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CORROSION DE- ARB&DURAS EX HORHIGONES EN CGKTACTG CON AGUA

DE MARY EL EFECTO DE LA GALVANIZACION Y EL USO DE ﬂITRITOS
CDKO IKKIBIDOR

K

c. Andrlde, T Alnnso. S. Gofi (Inctituto "Eduardo Torroja"
de 1a: Construcci6n y del Cemento del CSIC - Madrid - Espafia)

y J.A. Gonzfles (Centro Macional de Investigaciones Metaldr-
(icas dal csic - Hadrid - chcna)

ABSTRACT
in uariut environnents, thlorides penetrate into concrete
structuros generating the corroaion of reinforcements. In

this paper results up to 5,5. years are presented on corro
sion rates of rcinforconauts {measured by means of Polari~

‘zation Rcsistance teehnique) esbeadded in different concrete

qualites and with 0,5-1,5-2,5-% and 7,5 cm of cover, immer
sed in natural sea wat-r. Galvanizcd vebars and RC"OQ vere
tlso nsod as supleuentary protection Ilthod.

,IITRODUCCIOI

El. ataque de las sgrmaduras de hormigones situados en ambien
tes marinos es conocidd desde hace muchos afios, si bien los
costos de las roparaciones DO eran tan preocupantes como en
iz actualidad, en la que ha aumentado espectacularmente el
parque construfdo en laz zonas costeras en los Gltimos 30
atios

Las i‘didas de proteccién preventiva para evitar deterjoros
pveuaturbs, ‘cuando se han tomado, han incidi{do generalmente
en una ‘mejora de la calidad del bormigén (1) (2) (3) (%) ¥

© del” recubrimiento de lai ‘armaduras, asi como en un control

i devero de lis reglas de cfleulo. para reducir la anchura
de lag’ fiaarac. Sin embargo, afin en horu;;onea de buena ca-
lidad, ‘cusdndo el hernig&n estf en medios marinos, es sélo

cuestifndeé t!e-po que- LTos cloruroa llcaneen la armadura vy
fsta’ cotience ‘a corroerse (5), por lo que. es’ necesarxo in-
<vestigar sobre ‘métodos de’ proteceién’ adicionales que’ permi-

tan alargér tédavia ‘mfs la vida en servicio de aquellos ti~

-pos de estructurss cuyo costo rtlativo de construccz&n 1o ha
Eil aeonsejable. ;

Varios son los métodos de proteccibén. adicional que se pue--
den utilizar contra la corrogifn de las armaduras, y wmuchos.
son los trabajos que se publican en-la actualidad (8) (7)

{8), debido a las implicaciones econbmicas de las reparac;o
nes. En el presente trabajo dos son los métodos que se com-

paran: galvanizacién de armaduras y empleo de nitrito sddi—‘

co como inhibidor afiadido. al agua de amasado.

IECNICA EXPERIMENTAL.

Materiales

Para los ensayca se :fabricaron probetas de hor-igSn de 15 x
20 x 10 cm de dimensiones, que -tenfan embibidos redondos . de
s wm de dismetro, con espesores de recubrimiento de: 0,5~
1,5-2,5-4 ¥ 7,5 cm. La probeta se¢ muestra en la fotografia

.n° 1y en el esqueaa de la figura 2, Para forzar a que el

agua de mar penetre s8lo por las superficies anterior y pog
terior (la distancia de los paramentos laterales a las arma
duras es de 2,5 cm) se recubrieron las superficies latera-
les, superior e inferior, con una resina epoxi .y luego con
una capa de ceras vegetal. De esta forma la pemetracibs de
los cloruros sSlo es posible por 10; ‘dos- sauperficies extre-
mas de la ptobeta.

Los redondos Que se embebieron fucron protegldos con unma cin

.ta aislante en su extremo inferior 'y em la zona de interfa<

se horuigﬁn/aireé de tal forma que el frea: expucsta gl ata-
que fue de 23 cm

EY horuig&n se fabrics con dos proporciones de cemento en
kg por m? de hormigén de 300 y 400 kg/m3. Cada una de estas
dosificaciones se amasé con dos relaciones de a/c de tal

forma que el escurrimiento en el cono de Abrams fue de .1 cm

y 14-15 em. En el casoc en que se afiadis el inhidbidor al agua
de amasado se utilizé un 2% de NaNO, en relacién al peso de
cemento en el caso de la dosificaci8n menos flufda (2 cm de
como) y con 300 y 400 kg de ce-entoll3 de hormigén. - -

En el easo de las arnaduras galvanizaﬂas, el galvanizado se
realizé por inmersiSn en caliente a M50°C, obteniéndose una’
capa de grosor variable entre 60 y 100 fis. De las dos series
de armaduras que contenfa cada probeta’, una sé ensay6 galva
nizada y la otra de acero desnudo.;'

Todas las vnriables se en;ayaron por . duplicldo. de tal for-
ma que los valores que se expresan-en los ;vlf!con son la
media aritmética de 2 6 4 medidaw (probetas con, nitritos).

Las probetas, una vez fabricadas, se énrareu ‘durin{eso dias,

- pasados los cuales se introdujeron.en .agua dulce durante unos .

15 dfas mis y cuando ya se encontraban saturadas de agua se.

introdujeron hasta 3-4% cm de .su borde superior en agua de nar e

patural en una balsa de conservacién situada en el .Institu-
to de Ciencias del Mar de Barcelona, pertenec;ente}al cs1C.

»
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B La aaliniﬁa& -oiia dcl agua - es-de 38 gr{l Ia tenperatu

.ra oscila gntre 14eC en invicrao 'y 24%C_en verano, y el conm
tenxdo medio de’ ox!geao es de . § ppa.1 El agua se renuevato

«doa 103 meses.,. .

" T8cnica “de medida.

Para scguir ia evolucibn de- 1« velocidld de- corrosi&n con
el tiempo, se utilizé en todos loa casos la determinacisn
de ia Resistencis de Polarizacién, R La intensidad de co
rrosibr, Icopps S€¢ calculé mediante gl férmula de Stern, al
{gual que en anterfores trsbajos (9), utilizando un wvalor
de l1a constante B de 26 mV. Los potenciales se midieron en
todos: 1ou casoa frento a un’ clectrodo de c:lonelanoe satu~-
ruuo;

RBSUL?AﬁOB ’

) En 1&& fi;ur:c 3. y t se. -uottrun unos qje-ylon de 1a evolu
. cién de los, potcncinlcs de. ¢brro¢i6t y de 1s intenlidad de

corroalcn ‘de aceros dosnudo; pars los. casos de. 300 y 400 kg/w
' 6n do consistsncia flufda. En los ;raficoa sblo se
b, . ;qs resultados para rccubriuicnto- de 1,5 (1linea
de trazo Yy 7,8 (1inea’ comrtinwa).

. Puede co-pvobur-c que los redondos nueltran un primer perio

do con Eqgpp. @N valores que indtcan ptuivncisn e Ioppy in-
fnrioret a 0,1 }uﬁjc:z El primer redondo que se nctfvu {a)
rededor de los 100 dfas, de los cualen 75 fueron “de curado)
es el ambebido en hormigén de 2300 kg y con 1,5 cm de espe~
sor de recubrimiénto. Les embabidos a 7,5 cw se activaron
aproxinadamente al sismo tiempo dn Albas calidades de hor~
nigén (alvrededor de 800" dias). Una vex despasivados
{Icora 8 10,2 A /caZ), las Intensidedes de corrosiénm
van creciendo’ paulntina-ente, situindose los valores [T 3C8
mos- Iadidos hasta ‘el noutntﬂ entre 50 y 1uopA/c-2.v

AEn las fi(uras 5 &y 7 8e hln rcsumido 1os valores de Ioopr
para todas las var(ablcl o-sayada.. parn las cdadc- de 3 ¥y
‘S.nﬁos y medio.

En cuanto ale cllidnd dcl horligda, ne eo-rpucbl que una

‘mayor cantiind de cemento as b.naficiota si la relaciéna/c
es baja (como 1 cm), ya que péra las probctas con cono de

14-35 cm se aprecis una. :ejor!a en 105 resultados a 3 afios,

quo d«naptroec ylra los rctnltalo- -4 % afion y medio.

Las armaduras guvnizadu prountm I(,om. infcriorec que
1as de scero desnudo. Esta diferencia es menos notable en
el hormigbn de pedr celidad (mayor relscibn #/c) que en el
de ¥00 kg y cono de 1 ‘em. En cambio las .probe tas que con-
tienen Hitr{tos yresentlﬁ ‘an_claro- ‘mejor comportamiento pa
ra‘edades sisilares, ys qie “jus pedondoe situados a 4 cm

Iperaaaocan tole$a on - 1a- lnaﬁ 60‘pactridad a los 5 afios y -

-edio

Las probetas no muestran en su exterior ninguna fisura y
inicamente aparecen manchas de 6xido marrén en la cava
mids cercana a los redondos con 0,5 cm de recubrimiento.

DISCUSION

Las condiciones de conservacifn de estas prqhétaa no puedan‘

considerarse muy agresivas, ya que no estfn sometidas z va
riaciones del nivel del agua y los redondos esthn préctica
mente sumergidos, por lo que el acceso de oxigeno, sin es-
tar impedido, no es el mis favorable para provocar elevadas
velocidades de corrosifn. Sin embargo puede comprobarse en
los resultados obtenidos que redondos situados incluso a
7,5 ¢m de profundidad {recubrimientos entre % y.7,5 cm aon
los recomendados en distintos cfdigos para plataformas

of f-shore de hormigdn) se activan al csbo de um perfodo de
tiempo mucho mis corto que la vida en servicio nowinal (a})
rededor de 50 alos) que se espera de las construcciones de
hormigén armado. .

Esta realidad de la despasivacifun temprana del acero de las
armaduras situadas en ambientes marinos debe llevar a in-
sistir en la iaportancia de una cuidadosa puc'ta an obra
del hormigén, que asegure para &ste una gran ispermeabili-
dad, asi como la necesidad de prever en el proyecto canti-
dades de cemento y espescres de recubrimiento relativamen-

" te elevados.

Estas precauciones se deberfan tomar no s8lo en construc~

ciones singulares como las obras pGblicas, sino también en
wiviendas y en edificaciones, que en general se¢ tiene ten-
dencia a cuidar menos, pero que en ocasiones estén someti-
das a situaciones a veces incluso mis agresivas, Ya que los
cloruros pueden penetrar mucho més deprisa cuandd se ancuen

tran suspendidos en las gotitas de agua en climas hfimedos y‘

calurosos (penetran por fuerzas capilares), situacifén habi
tual en las zonas costeras del fabito mediterrfnec donde se
dan condiciones de "niebla® de elevada salinidad. En cambio
la penetracién de los cloruros por difusifa simple, como
er el caso de las probetas aqui ensayadas, es comparativa-
mente bastante xm&s lento,

De los dos métodos de proteccién adicional cnlayados. a 1&

edad Gltima considerada (5 afios y medio),parece claramente
mis ventajoso el empleoc.de nitritos afiadidos al agua de axa

sado, 8l bien es necesario esperar. tic-po- nds  largos para
extraer conclusiones mds definitivas, ya que el galvaniza-
do en general se corroe acttandc coms &nodo de sacrificio,
de tal forma que mientras no deaaplrece la capa gllvanizl-
da, el ataque al acero base no es demasiado. ;ntenso, por -la
qué las velocidades de corrosibén que se¢ estin midiendo pue
den ser todavia las’ de dzaolucién de la cepa galvnnixada.v

Por otra parte, los valores de intensidad de covvoci‘a nlwf
d}doc en las probetas cOn nitrites. para e3pesores’ de churf

--
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N /
briliento infsrlarcs a 2,5 cm, aunque menores a. 103 de pro
betas .sin inhibidor, . indican que los redondos s? han ya ac
tivado, por lo que, aunque mejoran el comportamierto del
acero alargando sy vida €til, sin esbargo no Tepresentan
tampoco una solucxdn defznitiva al problela.

CONCLUS IONES

.De los resultados obtenidos hasta el momente las conclusio

nes provisionales que se pueden extraer son:

1%} La penetracién de cloruros en ¢l hormigén mediante di
fusifn es un proceso relativaueute r&pido. de tal for
ma que los redondos de acero desnudo se encuentran des
pesivados a edades de S aflos y medio, excepto para es
pesores de recubrimiento superiores a & cm y elevadas
calidades del hormigén (400 kg cemento/m? de hormigbn
y consistencia seca).

28) La galvanizacifn de las armaduras resultn algo favora
ble cuando se utilizan eclevadas calidades de hormigén.

3%) La adicién de nitrito sédico al agua de amasado supo-

" mne una clara diswminucidn de las intensidades de corro

8iSn medidas cuando los espesores de recubrimiento son
superiores a 2,5 cm. .
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COHPORTAMIENTO FRBNTE A LA CORROSION MARINA DE RECUBRIMIEN-
TOS DE NIQUEL DEPOSITADOS POR VIA QUIMICA 'Y POR VIA ELEC-
' TROLITICA .

- C U ES Junee

Depnrtamento de” ou!licu.Fucultad de Ciencias
Universidad Auténcma de Barcelona. Bellaterra

ABSTRACT

There are relutively ‘few reports on corrosion resis-
tance of electroless nickel deposits and electrolytic ni-
ckel deposits in industrial-marine enviroments. In this stu-
dy,the corrosion behaviour of both types of nickel coatings
has been evaluated for three-moriths,six-months,12-months. and
18-months of outdoor exposure in a sea side site.The.nickel
thickness of coatings and it composition have been. correlated
with it corrosion resistance.

INTRODUCCION

La CorrOsiéh de los metales,especialmente aceros,en un
ambxente narino revlste 1. mixima inportnncla en la economia
de un pais,sobre todo en’ nquellos que poseen una gran’ exten-

»si6n de costu,cono es el caso de Espaﬁa. Por ello,a 108 meta-
les se les_suele proteqer con peliculas,de mayor & nenor es-

ubrinientos de tipo erginico .de tipo metulico,

_que'aizltn ll netul-ba:e de su -edio exterior aqresivo. “De
Oentre log recubriuientos netilico: -ls utlli:udo: ‘para ia -
':proteccién de los aceros destlcan los de cinc,cadnxo,estnﬁo
Y. nlquel Los recqb_ nientos de niquel se han utilizado,de
‘modo especxal or_ter a la vez protectores y decoratxvos‘Tra—
~‘d1clona1mente s; hlﬂ upl;cado por vxa electrolat:ca Ahora Of

de nxquel se de-

'1m1ca medxante un

a la propia del niquel electrolftico.

Los recubrimientos de niquél electrodepositados han sido
bastante estudiados én'lo que se refiere a su comportamiento .
en ambientes interiores 6 en ambiéntes exteriores no demasia- ™
do agresivos,correéspondientes especialmente a zonhas urbanas
o rurales,pero han sido poco estudiados en lo que se refiere it
a ambjentes marinos y marino-costaros'1ndustria1eq;Por otra e
parte,apenas existe informacién acerca.del comportamjiento de
los recubrimientos de niquel ‘obtenidos por viacquiniga(nin
corriente) en ambientes urbanos'y-rura1§s,'y menos ‘en: 1o que
respecta a atmésferas'n&rlno-dostetas-indubttiales,llevindo
‘como pdlucionaﬁtes a c¢loruros. y &l didxido de azufreiEn lo
que se refiere a nuestro pais,no existe ningiin datoﬁrefgrente
a la resistencia frente a la corrosién ambiental mafinp—ln-
dustrial de ambos tipos de iecubripigntoslde'hiqﬁél%'

En el presénte trabajo se éxponé el comportamiento,en
un clima’ marino-costero industrial cataléii,de recubrimientos

‘de niquel electrideépositado y de recubrimientos -de ‘niquel ob-

tenido por via qdihica(s;n corrierte) ;Ambos recubrimientos
fueron depositados sobre probetas de ‘acero dulce 'y ‘para obte-

" ner esos recubrimientos se ‘partid.de un bafio electrolitico

de niquel ‘llevando agentes de adicidn .de tipo. 'orgénico en el
primer caso y de un bafio 1levando hipofosfito como  agente re-
ductor en el segundo caso.Se ha ektudlado el comportamiento
de ambds tipos de-recubrimiento~de-niqué1',éon-dftérentes es-
pesorés.durance un periodo total .de 18 -eseé,comparindose‘el
progreso de la: corrosién en los mismos en~dltt1ntqs3per!odos
de tiempo.Al propio tiempo,el progreso de la corrosidn de es-
tas pfobetas se compard con la corrosidn observada en probe-
tas de acero dulce desaudo- sonetldas ‘& las mismas ‘condiciones

-de ensayo.

PARTE EXPERIMENTAL -

Preparacxon de ‘las probetas de nxquel y evaluacxon de- la co—:

rros i1an

Se prapararon dos eerxes de prnbetas convenxantementeA




- —

[ . < . . 4

0,354, P<0, 020.8=40 02y, ui: 0y
- Las. probetas.unxes dese

identlficadas.La prineza :exie(A)correapondia a probetas de

acero llevando un :ecuhriniento Ade niqugl elgcttodeposxtado )
¥ la. sequnda serie(n)eoxreapondla a. prqbetas -de; acero. Jlevan~
do. un recubriniento de niquel - depositado por via. qninica(sin

corrientg),ﬁnbas,sq:;gl<sg,supdivid;gron,en”dpa subseries(A-1

'y A-2 y-B-1 y-B-2) segin llevaran on recubrimiento de niquel

de 6.pm & de 12, yn’de espesor.. Las. probetas que. 'le utilizaron

-~ eran de: acero dulce.de dimensiones:100% 50 %0,5 n.!.a compo~

sicidn de. este ucero ers 1. ‘siguiente: C:0,04%,5110,05%,Mn3
01%,Cr1€0, 05! Y Cn.(O 05‘.
ecuhiertll con. los doa Giferentei
tipos de niqvel,fhgron puxjdas con: pupel abrasivo del ne ‘800,
desoxidadas por 1nui ti&n du:ante urios. minutos en HC1 al. 108
Y desengtasada: con plsta ccal de.vlena(doloulta tcstada).
oespue: e anjuaqadas on: aqua cozrlente y lueéso .en aqua desti—
1ada, tue:on(tratgias en-el eorr:spondinute bako para- ser recu-

) biertas con, niqugl.cen e:peuru ‘de-§ 8-12.ym,segin los casos.

. La conposiciéu de 1ok .balios de niguel utlli:;doa-electro-

1ftice.y quiuico(ain corrlcntn)ylat condiciones . operatorias Yy
:caracteristicps de -chda uuo -ae clloa Se exposen_en la Tubla I.

