoPPer and c~r''compljllc~sJiis'a runl::t1dn of :tllrti depth.'BWldaj' it Clifferent 


decr'eue of dry fllnithickri'ess!liu ObMi'WdacCWdlIl( 'lo'the binder tyPe '\lied 


In the paint formUlatllin • 


For Instance, In th4iiexperl.nceI'ciam•.hu~ wftb 1IO'!,io' Ii;" dry 

fUm thiCkness, pilnt 2 (with p ...nolle'ftrnf..... PlutldkhilipJ&yed a pfOtne 


of total Copper content which ',Indicates, II -hllher'illm:extiailifllll1'lha!1lamphli 


.. '1U\d I hflth"c:OatW/tllll("oI1mlxttrilliKloIele .~i:th.peC:t~~FIC. I, 

2 and 3; the abovementicined 'l.ftlatedfotheleqer,'diCrwuei.ijr';dryOlm 


thidcnell observed In paint 2 rr... m)~ 


Analopus conclusions were ob~ed'·, ·~iMift "~tS"-&lfW"'1odinr 
to the tests made with the above lamplel but applied with 15 !. 18 .... dry 

film thiclcneu were ~dered and abO'1iW"ft1~'ofPlIntl'lHteeonlpared 
wltb thole or ..mplea 3 and $ (smaller cuprouI Oldde content) lor both drJ 
(Un.' thi....... ltudieCL 


PaInt bklacitlvlty .. !!!p!ri_Wralt 

The rHults obtained are mentfol1ed In Table IWThe eflldeaey of 

antlfOulill( protection was evaluated by the _ of a fixation lCalewi!lch ra.aces 

from 0 (SurfaCe' without foullnc) to$ (completely f~).'lnt'ermedli.te val. 


of 0-1 (very rare), 1 (rare), 2 (common),3(very commcin) and ".(abundant) 


, were' alIo COMide~ Value 1 w.. eatablish.e<l ... tbe limit of acceptance for 


an IU.'Itlfoulill( c:ompoliUon (10 .. effecilvenea); painu ,'that!lbow~ .protectlon 


values of O. or 0--1 (100 and 110 '" ef(ectlve_) were eonsIdel'ed" p,oducU 


of very cood bioactivity. 

M:an, antfl.'ouIInc paints I.'I1ma lbowedlatl".etQ~ pnJ(Iertlea In 

inechanl~ tests earriedout at laboratory" different behaviour GIR~rt alloWect, 
to conclude that both formUlation varlaWes. (toxlc.nteap\entWb.{!ldert:ype) 

and dry film thickness (mainly for liamples 3. t, 5 and&)ll1nllClft~slenllicantly •on paint bioactivity. 


Paints elilborated· witll phenoUc' varnish as, plastici~r (p8in~ 1 and 
 JI 
I 

http:f~).'lnt'ermedli.te


,
t 

I}, 	 ror two dry film thicknesses considered (76 and no 1II1l). fulfilled the test 

requirement only for l3 months immerSion (0 or 0-1 s,ettlement valu,es}.After 
~. tlllit period. an important fixation of rouling was registered (~t~e'" ,2-3 and 


$ according to the Immersion time cooSlderect). !
• Samples ror!'1ulatlld; Wlt~ ~t4r/t~ oii mtlCtl.\N ~" plAsticizer, 

for the two '111m 'thlckn~ ItiJcn~, ..~~ a,~ ,~loiactJYity, (or Z",I1100ths (0t 1 or l), oed, ~ applied ~Jth:151t WnthIcknela .holred atlatactqty eftlelency 

clurinr Sf! JQOnthi brjiRer.ton (0-1 or I). ' r Aa ~ "nts"wlth, Oleic add'in their eompoll~;UIe' behBYiour 

do dependedllPifl~t1y aft ciM!', *' film ',thlc.ilm811 applIe4. ....... P!lfnts had 

a thlclm~ ~~ter than tile Qtheramples. whl,ch led to an exceatve~. an rapid exhaUl~on when they were tested, with low thlclcneIIIUlxation 1 or 

2-S for 1. month.lllllaenlon).,Wbenthe Ierne products w... eppfied wlUl 1$0it 
.... dry til.. thl~ atlataetory antJfoullnicharaet~CI ......rved

t for n monthl Ulxatl9n 0-1 or 1), ilMloblerVatlon (S' mOn~ indicated an 

Important DutJol\ ,upoft thea,bove pIInt~ paneJa. 

~ CONCLUSIONS 

if 
"I. For long l,mmel'llOn periocii on experimental nift, the plastIcizer,~ 

Innuen~ on biocidal power of 10100ie matrix antlloullng paintl Studied. 

I :,. Both' cuprIous oxide contentl considered led to prOcluetl with different 

leaching rate; on thl. i.lpec~ It Is Important to point out that lOme palntl showed 

; an elneient bioactivity with a cuprous ~xlde leaching rate lesser than 10 J,l1 

cm-Z da1"l. ~.tlng the coneluslOl\l reached for other au~ (S,4]. 

S. W~ antlCouIih( paints baled on binders of hf8t1 dissolution rate 

.,.. employed, the" dry fl1m t.hickneSs II a very Important ~ariable for a longIt 
Immersion period.' 	 ' 

t 	 4. R~idual rum thleJaiess during sea water immersion, profile of 

total copper in Ule fUm and also cuprOUs oxide leaching rate displayed a great
.' ,'" 	 .:. agreement with the"bii:laetlvlty-onexperimental. ratt. 

./ 
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TABLBI 

,.~pc.ltJon Or~mental.pmu-.-. w/.

.. - .. .. 


. Paint 

Red eupl'Ol.B;.oxfcfe 

Zinc oxide 

Natural Ca I elum carbonate 

WW rosin (cum I'OIIn) 

PhenoUe ftmlsh 

Coal tar/tunr 011. lIt'ratio 
In weight 

Oleic acid 

Castor 011 

1 1 1 

31.3 
3.1 

.. 31 •• 

,22.' 
f.' 

31.4 
S.II 

1'.4 
U .• 

f.' 

:n.1 . 

3.1 
31 •• 
211.3 

1.1 

1.S 1.3 I.S 

4 

n." 
'3.5 
til ... 
Ii.S 

11.1 

1.3 

I 8 

:n.3 
S.l 

S3.9 
22'.8 

35.4 

3.5 

29.4 

22.8 

'1.S 

1.3 
'1.6 

1.3 

(-)So}vent mlxturawu toluene/white spirit 1/1 ratio In weight. 

TABLBD 

T~tal c:cPPet'rel~ ;~m;mft. or·antJr~ pmnta.1I r~';;I.day"'l" :. .' 

IIPaint .1 • 
~.:. " Stli thlekneal~II'+ 10 

J.i. -.'::; '.fnmel'llon t1~.I- . ',. 

13 monthS .'J.l n.1 11.1, 11.1 . '.1 ••• 
.. Umonthl:·. 4.1; S •• l.l; ...s' 6.0I.' 

.. ; ·SS monthl( ••:0 fS.O J,S O.lt 0.011.":' "} 
.;-~~.~~Il, t.hICIcn"'I}~IOi.t.~ .lIm 

, .~menlon tirl'lel- .',. ./:', 

~, ...r, 13 monthlJ',· I.i~ .... 1:.1 n.' 11.0' 13.''),; 
;.' 

I"mont"~ ,.3\: 1;.1 1;•• 1.1 to.1 
. "-', •••• 

,. monthl:'; i.I~" • :i .... I.' I .• 3.0 
" 

" ;4 
:'~ 

;i,.", <~ 
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'fA-BLBm 
.": . ". ,:-'; 

. ~ 

...... Remalnlnc anur~",mm-w.......·the ImmeralaJ,.~

"'. . " . ..'; 

Paint 1 .a 4 I 8 .. ''',.,. 

Inltlai tllm thielen_II T5. ! 10 11m 71'. ,.. TI 12~ TS 72 
Immel'llion . tlmel ,.-:, 

'I montbtr 83' .SJ 118 . $2' 411 4'1 ...,J3 . months ~a' 110 4'1: to 13 
19 montlls . .I" 113 21 2'1. 0 0 

24 months U. . .ao '11 11 0 0 
36 months 14 11 0 0 0 0 

Inltlaltl1m thlclcnnu 'Iso!. 10 '11m. 1~1 In 141 .,1Sj 14'1 In 
Immel'llion tlmel 

'I mont... IIr 138 '<12'1 ,113. li8 121 
.:.: 

13 mOnths 123 11'1 118 ~20. 81 93 
til months 11i : US:' 'U ;"5 . '11 ,10 
24 mont... 112 ·uo 80 II 118 il " 
36 mont... 81 II 81 lIS U 26 

• The results are the a~rareorten determinations made Ihprea.~ nlm place • 

.. - ._--------

'fA-BLBW 
FouDnc llitttlement 1ft Imllleralon t_

Paint' t .2 a .. II 6 

Dry rUm thlekness''I5!. 10 

Immel'llion timet 

'I months 

13 mont... 

til months 

24 mont... 

36 months 

11m 

0 

0-1 

a-4 

I 
I 

0 

0 

2 

I-a 

I 

0 

0 

0 

1 

a~.. 

0 

0 

0-1 

1 

3· 

0 

0-1 

2-3 
a-4 

IS 

0 

0 

2 

3 

5 

Dry 111m thlcknessl 
Immel'llion .tlme, 

, months 

13 mOnths 
til mont... 
24 months 

S6 months 

1110 !. 10 'II m 

0 

0-1 

2-a 

4-,11 

II 

'0 

0 

1-2 

2-a 

II 

0 

0 

0-1 

0 .. 1 

1. 

0 

0 

0 

0 

0-1 

0 

0 

0 

0'-1 

a-4 

0 

0 

0 
0 

3 

• Key or Table, 0, 'without roullnr {too Wo .rnclencyh 0-1 Yell' !'are (80 Woh 1, rare (10. Wo>,.I. common (60 'N.h 
a, very common ColO Woh 4, abundant (20'Wo', I, penal Completely rouled (& Wo). 
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MODIFIED ORGAHOTIN ANTIFOULANTS 

• 	
C. 1\. Dooley· , J. P. Testa. Jr.·· and P.Kenis· 

·Naval Ocean Systems Cent.er, ··computer·Sciences/corporation 

•
it 

A6STRACT 

~ 	 Trlbutenyltin broaides containing double bonds at C-l, C-2 
or C-3· Were synthesized. The reactivity and toxicity results

it Indicate ,ttult the co.pounds wi th double bond$ alght serve as 
sui tableaod pe,rhaps ilore envl ronlllentally coapatible

j antifoulanU. They exhibit degradation rates greater than and 
are sOlII/ilwhat.less toXic than,the tributyitincolllpounds currently 

•

.. In use. 	 . 


• INT~ODUCTJON 

The Use of trlbUtyltin co.pounds as antifoulants for ships' 
hulls' has' becQae of increasing concern., because of theirit persistence in the water colultn and sediaents' and because of the 
potential 'for. bloaccu.ulatlon. It is known froa. literature thatit when ethyl and propyl groups are r.eplaced by vinyl and allyl 
groups In tetraorganot:ins, the resulting coapounds show enhancediI chealcal reactivity 0,2,3)•. In,an atteapt.to create aore 
reactive coapoundl, we synthesized organotincoapounds In which 

~ butyl groups were replaced withbutenyl groups. Such co.pounds. 
used as ant:ifoulants, alght be expected to degrade .o.re quickly 

~ In the envtronaent: while retaining sufficient toxicity to target 
organl.as. .j 
EXP.ERI"ENTALit 
Ch~.lcals

(t 
I-brolllo-l-butene. 4-brolllo-l-butene and 2-chloro-1-butene

it 	 were obtained fro. Pfaltl , Bauer (Waterbury, CT). Resublillled 
lIIagneslulI chips, tetrabutyltln and trlbutyltjn bromide were 
obtained .froa Alfa Products (Danvers, !'lA). All were used withoutit further pur ification. .Hexyiliagneslull broil i de: (2.0") In 
dlethylether . was obtained' from· Aldrich Chemical companyit ("ilwaukee, "'0 and was used to derlvathe alkenyltln halide$ to 
I.prove their chroaatographtc behavior.it 
lnstru.entatlon 

f'etention tiRS and lIIass spectra of synthes i zed and 
. purchased coapound~ were obtained with a Hewlett-Packard Kadel 

'1 

58901. Gas Chromatograph directly connected to a Hewlet't-Packard 

"odel 5970 Mass Selective Detector (GC/I'IS). Data collection and 

reduction was performed with a Hewlett-Packard 9000-300 Computer 

using Mod~l 59970C ChemStation software. Samples were run using 

splitless injection onto a 12.5 m by 0.2 mm 1.0.' HP-l fused 

silica capillary column with 0.33 um coating thickness. Helium 

carrier gas was used at II head pressure of 40 kPa. The oven was 

programmed. after an Initial 2 alnute hold at 500 C, to :nooc at 

30 °C/min. Injector, transfer line and dete.ctor were at 250oC. 

Masses were scanned between 50 and 450 aau. 


IR spectra were obtained of the neat coapounds In AgCl cells 

using a Perkin-Elmer "odel 1420 RatiO Recording Infrared 

Spectroaeter. 


Synthesis of Compounds 

Tetra-l-butenyltln, tetra-Z-butenyltln end tetra-3
.butenyltln were prepared vi~the Crignard reaction (4,5,6,1,8). 

The appropriate Grlgnard reagent was prepared' froa approxlaately 

10 9 of I-brollo-l-butene, 2-chloro-l-butene or 4-broao-l-butene 

In 10 al anhydrous tetrahydrofuran end an exc::;ess of aagneslull 

chips. The· Grlgnard reagent was 'decanted ·froa the excess 

aagnesiull chips, then cooled to oOe. Approltlutely 2 graas of 

anhydrous snC1 4 In 10 al.of hexane wa.added dropwlseto the 

stirred solution. The aixture was refluxed for fOULhours. 
 II 

The reaction i1hcture was cooled to oOe lind hydrolyzed wi th 

3\ HCl. The separated organic layer wa. shaken with 5' aqueous 

KF to precipitate organotin chlorldes.or broaldes as Insoluble 


'fluorides. The solvent and low bolling' side products were then II 
reaoved under vacuua 'at roOa teaperature froa the separated 

. organic layer, and the residue was washed through a 22 It 1 ca 
Florlsll colulln with hexane. The 'solvent was again reaoved under 
vacuuII. 

Approxlaately 1 9 of the tetraalkenyltln was suspended in 10 

al aethanol. A stolchloaetricaaount of broaine in aethanol was 
 -
added dropwlse In dia light to the stirred .t.etrabutenyltIn 

IIlxture. "onobroaination of thetetraalkenyltin to fora trl-1
butenyltln broillde, tri-2-butenyltin broaide and trl-.3-butenyltln 
 J 
broaide was achieved by conducting the reaction at oOC; _SOOC and 

20oC, . respectively (9,10,11). Upon coapletion of the re.actlon. 

the solvent and low boiling side products were re.oved under 

vacuua at rooa temperature. The crude product was washed through 

a Floristl colulln first with hexane. to recover unreacted 
 II 
tetraalkenyltln and then with 1:4 (v/v. ethyl acetate/hexane to 

selectively elute the trlalkenyltln broaide. Solvent was then 

reaoved under vacuulll. 
 JI 

2 	 
I 

-

http:chlorldes.or
http:organl.as
http:atteapt.to


Degradation 	Experiments 

"Ethanol solutions of the ,organotln brom'ides were prepared at' 
, -l~/mLAliquots of -.the ethanol solutions were added, to 

,(.!lterf'{i sE"awPJ,er to obtain approximately 1-5 ppm concentrations 
.';:;jll";~ll~!?;.<l·dl:ld'f~'r,."S(}lut Ions wej-~>eithe.r:placed In 1;15 ml. quartz 

"~""tul:ks.' ;ioo'e:xppS,Ei?, to sur\l1ght<:Jver, ,l8'hi;)urs orkept iJ),(;losed, 
, ,500' m! poI)"c'a'i-bonate' jarili'n 'the -laborat'ory.,10 iiI aliquots of 

theso!-jJ.tioriswere extracted at timed Intervals with I ,Jill, hexane 
a~~e,"~~~~lditicaU0l'!wl:th 0.1-' mt C()~C; HCl. salllpies were analyzed 
dV",'',e,ct,l,YllptI'l\~ter'derlVaHzatlon :WI,thhexylllagneslum brO!llld,e by
~'-'S ,~ti'ln9.. :tetra.,.ri'-pr-opYlUn 'as an ,1nter:l1al standard, in the 
'fiejenl;~'xt(.et~nt!~ " ", .," ," , " 

I 
Toxl.cltX .Testln9 ' 

;"""p@.._:._,;,.&. "'" -~ - 4. ',:-r";~ 

" " R~'lfttive toxiCity of collpounds was deter.loed using the 
f'llcrot9x, TOl(l city AnalyZer P'ladd 2055, llianufactured by f'licrobics 
C6rpOritlon,CaJ)sb4~,CA.'( 12, l~, 14). ,TtHs bioassay aeasiJres the 

J 
it 'relative reduction l:n'l1ghtOutput'bya lUllll,nescent bacterlulI, 

photobacterlullehosphoreulINftRL 8-11177 wilen exposed to a 
toXicant:: Ttie Hctedii'o're provided In.'a conYeri~ent.freeze-drled 
fora ~y ~H~n?b~cs c~u:por~tlonandare ll1Jtedlatdy activated by 
the addition of 1al' distilled wiSter. ' 

I' , for P'lICr:<?toxR testing, stock solutions of theco.pounds 
'Weril' prepared-In 95' efhanol at -1-2ag/lI1. Appropriate aaounts 
oft,be ethanol solutions _re added to 2' aqueous HaCI to achieve 
a 'IIIIOtkatHeeoncentration while keeping the, ett;tanol' concentration 

I 
as . low as poSSible t typically about o. OS\). 

Serial dilutions of .'.aach cOlllpoundfor aeasureaent are 
perforae(i lf1t~. .Ucrotox photOlieter/lncubator at 15 °c. 
Controls consist' of t,r'lpU~ate '1 al portions of 2' NaCI and 

a 
, ~ candidate toxlcs are prepored 1n andsubse~ently ,serially 

diluted In 2' ,RaCl, with eUnal vOluae of 1 .1' for each 
. dllutldn~ .After a ,5')lIlrilJte p'erlOdfor tellperaturee,qul UbraUon, 

10 ul of'rehydratedbacterl.J$'ad~~dto'each of tt;te ,controls and 
r:!le ,;senal. d~ luUonsof tJ:le test cOllpound., P'leasurellents In the 
photolleter,al'e aade at S'and 15 alnute's after 'addl tlon of the 

. reagel.l t .'T\11l1 procedure Is repeated at least four separate t iaes 
for each'coiipound,to ,provide ,four independent toxicity values. 

t 
'The tOI(;lc1ty "alue Is expressed as an EC50 concentration. 

which Is, the concentration ofa cOllp0l;lnd which caused a 50' 
reduct!On In., light; output. The EC50 . concentrations were 
deter.ined by graphic l.-aterpolatlon on log-log paper, plotting 
the gallaa funct'lon against conc!;,ntratic)o. ,,'fhe gallllla' function Is 
the rat 10 ofttie a.ount of light lost to the amount of· light 

(' 	
remaining. A gllllllllllavalue of} c'brresponds to a 5o, ,reduction 
In, light, or EC50. 

G 

3 

~~' 

RESULTS AND 	 DISCUSSION 

Syntheses of the . ,tet(~butenyl tins presente~ no, gt'eat' 
difficulty as long ,as the Gl"ignard reagent was presEmt; In ·,tttrge 
excess to assure complete a I kylaUon., Thet;etrab';ltenylti ns were 
all ,stable as neat compounds and in iriertsolvents, Tlle,tr.l:'2
butenyltlnbroml,de w.as so rea.cUve~!UT ,thesyhth~!!I;I's,'$lde 
products that it ,could not be' I solated. The "fi I-l-t:il.itie'riytt:ln ' 
brolllde; anCito a lesset extent, the 'trl-3-butenyltlil"'bn:ii.'lde 
tendedto,p'olY11erlz~aurln9s~tv~nt:,ev.por~tlOh • of,t/lf! c~l.tde 
IIlxtl,lt:e pl;lo'rto colulln.chroaat~ogr~phy c1ean.-up,espe~I.1.~y',.: if 
the dlI1Ullatlon-·£.lask1liiet'e w.a.ra~d. Once purl(led. ,the., tfhl
butenylUn,and' trl-!'''bU'tenyiUhbr~)aldes ver,e'stable.' . ,... ' 

.' . 	 .' .~ , .'." ," ., ,. - : ",.' ' . "

prQgress of the reacUons and purity of the prOducts',were 
monitored using CC/I1S. 8utenyltlnhaHdes _re derlvatlze~ with 
hexylaagneslua broal~ to foria.alxed tetraorgant.tln cP.;pounds. 
Thl.s step1.aprQved the chroaatagraphlcb,<ihavlor:.0f,. the: ,,~a)ldes 
and prevented furt,11erreac,Uon 10.tM criJde alxtute"w ,tttMi're c1s
tr41ns iso.eU',,;ere' present 'In the, starUngbutenylhal1••~ 'a 
lIixture ofl$Qaetic butenyltl"sft,re foraed. TheselsO¥rscQt.ild 
be separated byg,a~chroaa,t<x.Jr.PhYbut not chealcany. ." , " 

oualitatively'titeDlls spec:tta of the trlbutenYltJn 'broaldell 
resemble that,of·trlbutyltln broalde In their fragaentatlon 
petterns. The ussspectrua .of trlbutylt;ln broaide Is ~1l~ln 
Figure 1. The, Ds.s",,, spectra of the trUxltenylUn broar•• are 
characterized, by a"'l<l9Ou,s~lusterll of tin-containing fr:~gaents 
",1 th t'llllO less, aassunits (H atoas) per attached, carborichaln than 
the trlbutylttn broal~.1'hed1ffere~es In 10nabUncRlnces that 
can be used to showtha'td1ffererit cOapOUnds' vete I~ 
syntheSized are su...die<l In"lg\lre 2 . were t"ne ..jot ; Ion 
fraglllt!l)ts for thettlor,gariottnbto.ldesate s~.·' "f;··. 