" Las probetas,unq vex raeubicrtns con niquel debidamen~

- te 1denut,icndu.n ﬁspmhtumon una 1ncl.inacion de 45%°res-~

pecto & la horiaontgl sobre un b--tidor de entoyo orientado
hacia. el . Sut(3}. Una ez t:anscuttidoa lol ptrlodos de exposi-

v,ciaa alk clina uarino-costero 1ndustrial prog:onados(tre: mes=
'{sas seis: ueses.doce ‘meses 'Y dieciocho meses) restas. probetas
. ntquéladas ‘se retiraron dcl bastidor de ensayo y se evalud su

cotrosién. . B
Le- eva ulcién ie tallizé de dos ulneras"or estinaci&n

. mcdxante el sitteua ASTM(4) ¥y mediante estiuacién por pérai-

da de peso(S)(S). Por el primer procedimiento cada probeta ni—
gquelada se evalud inuedxatamente después de la nxposici&n.ex-

: presandose la corrosiéﬁ obserwada uedxante sn “rimero de cla-
. sifxcacion'(natxng Nunbet) Este nﬁae:p esta~definxdo por., la

divisién del irea corroxéa en diez grados: desde el grado 0

»qL grgdq 10.En. esta ev-laagiénugemogvintroﬁpc:ﬂo una leve

" |pens. corriente : 0,055 Ascm?
.Efodo : niquel electrolittco -
e

Tabla I. Composicidn de los bafios de niguel ,condiciones ope-
: ratorias y caracteristicas de los mismos.

nnﬁo‘amcmot.mco (1) | Bafic QuiMico (2)

NiSO,.TH,0 t.osevcunss 240 g/ [NiSO, 6H,0.ucvruoners. 28 g/1
N1012.6320 ensssnsense S0 g/) uanzboz.nzo sacenesnss 30 g/)
HaBOy covvncacccacsc. 40 g/ |Acido lEctico(88%).... 25ml/1
Abrillantador Pri?arlo 1.5 g/1 |Aacido propidnico,..... 5 g/}

|lAgente "anti-pitting®. 1,0 g/l
fpH ¢ 3!6":0 Lo PH 3 5:5

T : S5-60 3C . | : 8822 sc

elac.Bnodo/catodo: 1,5/1
IAgitacién catddica: 6 wm/min.
Ipistancia &nodo/catedo:8-10 cam’

IAbrillantador Secundar.0,5 g/1 |Acide succinicéo ...... 15ml/1]
Agente ductilizante... 1,5 g/1 pb(u03)2.........‘..o.uoé g/l

Velocidud deposicidn: l.lpa/ﬁin Velocidad depoiicién:lSpu/h

variacién en esta clasificaéi&n.consiscenté en 1hc£¢1t los’ -
grados $,795 . 9, 5 Yy 9. 25 entre el grado 10 y el qrado 9. Un
nimero de clasificacidn & grado 10 signitica que no e ha ob-
servado corrosion,es decir,que cortespﬁnde a un 0% de frea
corroida,nienttas que un niimero de clasificacion & grado (] co~
rresp@nde al 50-100% de Srea corroida.in nuneto de clasifica-
cién & grado comprendido entre 9,75y 9 corresponde a un 0,01
~-0,10% de irea corroida Este nimere de clasitxc&cian 6 razén

-numérica corresponde 2 una funcxén loqar!tmica éel A de aret

corroida.En la tabla II se expresan 1os: nimeros -de clasxficn—
cidn ASTM correspcndxentea al % ge Srea- corroida.
Por. el segundo procedimiento de evaluacxon,cada probeta

(nxquelada se limpi6é y se pesd ances Y despues de la exposzci-a:

ﬁn expresAnd~re la corrosién ,en cada perfnﬂo de tiemuo,en -~
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!orma d; 'pétdidl de . peao (en 9. da 2) Los prodgétos de corro-
sién se separaron tratando las probetas niqueladas expuestas
con una disolucién de icido fosfdrico al lbl(vol L contenxen-
do como thibido o, 1t de alil- tiOurea(tiosinamina) ,a una -
cemperatura de 5 'c Yy durante un tienpo de 30 ‘minutos,enjua-
‘gando Y. secando después esas probetas antet de pesarlas.

Tabla II Nuuero de clasificacién ASTM segun ‘el irea corroida

NUHERO DE CLKSIEICACIOR 8STM O DE ARBR CORROIDA

0 .

~ 0,0 - 0,10

20,10 - 0,25
0,25 - 0,5
0,5 ~ 1,0
1,0 - 2,5
2,5 - 5,0
5,0 =10

10 = 25,

25 - SO

50 - 100

-l
o

- ROV T B I

Deterninacién de cloruros v didxido de azufre
Los clorutos atnosfericos se captaron mediante el método

de la probeta de ingulo 6 'teja“,tl descubierto.utilizando
una superiicie total ﬁtil de 600 cmz.nsta "teja se orientd
:al Sur y se situé a 50 cm dal suelo,scgun 1a notaativa(7) ca-
da mes ie realizé la recogida de cloruro:.loa cuales se valo-
raron nediantc el u&todo volunétrico de Hohr,expres&ndose el
¢ ellos en forma de mguacl.- .dia .
. | xidd - de kzuf:e ntmosféricu se captd mediante un ci-
' lxndro de plistico éuro sobre el cual se colocd tela impregna-
da con pasta de dxéxido de plouo.el cual absorbe el di6xido
- de azufre y lo transtorﬂa en sulfato(&).nste cilindto captador -
se instald en &l xnterlur de una casta de txpo metereologxco,

.

con circulacidn libre de aire ambiental.Cada mes se renové el

cilindro y los sulfatos se detetminaron por andlisis gravimé-'

trxco,expresandose el contenido de dioxido de aznﬁre en forma
de mg 803.m 2 aia7l,

Preparacién de las probetas de acero desnudo téstigo

Para el estudio del progreso de la corrosién en el acero
desnudo se utilizaron probetas testigo,constituidas por cha-
pitas de acero dulce,de dimnsiéneé:loo %40 ¥ 3 mm.Estas pro-
betas.convenientemente identitlcadcs Yy preparadas(desoxidadas.
pulidas y desengrasadas),se colacaton,despues de pesadas,en
el mismo bastidor y con la misma orientacidn que las p:obetas
niqueladas.Una vez transcurrido el periodo de exposicién pro-

‘gramado,se retiraron del bastidor,se limpiaron de productos

de corrosifu preseptés(por tracamiento en una disolucidn acuo-
sa de HCl al Sot.contgniendo 1 g/1~de tiourea cono‘inhibidor)
y.una vez secas,se volvieron a pesar, expresindosé la corrosién
en cada perxodo de tienpo en forma de’ ‘pérdida de peso'(en

‘ qldm

Ubicacion de la estacidh y duracién de los ensayos :
Para el estudio de la corrosién en unalgtm&afera‘narino~

costera industrial se eligid una localidad que,al propio tiem-

po que ambiente marino existiera en ella una destacada activi-

dad industrial,existiendo por tanto en su atmbsfera didxido -
de azufre en apreciable cuantia.La localidad élegida. fué .la ‘
ciudad-de Badalona,situada en la zona costera norte préxima a
Barcelona,situindose la estacién -de ensayo a unos 150 metros

de la linea del mar. La duracidn experimental de este estudio -

ha -sido de 18 meses:desde comienzos de Enero de 1986 hasta
finales de Junio de 1987. ’

- RESULTADOS Y DISCUSION ..

Corrosx&n en las probetas niqueladas

Los resulcados correspondzentes al comportamieénto de las
probetas de la serie A,llevando niquel depositado electroliti-
camente, y de las probetas de la serie B,llevando niquel depo-~

v

sitado .por via quimica,para un periodo de exposicion de 3 meses
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ae 6‘i¢ses ¢ de 18 meses,se exponen ea las Figuras 1 y 2.en
'las Figuras k) ydy en las ?xgu:as Sy t.re:pectxvamente La
'corrosi&n obsetvada se- éxpresa‘en lus: figuras: con nimerc im-
par’ mediante el “nimero’de. clasificacti-'hsru y. en las figu-
a’raS‘con numaro par’ ‘medidnte la: 'pirdil‘ F ‘peso”{en g. am” ).
- pel examen ‘de estas seis tiqurna se desprende que,en to-
dos - los. ca:os.ccao era de enpcrar,la co:renién de las probe«
. .tas niqueladas 11evundo un espelor On 12 Mm ha sido menor que
: 1avdev1aa probetagvllevqndo un espesor ée € pm,Por otra ‘par~
‘te,se desprende que,en todos.los perfodos de gxposiqi&n,las
1Aprobet§s.de la.serie B (llevando niqu¢;$quimigc) han presen-
ta&o‘unalmayor'reifstenbii a la corrpsidén atmosférica que las
-probetas. de la serie A (llevando nigwel electrodepositado).
Cabe. atribuir este comportamiento a4l hacho de que el depdsito
de niqael quimzco(sin corrientel ebtauiio a pattir de] bafo

- precedenteuente citado Y en 1.3 condiciones asimismo citadas

ug(!),es.en tealidtd.una aleacién nigu-l-f&sforo(con un conte-
gnido,en P del.10%).Esta aleaci&ﬂ estd exenta de poros y pare-
‘ce ser que. posee unas. ettructuraAa-orta,todo lo cual le con=-
fiere unas. caracteristicls nas nobles que las propias del
depdsito de niquel electrolitico(exento de fosforo) obtenido
avpartit del” bafio electrol!tico anteriornente citado(1).
- Para las probetas niqueladas ‘quimicamente(sin corriente)

"~ lievando un espesor.de 6 ym,el “nﬁaero de. clasificacién‘ASTM
. :tue de 9,% & 9 75 para.un periodo de exposicibn de 3 meses.
L de” 9 S para un petiodo de exposici&n e 6 meses,de 8.5 para
un: periodo de - expoaiclon de 12 meses y- de 7 para un periodo
‘de’ exposicidn. de 18 meses. Para. 1nx probeta: niqueladasqu!-
micamente (sin- cortiente}llevando un espesor de 12 ym,el "nii-
merc: de clasiticacﬁﬁn'asru fuk de 9,75 a 10 para un- perfodo
de egposicién‘de 3 meses, de 9,25 para un pe:lodo de,egposicl-
én de 6- ‘meses,de 9 para un perfodo de exposicidn de 12 meses
y de 7,5 para un. periodo de exposicidn de 18 meseés.
) ?ara las prohetas niqueladas electroliticamente.con espe~
‘'sores de 6 pm y de 12|;m.los *numeros de’ clasificacion'ASTH
£ueroa.tespectivaaente.de 7 Yy 8" para un perxodo de exposicidn

de 3 meses,de 6.y 7 para un periodo de exposicidn de & meses,

de aproximadamente 4 y aproximadamente § para un perfodo ‘de
exposicidn de 12 meses y de 2 y 3 para ud‘peribbo'écvéXposi—
cién de 18 meses, ‘ '

Cuando la corrosién se axpreso en forma de ’pétdida de
peso” los resultados obtenidos fueron anilogos a'los citadon,
como se puede observar en las figuras 2.4 b4 6.

En todas 1las probetas el qrado de corrosién varié seglin

_ cual fuera el mes y la estacidn del’afio en que se expusieron,

Asi,segiin se puede observar en les figuras 1y 2l corrésidn’
fué més intensa durante el periodo,dc Abril a Jgnio y de Julio
a Septiembre{casi colncidentes con la estaciones primavera y

verano} ‘que durante el perfodo Enero a Marzo y Octubre & -Dici-’

embre{casi coincidentes con la estaciones. invierno y otofio).

’ Corrosidn en las probetas de acero desnudo

Los resultados de corrosidn obtenidos para las probetas.
testigo,de aceroc dulce,sometidas & las mismas condiciones de’

" ensayo que las probetas niqueladas,se exponen en la Pig.7.

Como en ella se pﬁederbservar.la corrosidn en estas pro-
betas fué mis intensa ern losmeses de Marzo,Abril,Mayo,Junio y
Julio(casi coincidenteh con las estaciones del afio:primavera
y verano) que en los meses de'Enero.rebrero,Septiembre,ﬁoviem—
bre y Diciembre(casi colhcidentes}con las estqcioneﬁ del afio:
invierno y otofio). Coincide este hecho con el observado .en
las probetas llevando recubrimiento de niquel quinico y de ni-
quel electrolitxco. R -

Por otra parte cabe indicar que el ataque de 1a corrosion

es mucho mayor en el acero desnudo que en el acero recublerto

con niquelsea quimico.§ electrolitico. Asi.nlentras que el va~
lor uedio de la corrosifn anual del .acero desnudo fué- de 6
g.dm ,para ‘el acero niquelado electrol{ticamente ege valor‘
fué de 0,18 g.dm_ -2 {para 6 ym de espesor) y de 0,13 g. cam ™2 )
{para 12 ym de espesot) y para el acero nlquelado ‘quimicamen~
te ese valor fué todavxa menor: de 0,05 g.dm~ {para 6pm de
espesor) y de 0,03 q am (para 12 pm de espesor).
InfLuengla de los cloruros y del didéxido de azufre.

‘Las concentraciones de los #ohtamiﬁéntesiciorqré y 50,
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)

(expresadas couo kuCI y soglpresentes en 1; atn6nfera en que
se rcalizé el ensayo, se exponqn,respectivamente.en ias Pigu-
ras - a iy 9. Cat L

Como, en . la primeta de ellln se puede observar.las mayores
concent:aciones de cloruros se encontraroji en los meses de -~
Klrto.&btil Mayo.aunio,Julio Yy Agotto(correspondientes a las
estaciones:primavera .y verano) y las uenotes concentraciones
se: encontraron snlos meéses de Septienbre, 0ctubre,noviembte,
Dicieubre,tnero y Febrero(correspondientes. a las estacionest
otofio e inviernoc) . Esta nayor conceatracién de c¢loruros,acele~
tantes -de la corrosifn,en los- neses de p:imavera y verano(ayu-

Adado sinérgicamente por la presencia en algunos de esos meses

de. una elevada coacentracién de di&xido de azufre) explicaria
el mayor ataque de 1- coxro:iﬁn cbservado durante esos perio-
dos . de tiempo en las probet&"dg acero desnudo y ‘en las de a-

. cero niquelado.a 10 que éontribuirian,ademas.las altas tempe-~
) raturas pxopils de ‘“sas Epocas del afic.aAl exiatir valores me- -
1dios de la hunedad telqtiva del aire muy semejantes entre el

periodo ptinavera-vgtano y el periodo otofio-invierno en la ~--
localidad donde se ha renli:ldo el ensayoc, este -factor cli~
n&tico _parece que no es diftrenciador en eate caso,comoc puede

" serlo ‘en otras localidades donde exista una pronnnciada dife~

rénciaen los valorec de humedad rclativa en los mencionados

petiodoi. B
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| COMPORTAMIENTO ELECTROQUIMICO:DE WA ALEACION Cu:Ni EN AGUA.
: vmmcmmchwsummos

- . H.u'u del Camn LEIRO y Blmu u.‘ ROSM.BS*
CBICOR CI‘I'EI'AIWNICR - Zufrintegul 4380 - (1603) Vilia Martelli -~
BURNOS AIR!’S ARGENTINA

The cotmim mlltmca of a CuaNi 70: 30 auoy in sea vnter was deut-
wined in the presence and the abmence of sulfide to _analize the effect
of the ‘anion. Electrochemical tests were parfomd in 3.4% w/v solu-
tions of - NlC}, th and without sddition of Na S at s concentration 103H
on . tests wers used to characterize corrosion products

gtmm An° tht different conditions. The results showed a protective ef-
. fwect. nnocht.d to the cuprous sulfide feérmed when the microbial meta-
bunu van: td(!itiomd to the ses nt.ér only in tln abssnce of oxygen.

i m tlncimu éa c«-m. cuyo contenido. en !u nrh mtu S y 30%,
lun tonido m ls omu dicwda nuevas splicaciones en lx 1uduutu na-
val, ya qus: pfrecen muju précticas y econdmicas sobre las de bne
Pe utllim ‘hasts Ol nu—atol. o

EEREEES 1“ bagces de scerc comm:imlu. ol costo. de 1. cortollén .
’ 1ucmsm16n maring es muy elevado y ademés. 01 m-nto de 1a rugosidad
. del. mm incramenta el emun dc co-buatxblc hasta en un le. depen-
diendo del um qua ndh antre ‘cads ll-phu. £1 placado con alea-
‘clones de. cmm reduce estos 1acmm1mtu. an parte debido s que al
: : lctéthtlcn anti- incmtultuy on condiciones norimlies as
’im urid v.lociw dc corrosidn manot qua ol acero.

Co-o emmin dt 1& c:ochnu difuswn on el apko de estos
mtethht, diur-ol utoru umm«: s cmtulmto fyentu a la

N R AL I 0 g1

‘otros automa Del “tudio realizado por D. D. Mc Domld y col

. woprhda. rupocth_ent.'

presencia de contamimﬁtes coﬁn 5. pfoducido poi' 1a ‘t’nduccién nubéu

-ca del sulfato por bacteths ml.fato-reductoﬂs. Se tealiuron ensayos

de aleaciories Cu:N en equim de diversos diuﬁos con- clrcuhelén de
fluido y se determiné -edhnu Midu de p&rdldu de puo2 3 " 5 la
influencia de 1a velocidnd ‘de flujo y dc h concentt;clén del 46n' s
en la resistencia a 'la corrosiéo.

En base.a enscyos alccttoqu:bucos mlludos en soluclonu acuo-
sas de NaCl al 37 se observs. qu 1 curva d- pohrinctén nvsdica de
1a aleacién CusNi 70:30 pmmu tres zonn en lu cusles se fomn
distintos productos de comt!én cmtitu!doa principnhmt. pot com-
puestos de Cuﬁ. '

" B. c. Syrett7 npmdujo el fa:d-.no dc camiwn on mndiclonu

'de fluijo, para luego mlint un. utudlo de les mygtﬂclu nm

utilizando voltametria cicllu y &cmucoph aloctrénica de hn-ido. )
concluyendo que 1s cm:icién de los productoa de cm«i&n .8 dis~
tinta segin el medio que se utilice y propons un mml-odo mi&n
que depends de 1a historia de lou madios a los qua’ utwe dtwuu 1a
aleacién. Encontrd ndasb. que al culfure, -n amnch dc uigeao.

es el causinte ditecto del incremento de la’ valocidad da cormlén avn
bajo condlcionu advct‘un de fluje. nmltndo qm fm mnfk-dogp:;
sobre ‘la accién dél oxlgeno y el mlfaro en h cortoaidn de utu alea-
cliones, se cancluyn que podrh txhtit un ufccto lindr;tco mtn ambos .

- En el presente trlbijo ae mliu 01 co-pormiunto de 1a alu-
e16n Cu:Ni 70:30 wediante técnlm oloctroquhlcu Y -mdidu da pérdi-

. das de peso. Se rehcio:m\ los’ tuuludos ant.rtcns con h co-posi-

cién y estructurs dn Ios pr«!\u:te- de. comn /6:: ct-ldos. dctcminndos
mediante uy‘oz Xy nk:toncopia clcct:dntcl dc Nrrufo cou :icmnnda

Se prepararon probetas de la nlewié« i 'N 7& 0. se incluyom

. en resina epoxi dejandé un ire: expwusu de unoa 9,5 “2 y-se m po-

11§ hasta 0,25 um. Los electtolitos utilludes fueron 5oluc16n de )hcl
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3,4 wlv con a;teula de lazs an uns concentracién de 1 x 103 y sin
ngregtdo del peluente.

Sc mlinron curvas da pohriuciéa ptuciocméticas. utilizando
o potomziostato Tacusel n‘ir-zmx cen un s.;:vpﬂt 13 como gmudot
de. “barridd] aplic i

idoae na velocidsd de 10 wV.min, 1. Se emples una
celda cl«:trm{nicu couvmioml dc vidrio !‘ynx clcctmdo de referen

fela da Chidmel” ntundo. s través dt w capihr tk Lunin. y cmstraelec

ttodo de Pt. Los muludos son ytnudiu: d. triplicldoz.

Lay curves nncaius -e Meim dturundo las -ohxclones -edhnte
- burbujoo de llz 99, 99! y lu cnté&im uturc.ndo los medios con airs y
con lgitlcféu u(n‘tiu. oéu a tnptrxtun -bhnto.
hu;o ‘de 1o8 lntnyos anédicos y de h-uléu las mstru se anali
zaron con un microscopio electréuico de barrido £MEB) Philips 505 con
-EDAX. 9100. dotoninln‘m wediante difucciéa do rayos X, hco-poaici&x
.de lu ptoductu foz‘uos.

' lhnm #lectroqul uic&s ) f C

B '!‘n tnuron curvu dt polntimieh (l‘i;. 1), dt 1s aleacién CuszNi
- 70:30 an soluciéu dc llaCl cm Yy sin &grqndo de 8128. En el enssyo simy

. Lmdo amn d. ur mtaimdl = m ll efecto del electrolito, el del

‘ mlfutb corrupoudlmtc a lu -nuhoutos origimdot por los microorgs
“ni.oa c.npacu “ pmlif«nt b el madio.

':mmu nortolg;m B

So aplleé ﬂcmcqh tloctmﬁn!u d. hrtido tobn mut.m lomti
) 'dn s poh lucionu mddicu Y, utuicu como m ‘observarse en las
um d-tnﬂmeim m EDAX lobroy los productos
de con-odéu formados dirdtc las pehrimlonu qugnlucionu conte-
niendo s Yy lobn lu dos tipos de u;undas fases obutudos en la ales
) ‘ci6n (rig. 2) uociuos al ataque an6dico. . -

!mqo: de inmersién 4 ow CL
- Zn 1: siguiente taih se raumm lu p‘nﬂ;&n devpun de las pro-

i

_betas sumrgidaé en agua de mar natural y sintética con adicién de

Nazs en laboratorio. Burante el ensayo de 30 dias se mantuve la satu* .

racién en oxigeno mediante burbujeo de aire. -

MEDIO  Agua de Mar  NaCl 3,4% "'x;ci 3,4% + Na,S 1072 n

Ar o, .\ ;
B 1,8 - 0,6 2,7 - 0,8 50

c-z.ai!o

t

Ané&lisis mwediante difraccidn de rayos X

El rango de pasividad, cbservado durante las ‘yclnriuciélnes. ané-

dicas de la sleacién en tolucion-t con 5 se nocié 2 la fomclén dc .

una pcliwh protactou da productos de eomsién. cuya co-posiclén
se detarminé mediante d;fraccién de rayos X. Los andlisiz se efectua-

rori ‘mobre muestras sometidas & pulsos médieéc de 'polarluddﬁ‘a‘-’m -
aVcs, potencial correspondiente a la regidn de pusividad de’la curva b)

de la Fig. 1.

En 1a curva a) dé la misma figura se observa uns estrechs zona de
pasividad a + 100 aVes.y un méximo en 1s corriente a - 30 mVes. Por
ello, se anslizaron en idénticas condiciones los productos de corro-
sién formados an solucién de NaCl en ausencia de S— luego de pulsos a

+ 100 vy ~30 mVcs, En todos los cuos»tl‘ principal c@mtq gn'htalinoy

encontrado fue Ouz(m) (1 (pautacanita)

En -ediol que contienen 5" ae detectaron pcl!culu negras de sul-

furos cuixroso Yy cﬁprlco de bajo grado de cristalinidad, sobre 1a sub~

yaccatc de miclomo verde.

‘Los resultados da imnuién en mamu dc "oxigens wldcncim.
por el contrario, que 1a loln;iéu de NaCl es nlgo nis umiu ala
aleacién que el agua de sar natural y que ¢ produce un gun incremen~
to an la pérdida de peso por la adicidn.de S, El efecto.del § es en-

_tonces contrario, en presencia 'y en ausencia de oxigeno.

CONCLUS TONES

De los result:dos obtenidos en 1os ensayos de la :1eac16n Cu'Ni
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70-30 BN :
X ufv+ 1 x10

70: 30 en agus dc ur natural y ntnt&tica. se cmclu que en presen-

, 1 tiIm coler negro de sulfuros de cobre -3
ja cristallnidad méim de 14 pel{culz de éxicfos de Cu. El creci
niento del dob b film en lusmmh de oxigmo 1ncrmenta el cardcter

V -pwtector del Gxtdo fomdu ea ag\u da ur pura. peto daczeca mcho

M Nazs

m pod.r pnivmtc en prnmch d. oﬂgm

‘ nmmxh{ .
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'EDAX SOBRE LOS DOS TIPOS DE SEGUNDAS FASES DE LA ALEACION, DE
DE FIGS. 2 b y ¢c. Puntos: alargadas. Linea llena: redondas
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xidﬁ peints on thc steel nurtuce. md
11 tho ttul surface m ccvered by an

i

frio a superficies de. scero -1 carbono ain llur “con el fin de que lm
superficie tratada se convierta en. mhex- e. rigi -,quinica ¥ fotoquimi
camente, cuando esté, o bien numulda ‘en agué de mar.o expuesta a con
diciones marinas severas, tales como las que loportnn.t por ejemplo, las
uupex‘ettructuru de’ scero de los barcoi durante su- mvogacirSn.

tl rluorussd y polivinile {PVF) o pounem que contiene
'étom de fluor, gue se ha extendido . lmitudingl ¥y transversalmente
durante su fabrieac&én. para. fomr una especie de parrilla enrejada,
lo que le debe conferir, al. nenon *n teorh. ‘unas excelentes propieda-
des como barrera, ssf: como un alto grado de. resisteneh a la abrasién
¥y @ la fisuracién, caracterfsticas estas dltimes que necesariamente
deben acompafiar a la primers para asegursr su dunbilidad Sin embar-
. g0, en este trabajé, estan dos Ultimas pmpieda!es no han sido estudia
das, al menos de una roma directu. :

o tas tueron deuengras.dn eon trieloroetileno y ncctonn. 1¢vndu con
.. agua. lhuph y pué cul‘ d mte secadas, . :

m:scmpc ea DEL TRABAJO axpsxmamn. s
Ay reauzados fuemn ensayos acelerados dc la-

- boratorio. Se utilizd lémina blarca - -de PVF de 4§ mlcrometros de éspe~
_ sor, con la que se mcubr:lem totalmente probetas. rectangnlams “de
‘acero al carbono sin slear, tipo Naval A, de dimenslones 10(}:@50 nn oy

1 mm de espesor nomiml. Todag las superﬂcies metilicls éstal A exen
tas de éxido ¥y, ‘antes de - ln .aplicacién de la lédmina deé PVF‘, 1a¥ prohe-

No se aplicé ninguna cnpc intermedia de- protecclén entre ia

superﬂc!e metilica y el PVF, tal como por ejemplo, fosfato cristalinc

con objeto de realizar los ensayos en las condiciones mis duftvorm-
bles.

. Ls splicacién del PVF gohre las probetés e hiw de tal forma,

‘que en las zonas de sohpe. éste fuese al menos de § o de anchura.

Se renliwon los ciguientea ensayos, utilimdo sieﬁm‘c en c8
da uno de ellos, probetas por tripliceado;

a) Ensayos de cémara climftica.

Todas las probeus fueron mtidu duranta 1as 100 primerss
horas de exposicién’ a una temperaturz de 451C y una humedad re-
lativa de del 5SX. Después la cémira se _regulé m unss condicie—
nes constantes de 30'C y una humedad relativa de 85%. S¢. sacarm
y ensayaron probetas por triplicado, después de 200, 500, 1500
y 2000 horas de exposicién dentro de la cémara. -

Ensayos en cémara de ntebl. salina. )
Se utilizé una céimara de niebla salina de 0,2 cm de capacidad
neta, que cumple las normas ASTH -B-117-85 "Standard Method of

b

~—

Salt Spray {Fog) Testing" y BS-5466 "Method of Corrosion Testing -

of Metallic Coatings {Salt Spray, Acetic acid Salt Spray asnd Co-
pper acelerated Salt Spray Test)“.Se emplearon las condiciones
de operacidén indicadas en la tabla I, que por estudios snterio-
res realizados en el Departamento de Ingenieria Quimica, se de-
nmostrd que ersn las mis severas obtenibles con. esta cmara (1).

Se fuéron sacando muestras por triplicado, ‘después e 200 500.

_ra.

-

c) Ensayos de’ mmeuiﬁn.

da segin 1a: norma AS‘n( D.1141, & una t.enpentuu de 20%0,81C,
Se hizo pasar a!,re a tuvé. de la disclucién .para comeguir una
saturacién de oxlgmo. cage” concentncién rewitani:e fue ~de 6,3
ppm. .

'~1

Se fueron sacmdo mueatras por triplicado después “de 200 800, -

1000, 1500 y 2000 horas de mmersién.
" Sobre todas y cada una de las probetas sometidas a las condi-

ciones de laboratorio encuadradas en los tipos a), b) y ¢} se realizs -

ron los sxguxentes eximenes:

»

1000, 1500 y 2000 horas de exposic!&x en el intertor de 1a cma-

Se aumerg!eron las. probetu en sgu. de nr nrtifichl pnmo-“
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1.~ Examen del posible deteriom dé las pmpledades fisicas de las
léminas dé PVF después de 1 po sic
. Be estudid mediants " €ste examen 14 positle variacién del bri-
1lo especylar, dureza, espesor, flexibilidad 4 adherencia de
las léminas. Los reuultados obtelj\idos fueron. Comparados. con los
-de’ probetas ‘Preparadas’d i‘m"ld&ntica pero. no sometidas a
las condiciones de, exposmida 8),b) o). -

El brillo especulsr se midid de’ scuerde ton 1a norma UNE 48—
OQS—OQ. utiuza.ndq une geometris de luz incidente de 858,

El espesor de la pelicula de PVF pe HLdLs mediante nétodos [
lectrcnméticos ‘Ao destructivos, de- acuerdo, con UNE 48~o31.

.:Pars determinar-la Surezs superficial de 1la capa protectora se

utuué un péndulc Persoz, de - ‘#cuerdo con las normas INTA 16025
Yy UNE 48-024-80. -

La uedida de 1s flexibilidad de las léminas de PVF, se realizs
.edimte ena-yos de P ;sdo de acuordo con UNE 48~032~80.'

‘- Ned dms dc &npedlncu l.ectroquhica. Se utilizé 1a misu téo-
pics onylud- Yo con . éxito purs el wndlisis del couportamiento
dq ‘nulu pintados ante la corrocién 2 4 3.

3-—;me wvisyal. de. da.: superﬂcu de: acero. de cada probeta median /

te lups a 19 auuntos, después. de- Levantar. 1a lémina de PVF, ,pg
' u coupmbar laA pruencia de tnm de éxido.

4.- !:;tuguo hicmcépico Ae 1% mrticic .del acero de cadn probeta
pars estudiar. e profundidad del ‘atagque de- Sxido, mediante aec-
‘clonado de u zona en donde se pnsenté el ateque (4).

RESULTADOS EMIWALES :

Variscién en 1u progiedados ﬂsicn de-lss liu.mu de PVF después de
la ex@sicién.

Después de 200 horas de expoﬂcidn en cada uno de los- ambien—
tes enmayados, no se observé ninguns disminucién del brille especular.
Lo mismo ocurrié con.el espesor de ‘1ss lésinas de PVF ¥ st capacidad

" de plegado que denot$ auserncia de sgrietamientos’ hasta con mandril de -

didmetro 3 mn. Sin embargo la degradacibn de las léninas de PVF ge ma-
nifiuta en loc enaayos de dureia y adhcrencia.

- Enm ‘1s tebla II se muestran los mmludos obtenidos en 1‘: me-
dids de 1a duress. de las 1éminas de L4 0 dnpuéa de 2000 horss de ‘expo
aiclﬁu oburvin;soso un significativo sumento con respecto & las pro-

betus pct:'mu ' nobrc todo en las vrobcua axpuestas - en la cémars cli

mitics. Low i‘gnl‘udos wostrados corresponden a los valores ninivo y
ndximo 'Ohtnﬁldm'," Y entre paréntesis se indica también el ‘valor medio.

. La tabla III recoge l.o- resultados del ensayo de sdhérencia an
tes y deapués de ber sometidas las probetss a los distintos medios a- ,
gresivos. En resiidad este enaayo sSlo mide 1la pérdida de pader de fi-
Jacién. del adhesivo empleado para unir hs laminas sl material base.

. Medidas de impedancis electroguimica

En la tabla IV se muestran los resultados obtér;;ldés al reali-

< las probetas a partir de las 1000 horas_de

‘Exaa-en vigual de 1a wperﬂcie de ncero" denpués d’e uwntar~

zar sobre las probetas ya expuestas. medldas de impedancia electroqui
mica con corniente,ﬁltem s 7

Puedé observarse: que ha§ta 500 horas de exposxcién en cualquie
ra de los medios. agresivos lo dnico que se produce es un incremento’
signxficativo au ﬁngulo de pérdidg (txgcf) ’6 desﬂactét; ¢ respecto

responde un nejor comormtento de 1a IMM (S). -
] estrs de. forme gr&fica el caaporta-iento de
La figurs n*l mu : 5

A metides o 1a cim
do por debajo de la léaina de PYF en lss pmbem ‘some
ra 3: niebla salind, y & Partir de las 1500 hores taebién me registra

esta presencia en las probetas sometidas 8- 1a cémara-climftica -y s in

mersién en sgus de war. La misma TiguFs: tasbién miestrs el sefor com-

' portamiento relativo de la lémina d& PVF eh inmérsidn en- agua de mar

lores de la neaisten
los otros dos ensayos, tanto porque los va

:‘;: ztnmica 80N mayores & bajas frecuencias como porque la- variacidn
de la misma es menor, tal comc se ‘muestra en la pendiente de ls recta.

18 ldmina

de PVE,

de 19 tos de 1a 1 upe ficie de acero que haﬁh tado cubierta par

" 1a 1mine de PVF durdnte 168 enssyos dé expositidn s dos :tres: tipos

_Estudio microscépico de las zonas con Sxido.

de medivs. Pueue cbsérverse que ya & 200 hms de, ax.goaigiﬁn en chma

general s partir de “1as 1500 horss estoc puntqt Ae ,L‘do sof g::m :1'::
nos generauzadoa por tods la supcrﬁc notar

Soseneia 45 GiitSE de Sxido s
‘1 > m’deapués\a é5tar sometids
mgvimx:sién en

El éstudio realizado por seccionsdo de las xonas donde apare-
cieron puntos de &xido, revela que esta oxld§ci6n fue eq todos los cg

S
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‘sos totalnenu auportiehl ¥ om mtru- o 01 mtprial
o - ooucwsxouzs

Lpl renulhdn e los m‘ os(reglludoo ‘sebre I&nlnas blancas
. tectores ante la cor‘roulén de su-
pcr!‘tqies dc .cem. nuutrtn e Y& égtpues ‘de 200 toras de exposicidn
se producen ‘indicios  de existencis de puntos de ‘6xido por debajo de
‘18 capk’ p’x‘otaawn, 1o gue indics. qui-el electrdlito ha penetrado s
t:--vés dn -la cm de PVE, bien por -un procesc osmitico o por poros o
I ristes que ‘#¢ producen o sxisten previamente o ¢l material. La
pnuhcin de 1ineas continuas da Sxido en los malms de las léminas
*indicale necesidad de wn solape supariod sl enssyadc, pero: en. cuml—
1ér cago, son zonss critices a vigilar en el emplec industrial de es
¢ producto o Exlate wna busna ‘correspondencia entre los resultados b
R por impccci&a visusl de la superficie metélica ., una vez oli-
uinhdaila cupa de PYF, y Ios:obtenidos mediante examen por impedancia
" electrdquinica de corriente sliterna ., sunque este (ltimo método es es-
peehl-mte senaitivo:a nrth- de 1as 1000 horu de exposicidn.

o ‘E1 comportamiento de lu léminus- de PVF s pejor en los ensa-
oy d. Inmersifa en agun ‘de far, gue on lu stméferas de c‘-ara de nie
bla - __o -n c&u‘a €lindtica.

: Por Glti-o. cnbo Mtncu- h hja domdacien surrida on 1as

: proph-d:du fisicas de 1a lémina de’ VT despuibs de estar sowetide a los
distintos grados ¥ tipos. micién. npoculnente en. el -mteni—
a:lento do tu hrulo y fle 1511““ )

- mumn

. 2, "Imyoc de. Cu-mun poc wlverluciéa nuna pars
aceion & baso contenido en tardond”™. Yesina de licenciaturs. Fa-
. culud de_Chnclu Maleu. wwuiu ‘de Smth;o de Cowotte

CALW y J !., m "Cm-olioa utes fron impe-
- lr. %rmiou Joumnl. Vol.

“:4) AXERICAN
Mmu o and svuluthn o Plttln; mim.. Asru Standsrd

: mz iak af m’n smaw: mamlmu. Fa.1987.

E s)» r. menu:. » ‘
beh.vior of mted -etclc vtth ac lmd-nce ucmemu" - Co—

rroqioo. Yol. 36 !lo 9. 1902
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TABLA I
TABLA IIT

TABLA. 1V
TABLA V

Figura 1
Figura 2

Figurs 3

.
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TITULOS ¥ PIES DE TABLAS Y ?icums ‘

Condiciones de operacién de la c&mn de nhbla ulina.

Vnrucién de la dureza de las léminas de PVF denpués de
expuestas 2000 horas. .

variscién de la sdherencia de las lﬁlim de PVF desp\xéa
de expuestas 2000 homs.

Nedidas de tnpedmcio electroquinica. :

Examen visusl medisnte lupa de aumento de la nqm-ﬂc:e
del acero después de la exposicién.

Comportamiento de las- brdbetaﬁ & partir de 1000 horas
exposicibn, mediante medidas de impedancia #lectroquimi

ca. &) A sitas frecuencias, b) A btju frecuencias.

Presenc!. de punto. de &xido stbre h lupcrﬂcic dal
acerc después de estar sometida 1a pmbch en cémara de
niebla saline durante 1500 horu. E

Presencia da puntos de 6xido sobre 1la -upeﬁ'icie del
scero, después de estar sometida la probeta en irmersisn
en agua de mar durante 2000 horas (x19).
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“| camacreRISTICAS

MEDIO : AGRESIVO

7. ) N T RN
AQUS iiuniunamwvene

| Conccntncwn de

DEL h ‘solucidn ceaveas.

Acidér de la ‘molu-
cibn a Is tempera-

TEMPERATURA DE LA SOLUCION .......ecls

PRESION D PULVERIZACION +.vouuveesen.

| VELOCIDAD ne‘mowct:wi bthtsiu :

SALINA ...-......n‘....“............

pSECUERC‘Iﬁ DE PU‘L\’ERI!ACIN crakseverea

turs de operacién ..

TABLA I.- CONDICTONEY DE ORERAGION DE 1A CAMASA Dk NiesLa saLina

.