·Infrared spectroaetry w~sused ,tol,leteralne pasltiop~bf .~he 
double ~"d and t'QIIhow'that double ,bond poslUonwas, retained 
after bro. I rn,sUon of the cOllpound and th.at adiiltion"of', broa.,ne 
across the doublebo.nd did not .occur. These dataaresu••arfz'ed 
In Table' 1 as the vlbra.Uon of C=Cln alkeriylUncoapdu~s fo~nd 
In the 11 terature ,and .ileA.jSured In our laborato~y~ . 

The trlbutenyltlns exillblt' considerable, vartaHonln 
stablll ty and cheaical ,reacUvlty. (CH3CH=CHCIf2'3SnBr,<' .an 
allyllc COIlPOUrid, ",all highly reacUve and therefore. tran'slent; 
the coapound, readily underwent redlstr lbUUon reaei'tons wIth. s'lde 
products of the synthesis reactlQns, and so CQuid not be 
Isolated (16.17). The' other two trlbutenyltin broaldeswere 
stable as neat cOlllpounds, In inert solventlland In ethariolfor' a 
reason~ble length of Uae. .Chealcal reacuvlty, appe.red to 
follow the ord~ ..UYl )Ylnyl) alkyl all found. by'oth~r w?rkers 

• 
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t :J~A~C~~C'H=cHii:~~~r.( ~~t~J.~f~~'f~~~n;<fn;~! t~;;I1~:~~n . vi ny 
1

, 
f;' t", ' ~ ",.""', ;' _ : , . : '.::', ' ;" -'\;:', " ."', '. i 'f;"" " ; - . f ' ". "" "",~,,' _ .• , . ':.' . I.'.9n ' .. a .:. IIIPJ::.,i; ;.;eQ..v.,t£,Qri~~.,nt'..,l.....IY;,!·:.. ~~~..·,l,.~~:ti.l1.. ,.",.,e~.:. r,~lI\en.. t." ,~he 

, fpJ 1~,.i:n9.-; i~~~SU},J:lilf ,w~r:~ 9J;>~tl),.~l),e,il,~: ,U~Q.,' e,~P'9,1}ur.e: ;lQ" ~irec t 
"sun).;t,!;!h!, " " ~pf1wa,~r '\iq)lI,lV~o/Is 'J,;, of ,;.J<;:,l:flcHacHit::ll bsnl:it" arid 
'~!.G'l!zitfH~2C~-l9~J.!.!-\r;: ,~n,Auq,~,tz,~I,IQ~~shg,~J3', 'i\O':.al'l~: 100\ ,.1 O!;S o.f 

.di.rpOlS.~' '~sll1t£1::~v,eJ~~.; .!J:f.~AA,4~h ,IlR"Y"$;, J 1;l£~3Stl2C!:f2CH2 tti~r 

~ :,;~2~r..H~~t.·~::J~.;~;;{i:~."r.~~.~.'~~i~Ji~~~;f.~Hj;!~~~~t:~~~, In seawotec;p['Qtec;t~ froll'~' l1ght~nd lieldat • constant roo. 

::~~!I~~~::~:';,.~~:>,'~:',':,:,:,),';,':::>":; .'.\, ,;! '.' .', ' 

J 	 .' ,>,~llllt.l.¥P~~,fRlt.tt;~of,,,,~~, Il~,!.(!c?''',PqW''4s 'wer~.~~f!r•• n~d. by 
'..!f .. l We, ~t.,SrO~A~~'~..2Jt ...;ze.r.I_.'..:U .t .;;.l.. ~y . v ..alueS,I".$I 	 ... 1.c~,t.~, ~,a~.y. ..J"; ....T.h!! ....()xf,.
1~ ~~..se"d..l!JII,JI.f,t ,~~~.o t~ c,oncf!"t;nl,U,o~,pf_~ ~q!lP9~"d whlcll 

.' ..... 1:.r: .. ~ .....'.'.' til. '.r.i •..q,~~ 'o.".u.,.t .. Y.~ .. l.'.ts.", ..'.~ ..:()wtl... .1 nc~~'~~.' ' •. '.'!).'.i'~ ....1it~._.'ct.J~q .. ..p ..'.~".'.".1.fI,'.~ •., ..r;..~su'. ..r.e . s.t:I,T~~.~i,.S¢~O·s,~t:~ .(rt~,t~$a,l'ld~~,.,lnu,t;~$~ A. Jaw, E(,:50 

{CH~~*hlc:~i{3;~~~; .!:;!~l~::·~i~:·th1;~[f~R~gA;g~g~~~~g~Br .~~ 
fat;:. P.I\!I ,r«t,v .'~~" ~."rA:l.s~,ct,1.V;I7,I~,l .' .• _ i,. . .• 

" ~, :>:;;;'~.''''' :>r· ..~~_,. "!~-• S.U~l· ..... ,'j\ ,l .,::r~l.~•.iy:j~~.bl:~!~~:C~~t"lJiin9· ~.~~~~ ;~~.at 'g:-l, ;,~:-2 
. ,or C_~;,J"~J;e,~,,yn~.hed,.::,f.rO.,8~tr.1cal.~t«;t;f,~~td;e~ylti,Qs; .,The 
.~"~~ s.P;i!~J r~,,<i{, .. ~~.. (e,~ta;:;;a~ ~,t r 1.,~tell¥~tfn~, Wittt..og,ta1ned. ,; "lth,()1-'~i"'M t.4~,e~.;t..tr,f:!!jt.enyIUn~~~l:!i,I<t. ~f~ sMj)le, . em.y 
the tCibUteIjYl,~~,_p'r:(),I!.~d!"i~wJ,t.t'!"dQf!ble", l:)Qiids.•t .... C-l .. and .•. C::".wer;e 
sufficiently .fable fOf further studtes; The trl-1-butenylUn 
bro~!~u :'1\ ..~eflw!lter,,,,.~.•QnLsta~le t,n.;.tJ.riUgJ:!t: t~an_ th!! trl-3

~ but,~n,y,1tl!t" br~:II"l~~.) Y~t,c.. l),eltl).er~C\Ilpo':lr)d,was.1f .ta~le. as 
t,r) butylt,inpr'fJ.~¥·, ~St,,~, I ~ ty i,n, sea,water, ,'. if! .. the".l;lsence of 

~ ,U'o?' It.gtit:~,"!!l.",~es',(9c 6Oth,t.he,.tJi-J,.,.putenYJtl0, br:;q.l(~e and 
..trt-3~~;t"nY'ltfn ,br9~r4e . than for .tr:l~tylt1n "'btoillJ4e,.. The 
relat1ve"toxtct,tt~Ii.'·'of ... the~.· te,trtibt.itenyltliu! .. and the 
tr1butenyltins 'brO.Ii(&e. Were detet.1M!d'uslnga biolu.lnescent 
bact4llr.1',.I1~ay•.,T~e,t.et~~te':lyltl,l)s ~~hlbi t~greater, t,oxic1 ty 
.than •,'~tt;tra~tyl(l,n.bY up't() !I :f~ct'orof 5., By,... contn~st,. the 
cQl'!centniUonsoftribute.",ylttnbro.ldes necenaty to produce a 
~()idc.·, irell~n..Were 3 to.' t(••• ,gre~te,i:'th.1.l (0t: trlbutylt1n 

• 
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~TABLE 
IR BANDS OF ALKENYL TIN COMPOUNDS 
.c~ . . 

cCHa-CHlISnLI 
(cHaCHaCHlllCHkSn 
C~~~ . 

(~ 
(~ 
C<:HaCH-CHCHa)I.... 
~ 

(~ 
(~ 
~ 

.L ........ 


. II (C-C) cm- ~ 

1101-15•• 
1n',., 
1.00 

1.iI-1I1.. 
1'14.1 

1144-11" 
1.U 

1'''-11'' 
n .... 
i ..... 

'fULE 2 

Source 

R.f.. 
lab 

• 
Ltb 

"-f. 'f tl 
Lab...t..
... 


Ret,'... 

. ... 

...... 
_.... 

11111...... 

·RZZiI ...... 

_III..... 

coapound 5 .1n EC50 (uK' 

0.13 .!.O.Ol·,(CJi3CH2CH2CH2)3SnBr 

0.82 .!. 0.16(CH3CH2CH=CH'3snBr 

(CH2=Cf'lCH2CH2')SnBr 0.44 .!. 0.05 

e 

TOIICITY or TaIBU'fYL- AND TaIBuTENYL'fIN 8~~IDES 

i5 .1n EC50 (uK' 

0.06.!O.02 

0.44 ,!. 0.04 

0.27,!. ~.03 

http:0.06.!O.02
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Su.lil\-tifpu,111111 to...~tioM (.~tb.r Cu"O or orpnot1n),w'~',exposedt 	 at Jl_i St:r-l t,A.n&l".:r tor 12& da,rs. teachina rates tAInt .valuated 
~A:.A.S •. iand PolaroarapbJ, the llicrotoulina t:Olonbatton exaalnod 

•
j SEM iandt!le effeCt ontpXln rel......sesseli. A variety of bacteria 

~rs t0un4 .. early CoI~s.rs. Growth or th., b,acterial layer, ' 

• 
enC<I\1rIl&ed aUt iandd.tdtu accu.aation widell a'p~ to muce 
therilte 0( t:ol!inrel.... r~ all painta~ ~20 painta had be,tter 

• 	
antitoul1na P4!rro~. Mlntalnina tidequate I.achina rates. 

•••• 
• 	

'"• 

•
•• 
•& 

•t 

INTRODUCTION 

Moving and static structures in' the -.-ine environment are 

susceptible to, biofouling, creatin, a n_er of illpO~tant and 

cOll!t1y eco_ic probl_ (Skl_r~, 19'1h Cr,ls" ~3; PbilUps, 

1973; Christie, 197'7). On .blpa biofoul1Dg 1... to iacreued. 

frictional drat sud fuel CODS~tioe.,-'ilat oe oil ~ ... rigs it 

IDC,..... loed1ng forces IIDd COCTOIJloe. 'Ii_the ~vai of auch 

foulin, requJ.re. expeuive dry cioc:k1Dg for ,1I1d.,. or Uden.tar 

_int_. antifoulin, paints ... ...,lor-l to reduce aurf-=

fou.lin,~ 

'!be _in biocidal CIIIII'_ta ot _tifoeUIII pUnte ... 

triorganotla c::GIIfIOUDda auch .. 'lrlbutyltia' (lid.. (!I'l'O) , 

!ribut:rltia rluoride (TPTf), TriPbeaFltia rluoride (trrr}' ... 

Cuprous Oxi. (CgzO). '!be caatroU..t nl... of .uch tc. 

l"IIS1l1te ia the fo.--tioe of • 1.,..- of~ tadD ~tratioe at 

the paint sur-feee IaIoIom .. the bouPcIar)' la,.r. !be tbickaaa of 

this 1.,.,. .,.. oR tile leecb1Dg rata of the t.ia. Wich ill turn 

depeod.a oa the t~tW'<l. pl...Unity ... fl_ nat_ of the 

seMter over tile surfu:e (de la Coart. 1981; 1_. 1981). Moat 

.ooern _U,fou.llofa ,rovide _ffecu'.. laa,tar. protecU,oe acai..t. 	 . . . 

,_rofou11ng. bowever,' fe", prevent tbe ~, of alt.. fo~ 

or,_iau.notabl,bact.ri. and .lata. (eor,., 1m); .....,. 

1981 .f b; C.ll_, 1984). 

In the ~_t ia-U,.tiOll six (iaaolubl_ _tru) 

aatifoulings _re exposed .t the MoIl\jli Strait. ADl1.._y ,for five 

'_the. (lblienations _re .ade on the dnelopMnt of tile b1fou.lin, 

~it, on thea. paints and the .ffec:ts tbia ~1IIl1ty bad oa 

http:or,_iau.notabl,bact.ri
http:requJ.re
http:CoI~s.rs
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lilod.dele8ching rate lII)d anUfoulinc perfonaance. 

-~*Ls;'.&ND.'~D's'·;: ":;r;;),.;, . '; n;': . .!'l-;' ,I 


.'..' ....., ....>."." ·7 .. ·· .. ·..······., " .' '! . 

.·Sii{l'n~rcl.al."'IUit1fdUlur 'foiW!lattOliIi .. CoiIPti.inc ~ 

.. C~. ~'~~*}~'rUilit'liE'lii"Fllio.,l~., (51"};"t1p~Ynla' Fluoride 

,(mr~ ~".1'ri~llt;tf~ "~i~~W'~tril~l~+;;~'ittiti~tjfttii '-rate 
!)·(t'ir,.)~tii! ~liea'toiiV'iile·s.I~oci':p4aer:.~2Q:Z c;.'. lUi CII 

.MdO;.~:d.c,~j.fidi·Jill.illt "';~Uedto a1Ot~ta ,latea 

to' .'fi.l irl iPabat'thiclCDeiao('f.SQ-ZOOJ.!ll. '1.11 plat. ..... 

. " ~.,tof'~ti~e;"U. "tril. .i~f,Aprfi'OII .~t lOCated ill tile . 

~,striit;'~.' 'a.I"arid .ret~O~•• ilbliMitt U4a 15631Z4

·1.athtil.doo ~tih-tic.i' ''''~ea; 'of HZ, -kta .... ~.' 
~~tl_Of·eiiCbatlf~\~.cOil~'~ 21. '63. 84 

UIl126.,..(d). Aii}!ta:teiI ' ..t'e' ...."'edliatllt4lhd _tar 

(0.22',.) f .. ~tl_ to tbIt llllbo\iatOrj. 

(1)LI~~; 

~tD' .".., ~oUtiD reCtlil:lllll.t~l~ti'b::~W 

wUela (4 1) c1~ iby ....... 'lD'lClll: ~l«tc ~id .tor Z4 

~':_ tl'l'l.{~ iiii.cli.tilled water. Iech'_..t _ filled 

wlth31'01· tl1teNd.(O~22';...h',....t_'lIf boMI COpper -S tiD 

CfOocebt~Uoli ... ~ ,l'ec.d.· .to Ii ~lc.timr. One ,lata, 

reprea"tillleiich:peiJlt t.latioD a~ each· eXpNve, _ tbeD 

cl..,ed'ialo "itiCID.'laCIie a1ddle.oftlM.coateiaer•. Stlrriq by 

.......ttc'~tirTera. ot:'....ll!~iD aU _el.;t.e.c:M., ... 

~ried"OIIttor Z4t1Otu:1iat ,aC:ooat"';t taperatunf(lO'C .. 1'C). 

·a:tter,Z4' hoUratbe;.urfae.. ..... ofe eac:hplate expoaed to the 

.e...terancl the ter ,teilailliDI iD thetot~l ·,...,i_ ot •__ 
exper.i-otal ....iiJl. _ lIIliesured. ·SeiN.tet'eoatt6la with 110 

<:. 

I . 


expert.ental panels were run in parallel. 

(a) 	Tin ADalyda 

two 100', IJl aU'iuot. of,· .leaclsate __ raoved trca ~, 

.,eriiIieDw "'el and aciditll!Jli by,l.c:iDI Lato!l.,...te 110 .al 

. aoda ,I... .tOppered~tt1.ea 'coahlaiJal' 2 .. IJl >,.eaaceatratecl 
. 	 ." ....t : 

brdnb"'*tcacld(G~P.R. ~).~i.II ... doGe. to (acUltate 


....t ·lII\alpi. ... trace' _".qf ..ta...·pu'tic:ulady 


butJ'ltisa "~ictla n.pieCi•• era kDc:IIND,toc~ra !ltroIIIl,· 


ha ~ ayau.alD tile pll11irtic or ,1_ ,coata1Derata 1IIbida UIe1 


era .to"",•..' j,],1,laAware... tbonIuIIabcl....... la _~rat4d 


E1 1«.24 IIoura .. ·t!i.,le .......·iJI dlatUlecl...ter:. Acidified 


·...l.~ ...tly .... ~ .Ua.cIt.oablad tor •.ala.....f US· 


~; IIDCl .theta. .ton!dlD.ref~~ .t 4'e ~to 
. 	 .

aaal,..... ·· .... ali..,ta weratMII ·.tractecl ~., tQ.:tbe
.' . 


.1ietIt!od~.,. It .. , a.dca1at.c,. atncttN~O ·Id. of ..... 


.1. with 2OO1d oftbe.dilac:r1beclaol....t •. Ixtractioo of tbe 


1!IOda' tl... ·· bottlea tollowed .tile ~.~ (It .. , 


c:a.-lcal& lac.).iq 50 .rot aol_t. 


I. .tl_l_ I..,.•. • pectropbotc-t4iJ' (Model' 11..551) with r.tac'" 

(~l IL.254) _ uaeel to detanriae tiD c:oaceatratlOOll ha tbe 
, 

..tractecl ...lea. . Leach.illl ratea for tia' ..... tbeaca1c:u~ted. 

(II) 	Copper:'. ~i.11 

'Iwo 1001111 aliquot. ot leec:hate ..... r.oved. IIDd acldltiedwitla 

Z .1 Colic. 11:1 (AJUSTAR). One ~t*UoO. _ .UDdertakaa ..,. t.d4lD1 

10 .10tCOll<:. El (ARIS'I'AR) to.the !laple ~ttl., to 'reM'N 

. "orbed capper.'-lfllbi of W •. l.~ter. ~t !I~ ...,U(lble.. ' 

~ts of "orbed c:opper.therefore nO turther bottle _tractiOllll' 

j 



• • 

, 
•
•
• 

were carried out.• 
":"!ftIe lOK-'i,of, the,,~I~ ;",er~d;1'-re,t:llll'\iad.i,y;>ted to 2.0 llSing•

t 	 ".i1:her,.~tr.at~ 
,. 

,~B:l~ j(Mt~T~),,~or
,.".".,'

;~i 
_. 

... 
.•• • ~!'l
~,~b.l~!~ '(ARISTAR). 

_ 	 _ • 

''l'beait _re tJa,.ul,'lett ,atirriD(, to , ...."'i)J,br:at.e ,,~"r a lI!i~~'of cae 

.; 111'0411'" Itock ..lut.i_of':~. OOOP ppb) "'!Ire al.a~'~ for ,• 
+ atlladiirclllddltlGll.>,' SllllPl..,~IIDIIl~ ~i"'IIII.~ic atrLppia( 

'attf....tial:c~ "I~c ~~I:"" (B., 9 .. u.d .0 PrLacetoa• AWn.. ~f;Model ~) .•t pot~tiat- r!IM~ fro. -G.8 to ,• flh05"",lt.e~ 

(il}ICWIIDIJ,!ItIC'IIION··~ : 

....... ,of,pa...t ,f,~_ ,1IPRJ'OX~t.lY~ ~ ~. 0.5-1.0 

depUa'....' ....... ·f.-- e(Id1.-plat,e. ,~~ ~~ with tile 

.. ,,.bat 'tofC"l"llt .... wia( "~"~ to~~l~ appOrt for 

<:-. .~t>_ ~t*.1'bey+-.~··~"f.pced. ta z:. 'IY 

(l.t..1...............tw- lor ~,.l~t". t,beIl ...b,Itd la elLatUled 

_tor "for: tile ... tiM ..,-iod..' , ~- ,,.,.re . tbeD. f~ dried tor 

period .f 6 !iou'a.', l5M'CiMaawre,.,..teci aatol ~cli_t.r.tuba 

uai.,.Llw.r paiDt .ad (old coated. 

l!i!!Mi 
1. 	 IoIoeCbiD( lat" 

....ultaof theleechiA( rat.. fr~c;ower and tiDbsaed peiata 

'ani' ....... Iic-. 1-2. ':-1' la,lUal I.&daLaI rat__re obtaLaed 

.~ 21 d for ~ CIatO(i7.1 ",c.).~ CUZO (24.07 lie Cu). 'lin 

(0.54", 1Sa) aod '111'f1a (2.27 '" Sa) ~ with 63"'. 'lbeae 

1.... l.acbiD( nt.. _re tbou.Pt to be ~teriatlc. 