ClNa con impurezas < 0.2%

Destilada

10 gra/litro

6.5 LpHZ 7.2

0eCc .

15 1.5 Ke/en?

1-2 nl/hore. .

10 winutos/hors

TABLA IX .-~ VARIACION DE LA DUREZA DE LAS LAHINAS DE PVF DESPUES
DE EXPUESTAS 2000 HORAS

Dmu (25 ‘.b'gxinm Persoz)

'SIN EXPONER CAMARA  'CAMARA'DE - INWERSION EN

(Probetas patrén) cumncn _NIEBLA SALINA. - AGUA DE MAR

(9.7 (a8i8) . (46.8) (40.5).

TABLA III.~ VARIACION DE l.A Ammcu DE LAS LAMINAS DE PVF DES-
PUES DE BXPBESTAS 2000 HORAS

9

‘Igéhqﬁnéii (u:éf’z )

Sin exponer cmm\ © camima DE
(Probetas patrén) fcx.nwrlcp. amu sm.m

8 RIS | TR a0




| TABLA- IV.:NEDIDAS: DE IMPEDANCIA ELECTROQUIMICA -

fORAS | e

" TIPO DE-EXPOSICION

pE L R — ,
o - CAMARA " CAMARA DE
. CLIMATICA _ NIEBLA SALINA . INMERSION
" lig F = 0024 tg J =o0.08
e & - 0458 o feg w02
. mummiﬁu)
o - Jumix = 228 Hzx "2'\‘!‘3&-1.3!}{2
R L R = 0.0M Ohm.cm™
woo - | e € = SOMF. ca* R“Gls"o’m;‘“
Y o vedx = 72 Hr C =39 nF.cm”

,\l-O“m
C-Izﬁ?.

m.unz

e arnr. it

N l = sim rno!.nr

C

o i,da‘:‘-.' 55 MHe

C'z

€ = 50 F.cw 2
- ivméx = 21,97 KHz

"a-o.lznol-ca’z

b s iitivee)

R =.0.074M0NA, cu*2
€ % 0,2% “NF.om-?
" [wmix - 3.52' KHz

{Dos. m’mm-x

ml - 30 KHz

IR < 0.9TK O em?

€ n39nF.on"c

Wbx = 0.16 Hz

IR = 14 KOtmen?
e = 1.3 nF.cn2

{Dow srcos capeci tivos)
Wedix >r 10 KHz

= §.070M0hm.cn™2
1.18 nF.om~?

{Dos arcoi capact tivos)
(Wmfx = 5.9 KMz-
R 5 0,012 Ohis.cn?

jc = 3.06nF.ca~2

Wmix = 305 Hz
W w97 KOhm. cin?
C = 5.36 AF.cn~2

10C0

1500

Linea de éxidcenel
empalme de las la—-
minas

Iniciacién de- pun
tos de’ 6x1do.

Linea de 6x1do en
el émpalme de las -
léminas

Puntos de Sxido ~
uniformemente dig
tribuidos por to~
da la superficie

’Puntos de $xido

uniformemente dis

__tribuidos por to-

da la superficie
y de mayor dimen—
sién que a 1500
horas. .

- tos de 6:160.

Linea de 6xido on"'
el empalme de lu. .

‘Puntos de Sxido

cng de 6xidos

Inieiseién de pun

léminas.

aislados.

Linea de 6xido. en
el empalme de la
lémina.

Puntos de Sxido
aislsdos de ma-
yor temafio que &
1000 horas. :

Vl"\mtol‘ de dxido

aislados de ta-

malic sinilar y -

distribucién que
a 1500 horas.

TABLA V .- EXAMEN VISUAL MEDIANTE LUPA DE AUMENTO DE LA supsnncm
’ DEL ACERO nsspur:s DE L& Exposmmu
TORAS - TIPO.DE EXPOSICION
DE - it -
EFSICION | CAMARA  CAMARA DE INMERSION-
CLIMATICA NIEBLA- SALINA o
-200 Iniciaciénde pntos - No hay indica- ~ No hay indicacién
de 6xido. » X

‘de 6xidos

Ho hay ‘Indicacién
. de bxidos, .

Mo huy indicacién

de 6)(1407 :

Linea de éxido en’
el empalme de 1:
llmin..

Intciacién de pun’
tos. de Sxido tis—

1ados.

Puntos de éxido
uniformemente dis ’

© tribuidos por ‘tode

1a superficie, de

suy pequeiic tasafio.
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- acero despiés de estar c___cfl_lé__tfdlj_l'n.‘_ptrobecq ‘en cémire de niebla

PUF INMERSION.
2000 hs. 19x

(SN

Fig. 2 .- Pre.s:ené_i\a.’dt ‘puntos ‘de &xido co'br.-e, 1n"cﬁb§iftqlé d_él

acero, después de estar sometida la probeta en inmersién en

agua de mar durante 2000 horas (x18).

salina durante 1500 heras.

’ Fig. 3..- Presencia de puntos de éxido sobre la -superﬂ.éie de_l

a) A al
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RESU’ME

Lagditlon €A (2,2%) o5 €50 (1,12%) s fattome dh (70 Cu - 30 Z0)

mmiona\mdemerwmaw'c.

empéche !
' L‘bﬁe{hﬁblw pour les: Wton a:I'Al influence ¢ processus tant anodique

ca que, o qui est d0 i la formation d'un film doxydation avec
matlmenuxmdecompcm d'Al et Mg qui présentent un effet de
passivation synecgique en:féduisant 1a pofosité du: film dloxydation et en

empéchant fa formation d'acidité locale qul entratne Ia corrasion localisée.

L'effet d'inhibition de Métain. semble principalement 40 a ja diminution de
la vitesse de réduction du processus cathodique & cause de fa formation
dun filin doxydes d'étaln, qui se rédulsent mkwquelescompossdu
cuivre. ‘

e SUMA

mumbnotm(mx’)wmu.nn)uand brmalloyslrﬂbltsthek’
omosionhmn stirfed seawiter atL!

F«Mbrmthewdbttln(eﬂect hmmhothd\eutmdlcmdme
anodic process and ‘this s due ‘to- the Formation of an exidated film with
segregatlen on the sucface of Al snd Mg compourids that have a synergistic

: pnmvatlon effect by decreasing the. -pocoaity of the sxidition Jiyer and

to-formation of jocal acidity leading to lecalized corrosion.
mkmblmeuectotsﬂmtobemd:ﬁyduetomedeaeuedmeof
ﬁnaﬁwdicreductlmmbeamahyerol&oxldesﬂutmhm

B remdvimuspectotﬁnmcompmlﬂ;,hiormd.

INTRODUCTION

The addition of small amounts of some elements Al or Sn &g 2% to Cu-Zn

alloys i increases their reslstance to generahzed corrosion in sea water (1-2) ‘

The presence of Sn in 0TSI70 alloys {admiralty brass) &coordmg to some
authors seems to affect the microstructure (3}, the number of defects (¥)
or the segregation of the alloy; according to other, however, It causes
changes in the properties of the passivation film forming on the alloy (5).

The addition of Al to the Cu-Zn alloy (aluminum brass) seems to Infience

the composition and the passivating effect of the oxidation layer formed
during the corrosive process (6-7) rather than the micrastructure of the
alioy. Different hypotesis are reported on the composition of this oxidation
fayer. According to some workers, Al is present under the form of an oxide,

- coprecipitated with the copper oxide in a structure of Mett - M+

hydroxides (7) or under the form of hydrated oxide coprecipitated vlth
Mgl(OH)p,

According to Castie (8-9) aluminum is preseut in the corrosion ptoducts
under the unique form of Al and Mg oxycarbonate (hydrotaicite). Previously
published researches (10-11) showed that aluminum is present under two
different ‘forms: a compound (oxide or oxidrate) where Al is the unique

cation, and a double salt coprecipltated with a bivalent metal (Mg} that .

exhibitswlthMasymgmicacﬁmhdwproteCtMudmtm
m«dertomﬂyﬂﬁnmmotmdhymelmhﬁms

corroslon kinetics of €< brass It seemied advissble to compare the »

behaviour of different alloys, one of which did not contain Sn and Al. while
the other respectively contained 1,12% of Sn and 2,2% of AL

imental .
%r-zmc alloys speciméns (Table 1) anneulcd at GOO'C in argon
atmosphere for 2 hours, were slowly cooled (for 12 hours) to roem
temperature, polished with emery paper 600 and washed with CCly before
being immersed In seawater at pH 8.2 at the temperature of $0°C.

The corresive solution was not stirred dwlng the specimens treatment.

The weight loss Wmnu were carried out by

using ' rectangular
specimens (¥x1, 84x0.} cm) with exposure time of 24, n, 120, 250 and 360

hours and was obtained by adding to the amounts of Copper and Zinc
solubllized éuring the specimens exposure the amounts of the same metals

still ndheflrg ﬂtespecimmmiwemdcmeurmumosim
products. ‘

The corrosion products adherln; to the mm surhce wefe enmined by X-
rays dntira;:tometry, with a C.G.R. Instrument by using the CuK o4 line (1%
mA, 50 KY, ‘ , o


http:secrei.t1

[

‘The chemical amlym was carried out after treatment of the corroded

specimens with a suitable series of specific solvents (aqueous futions of
glycine, NH,OH etc.) that permitted the selective dissolution of the
various (corroslon products by leaving uther mchan;cd the metallic
matrix. (12) .

The ations (Cu“ ‘Cut¥, Al+3+, Sq + . Mg+, Nn‘) and anions {cr, Co3™—,
-504~) solubilized durmg the selective attack were determined by various
analitical techniques (flame. atomlzition and graphite furface AAS; lonic

- chromatography, gas chromatography of the evolved CO; for analysis of

"the carbonates).

Electrochemical tests were pert«med by using cyllndrlcax specimens (1.9
cm dlam., 0.5 ¢m thick) embedded In epoxy resin, Oh specimens immersed
for 2 and 360 hours in the corrosive solution, potentiodynamic polacization
experiments were carried out with scanning speed of 250 mV/h, obtaining
the corroslon denslty current (icoee) and the’ pohnutlon mlstance (Rp).

At reguhr Intervals du‘ing the exposure time, ﬂwemeﬂts of the free

mosicn potentm wlth respect ot the sundnd calomel elcctrode (S.C.E.)

»lets md discns;lon

The weight loss utuu {Flg. 1) show that the averige corrosion rate of the

) dumitmmmum&gdloykneaﬁy!omummeco«oﬁmntedthe

other smthmthemtn'eexpomxeﬁme.mkcmmmedbythclgaf
- values (Table 2), calculated from the Tafe! stralght lines obtained

. trom  potentiodynamic plots made on the specimens after two hours

(Fig 2)“360!»0&:(?!; J)ofexpoan.

The smﬁler corrodibility of -aluminum brass is. due, almmt for short
lmmerﬁmtlmmtmaamoiunuwd‘wprmswingtotm
formation, at potentisl values between 250 and -220 mV (SCE), of a film
probably..formed by copper and- "Al ‘compotrnds - that inhibit the anodic
process In the -130 and -0 mV (SCEJ range.

The oxldutim layer, whose preume is seen by anodic polarluuon, ‘should
inhiblt the "anodic process in the free cotrosion because Its formatlion
potential (<250 to ~220 mV) .is. near to the- equiubrmm potential of
akuminum beiss (about <280 MmY). For Jong immersion times, (360 houts, see
Fig. 3 and Table 2) miuminum brass shows both anodic and cathodic
inhibition with respect-of the other two tested ﬂbys. that exhibit a quite
simunr behnvlwr

‘mwmummummmmnmum .
because the siopes of the Tafel straight lines do not appreciably change and -

the small peaks of ﬁl&(a;h;dic% cvi the polarizatien piots lre in the
same i -400 to - oorrespond to

Cuttse opeatrmitlm of the bx‘\‘r‘a nt coppyer oompound;, that takes
place in the rmge betwen ~350 and -uo mv (m. :

A

The SEM examination {(x 1500. eﬂlargement) of the metal mtﬂx of the -

specimens after dissolution of the corrosion products showed the différent -
behaviour of the corrosive-attack of the three alloys: Fhe corrdsion of ‘the
Al containing alloy is uniform {see Fig. 4a) without preferential dlssolution.

The two alloys OTS/70 and Cu-Zn 70!30 “show localized ‘cotrosion
nomena with preferential dissolution. - Figs. 4b- and 4c show
dezit‘aciik:atlon plugs of the anoy: attef 360 hour:. ) ’

The  dezincification tendency of 0?5[70 and: Cu-Zn 70[30 llloys is
confirmed by the results of chemical analysls, that permits a
dezincification factor, Fz, shown In Fig, 5 as a function of the exposure
time, to be calculated by the

o -0u
Fo-_ o® oz .th
Cu . . In .

exp. th

-where Zngyy and Cugyp are the amounts { ug cm 2, of okacd copper and
- zinc experimentally measured as the sum of the solubilized amoints sind of

those adhering to the specimens (under the form of corrosion products), and
Znyy, and Cuyy, are thepercemnges otthetwomnlsln theonglmﬁ anay.

The smaller average corrosion rate ot alumlnum brass and the -bsenee of
localized corrosion may depend {10-11) on the conposition and structure of
the oxlidation layer, where Al compounds, coming from the dissolution of
the alloy, and Mg compounds, coming from seawater, have & synergistic
passivating effect (Table 3). Al compounds decresse the porosity of the -
corrosion products layer and Mg compounds provide a soﬁd m n;:lrm

development of local acldity.

The phydco-chemial properties and the behaviour of the oxidation layer
on ajuminum brass are therefore different from these-of the corrosion .
products of the other alloys, mtwithstandmg the main compooents are the
same (Tables &.5.6). ]

The low porosity of the oxidation layer on aluminum brlss may enhmce the
concentration of the metal/oxide interface of Cu* lons, whose: diffusion
through the oxidation layer.ls inhibited and.that are ptedpitated lnto ‘the
mmuCuzo.usoonasmsolubmtyprodmkmdned. o

The Cut/Cu** ratic dunges s a function of the. expmition ﬂme !ar the
different ailoys (Fig.. 5} showing that Cu* Is.the prevailing ionic species in
the aluminum brass corrosion products. and that Cutt is predominant in
other two alloys. The formation of bivalent copper’ compounds, due to
oxidation in the corrosive solution of .Cut’ lons- diffusing ‘threugh the -
passivation: film, takes place on .the oxide-solution . intérface by
sedimentation of successive iayer of precipitated corrosion products. The
formation of Cuy* compounds takes place on. the. metalfoxide. Interface and
the film grows from the inner ‘hs:e, the oxidation films:are also permeated
by the Zn** ions, whose concentration in the oxidated layer Is:inversely
correlated with the filrn permeabmty and with"ﬁte cmcentration of Cu*
ions. i) : .

This is coain'med by the be!uvaour oi the Cu’lZn ~ﬂtlo 3
the exposure time (Fig. 6). . . L

v
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Tl!el slopa, cocrosion denslty cwrent,
: corrosion potenthl of cop'per alloys.

TABLE 2

yolarlutlon eonductm and
In'see water.

" av/tee |

mhenn2,

—
y " Ce
§ 2AVE en”2

cory

‘v (8CE)

. 8.4 |

=27

: 0.3”

- 300

’§!.$

~160

oo

-4

- 287

2.8

- 8.7

1,240

64.8.

-131

- Q.3%0

a8

Q..

-84

s

237

C - ars

3.7

-108

0.508

TABLP. 3

Chemlell amlym ot aluminum brass corrosion producta in sea water. .

The values of the various. elements (ugicm-2)' are averaged of 3
determlnatlona values. :

glic.

Attt

Al

c1
glie,

1"
NN oM

Cco

50°

. 4B

T 17.0

14.7

0.65

.42

0.94

5.5

0.94

2.58

90

42,1

" 14,8

. 0.74

| o.81

100

2.82

IREY. .

17.8

28],

‘18,8

0.76

0.46

 0.58

1.40. |

1.1, |

1.53

3.70

240 |.

18.0 |

9.9

17.6

©-1.00

0.85%

0.6 |

004

1.77 .

4.07
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TABLE & ;
Chemical mlysh of OTSﬂO corroslon products In m water. :
“The values- of the varlous elemerm (pgcm’z) are amged ot 3
dotermianlom values.
Lo} I " | g a ,cl-“ - —
ypet et e e e R e | T |
‘24 |.153 | o | 204 | 0c2e | o083 [ 07 |00 | 23 | om
3.48 | 0030 | 049 | 1.83 | 0.8 | 7.a0 0.74
e | 003 | o071 | 188 | = | 674 | o.s
y —
f 48.98 0.82 0.98 2.60 - °.79 1.09
6428 |- o.e8 08 | 0.60 | ~ s.87 | o.82
380 |'23.00 | om | mos | 182 1.28 060 | w | 391 | 1.28 o
.t ' ‘ g : ©
NS ]
TABLE 3.
’ Chemical analysis of Cu-2n 70/30 corrosion products In sea water.
The values of the various elements (ug.cm“z) are averaged of 3
determinations valaes.
t ++ + 4 ++ — —
o | -ou ot Zn " co, c1 80,
6| 1084 |20 | 1890 [ 083 | o030 | 0. 1.42
28| 648 |.3.5¢ | 2248 | oer " o.61 1.3 | 2.2
6 | 1734 | 414 | sa07 | 1.4 o0 | . 1.8 | 330
9 | 11.77 | 4:50 76.84 | s8s | 202 | 22 6.50
18 | 2179 | 448 | st | s.0 | 202 | 30 | e
za1.| s208- | 817 19000 | a8 | 10.7 a5 | 8.2
|26a. | ds.om | 6.2z |200.00 | 800 | 1222 | 6.7 8.78
KR
5 .
1 .
3 \
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'X Ray dnﬂractometric amlym of copper anoys ccrroslon products after
360 h exposure. in sea water,

Alloy’

Al brass

; Cuco, .'cu(dc)z 10-399;

m(on)cx L. z3-108%;

M 5-661. Ouzo 5—667. )

u.‘ 21,00 ton), "0 Cyasisy  22-700;

noton) _ 20-364

1 ﬁ:-zo (m); -e&zioftsacx):

S

| cu,tom 01 2-146; G0 5-661; Cis 0 5-667; . -

2

cucn (o), 10-098

AW (pg.enth

“tny

" 108

200

AFfp. f-’W‘algm ossof éopﬁir and(yau ‘specimans in sea water at 4fC

fo0;

~

;00 OTS/70; 00 Albrass,

*~» Cu-Zn' 7
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. m:m;:ccxou CAmQICA D!:L rm:coa DE - tm sxs'mm :DE.TUBERIAS DE
AGUA. ‘DE Rmmmcxm T B

. Por J. I.qdet@‘ . l-: @C&;eilgf' v M.A. ‘G}u‘_llén*"

1. INTRODUCCION

La f'érdiiecciéd catddica técnica ‘qué'}iﬁedé"ap’iicarse para la pro-
teccidn ‘de c“:ua’lqti’i‘er metal en é'ohtac'to' con wn electrolito, es
iy conocida €n: UM aplicaciones en la pro\:ecciqn de estructu-
) L ‘r:;s m:inas, depositos v tuheriu enterradas por el exterior,
e R 'etc. Sin ‘embargo s iplicacion al intcrior de’ tuberias, la ex-
e "j”periencia es mas rtducida. : :

o En tu.bérins ‘de gran diimetro es posible la utilizacién de anodos
b ) de sacrif.icio. pudiendose asequrar una vida de los anodos lo su-
|77 gfeténtémente dilatada que ‘Justifique economicamente el sistema.
En tuberlas de didmetro pequeﬁés ‘Ssolo el 'sistema de corriente
: impxesa e’ aplictble.