,particularly coae.n.inI the Cu2'lpeiDtt! ~reh.igh flux_ of CUZO 

(.40-"60 '" Cu,~ crll are IIOre typical after 21 d. ror the t1D 

paints TUfF (0.54 ~ Sn) and '.l'8TFwI (2.27 JJgSn) woulll<be expected 

to show _iIlilar leaching rat_ toTBTA in the 9, Ilg SD c::IJil cr1' 

range. Dry wei.ght _1,..1a o{the aLx UlUfouUII(II exp~ sa III 

Sa/CIl, c:a2 d-l coati.... tbeHl...... 1~ r,aultaat 21 d. '!be 

..thad of coetia(, u.. phra1Ql ..t ..... of u.. ,.lat fU.II(.) 8DCIIor 

bLofouliD( could,be _,of u.. t~ nIPOINSble foru-. I_I" 

IncbLal le".la. WUh the f-..r• .,.,1J1.D( ,.tat to • a.-pri.lled 

wood. aurf~ could .....ff~ laitial ,toIeta nl_. ut.r63d 

all ,.tata (exc:ept1a( zs- CiazO .t 125' d) abo-tAJductiOlllil ia 

Incbial ~ta, wiUa ~~ ... u.. f,L.ld (rL.... 1-2). 

The ~t 0(' thia deer ,.. wried betweiD tile, tta fo~ati.. 

• ,Lte ldeaUq.,1 t_... I_lap. tit. 1IIid'll1'la. wLth .1Id.ler 

1-=kiD( rat_ lift.. 153 4,. .... 4iati.llctl,. 4:lff..-t .tUr12ld; 

'.l'8U abawM • aherp elKl.... fn. 6.14 '" lID c:a2 d""l (63 .) ~ 0.7 

'" Sa c:a2 d""1 (l2& .) Ma1lat ,tImla ........ --. at-lr Wille 

fro. 6.02 '" Sa c:a2d""1 (63 d) to 1.6", Sa r::fIiI.d""1 (126 el) (rL(. 

I). 63 cIQ TlU _ ablller to tI,.,. (1.C", lID ail d""1). 

bowever DO _ .....1. leacbiD( oc:ocurncl attar Md. ror 1Prr u. 
cIKllDe CICCIlITed _ ~. liviD(. 1-=kiD( rate of 0.07 '" Sa 

c:a2 d-I a:tt..r Gal)' 63 d(fL(. U. I)' 'tile I_t ....... (l26el), 

therefore, flU_ .... the GlIb ,.tat: IflUt. aleacb1D( rate .L.... 

then 1.0 (1.6", Sa f::tiI. d""l). tI1'I' (0.35 '" lID ail.d""I), 1PTI' (0.35 

'" Sa c:a2 d""l)aod TIt. (0.7 VI Sa ail crl) all betD( I_I'. 

The, CCIfiIPU', ,.iata abowed. Idlllf;itr IMCbiD(' rat_ '"- tile tia 

tbrolaCbout the 126 d expoIIure period.; __vel', they aleo alMMed 

IIOre fluet_tiou (Fl(. 2). SUcb. cliff~ reflected the 
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t,liJllirlli'pa" (1973) .ihd Ivans (1981) in CU20paiota the toxins are 

il{~J'c:Olit8ct' *-ad. as one ~artic.:le leaves . the paint fiJJa surface 
rI"~d:}~'ri"' "~""'~,~ ",': ,: ','...',: '. ," " / 

~'~lutlon, another ill s-diatel,. eXpo.ed,resulUnc in 
...1 ~~l~ i,,~1~.' '~~'" ,j.., . . c '- "'. • 

.WII& l ..cld.",'rat... 
~.d!f\f:'~'t-t;1·~';'!.'::'::'.i:,~··-~?}:t_:;_ ._>~~:~'!,~:; : '". ,"" -. _ . 

"'~Cair&~i1Iit*,tM till eatitOQ],.nttox1Ds ... _lecularly 
,",<_..i~,.t,!J.~,,:~~i.:,".':';'::·,':~.:<:>;,· .. ',"~,'-". ~:'."'" ":. ~ . , . .... ... .'. cU..i:ti_ "'1~1i the' bi_r and relQ lIift_laC thr'oulb the bl_r 

. .. ,~ iIV~~ l."Y~~'(,{j:"':;';<, ", ",c '.' " ." . 

'•.,' . .' ..~ a.Ul:tra __traUoa throuP tIM tU.. !oxill 
·b-~~h'·;re::.i.,:!t;:.. .~.r;f.~~.-,-;~i:,::'·;v'''~:·:' :'~~:'- ,.,.~~" " :'-, -, ' .' . 

...1..··' ..to tboI __ter. tberefcira resultll ia iliff_laC_1'0 
0, " 	 • , 

~.~ tIM fila to ...,1_ it nnlt1D.c ia 1--" _re 

~lit"t· tOtia ral..... 

rl~uatlGaii til' the ewjJ Pa1atll -n. iaitlall,. fttdeDt at 63 II 
_'",u..:;'· .,:.~ .;-;:, .;. ~'. '>., ,~~ ::..:.:.."' "',. . 

..... tbj,dJ:~iD. rata CIlIa both coppiIIr pdDtII iDc!f..... CGIIPIII'IIId to 
~,it-.l.-·: ,:", "'::!-:." ".':.... , -';'- :"I,',i . _ ". ,. 

u-.atll d~ 1* CUZO~,tro. 24.0711( Co aJI. .cr1 (21 II) 

t~;&S:~i IIC Co' .'J;i. ~1:(63 II}, '~ ~. (~th a 1.... toi4a 
.' ~ ; . . 

1"'t.D,) l~ed rn. 26.4011( Co ea2 crl. (21 II) to 34.1 Ie .Co 

ea2 crl ' (63 41). 'IbeU iJIc:nu.. could ...... beea due to the iIl1Ual 

.111& n~ of copper (eharecterilltlc of coppetllDtUOQ],uta) bei.. 

...~ DDtil the 63 d fllCPGSurea. 

, After. B4 d tile leacbilll .rat. of both 2s. IIDd ~ CU20 
. .. 

cIoec:ntuecl to" 24.0 ud 39.S7 '" Co eJ. cr1 napectlvel,.. tbia 

declLna ~tlDUecl 1Ia .~. CUZO to the 126 II fllCPGSUn with. final 

lachi......te~f 28.12 Ie Co eJ. crl • u_ver. ia 2s. ~ there 

- a ...-ked iacreaa. in leechilll alter 120 II to 61.54 14 Co eJ. 
.. ..;.., 

,crl (fi,. 2). Dry ""'iallt _lyst. of 2s. CuzO (126 II) cooflnMd 

thaiel:'eeults. . 

2. 	 PrUary' Biofil;ll "hvelopaiot 

On all paiat f_lati_ bacteria (predc.illlllltly atalked ud 

rod fOnlll) were the earliest colonizers (21 d), their attecbaent 

and ,rowth &arkin, the beliooin, of biofila developtleot. . .. This 

bitial c-mity ta referred. 'to .. tlle'prDary biofila'. 

TIle prlau7 per1phrte. _ra C'OIIl Neterta (poMlb~ of tll!I 

.-n P!eucla¥pl!, navobacter=be. jcrw!btcttr) (Plate 1). U-e·· 

_reted aucil.ac'- _terlal i. tile fOniof atnllllCla,· .... or 
. . .' , .: '. "' . 

.....tII (Plate 3). Ieooadary.,.n.JIIq'teII wen pndtwi_t.1,. at.!llkecl 

rod Neteria coloa1a1D.ctIMI01Mr alia/peUlt lQwr\ (Plata I) • 

.... b&c:teria (,...ibl.,. Caulobtcter. !YP'!!Picrpbiw ...._ ....' 

forMd iao _"-i.,. _~rk of .aIIICCI'US -tnu+; b'''' ..... 

~to fonl Wckarl.,...of au.,. (Piat41s ....). Ja-.. 

"""tloaa ta-. at..... •~...peacIecl .... lib- ··t.. 1..,. 
. . . , : . '. 

Ncter1alIpdDt ...,.. (Plate 6). 'fte ...... ~ot .-. 

atr.Dcla ud al1M .... eacounII*', t.IIec_~~ta.,...... to 

lIIId~tl.ot .ll~ ad other 4Ibrla. loth'rod!I .. at.:u.d.. . 

rods ......ed ...ldeace of P1'Olif....Uoa IIIId ar-th: IiMcbcoupl:" with 

furtier·1MIcteri&l co1.J.aatioa .. bcorpontioa of aUt -.alted 

b tile b1of1la *"10,1... a coapl_ tiered atnactura .(Plat4t 'l) • 

!ertiuy .peri~, iDocluded r1D.c IIIId COCCDU llect4lC'ia. Ria( 

loraa(poulbly "b:nctc1aa) ud cocci preclaainated at tIM later 

_t~ of biofila cIeYelopileDt IilMatM '. 111C01'POf11tiGI of ailt, 

clrebria udot.... liiolO(1cal _terlal .... _t' ext...i.,. '(Plate 8). 

TIui 	 _t of Mria etc. iDcorponted witiaiatIM biofila 

appeared to i.JIcnIUe ..bacterial popdaU_ __ MnI 

_teasive; _ucb input_ ClllalnatlaC ill. a _ture !:Iiofila whicb 

appeared rough, forai.. contbu_ .heel. in _ ...... (Plat. 

9-10). At thi__teee biofiladeteri01'Otion .... alaoe9:1:deat,with 

I 
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. illithio' tiie i~tter 25%' Cu2iJ sbo.led aiITiiater number of species. In 

showed little evidence of diatom 

~'. ,i,'}'l"'} 

r 

"I"",,,,,,,: ~1i~t.,: 'r!l;r~. and TBTFUIIl 


ci:llpQi'ziUqa•. 

I 

. . . ~lo.. j.-='tiqn, of variowl _1Ib·.tnt_ by diet" ia MIll 
!'i. ~'" ~"..' '. I' ~ J.. ' ;..: ". • ;r .,' , " i: 

't~tllli4. ,·.....t .. papa'" .~iq acadary developMDtto be 
• .. '0,,' , ."" .' ' "C'J"'_ 

~tld"y ~(fer.w.OD WOOd, 1949; SIr...... 1956; Cimdell.!! 
, .,,:), ' :'. '. " " . '.' 

I 
 .Il. 1m;' .M.nulek .t1 .!l.. .1979; Caroa IIDd lieblirth. 1981.
,'" .. ':" . " .. ',' , .'", 

i 
1IIp.!~. ~.,,~p.t. 1981).'011 taxic· ,peinb. ..~ .at .the Meiud . 

Stn~t. diata.ilMlr. nOt the pnidoaUiaDt toal1a( otPni..J; their 

CClDtr'1J*tiOD:tO .. th4t .• 'b1ofUII 'lJa t~' oteaercYinput _ld 

.theret",ri' be, ~. iii c:mrpeI:illOll "itll U-•."l\IOtedb,. COOlaleJ' .s! 

l•
• 

.t1~ H~P· 
" 

QiUlIInac.a til thelitent_ rqardia.( cli.tCll!l predcwd_ 
, ";,' ' ". ". 

I 
.(~t1a( ~~1 vuiatioO IIDd _1IC'f_ tatun .tt~) IIppeIII'ed 

1ar,el,. .. JO cliftarlq' envu-entd CoDditl_at. 1Iemil. low 

rec:ntitaeat of diat_ beinc:'" to axpoIIllmlin .....r. t..ter 

nOllliD, _t.... 

Ma$lror2?Ug«°rcMi~ .
• MIlcrotOlllen On taxlc IIDd __toXic palata included tour 

'r' "':' 

·.uoupa·:cyp,ri~ and _tUl'll bemacl.... bydroida (Tubulari. ap.).J 
~tac:ea (capniU••p~) and_ "U(II ([!Celina .wriC\ll.ta IIDCl 

I .~ O"Ul98.). larvael.. (S_i-,.lan... ",lan01dea and .b.l!!!sa 

Gl'!!!*tJ!! MIre,' the ellrll_t and _t· pretJc.illlDt ..:rot.lin, 

• or&,anl... em tOJfic palAt. (l"l.te 18). Colonb.UO«I by t.... tor.a 

provid.~ • !lOre alii table allbatr!lte for the .ttecJ.eDt of aecondary 

eolQDiun _.uch ~ ~olda.1IDCl certain cruatacee. Macrofoulinc: ....

I' _t ,axteDSiveAn TPTF aad 'l'BTF (64-126 d). 8pat t.U and ba.rDaele 

, 

devel~t being greates t on TPTF. '!he r-ining paints. ,'l'BTFu.•. 

TBTA. ~ IIDd 501; Cu~ were relatively free of ..crofoulingforJIS. 

DISCUssION. 

(i) 1ptlu!!iDc! ot B'iofU.ll cia' ToxiD Rele@e 

1l.1.,;w.u·'(~t1I1' _~ 126.11) 'shoMed"i"ndllctloa >1a 

t~ia 1eec.:..(ntes .. tIM· ...... ~ti_1Dcr.".d'(rl",· 1~~). 

!ht. ....u· ·1D.,.rtlculAr . .ho..t ,...t... 4Iei::r..... ill t • 

. ~1"" eWer the '126" 4 ~1ImI perlocl. toxill .·l_la ~iD( 

iac:oDIit.i_t· __11 below ··.tIIe......,~· ·~l-~· 

tor the·· period ot~; ..... n.lj.ta~ ~tlOIII.ClI·aid 

cr1 Mel 1.2 III Sil J.cr1 ... ·tIMt Critical 1tirec1d.af ntolll nquil"lll!Cl 

to ~t -=rofoUl1a(~ k:corIU.DI to .t!IMe crlterill! mr ........ 
l ......ta ._tltoallDkpjirfon...- after 63 '4.D1I' after 844 Mel 

tIT, aftitr'126 iI • 

... .-...n.tl_" GO thefoal1a(_lt)' lDlU.caW that 
. . . 

biotlla ....lopMat coald .. r-...-1IIle"torthe ,r-tun decr_. 
lJa biocide nl_. Aa. the· nte of biofU......las-at ·lDer••ecI. 

the 1...1 of taxlDri1_e cIecr...ed.· hi:iteria .... their 

_u-tt- 4I!CUdat... We 'ebaerwid ...ll·· ..ut f-ati_. 'Ibe 

..inlaWitll bieber ieechit\l n* a... 25 __ ¥. TatA. aacl 

"''''''.bcMd _t_i... becterialto1GOiRUo..bU.t relatheb 

little colo01utio.. .by MC:GDdert toal~ orpni_~ All theM 

..bla. . axc:eptiDC __ Cu:zOC126 II).··........ r.dUcU_ In the 


1ee.dl1a( nt... .. the exa-uredunltioa .~ lDdJ.cat1a( that 

. "priaary biofU.. cteveiojiMnt." coul11 be • -.Jor contributor to .uc:b 

ot the .n-tn.. n4Ucti_ io tOJfin .leftl•• 

. hcterlal al1M> could act lD ·two"'" to ~:tOJfin release. 
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• • 
• • 

J 

••t }.... 

,FirstlY,by physical blocl!in, oftha paint I!III:rcs -~. continuous 

~~.of S.liaeJ~I~;'~~~o,~5~~~ 1~t~~~-n~ of silt and 

,4.e,t.f~~,J.~t~;"t~b~~r~~.· A,Frc!~Df,~0Swa~. et)!l· (1982) theset 
."~t~H~jt~~~~~lDf,,,!~Uf,1~. 118k~,qt;, theti leaa effectiYe. 

:{/ ~.~~~ ~.~~~~ O!H.~ ~~if~~ t~iIl~~to the 	aU.. fit. 
'. , ~ 

... ;:t'::'- .~d~. . IY~~ ;is~la~lll1 .ieb, auu_ts that 
t .~l~.:a~ar ~o, t.~e aecre~~ ~\, ~~~ by fou11I1't 

:bact~~,;~,,~~~ iI!'!!I:~IL\, i~,;J~i::~ ~. (l(:)~i~o•.~971). 

•• 
t 

~~," U/, ~"' q98~~~a~ti"e ill &l'ltifOlllill( 

i. 	 ~'n~~~·,,~l~ ~ :.Jf. tha. ,foul11ll, ~teria brdce dow tha 

t~ld.~u.to.'~ t~ic: ~~l,itell'''''~so a~..ta u.t the 
I 

bnalcdoMa, of ~tiDa MY be ~l~"ted. b, ..'- foulllll 

t 
~a, AaI!ld •.\lIla ~ ~:41~~~iGa tbrouch the touliDe 

• . ~~•.~,
'0.- '.

~.CI!DOI!IIt~tlC!lll. 
_ . .... 

of tOl!:iIl 
':", ", 

ia the, 
. 
~ 

' - •.' , " _:.. -' .~":. ... ..' .. .•
l.,.r COI.Ild 

• 	
.'1:,,:; -. 

, ~.~.W~~f~~i~}~~ ,~~' 4IDCI "",l,*",er (1970) 

t ,.~trat.d .t,~t b~ofi~ .~,l~a 41e~~t.. wbetbe~ toxia I_Is 

• IU'ltpo!!ll\~:w:ebo~" --.tl~lY e.ffectecl. It. 'f,U fquncl that !»lofit.. 

t were· ~1.of ~latiD(bi.~ .co~tratioDa of toxin. ~ 

• fo,..:1.~I_ 4IIIIPlo:rinC I;:Upl"CMlll oxide .. a toxill, the cuprous i_ 
,"', ., . .-:. '. . -.);:' " '"', .," , 

• 
t td!.~~ l~frc. tIIie ..int~re beld I!~ the aliM fU.... vari_ 

i~r""ic ~ct.. ~ CODceDtratioa of tbe:ae. CCIIII'OUDda _re 

IJboMa to" be." to. 103 tialea ~t of the toxin in a aaturat.d 

• 
•t _lIlIIWilter solutiOll.. Jt _ s14,..t~ that carbon dioxide ,rod\lCllll 

(aerobie) baCteria Wre ,r~.blyreapoaaible for theae bi,;h 

COIIc:;eo.t,~~i_,aa:cI tbllit. ~bese ahl) increased theacidlty of the•
t eDvi.roa.eat. 'ftle result of thia illCte8sed acidity._ en lacre..e 

in the rate' at .ich copper entered aoilltioli. They deiIonatratect ~ 

• 
~ 

,• , 


I 
that 	as the "lillie beclUlle thicker, the .vailablecop~r compounds Iwere distributed over an illCteasin, volu.e of '.ali_. They 


concluded. that liglit aU_ acaaulaiin, on toxic coatin,s could 


act to increase ita _tifoulinC .ffecti..... ja' thea. all.. 
 I 
layers bee&De thi~ they _Id ~to 8ct. as ill barri.r to tOli:ill 

. rel_., deere..in, the &l'ltifoullq affic14l!llCJ'. IAlthaucb biont. thiell_.i _ IIOt elireCtl:r ~ in thia 


IiIIOrII it _ obs.rved that' the earUer .tapa of biotilll' develor-at 


were cto.inated by 1_. aetworb of ~ 

the aurface (Plate. 4-6). Sud! aliM _ 

thin diM I~r" 'Ibis coruJ.d ..... __ 

ret_ .t the'wuer ........ (63 eI). 

atl'llDd. atn\c:becl ac:rou I 
poMibl:r' bdicaUve of a 

fluetuatl_ 'in letIddDI Ipenl.cidarl:r _ COMIer 

paints. All 1.t \"- IIOre .d.al.. .Del ........ ........ it coruJ.d 

have acted. _ a baTier to toKiD _nl_ ( .....iat- IHO I 
fi... 1-2). 

Observatlons ~ that biofit. develo.-st ciould _tually I
reduce leachilll ret_. It _ alao .¥1deet. ~. that .t_ 

biont.. did deterlont.. 11iM I.,..... beP. to cndrcllllld. 5*11

-Y. in 	 Is-. caua expoaiD&' the Ullderl:rinC peillt (Plate 11). If 

auch or_iOll occ:urracI over lar,o _ lt ...... libly that biocide 

releu_ could iIlcreaae .,.ia prior to .recc.lGaiutloa. thua I 
reaultilll in periodic n_ of toxiD ...1_. 25* CUzO (126 d) 

appe...:.ct to ahow such n_. wldea,,..- dlltteriontioa _ .l"OIIioa 

';f the aliM lll7W beinC .-=~led bybllhar·n... of CUzO I 
(61.54 J4 eu ca'l d-I l~ d). If redUoecI toxia I_ia .... tell('OrtIry 
..' 	 , 

and lIIICl'ofoulillC. orCllDl_ do aot attach durillli the. periocl of l_r I 
toxill release, it s_ fe..ible that ,oocI entifouliD&' perfonillUlce. 

I 

I 
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'r, 

~uld be 1181ntained, all bas been lndicated by lon'elr. tena field 

trials. 

(i1) Infl~ep~';;rToxi.:s;·~n ,the Biofh. 
"1~ bl~tliadeiHil~td:i,cI .rtect blocltU rel_. 
.' , ,. , , '," ~,...:,,:_;;i::::,'": '" '; , -' .~. " ' ,; ',' 

__tlaa. .1.0 ,iDdicatedtli8t. tOx .... ' 1....1. Iif.fected the rat. of 
(, ,.). ,', >~~ ... ;:,';'" ":"". -.:- ',"'-;:, ;:.:,;"~_ ~',~ ·'~;~·r;",., ,~,'.- ~-_,_" , .• ,. 

biofU. cinelopMDtuid tboa di¥er1lity of or'f1ll11_ CGaprt.ill(, the 

faUlill( . ~lty. '-;ied..' .;u."'~ cia .u ptWit 

Y. fonlul.tio..ACcOrdlai to iiuit1~ld' (l18Ch 1-=11111( rat.. of 20 14 

Cu:~ crt',... ~,'tO. proevat becter1al.i1irea., ......ati_ 

f~ 'MeDal'.~ ext.lYe, bacteriai popullilUODit oG Cu:I.O palata 
r' .,._ful, vtthl..da1Q n:t.... 20 .... oi a.'l crl , 

riIc~t*rat' .ad~1l ofbllCt.rta oa" toxic: "t~t.. CD!Ild be 

.ttr1butsb1e~: . 

(a)Productlaa tOt ~U.,i-';~l1u1.r •_terial~ Maay 
. . . . . "'. 

~rl_ ....ra ob..mid .-4w;iII( .m-l'" ,Det.orial.of .-coid 

.trade Wddl ."P-ded t_ __ tbepaint fll. (Platea 4-5). 

Other bect~r1••~reted ext_I" ab.ets of, .1.... (~i.t.~l. 'l'biIae 

Mthoda of .t~t ..,.' be ~trate(1_ .....1111(. the cella to 

eace~ tbeldlhat _tnti_ of toxin .t the iII.'nat. surf_ 

or the palDt. Sl:t.- prodv.ctioa ... -.ore_t..l"'; OIl the pa .... t. 

with the htf;best.blocide reI..... iDdleatiD, tbat ~ed .l:t. 

productioa could be • I'MpoM4J to bi~ tOxia 1_1., 10 

lId4iUoa. bectert.l .....1.... oa fOl1llll.ti_ with hi..,. 

leach1ll(rat_ (25~ Cu2P. • CuzO 'J1!:ft')la) u-ed. avoidance of' 
. . . , " 

ectbe ·leed!.1qa.r;eaSl a&'(raIPlt~ of becterl. ,1I1ArrOUIICI.1I - DOt 

covert.. the.po&'U (Plates. 13~14).. ' ;' .~. 

(b) Chelati" of antifoul....' t<ixia. by extreceilular _terial. 

(e)· Tolerance to toxiDs. Tolenance to h8$VY. tletsIs is a) cOliiaoD 

pheno.enon in aieroor,anis.a. The tolerance of 'roulin, bacteria to 

C\lprOWl odde paints is no exe~ptioo. .lCc;ordiDIl to nflliipsey (1981.) 

oalr • l1aited' II!IIIIber . of bact....bav. cleWloped toieruce to. 
\ 

·'~peiuts. 'De poiltioa' ,td~ ........ 'to ~r'-tiD paints. 1. 


dirf_t. Ol-iuotiD' IIIItlfCIIIllal" '. tCllll(l Di..- 'an iMt tlffectlve 

a(lI.iDIit Gra-aepth. becterl..al~u.,· are b1f.Ial,. toxic. 

t~ G~it1_.peci... (liiJpl.i_.1976iaDe!lpHy, 1981_). 

tbt .-,jority of,~ 1a tile' ... .ncar--a.ptiYe. tllenlfon 

...t cCIIIl4 col.in orcanotia Petats. 

tbt ..t toxic anUfOlllta&w t4!II'"' Mod suPPort other 

aienfclllilill(. .....'-. .l~' .tIIe.-ct. di.....lt,. _ 

1biIDcI_ ... crMU,. re4uceci. 'I'If.l .. 11""- ..... cot.ail:ed by 

fUDfi ... l~rat" .,...nJ,atl_l,..ldcb'(I~44 + JUT 14 10 

a.'l &1'"1 reapectiYeb) ~catill(' .to-..c. to tiD ..~, 011 

c:uzo paintilperitrlcba wrewo ......... ODe fector alloWill( 


coloalalioa by tbae' 1att.ro~i_ _ ..,..lr tI'I'OicIMce of 

the hiet-t toxil1 c:Cactatrati_ .t tile paint surf_ by _ttaa.-t 

With loa( .talb IIold1ll( tIM;II aIiove tbe.urf_. 1a Iddltioa. 

tolel'llDCe to c:uproq. lCMi11 could baft cleftloped. 

, Diat_ were _1.0 ob~ .t .....i. .ltbouch oa17' ClCCUi_lly 

oa the libre toxicfa.... t •• ,pppt.... .,. beia( tM _t f~t. 

Call_ (1984) carried out .,lobel .tady -ill( ,.a.la coated witk. 

utifouUII(· CO!IpOisitioaia coat.illi... either ~ _ide. 

trib'lltJ'lt1n. .or both. _ biocidM. tbt _t ~ , ...... 

encountered _ theae .urfaces were ~. licbmmthe!. St~l., 

·I!avicul. l1l:I4, MPhiprora~ All five ,eoera were capahi'e of' belng 
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,.... 
••• 

.~~,~,~~l.,lIi~~ns ~t ~rper!Jr. org!UlOtiD(~per, )Nlints, . and • 
j 

• ~ed • t~jI' r~t.J~~~o, ~pP!tr.~cI.. tJnl:1i~i~.• OI:!J,!I~aU'01U!~rpa ~~i al.~ s~ tb.tt.tthe rat~ of biofU.

•
t 

d!nr~1~t~.a1fe<;te4~Y ,todll ~!.... !tI!t,~~. of blofH. 

~l~\~~~,~ t~' 1a t ... of ~oduct.lOll .fl)f a ..ture~ 
t 
 p~~ .-,~ blofiJ.... Such fil!l!la f0r.-! .• CQlplex tiered. 


. '. _, r~.. .' :' .. " . ".' , .', . . . 

• 
 at~.... ~~ • di~e, 'O!IliD(~tf. ~bacterla.tua'l. 


• ,.ritricblt. diat_ e.p4 .tt~,MCI'Ofoul~" Or(all.... Vader 

• t.... crlterla'lrft' abowed a. _tun!! blofU. af(er 84 d expoaure;
::1.·,:~~·, .,' ,,< ". ' . ,,: '';:.: .,,' .... ·.f."- .~ -. . -,',.' , 

'lITt 
,~ 
!lft~u.s

,-.':' 
d," ~,r-.ilaiDfprlWl~

". ". '.' 
_.~.~.

,'. 
'lITA aDd• ~.;' "; , '". 

~~o.~illlC!",a~"'}~t. Ul~~; ~~ abowed at 
pr-da!dl!Jillt.~"tCJU.liDf ~1t,.. ,'a'D' ..ad !B~ ..'Ve aero , ~ 

, l ......t Dl rat•...~ 0111, .~. II ..,._. ~. period Mrked tbe 

beciaaia( .•f '!II ~ ia the.~ _ diftrll.U" of the 

foulilll ~I.t,.. 'lIT~. a~,.bowed.l~ l~ aft.... 126 d (0.'10 , ~ 

, ". Sa oil ell. !IoNever. ._Uke.'IPII' aa4 'lI"'•. a _ture biofila 

_ DOt~. t'hia .......U:._ pca1bl,. ... to. tbe --...1 I 
I 

·&'¥ell.Uit,.' ofncoaclar7 fouliDf. OrfllllUM .at the 126 d 

~_. I'IID.Cl 1UICl. ,..1t,:-1_. like crprida.....1bly 1iDdel'f0 I• I 

uttl....t at ~aiD .,.r1oda throqbout tl;ie JMro 1beir 

precl.oal_ at 63-84 d1GC1'Cl!It«textea.iverecnaitaentduriDl thi. 

peri~. eudl tecruitaeat ,.,..1bb beiDI ~ at tbe later 126 d 

elCJ'CIII~. 

~l. of tbMe ...."'ltll ~loatcecl that lal. toxila' I_Ie teocl to 

1IPP1,. ...1ecti" presaw:- 011 colOllisatioa. Cal,. tboH epeel. 

which ere tolet:mlt· or have etr.teci_ for' avoidial toxiaa.can 

allMlYe. All tile tOxiu coticelltratioll. falb (_. ill 'l'8TF aad 'lPTF). 

--------~--~~ 


so a greater diversity of organill188 beco.e able to foul tbe 

surface. 

(iii) Antifouling Perforaaace 

Accord1D( to 1_ (l98l) 10 '" CIa ail- e l 1IDd1.2 '" Sa ca2 

e 1 are ttIe critical l.-:llill' ra"- ~. to pnveat 

aacrofouliDl.1II tama of ,,.at perfor..c.. ~~~ wiUWa tba 

126 d exposure period tba CU:zO ,.au _ilat.ai.Ded .J-d>ta, ra"
, '" " . -,,-!;" , 

4Ibo¥e tile critical I_b ~for pn'NDtiDf ~ouliDf. 111 

cootrut, till ,.iIlta IIblch ~ to ..... (1970. liTl) ... tbe 
0" •• '~': • 

potential of JII'OY1cH..r superior atifouliDf ~i. with I_
." .' ~. 

toxicant r.l____ a lcial" ,..iocl of ti_. 4.W ..t nail: JdCIa 111 

t- of letlddD( l*'fonaacao .&cc:Ior'diDI to tba naailta 'IPII'. 'D'rr 

aocl 'lITA ...r. -tMonticallJ" lDeffac:tl.. ~ U......t .. 
. ...:.....: 


orI8IIUM 'after 63. 1M Mel 126 dniapectl.I,.' l'Mffac:tbli 


.-crofouliDl. p~t1.. _ CIbeanIIId 011 'IPII' ... 'l'III' after 13 ... 

84 d ....pecti'Veb. ...1-1,.. WaIIOid!!.. I: Cnpat.jw aad I 
tpbularia ap. MiDI~. nu.......,.•. ,......... fl'llllf1'GU 

I,' 

J-.:rofou1illf· 
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'2) TBTFum 121dl, ".Iked blctori. attached by mulliple mucoul ,wind•• Mig. X 10K 
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151.25·'" (;u20163dl,lo<:u'nuo mucil.g~ stretched I.ron lower biofilm being colonized 
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Plate. 7 to 12. (7) TPTF (126dl,tie,ed biofilm with collap••d perluichs being ineorp.orated 
inlo .the biofilm. Mag.X 2 K . .... ',. 
181 TPTF 1126dl,dng blctoria (pon. Microcyclu.! and co.c;clcol,;,,;j~ingd'bri~.'M.g.X 20K 
(91 25'!!. CU20 (l26dl,rough slime layer indicali.e 01 a metur. biolilm. Mag. X SOO 
1101 n'T~ 184dl.•den •• rough biof.i!m,extcns,••.crlcking.nd p••llng.·Mag,X·5K ,
(Ill 25'l1o CU20 1126di,wide'preaddeterlor•.tionol mature bio.llllll. ~hg, X2K 
(12) TBTFum 184dl. rodand stalked bacteria recolol)i~ing paiqt (ilm, ..f.'ag,X.l0K 
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Pos.lble avldenn"Of .ctl•• toKln evold'nc.. M,g, X 61C (131,101( 114.1. 

115) TBTA 163dl.br.ched lungli IIVPh.. overlying Ind Incorporlud within blofllm. 

M,.~ K 100 .(1~iI TPT!' (1I4dl. Perlt,lchl(Vorticene ap;l.ittachtd to blofllm. "'a.X6K 

1171 TPTF (126dl. nnicul.old dlatomswlth .vldenct of ceU colllp" and detarloratlon. 

Mia. x 10K .1181 TBT!' ( ••dl. elllnU. crenltu. with lIerltrlchs (vortlcelll .el 

colonlz.;ng Ihall plata •• Mig. X 100·· . 
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THE USE OF CALCIUM RESINATE IN THE FORMULATION OF 

• SOLUBLE MATRIX ANTIFOULING PAINT!) BASEDOH 

CUPROUS O.XIDE 

Car.~A. GI6diCll, Beatrlt del Alnq a~d VI~ente J. P. ,Rasclo 

CIDEP1NT -R~earch and Development ,Centre for Paint Technology 

(CIC-,:C()NICET) 

,. 
ABSTRACT.- Antifouling pain Is based on calcium reshl~te. calcium 

reslnate/chlorinated rubber.nd 'WW rosinlchlorlnated rubber were 

forll1ulated and elaborated In a laboratory scale.' The experlmentlll 

results of Immersion. (1ft trials (26milnthsJ were statistically treated 

and later conclusions' cOrrelated with binder ilcld.values obtained 

'fronl laboralorychemlcal analysis. 

INTROOUCTION 

An efficienl antlfoiJlingPlllflt ~ntalns toxicants which are rel, .. ased 

from the film surface during .ea water Immersion. Thus, the settlement 

of roullng organisms can be. cOntrolled during long periods.' 

As regards soluble. rriatrl:ic antifouling paints, their dissolution 

rale Is the. niost Important variable and I.t . Influences sigolficanllyon 

toxicants leaching rate.' 

This paint 'type Is .gen.r.lI.y based on acid resins,. soluble 'In 

sea water hiH 8.0-:8.2). such. as WW rosinrgum rosin). The main• 
component of 'ttle'Ww rOlln I, the abietic acid; the ca.rboxyl group

• 	 of Its molecule read.s wlth~lu~ and ppt'$~ium Ions of· se~ water, 

giving soluble con:Jpouncis (soaps l. and with calcium ah.d magnesi~m 
lon$, forming reslnates of less.!r solUbility than that of :the original 

resin. the. abovementioned. reaction ",lih di~alent compounds al50 ' 

J ,
takes place ~uring· paint elaboration, in the pigment dispersion 

operation, particularly when cuprous oxide (toxicant)' and calcium 

carbonate (extender) are used 11). 

Efficient antifouling paints were developed in previous stages 

JorinllJlersion periods·from One. totf\reeyears(:2.;3).C1ii!nges In -film cOmposltionCuliing as binder WW .rosln/graC:ie 20. cil'l.orinated 

rubber} were studied.. and it .IIS .provec$ thl~. _fterlqng immersion 

periods the resldtial r~sin1c acld~t>4!Ot.a.pra~ticallY. !'e9l1gible; I 
the dissOlution .ir\ the steadY5t.~~"•• , .. ' ~sequeri~ ~f t!'le 
$01~bilizatkill oi the alkllli~.:resi.latesform'ed.· . I

11'1. t~ present paper It Is (:Onsld~rec$ the'~lbilllyth8t the 

pal'"!t mayre~h tflis stea,dy state qUickly.•fter.~mliier5~iPyuslng 
caleium resinate in the formulation, in.stead of ro$i':lre5i~~.,t.t~rding 

", ..::,' \ .. ,'.. . ..... . ',"': .: ' Ito. this hypothesis t!:le\ first stage corresponding to, the formation of 

very . SQluble soditim a.if:!' potas$iu~' resil)i!tes tto.uldtie~ avoi~d. and 

ils ,conseque~e,the f~st foxicantloss and' thickness' .iea51! of 
" ,';,' '.' . 	 '. " ".. 

ttteantifoulingpaintmm; I 
Besides, ' lhistftethodology would elim.inilte thereaetioh whiCh 

takesp~ce durhlg . the dispersion between' the cupric oxide :PrOduced 

by .the CU20 :. CuO + CuO reaction [5) and' the fr~' .eids of the WW I 
ro,sin, which diminishes the binder . dissolution rate 'and. tnerefore 

tile toxic.antlea<:hing r~te Iii-a). . 

ISTUDI ED' VARIABLES 

.Related't'o thecompos\ti;;n 

Resino~s .materlal type. The binder was prepared with ww rosin I 
or calciumresinate. The.. characterlstk:s' and ,IR. s~tr~rams of both 

substances are indicated In Table I lIrid Fig. l,respecti~ely ~ ,. 	 ',' "' ," ., " '.'-. ' , ~, . 

Resinous material/grade 20 chlorlnaledrubber·ratio. Aiming I 
to . study the infli.re~e·of this variable On film ~illSOJ..itkln<rate.three 
different r~tiOswere considered:' 211, HI .rid in. Ttle..m·sione 

'. Q)rres~hds to the binder of g~eate; solubility. .. , ", " ' I 
Binder content.' Taking into consideration that' the. binder content 

I 

I 
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has an important' influence on the film dissolution rate (9.).. f~r 
diffe.rent values were studied: 23.0, 27.11, 31.9an(l 36.6 , w/w, 

expre5,.kt ori.tl;le total atn,ou~nt of paint solids. 

Rela~~ ;t~theela~rati9n.e~<lCI!~1! " 

'jitdirpol'atlorf of' the 'raw 'mat~lals totha ball mill. Cuprous· oxide 

" ,.di~~r~i~ li'rilijslicW8$': 1iia~' 'I~ "t~ I'pjJesenc~ .ridlhih4iablenee of 

t~film for~l~ inaterl~ I. in this way It waS' Intlmded;~ establish 

the.;irifluence,.of·,t.his. ,verlableon the. cheml~,reactiOn.·. ~hlch take 

,p~,d~rlng t~ dispe~s~~nill and ;t~ ~~~~~4.lena!on "theb~ldal 
perJor.mance• 

.,' cUprOUs 'Qx:ld!! dis.,e,.slontlmei '··in order. . 'to study· the effec:t' 

of this variable (fO], the main toxicant used in 'the formulations (red 

cuprous oxide, commercial q~llty. whose characteristics are shown 
In Table II) was di~persed durir1g3or5~ts; .. 

.' EXP,ERIMENTAL .PART 

SlimpIe preparatlo., 

The elaborated Paints. composition is shQ1I1IO in Table III; Samples 

have been prepared ina baUmill of;·3.3, litre$ .,~pa£lty, whose 

oPerating conditions have been described .In a. previous. paper 111 h 

A first sample serie.s (lAta· .16A paints) was prepared by 

dissolving calcium .resinate in the solvent mixture and tj:len, by 

Incorporilting, ,gra'duallylhe chlor.inated .rubber and the. plas!iCizer 

(chl'orinated·~raffin 112 \1. under stirring. . ~,,' .'., ,. , ' '. :' ':.: . . -' 

The. ball mill was .loaded with t~ mentioned vehicle, and then 

zinc oxide and . calcium carbonate were lidded. S~h components were 

dispersed during 21 or 19 hours. acc;ording)o each callie. Afterwards 

the cuprous. oxide . was incorporate.d and the pr9Cess went on till 

completing. in every case, a period of 24 hours (3 'or 5 hours o·f 

toxi,cant dispersion, respectively). 

With the.', same Vehicle it ..was· prepared a second sampll! series 

(5B to l6B pain'tsJ~whose only composition differerlce. as regards 

the 'previous ones, . was the, replacement of calciumresiRate by WW 

rosin. 

ConCerning the first series (1A to 16ApainbJ. duplicates were 

prepared, but' adding the calcium reslriate after' completing. plglJlent 

dispersion,lncJ.u<iing. the cupro!.l!i0xide.For the seconds~~i~~;{58· 
to UB paints) the same process wasin-de. adding the WWroSlnat 

the end of the pio<:ess. 

Finally, vls<;osity was edj!.lsted. 

Free reslnlc acids content 

F/1!I! resl;;'lc acids cOntent" _s evalu.ted 'Inthe blnders·)!.Ist 

elaborated as "II as in those extracted fl"Ol!'pai/:lts. iIC(Xlrding .to 

the described method In a .. previous paper ('] • Thus1.lttrias ,iOtended 

to· set the eVQlution .of the neutralization reactionswhi.ch take place 

during pigment dispersion. 

Free resinic acids content was calculated fronithe respective 

acid values (ASTM O.,.lU9-76) and expressed as abietic add on the 

binder solids. 

I~rsion In the natural.sea water 

. The paint bioactivity was evaluated by means. of .an experili!ent 

which. was carried ou.t (26 months immersion) on a ran anchored at 

Puerto Belgrano (laosa' S, 62°06' W) I harbour. whose hydrological 

and biological conditions were previously stUdied (12- ill). 

For this test, SAE 1010 steel plates. were used, sandect to A 

Sa 21 (SIS OS 59 00/1963). with 110 .. m maximum roughness. An 

anticorrosive paint of high resistance was applied on these panels 

(dry T film thickness 200 jl m) and then two coats of each ariUfiluling 

paint were painted (70-aO \I m of dry film). In all the cases the pafnts 

were brush applied with an Interval of 211 hours between coats. Drying 

time of the last coat prior to Immersion was also 211 hours. The' test 

panels were placed vertically on the raft frames, at about 30-60 cm 

under the water surface. Each Sample was' prepared 'and tested In 

duplicate. 
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'RESUl.:TS ./ 

" Biride~~ free'~sillic ,adds't:onti1:nt 
,;... ,<.£-., .: .• VJ~ . ",'J . ~'!'; :)i':':<~ . ';'<',,,:'~' -: ~'d " . i . .:.. ". 

. Free resinic .aclds.content in the expe~lmen!al binders ~s shown 

'In Table IV; the results are expressed as abietic acid, percent by 

. welgttt .. Th!' ~WtlaIY.lue for· eaCtI ailiiple 'ariClitlOH deter:.i.ined after 

'3 and5'~rs,Qf cuprOUs oxide, .disPllrsiQl'llillthepr~ence and in 

th!t.ab.~ .of ·.tfIe ·.r.~sinq~ """teria,). are al~. included;.'t 
t 

• "'I!niriediaUy . 'after:· pr~panatlon,blnderl bllsed . on. Jca1clu.m .reslnate 

• '~fftllian '~~ :lIClq ~tenf of ,10.9,;' '.' .•a!;! .t,1 per c:el't wlw 

(Zit. In and 112 calcium . nslnate/c;hlor.lnated rUI:I~r, ratios,

• respeCtively). Theile results. .are the eXJH!Cited ,~nel ~klng into 

~klitr.~Ion,t~t~lSi'!ftl ra.inate ha~ 11 tl.' , ~tent of free Mcids,• 1I1Cpr.eslied;;!S .abietic \K!ct~ ,t ..-.... cuproUs oxide WH dispersed in thepr.~nce ~,. ~Iclutn 

rHlnate~,~1e5 l.\to.:, ..A ',nowed abietic acid values. rionging from 

'''.7 to 111•• '-fer3hou;sdispe~siQl'llnd fromii.2 to 1Li\ fort 
sfii,l"rsdispe~'icm. 