Pa.fi"la‘ r&ilii&diéﬁ de la ptoteccién catdédica mediante corriente
‘ /impresa del interior de un ‘tubo se utilizan, en general, anodos
“de 11:.&1110 platimdo en forma ‘de lanza. El dnodo, o electrodo

o fdispersor ‘de’ corriente, atraviesa de forma perpendicular la pa-
P ted ‘de’ tubo al’cual ‘se sujeta: mediante una cabeza que se rosca
' : e un manquito roscado, . ptevlamente soldado 4l tubo. Hay que re-
"saltar la informacién que ‘s este xespecto ‘faéilita J.H.MORGAN (1)
‘ Begun el dimtrc de los ‘tubos babra que: colocar un dnocdo de lan
fa. ‘éada 2 3, ,20 uetrot ‘To que hach Wy’ costoso el sistema asi
_ emc:':‘complicada prY instalacion. s la” tuberia eétaba bién reves-
Ida por ei 1ntcr.for. 1a sepaucion entre modo -puede negar a
alcaniar los 56 lietros, en- ooqpartcl.on. & los ‘4,5 metros que regue
" riflal una t\xbctit desnuda. u't‘ig. 1 ilustra sobre todas estas
S circunsuncias m couidetms que son de 1nteres.

(*) f(**) Ford E:spasa, s.A:) msuzs (Valemia)

I B (rx2)

Je

" Instituto Espaﬁol de Corrosion ¥ Proteccion - MADRID

} CAracterIsticas fis:lco-qumicas del agua ‘de refrigera-
. citn.

TABLA I

o 16"
Resistividad 715 /L x cm,
Dureza total {TH) < 65,8° £

| T.ACL 27.5% r
’Calcio (ca ") ) 155,0 mg C1
Hagnesio (Hg s 65,9 .+
Sodio (Na* ) 95,4 ¢
Potasio (K ) . 3‘.6 Com
_Cloruros (C17) ‘177,
Nitratos wogj 66,0 *

: Sulfatos fSO*;' 230 "
Bicarbonatos (8(_‘0 ) 335 3 "

16,5

Silice (SLOZ)

as
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F.L. LAQUE (2) operando con un tubo de 900 mm. de dif
metro y situwando un &nodo de magnesio en su centro atri-
buyb la ‘propagacién de la proteccién a la formaci6bn de -~

‘una capa calcfrea aislante, la evoluciﬁn del potencial -

fue un proceso lento que duré alrededor de cinco semanas.

" Hay que sefialar finalmente, el interesante trabajo --

vrealizado por D.J. TIGHE-FORD y J.N. Mc Grath (3) que en

cuentran, en un estudio ‘realizado a escala de laborato--
rio, utilizando tubos de 1 metro sin cireulacibn de agua,

de. cobre y de acero spave, de 38 y 27 mm. de difmetro,
que el potencial en £unc16n del tiempo se desarrolla por

el 1nterior de los tuhos.

Con esta breve 1ntroducc16n queresos hacer ver, que -
hasta hace poco tiempo, se podia considerar como invia—~
ble la proteccién catddica del 1nterior de un tubo, ya -~
que 8010 se conseguia la pxoteccién de unos pocos metros
a partir de las electrodos ‘dispersores de corriente.

. En e1 trahajo que se va a exponer iniciado en Noviem-
bre de 1983, se va a ver con resultados en trabajo real
y a 1o largo de casi 5 aﬁos, como se extiende la protec-
cién a lo largo de muchos metros a partir del electrodo/

i disperﬂor de. corriente.

W

Los circuxtos de ratrigeraci6n de 105 robots de solda
dura de la planta de Ford en Almusafes (Valencia) estdn

" constituidos por -unas tuberias de impulsién y retorno en

acero y un difimetro de 250 wm, El Sxido que se produce en
1a corrositn interior de los tubos, arrastrado por el ---

agua, obstruye los circultos de refrigeracién de los rO=-

bots ocasignando graves problemas. Las caracteristicas -

del agua de refrigeracifn se,agrupan en la Tabla I.

Este agua tiene un componente saMno alto lo que se tra-
duce en una resistividad baja. La concentraci6n de calcio/
y bicarbonatos hace pensar en que pueda ser 1ﬁcrusténte, -
es decir, que sea capaz de formar una capa calclrea que re
cubra interiormente el tubo.- Si as{ fdera este recubrimien
to tendria un gran interés a efectos de la proteccibn c¢atb
dica. :

Este agua era tratada con inhibidores, verificindose e
diante un simple ensayo de medida de pérdida de peso, q&e/
el agua tratada daba lugar & los nismos problemas de corro
si6n que el agua sin tratar, 'por lo qqe se tomS la decisifén

de cortar la aéicién de inhkibidores y montar en plan expe-

rimental en un tramo de 100 m. de.tuberia de -la planta de/
carrocerias un sistema de proteccitn catSdica por corrien-

te impresa.

2 1. INSTALACION DEL SISTEHA QE PROTECCION CATODICA POR CO
RRIENTE IMPRESA,

Como indica la figura 2, inicialmente se montd un siste
ma -de proteccifn catfdica por corriente impresa tradicio--~
nal. Como eleétzodq dispersor dg'corrignge'se_ntilizo alam -

_ bre de titanio platino. Este alanbre estaba platinado a in

tervalos de 10 sm. cada 100 mm. ¥y unos separadores en mate
rial plastico aseguraban un correcto atislamiento del alam~
bre frente al tubo. Se cubrian asi 84 metros de ‘tuberia. -
Se establecieron unos electrodos de referencia como control
montados de forma permanente. estos electrodos son de «cinc
puro, su situacibn se esquematiza en Ia figura 2. En la.-~
parte central se preparo un injerto de 200 mm., por el que
.se introdujo el alambre de Ti-Pt y.en su tapa se fijaron -

los alambres y se hizo la inyeccibn de corriente, Se colo- .

.¢6 tambien un purgador automitico con objeto de eliminar -

.el aire o gases que. se pudieran producir... .

W W WS W W W W W W W W W
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) “Como rectiticador se utilizﬁ uno“que pernite ‘una salida

fﬁde 15K de ‘corriente réctificadd a 12V.’ L2 requlacisn del -
- voltaje -se realiza mediante un- autotransiormador de forma/
~;‘ccntinua.. ‘ Co

i;f FUESTA. ER MARCHA.

Cada tramo de 42 metros lineales tienen una superficie/
‘a proteger de 33 n2. Dada la £uerte corrositn’ que tienen -
‘ 103 tubos por su interior, aparecen con alguna frecuencia/
o 08 y perforaciones. se tond ia decisiGn de aplicar una/

ae 1dad de corriente de 12s nA/m . Segﬂn esto la intensi-

1dad total que se neccsita por trnmo es de’ 4 Amperios.

Ael llamhre de la 1zquierda aplicando en &1 --
'1os B amperios.tque se cons:guteron a6V y seguidamente se
Aprocedio a medir el potencial en todos los plectrodos de -~
"referencia. tanto en los que corrcspondian a ese alambre,-
como ‘al del otro que estaba sin nctivar.

El result:do obtenldo tue sorprendente ya que de forma/
inmediata se conseguia la proteccién no s6lo en la zona --
del electrodo de referencia que gstaba dentro del radio de
acc16n del alaabre de 1~Pt. rosa totalmente normal. sinc
,en los otrOS dos que corrcspondian al alanbre de Ti Pt toda
'via siu activar, el n&s alejado se encuantra a a4 metros -

4 la zona nxa préxina del alhmbre ncttvado. Todo esto ocu

‘rriawen 1& direccion del flujo. ya que en contra de €1, a/

© tan 5610 1 wétro de distancia, la zona del electrodo de re
ferencia ¥ queda sin protecci&n.: .

) Estoa £ sultados-notivaton a ‘ue se aigulera trabajando'
) con solo eate ala-bre. acaband,, 1na1mente por recuperar -
. el alanbre no activado y situarl¢ en la zona de retornc, -

tal y como se indica en la ftgura 3 El electxodo de refe-

T

rencia 1 bis fue tambien trasladado al otro tramo,

En el retorno la experiencia fue la misma por lo- que va‘
mos a tratar solamente los resultados de la impulsifn.

RESULTADOS
i
Ante el gran volumen de resultados ‘obtenidos, se ha tra
tado de conseguir unos valores medios orientativos de la.-
evolucifn del potencial en funcién del tiempo expresado en

- horas. La Tabla II agrupa todos estos resultados, que han/

sido representgdos en 1a figura 4,

“A la vista de la figura 4 se ve que en la zona influen-
ciada por el alambre de Ti-Pt de forma directa existe una/
sobteproteccian elevada llegandase a alcanzar potenciales/
con respecto al _electrodo de referncia de cinc de -1000 mV -
(el potencial de protecciGn con respecto a este electrodo/
es de + 220 mV) el potencial de proteccién se consigue de/
forma instantanea Se observa gue ¢uando la intensidad pa-
sade 9 a6 Amperios el potencial sigue subiendo, siendo .~
muy fuette la polarizacibn. Seguidamente, se inicia un pun
to de inflexi6n en el que el potencial comienza a descen~-~
der afin a una intensidad de corriente mis. elevada 9 Ampe--.
rios, lo:cual puede 1ndicar que las circunstancias experi-

-mentales, cotio ongena disuelto en el agua, temperatura, -

velocidad de flujo pueden variar y generar una corrosibn -
mis intensa que pnede requerir unas densidades de corrien-
te mucho mis elevadas.

Dada la exccsiva’polarizaciﬁn en esta ionx‘se-redujo»a
7 Amperios la intensidad cayendo el potencial a ui valor de
+ 86 mV; teniendo en cuenta que las otras CUrvas a penas se
modificaban con estos descensos de intensidad, se redujo es
ta a 4 Amperios, consiguiendo que a este valor €1 potencial
se estabilice en los 3 puntos de medida y que el punto 3, --

‘el que estd a 1 metro del alambre de Ti-Pt pero en contra -
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TABLA  II

7..

valores medios de 1nten§idad de corriente y potenciales medidos

" en los 3 puntos de‘control ftepte al electrodo de referenéia de Zn

puro. Se dan los tiempos totales y parciales de intensidad y poten

cial.
’ INTENSIDAD TIEMPO P 0 TENCTIA L'YE ] OBSERVACIONES
(A) . {HORAS) | ER 1 ER 2 ER 3 .
0 0 |+ 506 + 484 | + 567 "|si paso de co-
e 37 ) +25% | + w6 | 4354 |rriente.
8 24 | #m13| - 15 | ¢ 300
8 120 |+ %6 | -100 | 4 393 |]jompo parcial
9 850 | 4110 | <223 | 4324 [Tiempo parcial
6 1500 | 4124 | -uss | +ass |30R.
6 2200 | 4173 - 675 | +435 |6650 h..
3 3000 - | +i188 | -877 | + 447
6" 3700 - | +.158 | -399 | + 488 -
6 4500 | Ha27 | -es4 | 4 493
6 | s200 F 4159 | - s34 | + 432
6 " 7500 ¥175°F 1050 | # 370
9 10000 4200 | -1130 | 4 380 |7ienpp parcial
7 | 13500 "¢ 300 - 513 4+ 280 ] Tiempo parcial
1 {1es00 4179 | ¢ 86 | ¢ 15¢ [9509 B
1 19000 | 4200 | +162] ¢ 218 ‘
KE L4 "4 teg | + 140 | Tiempo parcial

| 24000

137

5600 h.
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del flujo pasase la frontera del nivel de proteccisn.

La zona fuera de 1a accisn del alambre de Ti-Pt y con-
cretamente el punto m#s adlejado, qde es'el‘ﬁunto 1 de me-
dida, situado a 200 diSmétros (50 metros) de la inyéccién
de corriente, a las 72 horas estaba perfectamente protegi
do y asf‘pérmanece sin gque las variaciones de 1nteﬁsidad/
le afecten en nada significativo {Tabla 1I), el potencial
a lo largo del tiempo ha permanecido practicamente constan
te.,

El punto 3, el situado m&s cerca de la ihyeccién de co
rriente, pero en Jcontra corrierite del flujo, ha tenido un
potencial bastante constante pero siempre por debajo del/
nivel de protecciﬁn. Las variaciones de 1nten51dad tampo-
co parecen afectaxle, excepto si estas son bajas, con 4 -
Amperios se ha conseguido pasar el potencial a un buen ni

vel de proteccibn {+ 140 mV) donde permanece despues de -
varios miles de horas.

La velocidad de flujo del sistema de reffiQeracicn es/
de 0,5 m/s y a esta velocidad, suponemos que mis O menos/

constante dentro de un trabajo industrial, esta actuando/
la proteccién cat6dica. Ahora bien, era imteresante cono--

cer las variaciones: que podia exnerimentar el potencial R
con &l agua eststica. Para esto. e ‘han nprovechado los mo

mentos en- que por: razones de fabticaclOn las bombas esta-
ban paradas y. por tanto no habia circulacién de agua. La/*

Tabla I1I agrupa los resultados. obtenidos a lo 1argo de 8

paradas de las bomhas. los intervalot de 1as paradas han/'

sido siempre de 2 - 3 .dias,

Se puede ver, que en general, ea 1os puntes 1 y 2, en/

- alglGn caso se acentua la polarizaciﬁn'y‘én otros baja 1i-
_ geramente, pero permanecen en los niveles altos de protec
cidén. El punto 3, por el contrario el estancamiento del -

Aagua le favorece, ast como las 1ntensidadas bajas ‘de co~-

‘ rriente Con 2 Amperios se obtiene un potencial de 4 188nV,
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9.
e o - TABLA: :;u.a., -
gwolucibn del potencial en cada uno de 1os tres puntos de con-
trol en los periodos de tienpo en que!no hay: circulacién de agua/
‘por estar las, bombas paradas. : :
INTENSIDAD| BOMBAS S POTEN CIAL - |OBSERVACIONES
w | ] ER 1. ER 2. ER 3
e marcha | 79 | 2343 ] 4294 |ntervals de1 -
8 ‘pa’-f!‘d?. 4214 | -248 4310 1“6—18/‘1;2’/8;3‘.‘
8 | ‘warcha J''w131 | -370 | 430 =
g maicha | 4100 | -220 | $450 |Integvalo 31/12)
2" . parada _"»fibg 2240 | 188 82 2 2/1/84.
8 tfmarcha‘i ¥ 92 1 453 +s0a |
9 f”marchaﬁxlﬂ i118 1 -463 4500 Iﬁterﬁalo /3/
1.6 parada | 4108 | 190 | 4164 |84 @ O/1/B4.
' ‘marcha’ | #170 | -430 ‘¢5¥b I
7 marcha | 4156 | =528 | 4556 |Intervalo 14/1/
7 parada | 4160 | -720 | 4521 | a4 2 16/1/84.
6.5 | marcha | 4132 | -538 | 4555 ‘
5 | marcha | 135 | -612 +376 | 1intevalo xo/z/
5,4 parada‘ ";iliyvu -630 4354 84 a 12/2/84
5 marcha | #172 | -654 | 4397 |
6,7 - marcha | . +199 -1048 | 4466 ‘Intervalo 2473/
5,2 | parada’ | 152 | 83 | 4256 |B472 26/3/84.
i ~a112 | 4a2s b
7 1¢ 4110 | -sss 5';”‘724‘_ Intervalo 7/4/
1 1 #13 | -sa0 | sdes |81 2 9/4/80
b T | e 4 el
"9 | marcha |, 4181 -] -1463-] 4445 | Intervalo 30/4
8,4 | parada | 146 | 205 | 227 | B4 @ S/
s | . marcha | 4198 -xuo]'. EEETYER I '

10,

partiéndg de un pptencigllde corrosifn de & 450 mv.

En un acero desnndo,‘si se corta el paso de corriente,
la polarizacitn debe de caer bruscamente, a no ser que so
bre la superficie cat8dica se hayan podido formar recubri
mientos calcidreos por la elevaci6n del pH en la interfése
metal-soluci6n. La composicidén del agua con contenidos al
tos de HCO3 Y Caz+, hacia pensar en la formacifin de estos
depﬁsitos calclreos sobre todn en la zona de influencia -
del alambre de Ti~Pt, la ripida caida del potencial que -
pasa de ~1400 a ¢ 140'mv. hace pensar que estos recubri--
mientos no se han formado © si lo han hecho presentan una
porosidad alta. Debido a la elevada polarizacisn el poten
cial se establiza durante las 50 horas que pérm;nece cd;—
tada la corriente sin llegar a entrar en nivelesxdeAcorrn
si6n. ‘ :

En el punto I, cuya polarizacidn esta a nivelés‘béstag
te ajustados de proteccibn, el potencial pasa de +'160 mv
(proteccibn) a 4 430 mvV {corrosién) petmaneciendo en co--
rrosifn durante tudo el corte de corriente.

En el punto 3, con este rorte de corriente se observa,
que apenas el acero en esta zona esti polarizado por el -
paso de_corriente; el corte apenas le afecta.y la caida -
de potencial es muy pequefia de + 420 mV a ¢ 480 mv se ele
va un poco el nivel de corrosién. ‘

Cuando se reestablece la inyeceifin de corriente el po-
tencial en el punto 2 subre ripidamente pasando en 60 ho-
ras a - B850 mv, otra vez a valorés de sobreprotecciln. En
este mismo espacio de tiempo -la- curva correspondiente al/
potencial del punto 1 evoluciona .y pasa.de nuevo al nivel
de proteccibn 'y finalmente la. curva correspondiente al pur
to 3 recupera la pequefia caida de tensidn que experimentd

-y sigue evolucicn&ndo por debajo de los niveles de protec
. cibn,
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5¢ puede cdncluir éétéﬁenéa?ﬁ”iﬁdiéiﬁ&o,que la fuerte -
caida de tensifn que experimenta la tuberia cuando se sus-
pende la inyecci6n de corriente pareéce 1haiéarKQue no hay/
formacibn de capas’ paslvahtes o si las hubiera eran su ac-
cién pxotectora es nuy pequeﬁa.

Bn la actualidad la densidad de corriente que se estd -
aplicando €8 de 60 nA/a * consiguiendose tal ¥ como ‘mues—-
tra la figura 4 un potencial uniforme en los tres puntos ~
b4 todos en nivel de protecci&n comprendido entre + 100 mv

. 'y + 200 nv.

‘DISCUSION

Se ha visto en todo lo expuesto anteriormente gue el poten

- cial se desplaza a le largo de 108 tubos, como minimo a 200

4.1

diametxos desde el punto de 1nyeccion de corriente. Varias
son las causas que pueden intervenir en este proceso.

bmstio?,xrds CALCARECS™ .

F. naque (2} en egsayos de protccicon catodica interior de
tuberias con anodos de ‘magnesio atribuyo el- desplazamiento
del.pogengial ‘4 1a formaciéon de una capa calcarea'en ‘1a pa
red irterior de los tubos. El wmecaniswo de formacién de es
ta cdba va siempre llgado a 14 €levacisn del pH en la inter
fase. metal~solucion, 1o gue pormalimente ocnrre en el cito-

- do por la teduccion del oxigeno, por un - 1ado y la reduccion
de- 1ones ﬂ por otro.

"Los estudios realizados por 8.J. Tighe-Ford Y J N. HcGrath

{3) nubstran qiie- no ‘existe- diferencia en los tesultados de
1los ensayoz cuandc se usa una soiucion de Nacl al 3%, o ‘agua

de mar, do cual parece indicar que«en el 1ntgrior de los tubos-f
rpueda ho haber elevacion del 98
) oxiqeno Y. por ‘tanto, no puede haber formacion de depositos

: por’ tanto, reduccxon de

calcdreos. Indudablemente si se formara capaAcalcarea se tenia

4.2

12.

gque manifestar en el-poten¢1a1,>10 cual, sin duda, consiguio
F. Laque con su anodo de magnesio, por eso resalta en su tra
bajo la capa aislante de "cal catddica". :

En elfprésente trabajo las caracteristicas del agua {Tabla I}
podian hacer pensar‘eh la formacién de “"cal catddica", sin
embargo, teniendo en cuenta la exponencial caida de potencial
que tiene lugar cuando 8¢ corta el pasoc de corriente (fig. 51}
hace pensar que ni en la zona de mayor polarizacidén, que es 1
que recibe directamente la inyeccion de corriente ha habido
formacion de deposxtos calcdreos, o estos son tan porosos que
su accion protectora es practicamente nula. :

TRANSPORTE IONICO Y MOLECULAR

Pueden existir peliculas protectoras distintas de los recu-
brimientos calcareos, tales como las dobles capas electroqui’
micas formadas en la interfase metal-solucién. En la zona
comprendida entre las dos fases conductoraswsé ctiginah difg

" renclias de potenéial. En el sistema'metal'soluc16n la ordena

cion de particulas cargadas es funcion de los iones presentes
en la interfase y de los efectos de atraccion o repulsion a

que estan sometidos. La or@enacion estructural de la interfa

se metal-solucién, denominada doble capa eiectroquimica per
nite explicar el comportamiento cinético de los procésos de
electrodo ya que l1a velocidad de la reaccién electrodica var.

con el potencial de la interfase Y depende del niimerc de esper

cles electroactivas presentes en dicha ZOona,

Bl transporte de materia se origina al modificar alguna de

las condiciones de equilibrio del sistema. Cuando 1a temperutg

ra, la presidén o la densidad no es }a mismg en :odos los punt:«
de la solqcién o existe alguna fuerza hecénica.se origina un’
movimiento del liquido que se denbmina conveccién. Si existe
uma diferencia de potencial electrico entre puntos distintos
del electrolito. cuando este contiene iones se produce el
transporte por migracion de ‘los 1ones en direccion del campo.
Finalmente, cuando existe un gradieﬂte de concentrac1on en el
seno del} electrolito,‘se origina el transporte de materla por

B
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kdifusién.-'

A

El cnmpo electrico que crea la proteccion catodica pénsamos que
oriqina una migraclon de iones importante que da lugar a la
formacion de dobles capas electroquimicas que dan lugar a sus
tanciales modificaciones del potencial. La exponencial caida
del potenclal cuando se interrumpe el paso de corriente, parg

“ce indicar que cuandc el c&mpo electrico deja de actuar, la

pelicula farmada por la doble capa en la superficie catddica

' se rompe modiflcandose rapidamente el potencial, lo cual hace

su “ner que esta doble capa puede jug&r un papel importante

eh 1a.prcteccion catodica y sobre ‘todo en su extension fuera
fde lan zonas ‘de 1nyeccion de corriente. Cuando el campo eléc-
“trico se restituye el potencial,al cabo de un clerto tiempo

(Fig. Sl,vuelve a sus valores primitivos, lo que puede estar
relacionado con la reconstruccioén de la doble capa.

En el transporte.molecular es el O, el elemento que juega un
papel mas iﬁportante.;Va a existir un gradiente de concentra

"cién entre su contenido en la interfase metal-solucién y en

el seno de la disclucién. Esto motivara un desplazamiento por
difusién de estas moléculas hacia la superficie catédica. En
medios neutros el 0, Jjuega un importante papel ya que se redy
ce en la superficie catédica seqin la reaceidn:

0, + 20,0+ 46 —» 4OH

alcalinizando 'la interfase~met$l—soluci6n. Esta alcalinizacién
puede, en determinadas aguas, producir la precipitacién de
caco; o slmplemehte»pueae‘llevar al acerc a la zona de pasiva
cién,fsiemprghx cuando se alcancen los valores de pH adecuadas.

£n los estudios de D.C. Tighe-Ford y J.N. McGrath {3) encuen-

tran que el desplazamjento del potencial por el interior de

los tubos es tanto mds rapido cuando mas reducido es el sumi-

nistro'de 0, a ia sﬁperficie catodica, incrementandose en M
zonas profundas o en aquellas que han sido desalreadas con gas

inerte. :

14,

" Peniendo en cuenta lo que acabamos de exponer, Se ve que has- -
"ta el momento se establecen hipdtesis para tratar devexpli;ar

estos hechos reales, pero falta la programacién de un trabajo

- completo y ordenado en el que se estudien las muchas variables

que, de hecho, intervienen en este fenomeno. Este trabajo,por su
importancia técnica y econdmica,se estd ya llevando a efecto.

CONCLUSIONES

1.~ como en cualquier proceso de polarizacion el tiempo ‘juega
un papel importante.

2.~ El potencidl de proteccidn se extiende en la direccidn del
flujo a una distancia de 200 diametros {aprox. 50 hetros)
fuera de la zona de inveccién de corriente, en un intervalc
de tiempo de 72 horas.

3.- A un metro de distancia de la zona de inyeccidn de corrien
te en contra de la direcciém de flujo no se logra el po-
tencial de prcteccion.

4.~ Con el agua estatica en la zona de 1nyeccion de corriente
_Yen la mas alejada, no se observan variacxones aprecia-
" bles. sin embargo, se detecta una mejora notable en el
punto separado un metro en contra de la direccion del £lu
jo que pasa a nivel de proteccién. '

5.~ Cuando se corta el paso de corriente de proteccidn catédi_
ca, el potencial cae de forma e;ponencial.~£n la zona bajo
la §cc16n directa de la proteccion catdédica, la polari-
zacion se mantiene a nivel de proteccién durante las 50
horas que permanece gortada la corriente. En el pun toc mas
alejado pasa rapidamente a nivel de corrosion Yy el que
estd en corrosidn apenas sufre variacién, lo que indica
que la polarizacion apenas le ha afectado.

Estas circunstancias hacem pensar que no hay formacién
de recubrimientos calcareos o gue estos son muy porosos
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Y que el potencial gue se extisnde a lo largo’de los tubos

. fuera de- la zona de inyeccién de corriente, /pueda:estar

vmbajo el influjo de- la=posible doble capa’ electroquimica que
:f=qrea el. eqnpe elcctricc generaée con a proteccion catddica.
. Esta

doble capa 21 ronpe»ll cesar gl campo eléctrico y puede

;‘5conttibuir 2 la. caida brusca del vaior del potencial a nive-

leu de corrosion. S E

. Rebajando a la mitad la densidad de corriente de proteccion

(60 nA/m’), se logra pisar en reqimen de flujo a potencial de
proteccion el punto situado a un metro de la inyeccioén de co-
rrignte;fgituindqsq,los valores de potneical en los 3 puntos
éﬁtre.+100 y +200 mv don respecto al electrodo de referencia

de 2n puro.

- La velocidad de difusién del O, y su reduccién en la superfi-

: cie catodica. parecen Jugar un papel importante pero contra-

9.-

dictorio. lo que motiva el progrtmar nuevas 1nvestigaciones
ptra_aclarar el mecanismo de actuacién.

. 'Estaiabgrtﬁéién a la proteccion catédica interior de tuberias
_pensahos‘que aporta datbs;dgfqrnn<;tnetés técnico y econdmico.

Durnnte los 5 aﬁos que 1lev¢ tunc&onando el sistema de protec-
cion catodica por corriente impresa no: han wvuelto a aparecer
”ni poros ni perfo:aciones en las tube:ias no solo en la zona

ﬂ:que tecihe ditectanen:c la. protecczon sino en las otras fuera

‘del tlcance ﬁurecto de ins niamas..}

6.
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PINTURAS MARINAS PARA BUQUES. RESULTADOS DE INVESTIGACIONES

M. Morcillo, S. Giménez. J. Simancas, J. Antufianc® y A. Monj&*

Centro Nacional. de investigaciones Metallrgicas. 28040-Madrid.
Mpctilleros Espafioles, S.A. Factoria de Sestao. Sestao {vizcaya)
‘*Astillems Espaiblw. §.A. Factorfa de ‘Puerto Real. P. Real (Chdiz)

o ”-‘f
unfortunately, premature failures in marine paint systems
is a frequent problen in the shipping industry.

In the. research dszerent stages. 1nvolved,in the ship's’
constructlon are Simulated, .

The more signxficau:variables in the anticorrosxve beha-
viour of marine paint systems were the following. a) salt
contamination at the steel/paint interface, b) mpmperly cleaning

of ueathered s!mp—pt‘im and ¢) higw levels of cathodic protection.

nnuaxxcnm
Es Opznibn gentralizada que la inmensa uayoria de los fa-

llos prenaturos de 105 recubrinientos de pintura surgen al
no haberse puosto en prbctica ciertos ‘requisitos b&sxcos
'relativos a: 1a prcpancibn de smrficic del substrato me-
tilxco sobre el que se va a apiicar postcri‘r-cnte el es-
quema de pintura. shtodos’ ¥ condicimi de apucacibn de
la p1ntura [ 1nadecuada integracién de 1os trabajos de
p1ntado cn 1n pllnificaci&n 'encrai ie la construcci6n del

buque.
' Woy en -dia, en el pintadc en constrncczén naval g1 dife-

renc1an dos etapas en 1a preparaclén de’ superf1c1e5°

a) la primaria, relativa a la’limﬁiéza de las chapas de
acero (desnudas) que han estado expuestas durante cier-
to tiempo a la atmbsfera, en los parques de materialdel
astillero. Lo;'qiferentgs érados de limpieza de estas
superficies viénen sefalados eﬁ la‘norﬁa suééa 818
055900-1967. ‘

b) 1la secundaria, relativa a la lxmpxeza de las chapas de
acero recubiertas con el shop-primer y que. sufren dig~

tinto tipo de agresioues (quem&dqras. soldadura, accibn - -

de la atmésfera salina, etc.) durante el periodo de
construccién del buque}, Los diferentes grados de lim-

p1eza de estas super?icies vienen seflalados en 1l& norma

Japonesa JSRA (SP5S)-1975.

En esta investigacién se hm tratado de simular 135 dfsiintas
etapas por las que pasan las chapas de acero procedentes

de los trenes de laminacién en caliente de 1la aceria.

que al 1;egar al astillero queﬁanAsometidas al proceso de
construccidn del buque, para dhraéte'la vida en servicio

de éste, estar 1ntegrando el casco en sus dlstin;as 2onas
de. exposiczén’ fondos, flotacién y obra suerta.,fv, o

En el estud:o se aaalizan en profundidad 165 efectos de -

: dzversas varzables. agrupadas del siguiente modo:

VARIABLE
Ghzdo de. chmitado

PREPARACION PRIMARIA DE. SUPERFICIE,
N . e Ouumldnxﬂﬁn ﬂnini

oﬁ ’ S Envejecimiento del shopquuner L
PREPARACION SECUNDARIA DESU: E
7 ) ) ,SUPERFICIB Limpieza del shop-primer .

envejecido

e T T ETEREEEEREE W
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Lo ' Presencia de humcdad sobre la super-

conmczom:s DE APLICACION ficie'a pintar ¢
'mm,ssamnanernnnmm "11”‘°‘*'"“““““°f

© Vida de 1a mezcla (pinturas de dos
componentes)

_En ocra serie ‘de ensayos se analiza separadamente ‘el efec~
" to de la protecc16n cat6d1ca en el comportamxento de sis—
\teuas marinos de p1ntura '

- mssﬁo nm-:nuzx'm.

’.;J;Las probetaa de danensioaes 125 x 250 mm, se prepararon a
ug‘partir de chapas de acero suave 1an1nado en caliente de

3 mm de. espesor. _

- tria sgrie Qe probetas‘estuvo expuesta durante aproximada-

A_ueht673rneses en ﬁnatata6sféra rural exenta de contaminan-
,ftes atmosféricos del tipo 80 © cloruros. -
'En la Tabla I se expone el plan experlmental general en el
‘que se detallan 1as varzahles del estudio, asi como 1o0s

n1ve1es de actuacxén de cada una de eilas.

Gfado de Chérrcadb.; LOs'diferehteﬁ‘orados de 1impieza se

,obtuvieron por chorrendo centrifugo con granalla esférica

‘ dcl tipo .§-280, variande el tiempo de. tratamiento. La ru-

. gosidad finay obtenida fue intermedia entre Sh- 3ysha4
(Keane~?ator, surface Profile cOnparator).k.'

3‘Cbntaﬁinaéi6ﬁ”iiiiﬁa. Los diséintb:'ni?eies’aeVCOntani&

‘hacibn ‘se obtuvieron Aplicando cantidaﬂes variables de

~?soluc1ones en’ Aguly-netanol e Nacx ¥ Feso, . 7 H 20, con

4

. ayuda de: una Var111a de v1dr10';Posterxormente las pro

betas se»;ntroduc1qn darante,gggcxertp«tmempo en una

»

estufa de 1aborator10, a 40 50°C, para evitar al néximo 1a1,'

formacién de herrumbre.

Envejecimiento del Shop-Primer. ‘En la investigacibh'sev

consideran dos tipos de shop-primer: . a):del txpo epqxx— S
~-bxido de hlerro y ©b) del tipo epoxx—cxnc. de uso comin
en construccibn naval. A fines de comparacién de resulta~'
dos a una serié . de probetas no les fue aplicado shop—
-ptiﬁer El espesor medio de pelicula seca de ambas impri

 nac1ones fue de 30-40 pm aproxinadauente.

‘Para simular la cond1cibn‘ FO dg las normas»japOnésas .

SPSS del J.S.R. Ay las superficies, una vez 1mpr1nadas.im
fueron somet1das a un proceso de quemado con .1& ayudt de
un soplete de soldadura oxi-acetilénica. . Las probetas sé
mantenian durante cierto tiempo (~ 10 seg} a la. accibn de
la llama y se retzraban cuando el metal alcanzaha 1: teape-‘

_ratura de 3so°c. momento en que se producia el cambio de

color en las marcas real1zadas sobre las probetas con un
1épiz Thenochron de 1a marca Faber—castell. ‘

Al ensayo de envejeciulento en cémara de n1eb1a salina se
sometieron posteriormente las series de probetas inpriua-”
das que habrialsufrxdo el proceso de’ quenado. juntanente
con otras series de probetas donde 1a 1npriuac16n se pre-
sentaba intacta. Las probetas se. retiraron de la c&mara a
1as 300 horas de ensayo tiempo que coincidia aproxinada-
mente con el grado 7 de oxidacibn (ASTK D610) en Iaé pro-

. betas 1mprlmadas con el shopaprxner del tipo epox1—6x1do

de hlerro.

Limpieza del shop-pr1mer envejecido. Se consxderaron 3 gra3n

dos de limpieza en las’ probetas 1mpr1madas y enveaec1das
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ay lavado con agua y cepxllo de cerdas de nylon. b) lavado

"y cepillado mecénico Pt 2 (SSPS, JSRA) y <) chorreado muy

llgero Ss (SSPC JSRA) : ‘ -

o

Presencia ‘de _humedad sobre 1a sgpgrficie‘h p1ntar {CMN.)

En una serie de probetas 1as pxnturas se aplicaron ‘en las
condlciones nornales “de ltboratorio en tanto que en otra
la superficie de la prabeta presentaba wuna’ ligera capa ‘de
huaedad. anterior a la aplicacién de1a prxmera capa de pin
tura del esqueua. La presenci& de esta capa acuosa, se rea-
1426 pasando por 1drsuperfic1o de la probeta una esponja,

) aigo hu-edecida. innediata-ente antes de la aplicacién del

recubriliento de. piﬁtura.
rieuvo*dé*repincidc‘(T”x;) ‘La aplicacibn de la segunda ca-
pa del esqueua ‘de pintura sé realizé segﬁn las siguientes

f1nstruccionesf‘

jgi;,di el especificado por el fabricante de plntura
T.R. 2: 1la witad det tic-po minimo
t“r;t;%S; 15 dias

'Posteriores capas del esqueaa se aplicaron siguleado 1as
1nstrucciones dictadas por ¢1 fcbricante dc 1a pintura en

’ cuestibn. n

tratlnéost de piaturas de dos com

“ponentes. sE€ han proplrado seriet de probctas de acuerdo

con-los aiguieates niveics de actuaai&n de esta variable

V M.. 1. ) hr. después de haber realxxado 1a mezcla
- v V.M. 20 24 hrs. % v

s

En la Tabla II se expéneﬁ 155 sistemaé de pintura'aplicados-
en funcién de las condiciones de exposicién a que iban a
estar sometidasvias probétas de ensayo'éhAIas balsas de
experimentacién. En la Fig. 1 se ofrece una vista panoréi-
mica de la balsa dé ensayos. Los ensayos se llevaron a ca-
bo en E1 Abra (Vizcaya) y Puerto Real (cédiz).: )

Teniendo en cuenta el elevado niimero de variablpsﬁque com~
prende esta investigacibn, un estudio sistem&ticqque in-
cluyera todas las variables asi como todos los niveles de

actuacidn de cada una de ellas hubiese supuesto preparirfun

niimero excesivo de probetas, teniendo en“cuen;a 1as limita-

ciones de espacio de 12 balsa experimental. For ello,el
diseflo experimental que se ha realizado ha consistido en
el estudio por separado de cada una de las variables men-

cionadas, a base deVbloques de ensayos, hacigndo.;ntervenir

‘en cada bloque a aquellas otras variablés~més relacionadas

con la varxable objeto de estud1o Lo nencionado queda
11ustrado en las Figs 2 a 4 a base de circulos (blancos y
negros) y cruces.

Los circulos seffalan las variables que son objeto de es-
tudic en cada bloque de ensayos, asi como los: niveles de

actuacibn de cada variable, en tanto que 1as cruces indi-“

can las cundiciones comunes para las’ restantes variables
que no son objeto de estudio en ese bloque experinental.

F’Para estudiar el efecto de la proteccibn catédici se pre-

pararon probetas de 150 x 75 x 2 mn, que una vez chorrea~

das al grado ASa 3 se les ap11c6 una inprlmacién del tipo

“shopaprimer epoxl-oxxdo de hierro (20 pm) Yy una pxntura de

acabado brea»epoxi o clorocaucho (180—230 pm) de diversos

»
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fabrlcantes de plntura Las probetas en una de: sus caras
presentaban una zona cxrcular de 17 mm de dxametro sin’pin

tura.