• 
t 

.Qn ~other hand, paints 5~to .16A p~~liehted' abietic acid 

content of 9.2 to 8.8 i (2/1 calcium resinale/chlorin.atedrubber ratio). 

• i ..' to 6.3 \ (1I1ntio) imd ..... to 11.2 (1/2 ratio) for 3 hours tOxicant 

di~PersiOn.Usser values were Obtllned for 5 hours. 

• 
~ 

Whefl cup~ous oxide 'wasdispersed In the absence of the resinous 

_lerillll, in . the case' ofAlAples forlllulated exclusively withcillcium 
~. resl~te (1 A toil")··.$ weU as when chlorinated rubber Wall used 

• 
.' " 

as co-binder. .thefr~ relinlc. acids content' was practically unmodified 

• 
~ter 3 ,...d,S ttoUritoxiGint' dispersion. 

In the case of bl'1ders ~sed on WW. rosin Ichlorlnated rubber

• (211, .111 .JI(ld. H~.· ra~Ior.),; • high, fre\!! resinl~ IIIcids content was 

• determ.ined. Immf.\diatly. after preparation:respectlvely 118.11•.34.2 and 

• 21 •.5. '\" The' chemlcallinalysiS .of the' WVi rosin employed permited 

to establish a '17\ content of non saponifiable subs~nces.· 

• 'Referring to. 'binders 'extrllicted from paints after cuprous. oxide 

• dispersion In theprese~ o(WW rosin ($amples5B. toUiB) It "as eb

~ 
t '.' . 

served a very important r4KIuction 

, (211 WW rosin/chlorinated rubber 

arut 11.0 to 10 .• 6 , (112 ...tlo) for 

more· still significant,. reduction was 

was dispersed during 5 hours• 

AI50in the caM of antifouling 

cuprous oxide was dispersed In the absence of resinous_terlal, 

It was not registered after 3 and is. hours toxicant dispersJon a 

considerable acid val1M! decrease. in ,the binders extracted ff'Olll the 

paints. 

BioactivitY of the antifwllng paints 

The fouUng settleJn4tnt ",alues'recorded on the panels·. in the. 

experimental raft. are Shown In Tables V .nd VI (11 and ~' ......ths " , -
iall!lenfonl. The key to interpret the Yaluesirlc;luded are Indicated 

at the bottom of Table V. Vat.. ' (panel wlthoutfOullftglClQl'respondl 

to a paint· .,Ith 100 \ efflclency;lH to 90 \ and. 1 to 10 \. The ",t 
v<1Ilue was considered by ..... author~ as -'he .inilDUlli'!l(:Cept.nc:.. liadt 

for efficitmt antifouling palnts. 

The fixation values corresponding to a period of 26, months were II 
statisticaHy treated with a factorial design' of . the type lxZX2x3x" 

(95 samples). Each Ample included a duplil;.ate 115-17). 

The results of the stliltistical lInalysis considering simul~rieously II 
all the effects are shown In Table VII. It w" Obser~da signifiCant 

influenc~ (positive Fisher test).of .the milin effects (resinous _teruil ,
type, resinousmate~"l/chlorlnated rUbber' ratio, binc;ler content, 

order of incorporation of. __ c:omponents end tox.rc:ant dispersian 

time) on bioactivity. 

According to, the analy.is of the IBNn ",ellie, resulli"1l 'rOIl! II 
the statistical treattnent. the antifouling paints with greater bloactiYity 

after· 2.6montl15 immersion were those elilborated with talci... reslMte, 

with a binder content of 27.11, .31.9 and 36.6 \Isllllilar efflcie,ncy}' IIwith 2/1 resinous materlalld\lorlnated rubber ratio and· diSpersing 

the toxicant during 3 hOurs In the absence, of calcium resina... 

I 

I 


of the add valve: . 23.'0 to 2i!.1 

ratio). 16.-8 to 16; 1 \.(1.1'lralio) 

3 hours toxicant dispersion; a 

~glstered when cufi~J·. ~xlde 

pelnt, biiHiiol' "toIIln', "hen. 
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However,. due to the little decreaSeob!ierved in binder acid 

values (low advance of neutralization reactions) .when cuprous oxide 

was ~sper-$4!d 10 thepr"sen~e or in the absence of calcium resinate, 

'ase~rate ~s.atl$tic8. analysis WIS made tak,lng Into 8CcQunt the type
:,-, .. ; ~< ... :: <; 1 ,.. '." .' ,.' ,'". ':'<,' _: ,';"/ '. .I. 

. c)l rei'nOus·.t.erlill; ttle results ilre .fsolr\dlcattid·lri Table VII.. . . 

. " 	 ~;'fI1eV!l,u..~()Qtain!i~: enabled~_4"b"Sb~~t '"sa~PIeS including 

:~lclu, ~~Iha,. 111'~~~~' a)lI!poslii~,f~i~~iA;:&O '16A) ,the variables 

r~"kd to~:'~I.~iI~h,g techriol09·Y(i,~rpo:r.tioAOrder :o( the rilW 

I ~terlalsandtoxl~~t disperslontl~)dldrlqt s~w'. asig~ifi~nt 
. Influence .~~hebioacdvlty (negative ,Fisher test) ~ On the' other 

I 
hand~ ~posltion variables (~indercontent l. and . calcium 

~~~na.~/chjc)riNteq rubber ratio) . inflUenced -significantly on the paints 

P;Brforl!ll~~ 

Results 'If . separate ailaly~ls "atif.ed tilllt, the , best . eff'lclency 

'of pai,nts baSed 'In alcl.um reslriai.. Iftel" 26iDonth$irilmerslon (expe

I rimental' ~fi) corresponded to those'e"borated with' 27 "~ 31.9 and 

I 
3fi.61ofbln(fe,. conteht (silallar biOac;tivity)and with 2/t (:Illcium 

·~sfnt.telcihij)iinatedrubber ratio (both ·for' ~ or 5 hours toxicant 

di~PI'!1"sron In .·the presericj! or int~' abSence of'Qlfci!.lm r~slniJte). 

. Refet'ring .. to the formulations with binders based on WW rosin 

and thlorinatedrubber.·· the ·separate statistical Inalysls showed that 

theeffeets· relillted ,to >the elaboration variables and the composition 

~ 

r hIId a slgnlfican.~irifluenc!i!~!l tl:\~ tI:Ixi~lictiv.ltY. 

Aft¢r' 2timonths immersiori•. ~ tnehighestperformilnce corresponded 

to the sam~lesel~bora-ted with n.4, 31.9 and 36.6 I of binder 

q,n~ent•..•.od with 21t WW ro.lnlchlorinated rubber riltio. With'regard 

to the' elabot4tion variilbies.the best con,dition w~u,reilc.,edc;lispersjng 

theJo"ican.~. during lllour$ In the4lbsenee of WW rosin. 

r 
CONCLUSIONS 

I. Some antifouling paints studied showed high effectiveness 

III raft trials during 26 months inllnersion ;lIS. minimum. 

2. The use of' calcium resinate replaCing WW rosin In the 

formulation of soluble matrix antifouling paints based on cuprous 

oxide simplified markedly the elaboration technology; 

The best results were obtained with paints -Including high soluble 

material content in their composition (greatest calcium reslnate/chlor

lnated rubber ratle) Ind larger binder content) • 

II. Results of the statistical anal~sis we~IS·ln Ig;...nt with binder 

acid values. When pigment-binder- reactIQQII.(Dok.p!4cepalnts. composl

tlonwils modified and then the film bioactivity was reduced. 
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(a) In the wave number between 21100-3200 cm- I , calcium resinate show

ed, in relation to WW rosin, a thinness in the absorption rank•. at


• I 
tributable to the miniMum (~tent of.bietic Kid ,di_n. In the wa
ve number lCUlIl cm-', the .overl<ine. of U1e present '.peak itt 1720 ail-I 
appeared in the curve corr'eiponffing to calcium resinate.• 	 I
(bl 	In the wave nl'lllber IU5 cm- I , calcium fesi.nate showed a lower ab
sorption than, WW nisi.... since it inCl!oides i!'lits COCIIpOsition •. loWer• carlXlnile group content. " . ". . .' 
In the wave number 1720 cm- 1, ,only a.cium f'esinate showed an ab• 	 I
sorption peak due to the ester carbonile, group. .' 

tn -the wave .numbOr"lSlIG. cM-I, only lin. !lbsorptiQn pu,k. ~s appf'e~ 

dated. for thecaiciulli resinale' correspOnding to the stretching of the 

group 	 , . 

, '1 R-c"'YJI,
" '.u I 

characterhitic of the salts. 
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TABLE I 

RES INOUS MATERIALS CH~RACTERISTICS 

i 
WW rosin Calcium r';Jloate 

Density ~t '2o.'-C (g.mt-l) ....... t.08 . 1.13 
MiUing ~int (PCl •••••••••••••• 130 137 
AcId value."" ~ ~ ......................... .. 1111 35 

:TABLE iI 


COMPOSITION OF THE COMMERCIAL RED CUPROUS OXIDE 


De,nsitytg: ml-1) •••• : •••• u .~ ••••••••••••••' ••• '.' ........ : ••• 


Refractio" index...... ·.................................. ; •••• 


Oil absorption (') ....................... '.' •••• ~.• ~ ........... . 


Average particle size ()I m) .................................. . 


Cu1+ content (CU20. \l. ...................... , ........... .. 

CuP 'c:ont4lnt (\) .................. .-......... ~ •• ~ ............. . 


Cu2+ content (CuO. \) ............................... ~'. ~ •••• 


'6.10 

2.70 

8.20 

5.110 

99,811 

0.03 

0.011 

:; 

TABLE 111.- SAMPLE COMPOSITION (g1100 g)* 

Pail't·".•••••••• 

Cuprous oxide ••••••••••• 
ZInc. oxide............. ,. 
Calc:hJm carbOnate"· •••• 

. Additives· .•. ~-.:••• '.' '.••• , ••• 
CaICl.umreslnate ••••••••• 
Chlor.rubb!lr (grade 20). 
Chlori",ted paraffin '2 \ 

lA 2A 3A 'A 

36.1 3'.0 31.9 
3.6 3.1, l.2 

36.1 ".' . 31,:"
1.2 .,.J. ·l.l 

23.0 ·~~~t, .. :t.l •• 
~. -

Paint.......... sA 6A 7A 


Cuprous oKlde••••••••••• 
Zinc. oxide................ 
Calcium carbonate"" •••• 
Additives, .. .- ............ 
Calc:ium resinate ••••••••• 
CtdOr • rubber (grade 10) 
Chlorinated paraffin (111\) 

36.1 36.1 36.1 
3.6 3.6 3.6 

36.1 36~ 1 36.1 
1.2 1.1 1~ 2 

13.' 9.5 6.0 
6.7 "',5 12.0 
2.9 ,..0 5.0 

.29.6 
3.0 

29.6. 
1.2 

36.6 

8A 9A lOA 

311.0 3'.,0 3'.0 
3~" 3., 3.' 

3'.0 34.0 3'.0 
1.2 1.1 1.2 

16.0 11 •.3 7.1 
B.O n .. 3 111.1 
3.' '.8 6.1 

Paint..... ", ••• llA 12A 13A lilA IS" 16A 

Cuprous oxide........... 

. Z.inc. .oxlde.... ; .......... 

Calcium carbonate ...• ..... 

Additives ..·.............. 

Calc:ium reslnate ••••.•..• 

Chlor.rubber (grade 20). 

Chlorinated paraffin '2 \ 


31.9 31.9 31.9 
3.1 3.2 3.2 

31.1 31.8 31.8 
1.2 1.2 1.2 

18.6 13.1 1.3 
9.3 13.1 16.6 
'.0 $.7 7.11 

29.6 
3.0 

19,$
);Q 

is.6 
3.0 

29.6 19.,6 19.6 
.1.2 1;2 1.2 

11.' 15;1 9.5 
10.7 15.1 19.0 
... 5 6~_ . B. 1 

.. 	 Solvent mixture: AromCIsol H/Xllene. '11 ratiow/w; viSCOsity of 

the binder Incorporated to the mili. I poise: adjusted Onal vis
cosity. 1;5 poise. . , " 


.... 	 Series A. inc.luded in this Table•. was' formu&ated with pll~ium re
sinate (lAto 16A); in$eries ~ (samples 58 to 16B) the mentioned 

compound was reptaced by V!lW rosin • 
..... Natural aleium arbonate: 116.17 CaD (corresponds to 83.51 \ of 
CaC03" 	 . . 
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TABLE VII,- STATISTIC.AL ANALYSIS 

1. SIMULTANEOUS ANALYSIS OF ALL THE EFFECTS 

Na tureof the 	 ·.Inft~,on
,Type of et:ftc;teffect' 	 .' the blOaCtlvl~yi: 
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CompOsition Type of resinous, inate-:
.Vilrlabtes rial " 

Resinous material/chlor
Inated rubber ratio 

Binder content 

Elaboration Order of inc:orporatloil 
variables of the resinous mate

rial SignIficant 
OispersiOn time Sigrilflc::lint 

.. 2. SEPARATEAHALYSIS\ACCORDING TO THE RESINOUSMATERI~L 

Significant 


Significant 

SignifiCant 


Nilture of. the 
effect 

2; 1 Calcllolm reslnate: 

eoiap:!sition 
variil/lles 

EI~bMation 
variables 

2.2 WW roslrl: 

Composition 
variable.. 

Eillboration 
variables 

Type of effect 

Calciumreslrate/chlorin
ated rubber ratio 

Binder content 

Order of Incorporation 
of calciUIII resIrate 

Dispersion time 

WW rosin/chlorinilted rub
ber ratio 

Binder Content 

Order of iincorporiltion 
of WW ro..iR 

DisperSion time 

Influence on 
t.he bioiCtivlty 

Signlficant 

Significant 


No significant 

No significant 


Significant 

SISJllificiint 


Significant 
Significant , 

.,i 
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AD!J£SIOK'"'OF ' "BARNACLES 

AMlL" DEVEI.OPI!IENT __ OF ,,-HQN-'l'OlUC,ANTIFOUlANTS ' 


,:~'f'f:~~;p~~i1er" Car~l!~.!'Doo~ey', Marca"b9~r,'f.~J· -' 

*Ka'wrOc€ali ,Syi.i~~liiis tiiiter. "''*'coiaputir'Sc1encesCorporation 
. . ) 

A8STRACT " ~ ': ~: ..i . 

"he at~e,ll,tng, or~~~~t~:i~~;d and adult, forms of 
barnacles l,,,-f!.~ 1;~~: aechanism of"th~ir",(It.tachment are, .discussed. 
Histochealcal.cheMh:al and I;,iochemical analyses . indicate that 
the '-adhIl'S1~e'$(!'t:tifn~"'Qf 'file : bj'rriii'cle:s" , hardens' by' quinone 
crossUnklng of protein. ,,'r"'~.Jl$N-id':adllesive is es'HlII'ated to have 
a surface . tension. of ~bQ!lt,,,,~~I;dyn~#II. Polymers:;:w,i'!::h cr i tical 
surface te~',!.Rnplr:ss than 10 dyne/ca were synthesized and showed 
potent i,al ~~t;l.t:Ri:il.i n9 propertl~~" 

ItIT~9~UQN 

, q~J(:; ~QP9.;dU,g~rent :s~cl~s ,Qt:: :Jlocr.oscoplc, lnvettebrates 
have been reported in lIarlne fouling communities. Kost of 
tare adult foulinigorganislls,' such as. barnacles and tubeworms, are 
sederrtel'Y 'and "permane'nUy attached' to'. the :s'UbStiatulIl. 
conse~l)tJY.. a!,lSt o,f the adult macroscopic fouUng.of!nlnisms do 
not~{.f,or:;1n., "the initiel attacl1:.ent.:rather they .maintain and 
reinfo(ce the'attach.ent 'established, by their mIcroscopic larval
forms. . . ,. ., ..,' 

" 

In spite of the hct tl:lat the microscopic larval forms do 
not hav~. enough swimmlng:mobil1tyto'.:counteract,· strc:;ng' cl,lrrents 
and are caq;Jedt,o their de.stination by·the current;...,' lliost of them 
do not sett,le<d.ewn on the first·ovailablesubstratum. They must 
select a location which will provide them with a cO}ltlnljous, and 
adequate fO(itl supply; mates "for 'sexual reproduction. and 
protection from predato,rs.,l;>ecl!luse once settled" ttley can not 
change the,.l.p,cll~ i()n~. ThiS )l;el!lrch,.,Cequires .sensory percept ioo' in 
order to, id~ntify the desired parameters and a temporary 
attachment 'iiechanism. to be aJ:>le, to leave the s ltein caSe it 
proves to be. inadequate. Perllanent attactlment is made only after 
a satisfactory Site 'has been located. " 

In this paper. the tempoiaryatt~ch~ent and th,e permanent 
settle_nt . of the barnacles will, be exam.ined and related to . the 
developilent: of hOn toxic fouling r~sistani surfaces. 

1 

'l'EMPbRARY AND PERMANENT ATTP;CHHENT OF FOUL.ING ORGANISMS 

During site-selection the attaching larval ,forms" of the 
fouling organisms e'xplore a large area of the substr.,li/tum to 
evaluate acceptability. During the exploration period Ui~ larvae 
ftlust maintain their hold .on the substratum: ~gainst water 
turbulence. . If, however, the larva, finds the at t:e' unacdtPUble, 
it should be able to leave the sl;lbstretum to get' into the' water 
colulln and I::Ie carried by currents toward miw sites., .. 

Two .ajor forms of temporary attachment are' avallabl,e. In !In 
underwater environment: suction apparatus; and secretion of a 
stiCky mucous substance. 'Relatively fast . aovJng " marine 
organlslls, such as. oc,t<;lPUS, squid, starfish, and sea urchin, use 
suction devices very successfully. Sl<;lwerpaced gast.ropo?'s'. sea 
anemones, and tunicates on the other hand, use mucou~ s~cretion 
for their attachment. Crisp (1972) discussed the' !ldhellion by 
mucous secretion in detail and 'eaphasized the w1<!espread: 
application of this type of attach•.ent by marinej:>rganis.s. 

For perfllanent settlelllent those organisms with soille_obility 
in their adult forms. such as .sea aneMones IJIInd tun'icates.,';;usually 
use IIUCWS secretion.,' Those 'which settle lor, life. such a~ 
barnacles and tubeworas. use a hardened'or cured adhellive cement. 
sometiales reinforced with calcareous dePosits. 

THE ATTACHMENT. OF 'BARNACLE LARVAE 

The cyprid larva is the attaching,forlll of the barnacle and 
can be considered as the pupa stage of the Cirripedia(Dar.... in, 
1851. p.19). By kicking its'legs, the cyprld can propel itself 
rapidly through the water. while by .eans of its. imtennules. It 
can fasten itself to and crawl on solid substrata. 

Visscher (1928) noted that • ....hen the internal physiological 
conditions necessary for attachment are present •..• ·the larvae 
have been ..observed on .any occ.asion to walk 011 the substratum 
apparently hunting a place for' attachlllent.· Thi$ remarkable 
performance is <:Iccomplishedby: altermite·attachmeht and· release 
of the adhesive tips of the antel'lnae.· This walking orte.$ting. 
process can probably be explained by. experiments of POlllera.t 'and 
Weiss (1946), WeiSs (1947).· Cregg ( 1945). Crisp and tleadows 
(1962, 1'963 L Knight-Jones (1,953), Crisp and Barnes (1954). and 
Smith (1946. 1948)· tha.t deaonst.rated t.hatcyPrids· exhibit 
definite preferences for certain physical· or chemical J 
charactedstics of· the, substratum. Dat'win (1851, •p. 16) 
observed· that the attachlngantennular ·se~ent;consists of. a, 
large. thin, circular. sucking disc; Also.'; Derwin (1$51, pp. 
16.33: 1854. p. 111) indicated the presenc.e of a' cellienting 
sy!!' tell. sugges ted that tile cement is secreted at the ,edge of !;:he I 
disc and observed that the antennulardi$c be.c:oaes cesented to .. 

2 I 
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the substr~turn, Crisp (1967) agreed that the the "first antennae 
are provid:ed with sucker-li'ke discs" and thatthe'cypqd "pourS 
c~l!I,eiit;, :~hr<;>ugh;,~he ·.,s~ck ~ ~g:; d i sc;s"to .pr ov idethf7' initial· 
fr~a~l«?ri"· .. ,,:' , ',J.::':",'. '~. -, ' . .~. , 

s~'~k~~r'~~?t~"~;i~i~~~~d,t~~~~~~~$~~SJ~'8J~~*r~!~~~!~~t:~ '~~~ i s~el~~ . 
fUr:lctH~na.5 ,a"sueti'lm': c:urL (F.'g"V',-Ttii! 'ri'gid'c:halllbers of Uie' 
s~c.(jnd arid '~hft'~~~~~en~~ .:~a,t~~~,~~rief.\~d)iH~'··an'!ficre.ase Int;l!e
v.61ume.· of. the' chaR\bi!c·· of the second segDlent could d~'aw . hi' some 
fWi'a .' ,~r,t?~. tht':~6'ft~::~ij~~iiil':!t~r.:a~~erit ,aridcau~e '~tie":' f~exlbie 
c1tcul~r base tci~,' p~ll~c;J inwqrd 'creat 1ng vaciJi.illi. 

.' . ,'" ...... .: ~ : .,' . .. '. '" .~. " 

No~t and Foster (19691 and Nott (19691 stUdied the internal 
aIid ~'sud'ace fine structure' of 'the 'ttil'rd 'antenriuiar segiaei'\t'of the 
~~Mi!S'~~t~h6:1"e~ liSEy~:~;sjng trall~~JS~lon,:a'}dS'~ailn:~fig~le~~r~~,
lII~eroscopy; Alllon"9 thE!. l;:t,Jticular y{Hi ,coverin9tf:1f;!'lhSide'oft~f! 
diSk' ~rbeter, they found numerbusduct openlngssol!le ofwhlch 
they ass'igned to the 'cement diJCtand othetstcithe rieiJ/lyfolil:id 

~~~i6~~~1~r~r~l:~~S~:~PIO;1~~eset:n~~~~~t~:~~s .•.. ~~y .•. fUndi O,n .. 'as 

NoH and Foster (i969')' feHthat fhi:! eut,lcuiar vi Ui of .the 
af~acl'iliu~n;: di~kwo\Jld be disildvariiageousfor establhhfngsuetion
cup'~eai. . iSithQughthey ~greedthatav1Scous' secrEitioncouid 
5ufflC1entlyhlprove it. lnstead of the suction D1ech'anhill, . they 
proposed that the disk acts asim adhesive' pad, . utHiili'lg 'the 
villi to increese thesurhi::e area covered by a: stiCky "$ecr.etlon 
frolll the antenn'ul~r', g~itnds; Measureriients ':'iOdil:'ated that . the 
te'iiiporary attachment,of thecypr Id larva is 2':'3 jiliae~ stronger 
than simple suctionwou18'be '(Yule' and crisp 191b I. Welker 'and 
'{hle (19841 found is proteinaceousantennular sedeUondurin9the 
ex"loraJ,i>'ry ai::tivity of 'the larva Which iay inducesettleDient of 
othe'r lli'tvae (Yule and Wal~er 1?85 I.. '. 