Los ensayos se: llevaron a cabo en agua.de mar art1f1c1a1
(ASTH D 1141) y un sistema electrénico 1ndepend1ente para
cada probeta penlltia aplicar el potencial de protecc16n

) requgrido. Se consxderaron 2 nlveles de protecc16n caté—
dica: -0,85 Vy -1, 20 v con relacién al electrodo de re-'

ferenc1a de AgIAgCI Cono testigos a fin de comparac16n de '

resultados una serie de probetas estuvo expuesta a corro-

sibn 11bre en agua de mar.

| nes_unw

Perxbdicamente s¢ realizaron inspecciones de1 estado que
presentaban las. probetas de ensayo. En las 1nspecc10nes se
anotaba el. grado de oxidacién de la superf1c1e pintada y
el grado de ampollanlento del recubrz-iento de pxntura.

En las. probetas expucstas ala accién de 1a atmbsfera ma-
rina (Fig. 4) el det¢r1oro se -anifiesta pr1ncipalmente
por la aparicién de puntos de bxido en la superficie de 1a
: pxntura. La valoracxbn del grado de oxidac;én se rea11z6
de’ acuerdo con la nor-a ASTﬂ D-610, en la que "10" signi-

fica- ausencia de’ puntos de oxidacibn y ¥0" que'la super-

ficie- apar!ce Gompletaménte: oxidada._ En este artfculd - -

: onicanente reseﬂi-os que un sistema de: pintura’ eupzeza A

fallar (circulo negro) cuando ‘el grado de oxxdacxén alcan-

.Vza un’ valor de 8 o valores 1nfer10res.

En las probetas expuestas en innerszén parc1al o permanen—

L te - (Figs. '3 y 2) el deter1oro se nanxf;esta pr1nc1pa1mente

por la apar1c16n de ampollas en 1a super£1cie de 1a p1nnua;'
La valorac16n del grado de- ampollamlento se ha rea11zadode
§cuerdo con la norma ASTM D~714 con 1; que se.gvaluan 1a
frecuencia de aparicién y tamafio' de las ampoilas;_Bn este ;
articu;o_ﬁnicaménte'reseﬂamqsque un sistema:de pintura
ehpieza a fallar (circulo negro) cuando la frecuencia-&e
aparicién es del tipo M (medio), MD (uedio-densa) 0.

D (denso). . - T .

Tampoco se_considera falio de un sistema de pintufa cugﬁdo

‘el deterioro se.localiza finicamente en los bordes de la

probeta de ensayo, ni cuando el aﬁbolla-iéhto'éorreshbnde
a la pelfcula de pintur@ antiincrustante, que se aplicd

'de modo idéntico a todas las probetas expuestas en inmer- -

sién para impedir la incrustacién biolbgica. pero no para
su estudio en si. L ‘

" Los resultados que exponemos ‘en esta co-unicacibn (Fig.

a 4) corresponden a'un tiempo de experilentacibn de 4 aﬂos
en las condiciones descritas, reflejindose ﬁnic;ngn;e.las_
tendencias observadas 'y sin profundizar medianteé un an&-

lisis més .riguroso-de 1a“gréduaci6h”de efectos en lésfdig:'

“tintas var;ables estudzadas.

En la Fxg. 5 se exponen los resultados obtenidos al estu-
diar el efecto de la proteccxén catbdica. Bn las pruebas

a corrosién libre en agua de mar (sin proteccibn cat6d1ca)-

N 1os ensayos dnraron 12 mesgs, -en tanto queden 1ns>pruebas
‘en.que -se aplicd un potencial de. protect_ n,cat6d1ca. los

ensayos : tuvieron una duracxbn de- 50—60 dias._g

DISCUSION

Abordaremos la discusibén de los resultados experimentales
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obtenxdos en funczén de cada tipo de exposicxén y de las

~var1ab1es obJeto de estudxo

EXPOSICION ATKOSFERICA {Flg. 4}

Grado de chorreado. 51 bzen este efecto ﬁnicamente se es-
~tu416 envdos sistemas: {11 y 13), no se cbsérva ningﬁn efec

to negat;vo en los niveles de actuacién considerados para

esta variable.

Contaminacién salina. Con relicibén a 1a contaminacién por

Nacl ﬁnicamente en el caso del sistena 10, ¥ siempre y

5cuando 1o 'se aplzque shop-prin:r antes del esquema, se

'observa ur efecto. negativo por -la presencia ‘del contami-
nante NaCl & su nivel superior (100 lg/n ). Respécto al-

A”contaninante Peso4 todos 1os siste-as ensayados se mues-

tran aensibles & la presencia de este contamihante en 1a°
1ntercara netal/pintura. particularmente a concentraciones
superiores a 500 -g/- . independiente-ente de 1a aplicxﬂbn

o no del.shopfpriler. .

,MLimgieza secundaria del: shog-griner envegecxdo. En todos

los. sistemas 1a limpieza del shop-primer del tipo -epoxi~
A—6xido de hierro. envejecido, ﬁnicanentc mediante agua y.
cepillo de cerdas de nylon. se presenta ineuficiente. El
shop-priner epoxi-cinc parece. en canbio. tolerar este ti-

po de aﬂresiones.

Condicibﬂet:de‘
desviaciones ensayadas con relaczbn ala buena préctica

durante la aplicacibn de ‘16s recubrznxentos de pintura./

10

INMERSION PARCIAL (Fig. 3)

En la Fig.3 se observa que el sistema 9 muestra siempre“dé
terioros, con independgncia de la variable en estudio, 1of
que nos hace pensar que es el propio gsduema de pintufa;
al espesor considefado. el que no resiste las condicione§
de exposicibn., |

grado de chorreado. No se observa en los dos sistemas (7

y 8) doride se llevé a cabo el es;Udib'de esta variablé’niﬁ
giin efecto negativo en los niveles de actuacién conside—

rados.

Contaminacibn salina. El sistema 7 muestra séﬁsibilid#d‘a

la presencia de los contaminantes NaCl o Feso4 en la in-
tercara netal/pintura.'indebendientenente del Shopapriner~
aplicado, en tanto que el sistema 8 se luestra insensible

a esta variable,

Limpieza secundaria del shop-primer erivejecido. La lim-

pieza con agua del éhoﬁ-primér epoxi-bxido de hierro enve-
Jjecido por 1a accién de la niebla salina sé-preéenta;como
insuficiente en e1 caso del s1stem4 7 nxentras que el
shop-primer de epoxi-cinc tolera este tipo de agresibn,

El s1stena 8. en cambio. tolera el citado envejecimzento
independxentemente del shop-primer aplicado.

Condiciones de gplicqcibn.;Los sistguas’7‘y~ﬂ toleran las

<agiicacibn. Todos los sistenas toleran las

desviaciones ensayadas con relacién a 1a buena préctica -

durante 1a aplicacién de los recubrimientos de pintura. .-

o

"INHE!SION PERHANENTE (Flg. 2)

En: 1a Flg 2 se observa que el sistema 5 muestra fallos

v

3 <



http:recubriilli'entos.de
http:sh0P7pri.er
http:IIhop-pri.er
http:U.pie.za
http:shop-pri.er
http:shop-pri.er
http:sho~pri.er

con 1ndependencia de la Va;lable en estud1o. 1o que nos ha
ce pensar que es el propio esquema de plntura el que no
resiste las condztlones de exposicaén ‘ e

*

- Grado*de“chorreado. Los sistemas 1y 6 seﬂauestran insen-

s1b1es a las varxaciones de preparaci&n primaria de super—
ficie consideradas. . Todo 10 contrario sucede en. el siste-
-a 4, 1ndependicnte-ente del shopbpriner aplicado. En los

sistemas 2 y 3 el efecto de etta variable se acusa ﬁnica-'

mente frente a deterainadas sitqaciones. Asi en e1. sis-
tema 2 el efecto negativo de 1a variable se presenta siem«
pre que e1 shop-priler no - sea deﬁ tipo epox;-cinc. y. en el

sistena 3 €1 efecto se presen.a cuando no existe capa de
1nprxnac16n Yy las prtpuracione: superf&c1ales son aquellas
que conducen a nenores crados de. 11upieza 3y 5).

-

COntam1nac16n salina Los. rtsultados experinentales obte-

nidos con relacién al estudio de esta variable sugiere una
cierta interaccibn entre. lh! tariables crado de chorreado

y contaminacibn salina, en el sontido que la’ prescnc1a de

‘cierta herrumbre (grado 5~dé~éhorn¢ado)~ﬁyede'gxaitafiél

efecto de una contaminaciér salina en 1a intercara ﬁetal/ 3

fpintura. efecto quc por o mismo no hubiese tenido lugar.
‘Este. es el caso del sisteaa 1 frente a una contan1nacién

elevada. de sulfatf © del sistema 3 frente a coacentracﬁ:ns

elevadas de aﬁbos onta-iunntes o del sisteua 4 frente a if

cualquier contiminacién de 1as ensayadas ;‘

Er el s:steﬁa 2 resulta decisiva 1a intervencién dcl shOp-.

pr1mer Asi e1 esquena. cuando no existe 1mpr1mac16n.

tolera contam1nac16n alguna. 1ndepend1entemente del grado f

11

12

de limpieza bbr”choffééddﬂque'66ﬁ§ideteﬁo§; cuando el shop-
-primer es del tipo epoiikéxiaé de hierro Gnicamente se
observan efectos negativos en elTpeor”&e los grados de
limpieza (5) y frente a concentraciones elevadas de conta-
minante, apareciendo de nuevo el efecto sinérgico comen-
tado anteriormente.
El esquema 6 tolera 1a presencia de contaminacién salina .
indepé@dienténenté'aéi'Shobspiiﬁef‘gpiiéi&b;<f
. ' . i

Limpieza secundaria del shog-grimer envegeeido De todos

los . esquenas ensayados, los sistemas 2y 6: se presentan

"como muy sensibles al efecto del. envejecimiento del’ shop-

-primer y posterior liapieza. En el prinero de ellos. 1n— '
dependienteaente del tipo de shop-primer, ninquna de 1as
liupiezas consideradas consiguc paliar el efecto del enve—
jeciniento. En el sistema 6 el deterioro dnica-ente se o
presenta cuando el shop-primer es del tipo epoxi-éxido de
hierro. ' o

En los restantes sisteuas, exceptuando claro esti el siste
ma 5, del que por las causas ya conentadas no pueden ana-
lizarse los efectos. unicamente se observa un efecto ne-
gativo en la menor de las limpiezas consideradas este
efecto se presenta en los sistemas 1 y 3 cuando el shop~
-primer es del tipo epoxi-bxido de hierro y en el sisteua

.4 con ambos shop-priner.

EFECTO DE LA PROTECCION CATODICA (Fig. S)

E1 deterioro, en forma de ampollamientos, del sistema de
pintura se localiza en la vecindad del Area desnuda (ven-

tana © zona sin pintar) permaneciendo por 10 general en

.
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: mas de clomcaucho.

perfecto estado el resto de la superf“;ic1e de ensayo Ello
\es debldo al Eenéneno de deslammacmn catédlca que vcurre

" en- la vroxmudad de zonas sm pmtura., o

“AY observax‘ la. Fig. 5 se aprecza que un’ pctencml catbdlco
de -1,20 V. obviamente acelera. los procesos a6 deterzoro
del recubrimiento, en particular traténdose de 1los sist:e—

También se observa en lineas generales
‘un aejor cmportuiento de los recubrin:lentos de hma—epmu .

" con relacibn a los del tipo clorocaucho. ‘

‘Queda asiuisno bign patente la gran diversidad dé compor-
tamientos en pinturas que aunque perteneccan a un mismo tipo
. genérico. su fonulacibn puede diferir ‘notablemente.

‘ ‘coucwsxonss

. En 1a investigacibn se poue de nrufiesto 1a uportancia -
relativa de us distzntas variables conaideudas. En tér-
minos generales. 1as vnriables con mayor: influencia en e1

) cmportniento de 1os uqumt de pintura fueron:

L. Ia presencia de concentrlciones elevadas de contam-
nacibn nlina an 1a intercars -eta),/pintura.

C e el envejcciniento del shop-priner ‘sin una adecuada.
lilpieza posterior. :

un potenciul catbdico elevado.
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PLAN EXPERIMENTAL GENERAL

.

Sin -shapprimerk&) e zonas quema- | agua (1)

Epaxi~&cido de(1)

Epoxi-cine (2)
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TABLA II.«- Caracx:ems:lcas de Ius mstemas de plntura
- apllcados‘ ; N .

Tipo de exposicidn |

. Espesor total

)

:; Clomcmcho pxgnentado con
’ al\.mmo (Fabncame 1)

150

: ‘Clomcaix:hp sin pxgnem:ar

{con aluminio (Fabricante ¥ : 100

. |c1orocaucho pignentads | 109
3 con all.mmo (Fabncanteal .

Trmersién total

_‘ CIdtﬂcaucfb;sip gignehtar
jcon aluminio (Fabricante?2)

120

. Alquitrén-epoxi

125

" | Alquitrén-vinilico.

160

"lciorocaucho pigmentado

con al’minio

120

‘Inmersibn parcial | - B

Clomcaxho sin p‘gﬂentar
con almmo

140

100

: Alci'dico' :

'i‘ 135'

. cmrwocaucho sin p1gumtar
. con almuio g

'

Cwmcaudto &in p1gnentdr
¢ feon a}ummolacabado
Jacrilico -

“110.

¥ Vinizzca/aicfiéica ,,

100

“Fig.

V1sta de 1a balsa expermntal

agua demar

para ensayos de pinturas on-.
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* Fig é.-—xeémén de los r,esuxtcadosx,expehimevntg;gs correspordisntes a los sistemas de
pintura expuestos a irmersidn:permanente en agua de mar,
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OBSERVATIOHS ON THE CAT!&ODIC PROTEC!‘IO!@ OF STEEL IN BIOLOGICALLY
. : RCTIVB SEAWATER.

R.G.J.EDYVEAN, C.J.HUTCHINSON & N.J.SILK

| SCHOOL OF MATERIALS, DIVISION OF METALS, .
__UNIVERSITY OF SHEFFIELD,
| MAPPIN ST. SHEFFIELD Sl 3JD. UK..

ABSTRACT

' Cathodic ptotection of steel in seavater resulta in the fo:mation

of calcéreous scales. on the. metal surface. Such scales can be
both beneficial: in pzotecting the metal and detrimental; for
example “in: heat’ - gystems. The structure of scale is
wodified by che bal and physlcal conditions at the metal surface
including the presence: .of organic material., Data are presented
showing ~initial current density changes, and scale compositions
formed 1n ueauater with various levels of organic loading. The
results are discussed in the light of comparing experimental data
using artificial seawater with real environments. -

, » ‘Q iﬁrnooﬂcinN

Cilca:éo?s sc;lel are an 1uportaat factor ‘An the ptotectlon of
steel in teavate: by cathodic pzotection. They can be both
beneficlnl. in protecting tht metal and reducing the current
dansity tequt:qd for adequate protection. and detrimental, for

exauple ln reducing the efficlency- ‘of heat exchauget lylte-a or

causing tha dlsbond-ent of paint tilnt. The deposits a:e produced,

as a direct consequence of cathodic reaction and foza due to the
bigh pH genetated at the ptotected metal suxface causing the

‘solubllity. pxoduct of 1norgan1c salts in seauatez to be exceeded.

Previous work has suggested that azpiticxal seawater has markedly

different effects than natural seawater on both the corrosibn‘
{Thomas et.al) and the scale: formed in the cathodic protectlon
{Edyvean 1984) of steel and that ~ this Ls lgrgely due to the.

otganlc conteqt of the water (Chave and Suess 1970; Kitano and

. Hood, 1965). Many aorrosib& ahd cathodié‘uprotébﬁion‘ experiments

are carried out 1n artificial seawatez und this, ‘together with
the fact that there are large variations in the ‘organic loading
of seauaté§ means that any effacts of organice are 1mp§xtant in
interpteting and extrapolating 1abotatoty expetimental results to
a real situation. ‘ , 4

Calcareous deposits on. protected steel in seavater -are
principally calcium and aagnépium hjdrbkidés and. carbonates,
although they often contain othef ionc.AThe physical and cheulcgl
nature of the scale 31' important  in detezhining its
characteristics, for example its “throwing power" or electtical‘
insulation properties, the stability of thg cathodic protection A
syatemA and the protection af!ordéd ‘by the scale should tﬁe
protective current be cuf off fét some reason, whete éhe ocaie
acts as a physical barriet to the tluu ‘of dissolved oxygen to the
cathode, reducing the cozroaion reac*ion.
The reaction at the rcatho§e in the,cqthodic protection is the
formation of{hyéroxyl ions ‘and ‘hence an inbréaie'rln the pH-
imuediately adjacent to the c-thqd; surface. pH values as high as
11.5 have been recorded (Rarti, et.al.1984).
The scales that form tend to 'be. carbonates of calclum or
magnesium or botﬁi-‘ ' ‘ '
ca*t ¥ co, 7T = caco, (ppt)
mgtt C63ff = MgCo, (ppt)
catt & mgtt 4 200,77 = Caco3.ugco3 (ppt)

Caleiofn partecaate  dainates  oanAc T om Tyt sl T



http:barr:i.er
http:benefiel.al

crystal  forms 'dfaqoniie‘r hﬁ&xu.iiEite. Magnesium ca:bﬁnate
(maqnesite) and the nixed mugnes {um/calcivm carbonate. (dolomite)

also form. X

The thickness of scales has been Eound to incrense Iineatly with

. timeé, at’ least 1nitillly (WOlfson and’ Hartt, 1981- Edyvean, 1984)

and’ scalen several centiuetres thlck'cnn be found “on’ “offshore
stiuétdf?i,? ibpééia}ly’ where ' the metal Supfa#e is_hot (e.g. on
hdtii{sefi1¢airying»ﬁdiﬂoll from the seabed to-the pladform).

This ﬁdrﬁ ﬁatxdéiighgd as an _initial wtudy of . thé‘ cathodic
p:éé?ctiéﬁ1"ﬁée§61iem§nté“{ﬁndv natire offfédlcazeous: stale in
artificial, natural and’ ﬁéaviiy orgenically loaded seawater

enviromments.

" MATERIALS AND METHODS

Test |pec£neno.

Mild stiel {d. ozsac 0.004\8, 0.005% P, <0, 02‘51. 0 340% Mn) telt :

-pecinens of dincns!ons soxzsxl Smw. wete cut f:ou strip, drilled

. to. allog.ghc‘pq-paqq'of a support rod gnd electrical cpnnec;;OQf
~sdad~blaq£§d iich.zo-qo grit to.qive‘a clean uniform finish and
degreased 1n Aa1¢ohol The conection between the wire and the
specinen vas 1nolated ulth a sealant to p:event galvanic action

and ‘the specineas were. aulpended in the electtolyte on glass

:ods.g{gt eoch cxpcrincnt etqht specimens were. connected to - ope .

pole of “‘potontioctat ao as to act as cathodes, the circuit

being coaplwted by qraphiee anodes connected to. the othe: pole.