In most cases the ini tiel.permanent attachment. o·f the 
batnaC1ecyprid larva is r'cdnforcedby an"ildhe'Slve ~eilieJlt (Fig. 
2 r: Oarwin (18541 and 'Bernard and Lane (19'621 "iridi'cllted' that the 
adhesive . is secreted by' a pair of 9lands·. located behind the 
cyp['id's compound eyes. Theseglands,are'60-90aicrons'th1ck and 
150 .. icrons . long, ovoid or kl"dney::s'ttaped' struct·ures. Walich 
(19711 ~qund ~wo dlffer,ent type of cells in. the glands. One. type 
of eel l'sprcidUces protiHn, phenolic compounds and phenolase 
enzyme. whi le the ,other type of cells produces only protein. 

. '.". 

CEI1ENTING APPARATUS OF THE. ADULT BAJ.ANIDAE 

ThesettlM andatt"aehedcyprid .alt.s!ts carapace .and body 
eXO,Ske1etonan,d lIIe,tu9rp'ltoses to lt~ adult ~Orll.?ne day after 
lIetamorphosh, the barn~cle (Balanus bii}aliQ.lqesl lScapable of 
prodUCing adhesive ilia teria 1 (Yule and WallCer 19841.' In the 

3 

Balanidae., the main channel of the adhesive duct network of the 
adl,llt begins to grollil perpendicular to the rostral-carinal .axis. 

. starting 'from ·the remains of the second antennular segment toward 
the perimeter of the basi.s. In each growing period. riewvesicles 
fonionthe main chann.el and become the originating points of the 
separate duct networks (Fig. 31. Each new vesIcle is larger'than 
the former one arid each duct network is more complicated than its 
predecessor. The end of ,each duct widens and foriDs a,funnel 'to 
spread the adhesive in concentricctrcles around the perillleter 
under the growing basis. The new vesicles:' forlll aroutld the 
previoiJsly exlsting main cllannel which extends toward tile basiS 
perlaeter. . 

~ear the perimeter, the aain channel extension rises through 
the aantle tissue frolll the vicinity of the basis to lust below 
the epitheUulI Of the aaritlecavlty. Here, the aain' channel 
branches Intoriulllerou$ side charinelS go~ng into differtmt 
directions. The side channels connect to. giant uriicdlulDr 
adhesive glands often iDore than i()Olllicrons in diOIle.tet.. The 
cytology andh~stochemlstry of the adult bat:naclea~hejiveglilrids 
have been t.he SUbject of detailed studies (Bocquet-vedrine i~65; 
Lacombe. 196.6. i967, 1968; Arvy and Lacolllbe i968; Arvy; . LacO.be. 
Shilllony 1968: Lacolllbe and Liguori 1969: Walker 1970; Lindner and 
Dooley 1972; Lindner, Dooley, clavell 19721. The fine structl,lre 
of the gland cells is desctlbed by Lacombe . (19671 and' Walker 
(19701. . 

The larger the. basis of the adult barnacle grows, the. 'aore 
adhesive is needed. In each grbwing cycle. new adhesive glands 
develop and jain the exisi:.l~g ones and form: a cluster on. each 
side of the lIIantle. The individual glands of the saine cluster 
are connected by channels with the .ain channel that conducts the 
secretion tbWard, the basis. In each growing period a . new 
peripheral duct network develops. The main channel connects the 
glands and the vesicles that,are the starting points of the 
separate adhesive duct networks of different growing periods. 

Because of the cyclic growth and molting process the adhesion 
process must follow the same cycle In order to adhere the newly 
grown outside per11Detf;!r of the basis to the sUbstratlJm. Fyh~' and 
Costlow (19761 showed that the accumulation of the adhesive gland 
secretion was at its maxilllum in the late'postecdysis petiOdof 
the. Intermolt cycle. decreased to zero during the interecdysis 
period. and began to increase again during the proecdysis period. 
This Indicates that the adhesion process takes place at about 
half way between two consecutlv~ lIoltings. The basis is cf;!JBented 
so firlllly to the substratum by an adhesive substance that the 
shell will usually break when an attempt is lIIade to detach the 
barnacle. although It Is estimated that the tensile strength of 
the barnacle adhesive is about 1/10 of that of sOlie cOllllletc:iai 
epoxies (Yule and Walker 19841. The adhesive substance is 

4 

I 

http:chann.el


"•• 
. , ... /5 ~"'I'~ '; .... l.:::. • .; ,~ '., ;; { . . ~ '. ~ ~ I ".. ,.... .', d ~.'. ~ "J . . • , . • , . .,:• secJ'et$!c;t ,(!~,.~J1e." per,tJII~~~r,>of.~~, ~lia:siS.anCi ~p.read!,>un9'er,·:l.t:, 't':lit it 11" .ap;( ,gap~t~~.n~sJs.: >1!fI~! .!oi,ul>~t.r;atum.,.;.Due,to ~tle: pr;;e:~su-re!,>. 

exeHedj9Y..~l1e.~t:nac;l, .~.~~, !;I)J~LP"sfs. pe~J.III,~t;er b;f,c~I)~['act:lon , .of 

•
it th~ !ftJl.sj:'~~~.i"c<m,nec::tJ;1I9; Mt~J)~~1.s -an~ ~ ti1~ li;~e 1 ~ }~,a ~ i,p~~~~.s, . t;he 

gap" [l:q ~;~}';ol~~~$!lfl, ~~...tt.~~: .t,QJctnes$, .ofthe .~.dl:le,lIi~v~. l~yer. 
is ~sually,.:t"e¥ ;,t;~"; ~),!I',1<;f."!tI)S;., 

.< ·-··r~.:-f :.{~.V.·. ;:";;,'~"~)~~_'\' -<d"~ . -r.. '" 

• 
t ~ -,.C!:9;.rtY~d 'I' .coJIIlDtIQ,tt~.e.s,. ho.'\'lever:, barnacles )julY ..devel!>p' 

abnO:r:~llYJ::':I~;"."!,c~:;jH~~,.t,!!n~e~.,,a ~r,~i';cl~ 'c;an be ,1chiplli<;e<t 'by
th~ neighboring speelsens .so that' the baSis Is no 1ongt;! [ 1n 
contact ",itll .the subs,tr.atum. The' gap betw.een the basis and• 
SUk!l!tratuiR ,4'.o.f~'1 .f:U,l.ed ~.tt:1l a!'t.h1~e. QPaquesubst~nc~, 

t '~~jt~~e .r~~F~~C!¢¥/:i?Jl:r~cl~~ :~¥~~ ,detashe4, if\~ah ,tr~1it .~!\i~ot~ 
=~~;' _~~!!:~~~~O~i~~::~~~t!ria;:~tac~h~~~Os~~~~~~r~~~ldS~~!~¢~ 

• 
 Ite(l,~ " a'l1v,~.)~~~(jni.t,ety,~A ,wI11te~;,()paCll/e substaf)c~,.ls ,;,sec;~e~,ed
• 
• 


wh~c;~~ ,sPF,«i~fi.,s;.,;,~,~~",n, bas l,s a!,,~ new li!ubs~r~tl,ll1l' ,. If. t,he 

Int~y~rfingts~<;e~,t~.en ~ali!~s ,an~ sut;l~t;rat!iai 1;; tOt) larg~'tobe 

fi q~",,,,,tt:;Fi'ick ~ropl~:t$ t)fse,cret,ion appeararidhan9.· froiR 'the 
bas.is «,ig~4.1.. 

• 
• .,ij~,beiJ.eve that. InitJaHy, the,adheslvels a fluid of . low • 

viscosity and solidi fies wl thin a shott. thte after sec'retion frolll 
the duct syst-e.. Tile presi\!nce of an occasional duct f1 Ued loll til• harde~ed . adhesIve, . ~1,l9gests tha,t the hardening PI;OCi:eSS is not 
res,trfcted t.i?Jhe ,hydtospa:i!~ outslde. .the dllctsystem and .that):'h.e 
adhe~(ve.iS,able, to, tia~4~n,iR ~he dl,l.cts. but lssoinehow removed ~ be f qf'e it ca,.!l set, '.' 

• 
t The. rell!ova.l of t;1l~ odhe.s he precursors frol.ll the .. qucts Defore 

th~ adh~s lye I:!e,colDesC;l.!r1!d.i!!ay be exphln~d by ,a flu's,hlng process 4 
(Saroyan,:L1nQn~i, , aOQ~eY'19~t. 19701~ The vesicless.erve ~,s 

• 
 dlstrtbuMo~cfia~~r$, aii(ttbatpQrtlon,~f the IUlin channel witnlfl 

the vesicles.' controlsandregl.llates the flow of adhesive and 


• 

flushlfl9fluid. the vesicles Qf<l1fferent ages are sHuated near 

eachotf!er and 'anI. i::onn~ct.ed by the . lIIait. channel. Th1s 

arrangelll~rit pu~:f ~u the _V~Sipl• .I.~heco!;'respondin9 duct network. 

• 
t anq thli",4lJc;:(,!nds, .of eVf!r¥ duc:~.networ!C allDost equidistant frOID 

the a~l'!eslve 9l~t1l3s. 'fhu$~ ad.I'i"ive can be secreted' almost as 
t;!a.si~y,~hrou9I)ol<1et ductsa~ through tn~ ne~est perIplleral .duct 
system. By this .•ech~n1S. til. b.rnacle is cap~le of reattaching

t when detached ana repairing d••ulge to the bas~. 

• CHEMISTRY OF" Tat B"·RM~CI.E A08!~SI.V£ 

• 8as~d up!>n. obserV'a't1on~. on otherCrustacea,Yonge (19~21 
speculated" that th~ se(':.retion of the cemeot '9l8'oCl of the 

• 
 Cirri.pe9!~ !lay be 51.116r .t.o the cuticle; .' and 'Thomas (1944) 

elaborated o'tl. tllhidea' by attempting to' show tllat the cemeht 


• 
 glands of the Cirtl.pedla are lDodlf1ed tegumental glands. When 
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I 
Pryor's (1940a. b) elucidated a great deal of the harde~iricj I 
mechanism of cuticular protein by introducing the concept of 
arolllatic cross-l1n\Cages. several authors (Hanis 1946. Pyt;!finch 
1948, Pyefinch and Downing 1949. Khight"Jones and' ,Crisp i9531 
speculated that the ~rnacle adhe~lve could be -qOinooe tanned 
protein- - or .1II0re preciSely - ,quinonecrossllnked prQtein.. But, I 
with the e~ception of a few rather sporadic qbservatians on its 
staining characteristics (1'ho.as 1944, 8ocquet,..Vedr~ne1'651, the' 
adhesive secretlonof the barnacles' beca.e the s~ject· of 
chemical cllaracterization only In tile past twenty years. I 

In one of these early'attelllpts. Laco_be (19681 ininc~~ed ,aciCI. 
mucopolysac;cllar ide 'In both' the intrl[l- and ejct;ra:-ceUu1.~r 
secretlon. ~ut Saroyan. Lindner. Dooley. and Bleile, (19(/9. 1970 I 
showed the adhesive is proteinaceous. deterlDtned its .~Ino, a~ld 
profIle. and reported result$ that .already sugge$t~d 'qU1noiJe I 
crossl1nking m~chaniS.. The subsequent results .o.f . Hil~.an. a~d 
Mace (19701. Coot: (1970), .and Walker (191:1), Otness and ~ca1f 
(19721, Barnes and Blackstock (19741, and Walker' and YO\lIlg5or\' 
(19751,. were in agree~ent wtth tile proteinaceous nature of; the 
barnacle adhesive. Byhistoenzyalology. ArYy, Laco.be .and!iMlDony I 
(19681 found alkaHne\ phosphatase activity, in th~ ce.~ntin.g 
apparatus, and Arvy and Laco.be(1968) de.onstrated. sucCi rio
dehydrogenase in young ce.e·nt glands.' .  IShillony (.19711 thO~9ht tllat the arylsulfatase found 1nthe 
mantle tissue' could be associated wit.h sulphatec:! 
.ucopolysaccnarides In the hardening pr~~ss. of the adll!!slve. 
Walker (19711, on the other Ila!ld, found evIdence for phenolase 
activity and phenolic compouQds in the .larval celllent ghind and 
considered this to be indicative of 8 qu1nolle crQsslInking I 
mechanlslD for the . larval attach.ent. . 

with histochemical and analytlcallDethods, L.1ndneranp. 
Dooley (1973) and ~indner. Dooley and Clavell (1972) compiled 
evidence consistent with. the general scheme .of aqu1norie I 
crossUil'king of a proteinaceous !laterial for tlJe hardenIng 

mechanism.of the barnacle ~dlleslve. 


2 PROTEIN-l-lH2 .. C6 H402 --~ PROTEIN-NH~( CCiH402) -tiH-PROTEU( I 
The major argulllents in support of this theory are: (1) the 


bulk of the adhesive c.ons1sts of protein rich ~ In free amIno 

groups, which are the.•ajor functional gt:oups in the qui·none 

crosslinkinglllech,an1s.s: (21 phenOlic .precursors and. bypropucts, 

such as melanin and stable free radical quinhydrone 8repreS,ent: 
 I 
and ( 3 I most illlport.antly, pheno lase enzyme is present 1n the 

secretory glands and ducts. 


A more thorough study of the mechanism 1s hampered by the Iextreme insolubility of the product. Because of these 
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~!iti9.9:\:t;1~, . qQ~Q~~ a~,'~9()t~Y(!~7~)~~~,~c:'ed m~~,~ . reaction,s
tQ!fi.tll!p~Q<:!tfoR:;9fdi\'l~$ quip.(jl!~e c:P?s!'lln!C~n,g' .~~~~nI~and studIed 
Its ••.. reac:t1on","1C~~et~e~"i·~.f1,,,,t\le~e .m~l ,,:H~dles!:Dooley ..t 191.1.• 
19731 .and .L1.ndner(19"11.-~~19;'.H· reaetea" p-:ben~oquInbne . with 
,};'IR1IlIol, :ollllliil)9';::ac I~:;~,:; pePtJ,4eyStdl(lnd cry~~al}!'1~. ~rqt~ins, and ~hey 
.f91J!l4 j~~t. t~f:,::;p~A¥t!l.c;:;t" of' ~!,se",fe~ctIo~~,.¢9I,1l~PE;c.harlfcterI2ed
~i1a',: strRP~,~~rM~ft ~~} !If.r,~~:~!lIJl!~''breac:t.1on ,Pfodu,cts 
u.lng o.,:,c:U:tly",r~1'I~ld!!;\,d.~Tn9,J,.'~, ~'1~~,i~, .pl~ce· c:>f}):
boiln.oquif\one '" pr;0tlIlc~if1es'I'!"lnt;ensl~'·absot:ptions 'arbl:ind3'lS-330 
,l)!II.. ;,r~,. ,IN., "~~YJli ,~.th~,;IIIu.,ssel . bYs,~,u,~. a,nd ,~~e barnacle 
..~slve~,shO"'.,l;,.f\ 'if;isor~,t;~~!'1 :~t,~l1OJ,it32~,tuDiiridl'cat1n9 tHat 
these'-"protelheC'eOOti substances "are crossllnked by'b'-quinonoid 
bridges. . 

Al~hOU9h 'thei':;btsiFP"r;\~c:.~.P,1~S9J) ~in?~~~rossl1nkfrl.9 ~re 
tela~l,.,ely wel1.establ1shed, namel~. ttiatthe'free amino groups 'of 
the protein are bound to. the quincinoid ring, there are a nUuiber 

,of \ .different r_outfll,sthat .such .. areaction can and probabl:y does 

~~~~rerf~n t;=s:~S:ti!~d~~~~U~tst:ri't1~hed·~<?'ac;xa.~~!~ve~hr~~ 
pro(iuce one ,of the three component,s involved in the crossl1nking: 
the .bulk of the proteIn, the phenQlics. and ~the en.YD\e (Brown • 
1952•. 5iayth195"-' .. Inthe barriacle, hOi;,e'ver. '~here Is. only one 
type of adhesive gland (Saroyan. Lindner and DOoley 1968), . Which 

,1,s bdlev'lid.tp, prodiJ,ce all .. the adhesive precurs()rs.. but witho!-lt 
.•ppreci,able, .quanti t,ies of free.ei(trac.tabiepheq'911c 'precu~sors 
(LinanerancS Dooley 19.73). t~t'fQte ',autocrosslinlelrig may be 
involved in the hardening lIechaniSa of the 'barnacle adhesIve. 
Autocrosslinking occurs between the tyrosyl reSidues of protein 
sidechalns ~nd, fr~e ~.Jno or other ~eact~ve gcoups of another 
protein molecule wlth'the'ald of the phenolase ~n%yae. 4 

PROT£IN:CH2C6H,,-OH ~'Mtl2-PROTEIN -:"-> PR9T~IN,:,CH~(C6H3=O)-NH-PROT£IN 
Th~ fact that In the a-quinone reactIon the Initial step that 

produces a monosubstItuted derivative 'has a high lImItIng rate 
(.t.1ndner. and Dooley, 1976) ~",pports the autoc:ross11 nking 

.lIechanisll.,becaus~.coup~lnciwltil only onea.lno group of , a.nother 
aolecule is sufUcie·nt to for. an, intermolecularcrosslirik. 

NON-TOJIC !-"ON-::-FOULINGS.!JRFAC£S 

1"I0st. sessile fouUng 'O'rganlsias secure theIr permanent 
attachment by hardened adhesive. Crosslinking. hardening or 
curl,ng ,Is ,~n illlpor,~ant lI«,!chanlsl11 to incre.ase the cohesive 
strength of the., adh,s.lve. b4t t~ primary crit;erionfor an 
adhesive 15 good contact with tile adherIng' surfaCes•. AdhesJ,on. 
spreading and wetting characteristics are governed by 'the sur-face 
free energies. The work of adhesion (Wsl )' the worle required to 
separate the ltquid nom a solid. is equal to the sum of surface 
energies the solid and the liquid (~s. ~l) minus the interfacial 
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tension between the sqlid and the liquld (Ts l) (Young 1805'): 

( 1 ) wsl = ~s ·~l - Tsl 

When t~e adhesIon and the self cohesion of the liquid (W11 - hI) 
are equal 

(2)TS - Tsl = Tl 

When the adhesIon 15 le$s than the self coheSion of the liquid, 
the liquid does not spread ,on the solid and it forlls • droplet 
having a contact ,angle (e); the larger the an91~ the sullir the· adhesion 

( l)TS - ~sl = ~lcOS • 

and Wsl =~l (l+cOS .) (" ) 

'When !:he adheSion is equal to or larger than the cohesion, the 
,angle Is.ero and the liquid readily spreads and we~s. the SQlid. 
The surface tree .energy of the solid T a.nd' the interfacial 
tension ~sl aredifflcult to deter.iM. iroll studies oncon~act 
angles USlllan and his assocIates (Fox and USlian ,1952. .ZJSJUU'l 
1964,) eO(lcluded that when the cosine of the contact. angl~,s ot 
vadous liquids, .on a sQUdis plotted agalnstt;he surfacete~sl~n 
of the liquids. the vdue where the contact angle is.ero (cese 
=1 I, called the cr1.t1cal surface tension Of. the soUd (TC )' l,s 
relatively easy to ca,lculate and is a fairapproxiaaUoR of the 
surface free energy of\ the solid TS. 8Y deflni tion 

(5 )~e = ~l 

and only those solids are non-wettIng which have lower critical 
surface tension than the liquId. As an exa.ple. water "'-:72.8 " 
dynes/cm) wets glass (~c=200 dynes/cm), but not poly
tetrafluoroethylene'(PTFEI (Tc=18 dynes/cm). 

It is difficult to obtain lIquid adhesive for surface tension 
measurements because the adhesive of,barnac~es and .\,Issels harden 
within minutes after secretIon. However. the surface'tension of 
the liquId barnacle adhesive can be estillated frOID the curvilture 
(radius) of solidIfied droplets (Fig. 4). The surface tension.of 
the droplet is equal with Its veight divided by the radius .. of 
the surface area of the end of the tube from which it Isf,aIling 
off (HarkJ,ns and Brown 1919): . 

~ =«4/3InR3 (O-d)9,/r ( 61 

where R = radius of droplet 
o = dens i ty of droplet (1. 340029. measured by CsCl flotation) 

d = densi ty o·f surr.ounding lIedlum (sea water 1. 025) 

9 gravitatIonal constant (980.6 clI/sec"' 

r = radius of the tube end 
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~ f• 
• If t.h~ sutfacefrom' wl\1chehe a~oplet· hangs 'is liHgerthan the 

droplet. then .R=r and 
. ". tr 

•
it . ... = H/J)nRI(p':'d)g =11.67 dyne/em (7) 

~. {",:. . , ., ...... ' ';', . c, . .... :. t.: 

"eec~l,Ise. thesutface'>tei\s'ion:'9f 'the· liquid barhadl~a~hesive' 
is' lower 't:han the"'C'rf'l tl'ee l' sur face tens'1oil of' PTFE;' barnaclest attach to ft. TopreVient barnacle ,attachment. coatings with 
sud.ace. .free energies lower' :tj'tliln 11:. dyne/cllare needed. Usmanit and hiscowotkers (Har'e. Shafriri. 'Zisiuan 1954, USlllan 1964) 
sho~ . that. ~soJ~d -.onblayers of. lohg" chatn ~rfluorinatedt alcohols.ltavecrtl,t:l:cal. surface tensions as low as '6 dyne/clII. 

.' ," '::.') ~ 

" .we;,'.S~h.StJ~"POlymet;S.wl~-ti';perfluor1nated .si'decha Ins that 
tiaVe'':- cHdt'al'; -suiface:!!!n~frgies 'as low .llsS>3dyne/cm.Sollle oft th!!$~.pql~~s:s.hoWed r'elllat'<ab-le antifouUrig properties. After 
t~'~IlO!lth'exposUre. dteuricoated sut'faces of the panel weret tieavn;Yfou.I,ed~ but the cir(:u'l~rand small rectangular areas 
cOllt~a' ,with these pciljiaer;swerEi 'not ,o'nlyfriee of-·barnacl~s, but 
fr:eE!''Of alej.,eand:HliDe,.fHiaaS WeI,l (Fig. 5). It iSi ,i.nteresting 
to, t'iote' tllat the barnaclepopuratlon "imniediatdyaround the 

• 
• 

coated area is lIIuch den.ser than fi!!rther away; ThiS. indicates that 
the t>aqlllch: luvaeexploredthe. coated 'lireabutcouid not -attach,• 

•• 
and when they reached the edge. of coated surface, settl~d at the 
first; uncoated place where finally they could attach; After three 
"onths (Fig. 6 ) the coated areas were still relatively free of 
fotHfi1g. .. 

• 
. ~" 

CONCLUSION 

•• 
Theseexperllllents clearly' de.onstrate the feaslbill ty of 

developing non.;.toxlc· low surface, energy antifouling coatiJ"lgs. 
These new ant:Uoularits work because they have' a non-wetting' 10w

• 
energy surface which resisu the attachment of,theorganisms;The 
low surf~ceener9Y antifouljln~s release no toxic lliaterial into 

•• 
the env1-ronllent. therefore no,environ.ental ha~ard is created. 
whHe i:'oxic antlfoulants are specific, against certain types of 
foul ing.·. the low energy surfaces prevent any kllid of, attachment 
and provide universal ·protection. More'i,mpot'tantly. there is no 

• 
depletion of the actiVe sUbstance in ~he low surface energy 
coating; roatherits efficiency 1s based upon a physical sur.face 
phenomenon. ensuring long effective life. 

•••••• 
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Compi¢.f.SO~ oilel'ch~n9'rat.ea ofbioCides out of anti • 	 fout,:l.n9P,int$,ari4 9-ata.i:~ce,ivedir1·the lab·leads to 
l 	 -thI!'4\if:intuqn oe .,lIlintjD\I!II :ki'l~J;n~u.,oncentration , 

agains.t&ig'ae. 8il.se_c!on this art effective algicide· 
would allow to reduce the amount of metal containing• 	 bicx:ides in -antifouling paints. RI!'l'iearchwork with 
herbicides' and ,fungiCides resuited ina triazine which 
enables _protecUOJ)_frOl!l algae.foulilig at low use . 
conpellt;ratiOM. ~e new product has good. environmental 
cca~t1b111ty___ 

'Iiitrodllc_tibn 

opser:'a~i~nsabout un~pected high activity of TBTO to 

non.;.targetot9anililllt~Cre,atedurtcertainty in the 

oll9oingd~velopment of antifouling paints. To remember 

tJlefa~.ts_T~le'- pr;esentsfour fiqures out of the many 

available. 0)·. 
, ' ',.' : . 

To draw a consC!qu¢~~iromth1sse_ relatively simple 

f()rJ.loHtlcians: ~X'Qhibition of the use of TBTO- .a1: least 

for a certaineartof antifouling.paints. :It is by far 

less Simplef6ishlP Cnmers~r - more clearly - for tbe 
antifouling pain~ ind\lstry. Therefore, this industry 

tries to develop new antifoulinq palrtts away frOlR 

existing approvedformulations.·New antifouling paints 

I 
atereqUired.wi:lich allow best possible preservation I 
of the maritime 	environment without loosing the well-known 

paJ:aJ1Ieters like 	perfect protection from any kind of ,
fouling. long lasUng eff~cUvity. most positive 

lIlfluerlceon surface quality and, safe handling. 

lieither a substitute for '1'BTOnor .. new technology is 

available imillediately. The question was raised 

"Antifouling - how to Proceed" (2). 
Fundamentals I 
Two .groups of oiganisms are responsible for fouling;_ 


animals and algae. Both cause fouling by following 1Il0re 
 I 
or les_s the same process wbich can be div,14edin three 


steps. 


I
,. 	The free swimming Organisms lIleet by chance. any surface 


by bydrodynil!llic and dectrostatiC (o.rces. 


I2. They excrete 	a glue and adhere to the surface~ 

3. They undergo 	a metamorphosis and develop to adults. I 
.The question arises whether we can infl\lence any;o~ the· 

three~tepsmentioned. 

I 
The most elegant way would be to pr.event the first step, 


the very first attachment. We -hardly can influence or 


change the b;;lsichydrodynamic forces. We only have the. 
 Ipossibility of chanqing the electrostatic conditions of

the surface on a ~hip bottom. Onqoi~9 work looks 

promising lnpdnciple but Obviously needs some further 

polishing and t1nle to come into practical use (3). I 

I 

I 
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The second step is more com~+ex.Algae adhere by an , 

.4dh~s~V,e .re~l!,~~i~1i! from ,vaf!qus, .~lfJlf'?,o,f J~ly.c=,9hot~ines 
,. . . ' . " ..~ . '. 

o~ PQ:J;y~ac;chaJi i4es L (4)wh~fetwan,U!~ls , like, J¥lrnacles 

a<Utereby <1.ItVE!l~ping a,pQ~¥:pei!ti<1.E! l5) ~. 

.)? ";, " \' " '. ~ . 

Th~L~,9!~4"'l!p Qf a~ ad/:le~,~ye ~ar,El1'is.,C;i~v~t;luSly" ~n 
~,;YII\..tic41~Yi~nt;;'()!,1E!dstep,.$ucA a prO.<lessha,e to be 

infi~~lnq~'Wl·thin ~~cQnds ~r~ven partj"Qt lIIe~O~d$. As 

acon~equence. a!'lactive produ,ct preve~~in9the~ 

• 
cemelltation prqcesses bas indeed to be the ,total 

'iill1ti,foulil:l.gp4int ,eurfa,ce, HSfi!lf. Any tranflpO;rtation
." '" .. , .. ,' , . -' " " .'.. " , '.' '.' ':.~. 

of active molecules put of, the palnt to the surta.ce 

",o~,1,d ~tO~slQ1o!.J:-u;tberllore.~~c~ a' p:!,"oduct h~s , t9 ~ ,mult.1~fll~~tlP~l i~' ~o f~' as i t h~sto interrupt 

dlffer~nt enzYm.tic' ~r6ce~ses. Allthill ~o~dsrather 
unl1,kdy to, our tOday's ltn()W,ledge. 

SOllIe more tll)1& .1s a.llQ1o!e~ (or an active product;. to, 

il)Uuencethe ~irdstep. A1g~e fix between less 

than 1 h()urand a fewho\lrs (6). Barnacle~ need -
24. to 48' hours q) •.,..his i.s. the important time interval~ . , ." .' Chemicals , between fiZ'st attachment and firm fixation. 

are requlredwbich influence this part of the life 

cycle of the oic.:ran1Sms. In other ,~ords. we have.to• 
contihue with products which we are used to call 

I:!i()cj,des. 

I 
 " , 


While searching for a new and acceptable blocideit 

would be be.tt,erto consider first what we know ~bout the 

traditionally used and proven biocides. 

DiscussionI• CallOW, (8) .PUb118h~ anexamina~ion of fouling organisms 

stu\iledon H in-Service s!,!J,ps (T.able 2).I 
; 

I:, 
,4 

Obviously the addition of organotin to copper is 

advantageous with refere~e to Barnacles and Enteromorpha 

in contrast to. AIIlphora•.This coincides witJl ,toxic.J.ty 

data published by Phillip (9) for antifo~nngtO¥4;l)es 

(Table 3J. Thes!,! data show an actiVity of TBT Which is 

about· to times higher than of~u20~, ,I 

.Table 3 contains another inter'eating .result. If we 

consider the higheat figure to be r.elevant. bO~ 

compounds - CUiOand,'l'BT - require ,five ·til!lea ,the. 

·ailtlbarnacle~onc~ntration"tobeCClllle effecU".&9ainst 

algae. 

Thisseellls to .be supported by leaching rate rea,ults from 


antifouling paints. Phill~p (.10)' report': effe~lv:ityof 

, .'.: ': ' . ,.' 2 ' 

TBTO at a ."leaching rate, of 0.8 ~. 1.2 1'9/aa./uy as 

sufficient to prevent .the attachment;. of all marine 

orqiuiislIIS exceptdiat~s and algae" ~NaesB (11) Jlientions 

1 ai9/Cm2/dayac;Jainst animals and 2.3 1'9/Cllt2/cl~'a9ainst 
algae spores. Banfield (12) gives a value of 'land 

2 . . . 
5 I'g/em /dayagainst animal and all fouling respectively. 

This clearly indicates that TDTO has higher activlty 

against animals than against algae. 

'But this seems not to come out from lab results. for 

the most important fouling algae. Enteromorpha and 

Ectocarpus, Skinner (13) reports inhlbitionconcentrations 

for TBTO of 0.35 and 0.6 ppm respectively. We found in 

our lab HIC-values for TBTO of 0.1 ppm for Enteromorpha 

lntestinales and 0; 5 ppm for Ectocarpus sil1culosus. 

When we chose in our lab Artemia salina as a model 

organism for Barnacles we received activity of TBTO at 

0.2- 0.3 ppm. This is quite good compared to Phillip's 

http:toxic.J.ty
http:surta.ce
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,It 
6~1""1 pJ;lm.a9a-inst,.Barnaclell" 'Callow (14)re~eivedwith,• 

• 

'.TBTOvalues of <0 ,l, llgainst Elminius madeatus. 


.. f.: 

Accordil\g ·to. thes·e"'~Ullues,'theact:ivity. a9'ainstClnimals 

It and algae. should be 'expected to be in the same range. 

t· . :.;.... 


Th~.di:;..c:rC!p~ncY betioreen activity expedenced from 


•
t leach1nq·i;rate and, lab·'testsu simply· due to: the fact 

. of'COlDparih9 j.nCQlllpar~le .values•..The .0.2~ 0 .• 3 ppm 

against Artemia mean'. frcimthe test: Killing of Artemia 

•
t 

is ,o.btained .fter 24. hOl.lrs at a level of. O.l .ppm TBTO 

lind<.after;48 hours,at:. lev.el of 0.2. ppm . TBTO 0 24 to 48 
". ;hour~:·1~:the·t~whiC;h Barnacles nee~ to fix and 

dev-e1:op~' "••
.' 

.. 
·.In 'colitr:&st:tO'Ulat '&lqaene~ between less,~an land 

5 houtsto perfo~thecorrespondi:nq steps in their 

••
•
t 

develoPn,lent. 

Therefore, a kUling cOncentration for algae has to be 

found .as well. This minimum killing concentration (MKC) 

.:has· to be defined fora' reasonable short time iori thin 

•• 
••
••
•
t, 

thema'ximufti .c;;£S ho'~s of algae fiXatiOn and development. 

'. ')Exp~dllH!ntal'Work 

. For tl:te test tflte'r.omorpha 'plants as. such were used. The 

'. r~ason' .";.s .that se'ttled lI~res of E~ter~orpha are 

reported to be more resistant th~n swimming spores (15), 

t~at;'-dd1tiQ!l!li' a.ttacbDientisaccomplished by tile 

production of large numbers of rhizoidal filaments during 

erectshoo-t.d~velopment in EnteromoJ;pha (16i and that 

r~qrOwth starting .from Enteromorpha plants is heavy (1 7) . 
I. 
t .. 

•
t 

' 

( : 

It 
It .. 


I 
We chose an influence time of 4 hours el!:posing Entero I 
morpha to a certain concentration of the prOduct under 

test. After 4 hours the plant was removed from the test 

solution, carefully washed with seawater and replaced I
in fresh seawater containing nutrient for fuither 

6 to 8 weeks. Recovery or dying out after this time was 

recorded. The received MKC vialues ue 9iven in
4 ITable 4 • 

This table now gives the explanation why against algae 

foulin9 a higher amount of the biocide in. question is I 
required than for preventin9 animal fOl.lli09. Hence, it 

supports the findin98 frOll leaching rates reported above. J 
Table 4 is the key to the better enviromental acceptance 

of antifouling .paints as well•.If we chaDge'our 

lrentalityfrom 'a'll effectS by One prOduct' tOea Icombination of selectively acting products we shOUld be 

able to reduce tbe env1roruaental .bapaCt~utically ~ The 

reduction of copper o'r TBTis possible without loosing 

effectivity against the growth of animals. The arising I 
lack of protection against.weed9rowth needs an 
effective algicide. I 
-Eff.ective- .eans a killing activity against algae at a 

level comparable to that· of cuprous oxi.de or TBTO 

against Barnacles. If such a product only interrupts J
photosynthesis it even Vouldbeha~lessto marine 

animals. 

IWithout any doubt EnterOlllorpha is the most important 

seaweed fouling organism to combat. But it is not the 

only one. Other chlorophyceae as well as phaeophy~eaei 

diatOll!E!s and "further algae strains h~ve to be expected. J 
I 

I 
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Therefore, we can expect satisfying !lPplication in 

antifouiin9 only iiaproduct offers actiVity~ga1nst the 

broadestposdble spectrum of algae. 
, '/": :.- '.' , 


. . .' 

. ., . . . 

To. £'ind, ,a .suitable~,lg~cidE! ~d.to.minil'l\ize:· the amount 

of WOl"k, we tested first the mirl1l!lum·1nhlbition 

concent.ration on an' 'al9ae .agar against the fresh water 

alga~ given in Table Sand' in liquid culture against 

Enter~rpha.· 19 productswe:u selected for the test. 

Most of them are well~knownherbicides, saine· kn()WJl 

fungicides" The tested concentration was between 

0.03 ppm and 10. ppm for the fresh water algae but for 

Enteromorplla 0.5 ppm exclusively. The results are 

given in Ta,ble.(i. 

There. are only a few produ'cts with a real broad 

spectrum effeCtivity at concentrations lower than 10 ppm 

against the fresh water algae and/or HIC of 0,.5 ppm 

against Enteromorpha. The group of triazines looked 

partic,ularly promising. Chlorothalonil and the Quinone 
. . . 

A 24 w~re sele.cted fol;' a n.ext series due to the HIC of 

0.5 ppm against Enteromorph!ll Diuron and the Diphenyl

ether DP 300 in spite of Enteromorpha HIC >5 ppm due to 

their gOod broad' spectrum ~~a1nst' th~{ other algae. "To 

the triazines tested in the first series some'more were 

added for series 2. The results are shown in Table 7. 

In addition to the MICagainst fresh water algae, the 

HIC against Enteromorpha was now examined in mor.e 

detail. The MKC4 against Enteromorpha was tested at 0.5 , 

2 and 5 ppm. 

The water sOlilbi:lity of the 'Products is al~o included 

in Table 7. A,0 io~g .lasting ef'fect!Vity coul~ not be 

received frOll\ a product with high water solUbility. Such 

a compound would be lost out of the antifouling paint 

within a short t;1me. 

Cdnclusi6n 

The results given in Table 7 a.re~Ciuit!!·int!!restin9. 
Inhibi.tion 'cc:inc!!ntratton aqa:t.nat' 'EliterQlll6i·p'bals';i.t;h 

some prQducts promisingly' low. Butaurpdstnglythe 

minimum ki,llinq concentra:t1~n is.not .at all. in earalie1. 

Onlytw.o of the products exhibit; killing activity 

against Enteromorpha at concentrations lower than 

5 ppm. 

The Triazine 1051 was fdUridto be' by far the best 

product. The !IlinIinUIII iDhibition concentratioriagainst 

all testeda19ae is 0.3 ppm or less. This 1& ab~tlie 
case with further algae stl"ains (Tab},e 8) .• The killing 

concentration (4 hours) against Enteromorpha of 0.5 ppm 

is in the focused range. The water solubility of 7 ppm 

is a favoured value as well. 

Being sucessful from the bii)logical point of view the 

crucial question after all is the environmental impact 

which this product might have. The Triazine 1051 is 

a typical representative of its chemical group. It 

influences photosynthesis but has no activity against 

non-photosynthesising organism. Tests with a variety 

of aquatic organisms were performed. Some .of the results 

are included. in Table 9, showing excellent values in 

comparison' to those repeated. from Table 1. 
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Table:' 9 further inqludes the fi9ure$ givenalrejJ9Y ,in• Tabi~:'. It de.onsiratf!s the posSibUi~Y ()f redu~ing 
the,lIIouritof ilietlt:l i!::ontallting biocides. They,nC!'li. ,9An be 

used at" the lOWPOS.lbl~ ,level which preve.it's ~ii.iai 
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T.hle I 

!!!!..!!fect of tribl.lcyltin altaillac aOM asuadc org.!lnisllls (.I) , 

Shrillp Larvae It, h ' USC ' I ~5 ppb 


EUtern OYater 

Larvae 4811 ,J(:,50 0.9 pp_, 


lalnbov, Tro¥t t6h U,50 
 '.'lIpll 

Daphnia Magna 48h U,,$O 1.67ppb " 


!!!!!!...! 

Ini:l6eace of fo~linl ora_i.... on .tIn-ileriliee" ship' (8) 


ora_in CopJ!er+ Or,anotiD/Copper++ 

Jatnacle. 8 1 

Eater_tpha II" 
 " Ec:toearpu. 5 6 


'Other ..c:ro:"al,ae S 
 ~ 
Amphora S 18 


Other diatOlU 10 12 


*Fouliaa • .uoplea frOll a, total of 3. .h~ps vera lIltilllined II+ 11 shi,ps ++ 23 shipa , 
,!!l!!.!..! 

COlIIJ)arative toxicity data (9,) I 
Metal , Al,ae Barnacles 

CoIIIpound ppl Ppill 
 ICu20 I - SO I - 10 

a,snX .0.01 -5 0.,1 

I 

I 
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Table" 

Toxicity data from laboratory test !j.n ppm} 
. - ; 

. Cu TITO 

0;1 - 0.25'(CU20) (4) 0~05 .." <0.1 (14)IUllai:le.a~C",a/24 
0.5 - .>1.0 (cv.CI)(14) 

0.3 -0.5 (CU 0) .(J'~:~ n.3. ~tC!ll'a_C48/24 . 2

45 (CuCl) 2~OJ;llterOllOrph. MlCC" 

HinilllUIII k!11ina conce1ltratioQ after 4 hours!«C4
eKpOaition . 

Hini~killiri&cQncentration aft~r 48 and IlKC"8J24 • 
24 hoUrs respectively 

Table 5 

Alsae 8train~ Ulled for agar ineonoration test 

a OacUla.l:oria gWllata 

h No.toe ellipsollporua 

c PhoE'llidiUllltoreol.trua. . 

d Syuech~Jioccus leopoliensis 
(Anacya~i. nidulans) 

e Chlorelia vulgaria 

f Chlorella prototbecoides 
. (Chiorella pyrenoidosa) 

g Scenedesmul ohliquus 

h Klebsormidulll lubtilissi_ 
(tilothrix subtilissi-.> . 

i. Tribonema aequale 

k. ,lIaematoeoccus lacustris 

Minimum.Inhibition Con<;entratj.on ,(in ppm)~ 
£nt. 
0,5 

>0.5 

>0.5 

>0.5 

>0.5 

>0.5 

>0,.5 

>0..5 

>0.5 

>0.5 

>0.5 

0.5 

0.5 

0.5 

0.5 

0,5 

0.5 

>0,5 

>0,5 

:*= 
...q-. . 

~ 

~ 
~" 
-"..,

oU

......k::: 

~. * 

0+ 
~ 

~. 
.....L 

.....;........
.. 

!".. 

......~.. 
!"'1'-. 

......~ 

.0" 
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a~ 

ChlorothalonU' 

2.4-D 

Diuroll 

Propanll 

Al_chl0r. 

Propaehinr 

£PTe 

Uneb 

Tr1fluraUn 

Bell%i.l~iUIII 

D1chlofluanicl 

Captan 

Si_dne 

AtraziDe 

A.metryne 

Terbutryne 

Quinone It. 24 

Acifluorfen 

D1phenyle,ther 
UP 300, 

abcdefg hi\( 
1 HI 0,3>10 10 

>10;>10>10>10>10,>10>10 >10>10>.10 

0.30,'30.;10.1.) 1 0,3 . 1 0.30.1 

3 :. 1'.1 10 10') ) 

>10>IQ>10>10>10>10>10 >10>10>10. 

>10 3 >10>10>10>10>10 >10>10 3 

>10>10 1 >10>10>10>10.>10>10>10 

10 1 3 J J i 3 ) 10 .3 3 

>10>10>10> 10:> 10>10> 10 >10>1.0>10 

) 3 I . 1 

) J 3 3 10 >10 3 

.10 3 10 3 >10>10>10 3 ) 

1 0,) 1 >10>10 

0,30,)) 3 >10 3 0,) 3 ) 

0,30,3 3 0,3 3 0,)0,03 ) 0,3 

0,.30.30,30,3.30,30,0330,3 

0,1.0,30,30,3 1 0,).0,1 1 

>ID>10>10>10>tO>10>10 >10>10>10 

O,30.)O,~,30.~O,~O,3iO.30,) 

http:O,30.)O,~,30.~O,~O,3iO.30
http:10>10>.10
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Table 1 Co",,;":ia9t\ it .1Ilci.... C.i1 yat~~••ra-en),. , 

!Unt... li\"tlliii~n Cone•. 
(fil'fat'fil.liWt ... 'k.Ile" , '~Gt~_t,~·..!! " 

a b G. ~ 111' icl'... 'f".-. . .~r: ~~. '.,'. 
, ~ :~: '.' -t1Il.ftthotl""l1 I II' .;, .'" .1& I, • ••J ".:' .o,f' 

,.' ) ___ ..J;.,.... lil..hOI. 
9;3 0" .;,. O,I'.l " 0;' . '1:" 0,'. .JoO,s .~,.~ .. ,'I 

" .,~"'·.Q..I.....a··"'2' 0;1 0,3 o.~ 0," •. '. o~, .O~l '. I. , .• ,Os .,' "Iolf 

0,3 0," .0,30," 'O,' 0," ..••, •. o.~o,s "Ois. S' 10.'-A'11plle=thU
" .. " I.lf. . . *-.... 

: 
i •• 

. 
d •• 0,3 II,' 0," ., ,I· ~1IO . ~:IO I........ 


w-tlJ......,I'> Atudfta ~,3 0,3 .. 3 &b '0,3 , 0.,125' ., '3.-""' . 
.c-#-r;..rrta..... IOU 0,03 0,03 0,' 0,3 , o,S" 0,03 .,. 0,03 0.,1' S .,tt. 

a,' 0,03·. 3 0,3.. :' o,S. 0,03 3 0,3 0,015" . 5 '1S1~G-<:"'t.,.... 
!'"I 

~T.~Hfft. O,S 0,3' 0,3 ct,3 i' 'o,t 0,.0). i 0,3 . 0,025 2-5 58 
" ""' .'t,....tt...,J:!.. rda._l". lOS! .0,03 0,03 0,." 0,03 .;, 0,0' 0,03 11,3 0,0) 0,01 0,·5 7"';'l.,~ ., 
~~Trt..1M .1051 0,03 0,03 0,30;03 CI,3 0;3 a.o~ 0,;' 0,03 0,015 .5 •. t. . . .~.'-o . . 

'.,:r,*~Pt~tr,..a 0,; 0,' .10 ·3' .10 ; 3 a.jlG , .,J ., " 
0,3 .•10~~rorht" 10 10 . 3 , >0,' ., 130 

.: 

Tablt=' 


, KIC v.lues in ppll It! the. Idadn-e 1051 


on alllle agar in 11~id cultura 

Acbnanthaa AehNlllthaa. O~ t0.' 
Amphltu 0,3 _bon G.Ot 
Pinnuhria 0.' . kr.:..~rplH . 0.05 

ctadophon ,0,1 

, . . Table 9 

Cltnparialtn ot, .etalconsainl~1 ..ri._tel fret .tlti(oul!ngbloelda. 

Cd '1$1'0 Trioia« 1051 

:aarnaetea KI((;48124 0.1 - 0.25p"(~2") (14) O~OS - <001. pJ'lll ,(14) ftotact'ive 

0.5 - >1.0 pp. (tluCU (14) 

Artemla MKC••/24 0.3 ~ . 0.5 PpIl(CuZO) 0.2 - 0.3 ppa IIltt active 
. , 

EnterO!llC!rpha,KttC4 
105 ...... (caCt) . 2.0,pa 0.' Pplll 

", Shriilp Larv.. 96h LC 50 105 "tlO) 400 ppb 

!astlrn Oyllter .8h Be 50 O~9 pplJ (1) '3200 ppbLarva. 

Rai~fJIIt Trout 96 h . LC 50 6.9 ppb' (1) 860 ppb 

: i>aphnia Kapa .011 LC 50' 1.61 ppb (I) 66000'ppb 

.;" 
i. 
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DETIi!~INAT:tON OF "IIfIMUM EFFECTIVE REI,EASE 
~TES OF ANTIFOULANTS ay MEMBRANE PERFUSION 

ELIZABETH B. GATES AND WILLIAM C. BANTA 
T~ ~RI~ UNIVER$~TY , 

GEORGE LoEB 
oA~~ !l'~~,~ RES~CH CEH'l'~R 
ELAiirE~QHHSOIf 
La PI',ATAHIGHSCHOOX. 

A8s'J.'RAtT 
.Afttifoul1~ (AF) coatingaprevent biofouling by 


releailinq bioactive cQapoUnds over a ilWllber ot years. 

BecaU"bioci~ea: ar.also toxic to non-target organiSms, 

envirorillental dalla.ge oy result frOll excessive release 

rates.lCnOwnfluxjlls oftri,butyltin (TBT) biocide vere 

rel.a.ed ·througha _icroporoua aiembrarie in flowinq 


,a_vater to deteralne ainiaUm release· rates of biocide. 

, vh!cb wUt preveJ1.t aicptltleant growth of a test orqanisJl.-. '..:' 

IIfTROOOCTIOH 

Antifoulirtg paJ,nu eonta'iningtributyltin (TBT) as 

the active. biocide are th,e lIost effective coatings to 

.dntain a aJlooth ·bull. A large fraction of world 

shipping uses these paints. Concern over environmental 

insult reSUlting f..r.:0~ high localized, conc;entrations of· 

'this poWerful biocide in nrinas and harbors has led to 

state and. 'ff!deral 'l~i~a.tio'; regulating the., uSe of these 

paints (U ~ S. Congress. 1987). An· EPA lJlethod has recently 

beencho.en,to.\,i~it f~l.a- rates of AF paints \l.sed on 

large "es.e1., vh~le uae·ot organotin paints will not be 

'·pe~1tted on vessels shorter. than 25 a.ters. 

,Although it is not ~noWn how rapidly TBT must be 

: '·1, 

II 
released to be effective against foulers, there ia II 
evidence that current AF paint ~le.... rates at. several 

times higher than necessary to prevent aiqftifica~ 
:~"~...~ IIfouling (Schatzberg, 1187). It 1.·iaportant to deten.ine 

the optiau. release rat. of T8'1'. ani! othe~ biOl;lid.. because ....~. 
.~~i ".lover release rate. aay reduce ·.nvi~tal inault II 

without decreasing tl\e effl\lCt.lvenea. ,ot AF coati""a. 
:::.'. 

This paper reportll en efficient, inexpensiv411 ..thad : "'r(~ 

to aeasure the effect of precia.ly controlled· release of a II 
biocide froa an inert *urface, aa4 to :testtbe reapana.of 

fouling organisms to that situ&t~on without forauiatinq a. II 
paint. We varied the flux of TBT biOcide to .•ad,aate the 

ain.1a.effectiv. rel~... rat. to auppnaa per1trich 
'. (" 

protozoan colonization. 
; 

"v" ~ -
MATERIALS AND' NETHODS II 

Test cells vere .ade ,fro. a aDdified 47 ... Swin

LokTH polycarbonat. tilter holder (lfucleopor.,~t.f II420410) by reaoving the central 4 ca of the, filter cap 

v.tth a qr1nding tool,' eonve1tiitf 'the. Cap into ,a ,ri.riljr~ 

The test aurtace vas a c1rcularpolycarbonat...~rane, I 
47 _ in ,diaaeter (llucleq;ore, Q.2_ poJ:. ili&.~"t;.f 

, • 0. t 

111106), held .1npiace by the aodit1ad ,tilter 1101der. 


The 84geof the aeabrane vas .eaied with ano...r1~ ii, tha I 

filter holder, exposinq only the ~ntral area (41 _ 


dU,_t.er) of theae~rane to ...vater. 
 I 
2 

II 
I 

http:dU,_t.er
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I 

Test cells were suspended in a flowing seawater 

SYt!teaAF~g,.H. ,~e,,,~t~!pwwedfto,\1l t~~: ~ri.ern,~il!-~r . 
''''~.~''...,!; ..... ~~ ..~. ~.}:'.,i. :,,· ••-'- .• ·.'~.~·I' .... ~.I:',(t't'; '"'!'I'- ~.~-'1'!:'t"~~':~'1.1-.--- . --"'-,,~ 

r.stuaxy ent':r.:~g f~,,~e))c;!.~t~,e-f?J.. ~ ~r~Hf' !4nlc ~t, 

I 
 ~-2L/.i~'k,a~i~1I'~9d~~f,~V-llJ!,lll< ~~t!~~,: lII~stflllf.'C!)pa~;.~ji,~~ 


of 1) .1l~C?J::.\b.t!4 .of.rpe:~vi~ !l:ti;,averJ9~di~t~ .of. ' 

• • :. .'{ • -, '" ~' '. - ,,"' " .:' " ~ - -' " <! .. '.; '" -, ,- -,."'\ -""" ; ': •• ~ ; - • ,,' , • 


I 
.,lit 3ca":~):';1i!1~~~nn.e~ "'p';~ir,ct ,~",!, ~blesa",u 

froathetiltera •... ~ .. 3), .bQri.J:ontfl 30 ca circular. . ' ~. ''''';,,'. '.-~:",~', ~- :'. .".,:~:, .. ," ,,'>"',' "'," ,::. ,~" ",'" ,,"', '" '.', , 

plext9la~s.pl,a!;e P~!J\tc!J;'.t~ ~y 19,bol"e~, ,aen 5 .. in 
. '; :,;, '" -~. ,', "" ',,:, " .', . ,. 

I 
it 

dia1lleter. Cells vere lIIOUJ:lted on an'i~clinedr~tangUla.r 

plexiglas" pl,..~~ pr~l,cled.->w~~ IjIlots to Ilqldthe. test 

cells~ wat't.e!i:l~.I\~ Jf~,~'?~tq~;;o1,' thli= .i:nnerta~, P~$sed

I through th8.. b&ffle liOyst•• · and overflOlo/Q4. Thetal)k was 
.:" . ::",;, : '.- <';1:~ ".. : "', ,":. -:. ,,' ":'"".~ ;", .: ~,' ,,' ' ',::" "';" ',",.', '. .' , 

cove:r.d~it~ a~Ul\Iin~,fo~l t!l,!redl,1~ al9al growth and 

I prevent the possibility of light causingal'l,_Ur!even 

J 
it 

distri))uH~1'I gf,orlJ,anisJlUil in the tank.• 

AC).06~7~lar s~ock solution of tributyltin 

chloride ('tB'.f~l) vasPJ;'epared fr01ll the !!5t oj.lby
',' '  ,", ..., . 

I 
dissolving ,,~.O~61_,g TBTCl il'\,250 IiIl methyl alcohol. 

This stoCk 'Qlu~ion· vas stored in the da:rk at 4C until 

us,_ TllI~t sol~tions ve.re prepared froa the st.ock 

solutionb:( serial dqllt~on ,usil1gfilte:red (Killipore, 5 

~ pore Sj,ZliI), past!,!urized (30 111 in·, 60C) seawater to 
" • ,\.''1' ,"" "t .," . , , " • 

yield thec:tesired TBT concentJ;'ations ina 1t lIlethanol 

I 
I, 

. ,'~." . " , . ,. ,'." ' , " ',' ., 

solut.io", Control solutions were also 1% ~~~anol 1" 

filteredpa~~'\lf'i;ed seaw'!'ter. 

t All cOlllponents of~e. slst.. cPIlu.cting T.BT· 

3 

~ 
t, 

solution were composed of either polycarbonate, . 

fluorlnated ethylene prop)'lene(l"EP) Teflon, ·Qr TBT!,,;:,,), 

saturated glass1 these mat&J'ials do notapsorb 

significant quantities of TBT (Valkirs at Ill. , 19,85: and.' 

Blair, et al., 1986). 

Flux throUgh the filter" vllscontrolledby 

delivering tbe toXic .olution at a constant;. byc:b.·o.tIltic 

head through a capillary tube (ACc\l-Glass, lencjth 2.5 cal . 

10, 0.11 .. c.at.1670~451). A constant.hydro.tatiCtibd 

was produced by-plllC1nCj the solutions ina 100.11191:••• 

burette in which .a lfaJ;'ri9tt tube vas fitted (Fi.g. 2). 

Actual flow rates were deter.ined by.aea.urinq the vol.-' 

of solutionde.livered .,y the burette. 
. . 

.It was necessary to pasteurize .(30 ain;60C) aild 

filter (Killipore 047 000) the, seawater used to ulte up 

TBT and control solutions to prevent clOgging the 

capillary. 

Each experimental. run included four flowil"l9test 

cells containing·various.concentrations of TBT solution 

and three contr.ols (two flowing and. one non-flowing; 

containing it 1IIethanolin,seawater. 'Te.tcells were 

exposed approximately 24 hr. After exposure, ~lIIl:iranes 

were fixed 1-7 days in a 5.t unbuffered 'formalin in 

filtered seawater. They were then stained 5 min in 

acetoc~rT!Iine t rinsed with distilled water, placed' ona 75 

x 50 DUll slide. with. five drops of -immersion oil, and dried' . 
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2 hr under vabuilllitit4Od~,Atlrx '611Illlil.'f1!,'oOversfip vas• 
• ~pplied. and' peX'1it.ri~hs.were 'CoUtit1l4'at'i l()<lX' tbtat 

,• 
::.,lIIailml~~t~n •. 'i~;

• 	 'c,n It~~ ~~ane 141 fields (area 1.99 ..2) were 

cO\m~e4 (2~,.,.qf",:tb• .elq'l'l)Hd.~r'ne). 

::t"',";i": ~~..'

•
t RESULTS 

:J.'her.~,,,as,'·no, detectable 'll'ariation 'lnfli)w rate

• 	 durinq.,~ps ,for't.est ce:lls'vhbSlItlavsVere not 

• 	 ill~Pt~ ~y~ Pl\19q.iriq ~fi th.'eapilUl"1"tUbla~DatatrOlli " 

• 	 bu:re.J;.t;••'~Wh1ch:'d~4,nOt tl(nif''PrO~rly;wrl! dliWdilrdea. 
t 	 Th~re "taan'O s1qni:~!Cllnt' variatiOJl' in; .,aJfitrlch 

'd~ities,bl!twfll~ilm,;inti and.,non.,.Uoving,teat· deUs or 

• 	 betw~ll ppl$ttio~, In. tbetank ((lne:"wa,y~OVA, 'p <-o.~~; 
t F(:05[2,13J)",O.;1,1." , counts from sui! aM flo~i'ruJ test' ' 

cells vere therefore lumped.. 

• 	 salinity d~iD9' the study p!lri04 ranged 'fro.. 8-10' 
. ,,_.':..' . 

ppt, oxyq.n concentrations were near saturatioll) about 6'• 
• 

, 	 ' 

al/L, and.vatert~peJ:a.tures ranged trOll 6-24C~ 

de~asihqthJ:'OUiJhout the test periOd.. The vater ,in the 

AnnaP9lb Harbor area contains froa <10, to 31nq/LTBT· 
• 

, 

(Be:ti,u~> 1~87), ,:prestuublY released. from antif~Hng' 
paints on vessels l.n t.be, area.• 

, S.ignificoa1:: 	b~ofil" vere present on control filters• 
• 
 after 21 bo~r$,~ . 'fbfil pJ:'e40ai~nt ,organisms!n our 


I 	 preparations ve~e speciesot ciliated peritrich
"' . 	 . 

• 	 5' 

I 

I 
protozoans: Carcbeslum sp., zootbaUID~U!A .p., and possibly I 
Pseud9CArcbesium sp. (CUrds et ai., 1983). Other 

organisms including bacteria, protozoans, ~nd. a fev I
diatoms vere present. Many organialllli not irrevenibly' 

attached to the substratua verepiObablylostin • 

preparation of filter meJlbranea, tor counting. We aaw no I 
evidence of significant loss otparitrlCba by stalk 

breakage. I 
i>eritrich densities varied videly on control 

filters froJl run to run. Therefore proportional 

, reduction in peritr1ch densities frO. controls eXposed. at I 
the same time 	is conidderedt:be significant quantity in 

these experiaents. I 
Hean peritrich densities relative to controls 


versus TBT- flux are plotted (Fig. 3). Eqilations for the 


estimation of X from Y (inverse prediction) are then 
 I 
applied (Sokal, 1969) to estiaate the flux of TOT 

necessary to 	reduce peritrich populationa by l()()t. A 95' I 
confid~ce interval olL1 - t.U, ~ - 3.08 abQut the IIOst 

probable value of 2. 4 Ug/ i::a2/day ia slNvn. 


Fluxes greater than about 3. i U9lC1l2/isay lIupprellse<l ' 
 I 
peritrich gr~' altogether, and. were therefore. excluded. 

frQII the statistioalanalysis. oneertie. point:Cflux I 
3.74) did notaeet Chauvenet's criterion (Danielset al" 

1949), and vail not used in the amilyais. I 
6 I 
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DISCUSSION ANPCONCLUSIONS 

The IIelIIbrane perfusionlllethadcan be used to 

del1viIiJr JcnOW11 qI:Iantities ofdisso1vlll4 bioactive
'. "',' ',,' 	 . 

substance. independent of other paint cOlllpon.nts.. Usinc;J 

tlje C1iti-~~,4In~'fn tnis \lay clln1.ead .to a rapi~
; -'.:- . '.. -,'- . .~" 	 . 

i4entificati.on afthe opt~1!''llLqua.ntityof;JHocides, anci 
QY racluoa tha n~.r of steps .needed to for:a}llate a 

paint. 

We est1l1ate that the lIinilll~relQ.ase rate of TBT 

alone whioh is. effective inpreven~iri9 growth Qf peritJ:+cb 

protozoans is about 2;.4 uq/Cfl2;ld~y• . Re,leaserates of. 

paints in this rllnge would prpl?ab1y poly p~ovide Qrginal ." 

c~ntrol of· peritriCh colpniZat,ion. TBT paints al;e 

un;likely to be .an environmentally acceptable lIIethQCl fQr 
. ..- . ,.' ..,.' . '. 

Controlling ,resistant' alillle' organi!!llllGsuch.as these. 

The methodllay be appiied to the qI:Iantitative.study 

afany dissolved bioac:tive compound r.eleased frolll a 

surface, biooctive. (:olllpounds can be tested alpne.or in 

, I I 	
cpmbinatipn with other biocides. F.or example, .we are now 

using the aethad tp test various anti-microbial agents for 

AF activity. 
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Fig. 1. Di'9ralll of flowing seawater srstell and 

burette/te~t cell delivery.sys~e•• 
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rig. 2.• MArriott bot~.~ consblntr~e ofclelivety.ls • 

-function of h.IIAci di.t~e. 

!II 

1.0 " 

, 

o 0 ,-!:~ ""~'"''~ 	 ,e 01 , 	 ,o· ,_ , 
(,.), .... 
$0.6 ". .', 

o ~ .. 0.5 . ".... '~. ''''' .....~ " 0 . " ....0::0.4 ,. 

. 0.. .. .,tiO.:s 	 ,~.,
; 	 . , . .."~ . ", .. O',~,~ 	 'L, ~~'~+-~--~~~~5. .... 2.5 3.0 

1 is 2.0 3.5 ••0 
0.5 	 1.0 • 1 •• -/ 2/dOY)

Flux V"\i cm. . 

Fig. 3. Perltric:b densities (fraction froll controls) vs 

flux (ug/ca2/day).· 95\ confidence li.it__hewn bydaslled 

line. 1:1 and ~ indicate liaits on the flux axb. 
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