. Cuttent ‘uas nsasutod uiing a hlgh 1npedauce diqltal ammeter and

potential :against a saturated cnloael zefetence electrode) using

,@ zero tes;stance - voltmeter. Bach»:qystem~“yasu set <up at a

pPAGT 3

Wl

R

potential of —1 oov, The"a?patafus 80 arranded thit‘baits of_; N

specimens were exposed at diftetent depths from the top to the~

‘bottom of 30 litre plastic experimental‘tanks {60 cn),

Short Term Experiments.

%hgae sets of experiments yé:g ca;iied out, all uélng a:pifﬁclai
seawater (at 18°C */T‘ZOC)'containing ﬁaCl, CQSO‘~HgQ}2 and MQSO‘
(t§ BS ) as the electrolyte, Vatiatloﬁ8< were made in the
sn;fgce' condition of the eathode specimens and ln»qddiéionlgto
the electrolyte. These wereydesigned to reflect, in a uniform
way, high organic envi:onm‘ﬁtl. either on the metal aprface or in

the electrolyte. The first two series of experiments involved

coating the cathode specimens with an agar gel to which éatipus‘

- additions. had been made. For the fi:st‘ieiiesfof'ekpe;iuéntsV

(series A) the gel was made'using 30g/litre of agar Powder in
defonised water with the following addittonl ' o )
Al ~Agar gel + Sg 1 -1 KC1,

A2  Agar gel + 10g 11 xci.

A) - Agar gel + 15¢ 11 xc1,

M Ager gel + 209 I -1y

KCl.
For the second tetiesvoﬁ.experiuéhta (;eriés B) the gel was made

using 309/litre of agar powder dissolved in the fplléﬁibg}f

. Bl DEIONISED WATER

B2 ARTIPICIAL SEAWATER .

‘B3 NATURAL SEAWATER.

In all cases the average thickness of the. gell was between 1. and
1.5mm, - . S S ié";-j“;‘jgk

For the third series of expezlmentsSisézipsfci,nd_pqatipgnggl‘ﬁdg"
used,  instead organic material (Agar in solution) was added to
the aktiiiciql -geawater electrolyte im ' ébe' followinq

.
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T cihe.25 ¢ lfllhéiff:

€2 0.5 g 1%1‘a§arf S - oo s
€3 1.00 g,iTl Agar |

ca 2:00 q<;?¥ Agar

In  each experinenf' the current densiti'tequired to maintain a
’ potential of -1 oV (va SCE) was automatically logged over the
first 20 ulnuten on ‘immersion of the specimens. The data was

stored on a micro cnlputexffot later evaluation.

Lony Tetn Bprziaents.

-ettel of oxpcrincntn was carried out over %0 days 'inu three
Adit!e:ent ieavnt.: onvizonncnts to.. deternine the effect of
Aenvitou-ent on: thc natuto of the scale that for-s on cathodically
ptotccted ltcel. Tho envltonucntl nled were natural seawater Over
ieltultiﬂt nud, (ftq- the Huubor .-tugry ‘on the east: coast of
Snéinndu; dccoupo-ing _algal . material in :eawater, giving .a
xeducinq environncnt vcry htqh 1n orqanic -aterinl und bacterial

) -ntabolit!t (c.q. ‘ hydrogen sulphidv) and thirdly, nerated
;.ttitiéiaii;eiﬁntct.‘Tbibcvthrée‘énvirén-gatt vill be referred to
“as Vngtutai’ seavater, high btg:ﬁlc"iipwatof and  artificfal
‘ qgawat;r. ‘ ) ’ ’ ‘
Steel ipeciuuﬂn were expcicd tn eaéh'eavt:énitat at a potential
of -1.ov (SC!). A!tcz !o duyd tho nptclltna were removed and. the
natu:e :sz"» tho ‘scales uai acternincd nlinq x«ray powder
; dlffzacticn on !luely grownd material ucinq copper Ka rudiatlon

with a vavelength af l.ﬁ&oSnn.

RESULTS

) Shp:t Term Experimentg
Current densities were ‘monitored over the first 20 minutes. .

following immersion‘of the épecimeds in the test. environnents. o

Typlcal results from the three series of- experiments are shown in

figures 1 and 2. For gompatlson,betueen.duta 2 line of best fit

was. drawn through the first two minutes of each set of data using.

a computer program, The slopes of these linei; given in fablés 1,
2 and 3 provide a useful comparison between experiments. The

tablea also qive the current density after 15 ninuten.
TABLE 1

RXPER;H;HTAL SERIES A

EXPERIMENT, GEL. INITIAL
SLOPE, AT 15&15
(-A cn -}
Al Agar+sg 17} xe1 -16.98. 0.353
Az ‘Agar+Sq 1 i xCl ~<17.36.,  ° g. gg;'
Al Agar+5g 1 .1 KC1 ~19.96, 0,308
Mo Agar+Sg 177 KCl ~24.12. s 9.382
. TABLE 2

~ -EXPERTMENTAL SERIES B

EXPERIMENT. - GEL, INITIAL - ,<“cunnznr ozasxrx
: SLOPE. - AT 15n1!
. T (eacal
Bl ' DEIORISED WATER . ~20.81 . - 0.429
B2. . ARTIFICIAL SEAWATER . -24.82 . 0.488 :
£3 . NATURAL SEAWATER. ~27.84 - . 0iS31 .o -

LA

‘CURRENT DENSITY

Sl




EXPERIMENT.

Al
LR2

A3
gy

Averagc tigutes

givon in Table 4 below.'

B TABLE 3 3

C e

BXPBRI llmhh SERIKS C

ADDITION 10
ELECTROLYTE

oy

‘0. 259 1 Agar

0.50g°1; a1 Agar
1.00g 1 .1 Agar
2 Oﬂq 17 Agar

foz each ot the thzee

EXPERIMENTAL’
| SERIES

G)N'I'ROL

. SERIES A

SERIES B

¢ SERIES C

Long Tor. Bxpuzi-ents ‘

A vitunl txaninatien of the spccinenl atth‘so dayl exg Eage gave'

the folloviug rosult:

Spacilenc trou the natu:al -e-wotez showed ‘dark ctean/qzey scales

vith thoso on thc tpecinoas butlcd 1n mud being much thinner than

thoce r:ou thc water.

8pecin¢n: Oxpcced to tbt bigh organic zcducing enleon-ent had
blackened tchlas with 1atge uhite c:ystaln on tbeit auxfacel.
Spcciuen- from the stirzcd lttiticial seawatet showed va:ying

Athicknclsos

x-ray;dttf.

each aniron-eut due to depth ot watot and, tox coupaxison

betveeﬁ the envi:ﬁnnentt, three speﬁinens, taken ttoa different

a tenl/uhito 8¢ le. .
on,of the scales :howed little di!tezence wlthin

TABLE 4

Intfzan' | CURR

sekiéﬁ—of.expcx#méntc are

B

- SLOPE, B '&T 1
' . (mA cm’
-21.28 . 1 118
C :3?29.0‘:"‘ 1 [1}:13
~-18.07 0.912
-~16,02

1.6%1

AVERAG o
CURRENT DENSITY

0.995 mA com
0. 341““2
0.483 mA ¢m 2

1. 210 nA ca

g

gﬂ?gDEﬂSITY .

: TABLE 5 : :
' 'DIFFRACTION PEAKS OBSERVED .IN THE THRER SEAWATER REGIMES
* APPROXIMATE RELATIVE HEIGHT OF THE PEAK
PEARK ‘A . B ¢ D E-

DESIGNATION
ARTIFICIAL 60t 20% 0% ¢ '100% ot
SEAWATER . - )
NATURAL ,  60% ot o os0% - 100% . 20%
SEAWATER _ :
HIGH ORGANIC o oy . 60% 0% 208
SEAWATER, : :

: raann 3

CARBDNATB HIRERALS OBSERVED Iﬁ THE SCALE DEPOSITS

“10%

50%
oy

APPROXIBATE PRO?ORTION Ot VARIOUS MIHERALS‘ )

ENVIRONMENT - « Annoouxrs cancxwz nononxrx nasusstrx .
ARTIFICIAL : 25% 408 - 308 5y
SEAWATER : C . R R
NATURAL 11 .80% - 0% - 20%
SEAWATER C e oL e s T
HIGH ORGANIC oy 60%  35% - 0 Sy
SEAWATER: . : : : o C

depths in each environnent wezc selected and theiz scales 'gfoﬁﬁé'

togethez. The x-tay diftraction traces vexe tound to be unique?A

foz elch environnent To euphasile the dittexcncel xandou lajoz

peaks have been tabulated in Table S. It is appazent fzo- the

table that the coupounds giving xioe to peaks C and ) 4 'ate oul?f

formed in nltutal ceawate:, the coapound qlving zise to peak B is

only found 1u azti:icial ueauater and that io-c cunpounds (A B D"

and E) are not foumd in organic: xlch reducing environuenta.'d

An analysis of the traces foz catbonate linexals gave thef<

results. shown in Table 6. Calcite ia the mdst abundant allottcpe~‘

deposited 1n all tbe envizonments. Calcite,. Dolowite, A:aqonite}

»
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aﬁd‘ a little uagne-itc wcte EOund in the artif!cial seawatet.
Only Calcite and nagnnsito were: £ouud in the natural aeawater and

mainly galciﬁe'aqd doloaite were found in the otgnnically xlch

reduciﬁg environment, Afagonite was ‘only found in the értificlal
“J(btéanicAfree) seawatet'énilropmént., ; ' .
While the x- -ray - dlfftaction peaks could be = resolved for :
fallotropes of carbonates scome of the other peaku present could
not be fdentified with certainty. Hcvever, sodium chloride and

_ iron oxides are typical ‘conﬁahinatiﬁg‘ peaks.

. D1SCUSSION

The electzochenlctl zeactloan that occur at the surface of

cathadlcnlly protected lteel ate considetably uoditied by a

biologlcally nctivc cuvlron-ent. Such an enviroament, results in
a. conplex interfacu botvocn thé -utal and the electrolyte.

The foruation of calcc!eous ccalcs in lcawatet is due to. the high
pH caused by the clthodic rednction :taction. However, thd

eutrent denalty. and hencq pﬁ. over the nctal lurface vill fall

as the scala build- up. Thu- the lcale il the result of a complex

nequence of lnitial aud lnbsequent teactlons at 5 range of pa and
cuztent den:ttlcs. The natuxc of th' tixut torned 'bonding
layet ¢ is 1aportant to the intcgtity ot the lubsequent lcale,
whlch la -or. controlled by factorl in’ tho cnvlronuent_ Thene

V includc the ratlo o! 1norgan£c ions, the rate of

czyntalllsntion-ﬁpﬂ, tuupc:aturo and the. ptateacc of inorqanlc
soiutes uutuno &t.u.,xns,. ; ' C

] Althbugh the thott enzn exptrilents are not entirely consistant

they do -how some iatctesting t!.ﬂdl' elated to the otqanic and

teaqthn~ Tate at the surface lea6~n9 to lowet cur:ent demand

_be lePO. and thls “the’

increases with increasing :potassium chloride ‘1n~ the éurtace

coating (Table 1) and 'deczeaseé 'vith_ increasing agar in the

electrolyte (Table 3). This may indicate the role organic

molecules have in élowing down preclpltation processes {see

below). Rowevez, these: slopes a:e not tetlected in the current

“densities found after 15 minutes. In £act, in Experimental series
"B the curtent density after 15 minutes in dlrectly contradictory

“to what may be expected from thcateepness of the slopes.

Compazisons.between experimental series are 1nvalld due to Ehg

obviocus ttnaitivity " of wesach run to slight variations in

'experiuental technique. However, experlucht' B2 does fit with

experimental series C. The results for leries B show trends are

opposite to what mlghtAbe expected_ln that the oyatem with some.

organic content (natural :eawatet) gives the lteépest'slope {but
the highest current density after 15 minutes). Thls teflects both

the lnoxganic complexity, which re:ults ln a tapid sutface

reaction and the 1n£1uence of organics, (llowing prncipltation?l
in natural leavater.

In the longer teru experlmentl,‘ the preuence of organlct 
produces a conside:able effect. Tﬁere are obvious diitcrence:,‘

shown in Tables 5 and 6, in the cryatallographic natute of the,

s

scales Eozﬁed in dlfferent envi:onuents, 1t is 1nterenting to

‘note the -ljox differencel between artiflcial and naturcl
s.awater and ‘then to note the coniidetable eftect high orqanic'
loadinq has on the naturo of the ccale. roducing the calcltc and>
naqne:ltn gnd 1ncraatlng tha propottlon of dolonltc uhenA
.canparesd to natural seawater. in tcct in " terms’ 61_ f%hb
'calcium/magnesium mlnetalu, with ‘the exceptlon of arcgonit:, the

high orqaulc seawatez is more akln to artlficial_ seawater " than .

naturai seawater in Tes effect.
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Hartt et.al (1084) :-port that lcalo cunpocition is a function
‘of current dcnslty and that in luboratozy systems at low current
densities calciuu cgrbongte is fuyoured while the magnesium
coatentv incrcuqes~’gtth increasing current deoﬁiéies

1958). A higher pdtfngiil will also: produces a less coherent

»scale“(narettqi eﬁ.ai}lﬁ‘SE. Edy#eun‘(LSSA)‘has £howh a layered
st:u@tdxé of ,scaietK formed in ifléwing ‘seawater uith high
haqneaiun' co-poundl. such as mggnetiun hydroxide and carbonate
nearest the surface and then, as the current density and hence

the ph dzopc. calciun carbonates futther awvay f:om tha surface.

- Tht intluences determnining which polynotph of calcium ca:bonate

depositl are cenplcx.' In Seawater, if ptncipitatldn is rapidq, .

aragonite vill depooit dno to the presence of uagneainm ions
(Kitano et.nl xs?s, Ponbococt,A 1880) and this is the case in
a:titlcial Seavater und in scale closest to the steel surface
(Edyvean.‘ 1904).» Hagncsiuu is thought to retard calcite’
d&pooitlon by inczeaaing it -oiubility, Howevex, except at high
tenperatutel. a large pozcnntage (40\ at 10 c; of any precipitate
from a carbonate colution will still be calcite even in the
presence ot naqnesiun (Kitana, 1962).

Thu-, the neqnence of dcposlttan in ‘the - artiticial seavater
uould be. . that the inlti.l hiqh currant denlity causes a thin
1aycr ot nagneliun hydroalde and lagnesite to fota.' This is
followed by atagouite. {as the presence -of -agneniun will retard

c-lcite, d-po’itioal and  the mixed magnesium - and calcium

‘csrbocntcs ln ddlo-lte s0d . thon, at lower current densities,

depoultion of c‘1¢1t0.§

Iq the ncthcal -ba;dtnr environments : the. ninerals are

) deposited in quite difft:ent ptopo:tlont (Tnble 6). Thete is no

nragonite or Dolonite but only nagneaite and. calcite and 1t is

Enfy “V"!

{Xlass,

likely that the difference is caused by the presence of organics.

in the seawater. Kitano and Hood (1965)  studying caletum -

ca:bonaté precipitétioa from sblutiohi containing _org,qgei
material found that many ozganlc acids. such as' malate, 1acta£é
and pyruvate cause calcite rather than axagonite depositxon even,
in‘the pzesence of magnesium., Sevetal mechanisma have been
proposed for this effect, 1nc1uding ‘the presence.’ ‘of- orgahlc;
ccnpounds slowing down the precipitution tate, the: complexlng of
ng+ wih organic compounds or . thc telective adsorbtion o£
organics onto araqonitic surfaces inhlbiting czyatal gtonth
(Kitano and Hood, 1965; Lippmann, 1973). Thuc. 1n the natutal
seawater magnesiun conpounds are 1ikcly to depbslt first folloued,
by calcite{ the depdsition rate beinq olowed by the presence of
discolved orqanic;.‘rinully 1n the biqh organic leawater Both the’
current density, and hence pH 13 likely to be lower;due to ,
absence of oxygen and the dilaolved ozglnicl vlll highe . |
The slou

these factors will Iead to very low depouition zate'
reaction and organic aatetial is likely not only ta prevent
aragonite from fotning but also allon nagnesiu- 1ons to. -odifyv

the calcite pzeclpitntiou to dolcaitc.-

R coacausxons -
The physical and electtochenical 1ntetactioni at the p:otewtcd:v
wetal surface 1n the diffetéht envitonuentl lre obvldusly co-plex

and  more detailed uozk 1- tequited ‘on' hlghlr cont:piled

- ,envi:onmentt to zesolve the reasona for - 111 the diffe:enctc

observed. However thil wozk does show the 'hlgh degree of
variability of acale formation and cathodic protection behaviou:
in the early stages of gxotect§09,

.
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A CONTRIBUTIOH T0 Tﬁl 928X31110N O! A QQALIFICATIOR
PROCRDURK EOB APPLICATIOﬂ oF STAIKLESS STEELS IH SEAQATER
J.H. Krougman and F.P. IJsseling
Corroaion Laborctory, Royal Notherlands Naval College.
.Den Halder {The Retherlands)-

b1

A qualitxcntiqn procedure - in deecrih‘d ahich ‘basically

consiste of: three types of exposure applying micro
creviced;dpecimens: in a temperature range including the
service temperature and measurement of the polarisation
curves in simulated crevice solutions in the same
temperature range. The procadure is applied to a duplex
stainless steel which was available in three prodyct forms
one ot which bein¢ teated 1n addition in walded condition.

' L. INTRODUCTIO!

In: toanater at nsbicut tesperature tho cuecoptibility to
crog&ce corrosion detorginoc the npplic;bilitv;ot

cesiulesu-iteelsw From litersture many test methods are

: kno«n for ootablishina tho lulceptibility to crevice

»ost ot thhoc tuat aothodc doltvcrinc a

corrooioa,
erion 4 Pllkiﬂt {ref 1 - 12} However.

capeclally tor critical Applications. tho behaviour under

the actual oﬁrvlce conditiont -usr "known ldr thie

‘reaaon datu concerntng 1nitiation tino; prop.gntion rate

j and tendency to repacaivation have to be obtainnd

From the manifold of factore which may influence the

‘crevice corrobion~per£ormance‘aad~the:demand'fer data

concerning actual service conditiona the need to qualify

‘stainless steels for application in seawater can be

© derived.

2. K!PERIHENTAL

2.1 Material :

Specimens -of a-dupiex¢etainieéc steel (ZSCrsﬁiZ;sﬁpZC@)
were available in three product forme: casting ©, ‘Bar‘
(B} lnd plate (P). The chenical oonposition of the product
forns are given in table 1. The product fornc caatin; and
bar were available in solution-treatod (8) and uolution- )
treated plus uged pqudition (1), plate wae qvailablggin
solution-treated and co;utiou-trohfed Plus welded -, R

condition (W),

2.2 Exposure teats'

L2.2.1 Galvanlc coupling

The teotin( is porfotned applyinx sanples which are.
providod with scratches, co?orod by - an Q-ring. and -ounted
in a- cpociuen holder (111. 1). The acrutchod~sanplo

‘~_(anode) is ahott circuitad with a Lir‘o eathode (100x100

. ) .of the saneualloy;<by~ueangmo£;aA:oro;rea;atanqe.

ampeter. Both the free corroaibn‘pot@ntiai-dudwthq current.
between the electrodes are neasured as a functlon of tine

{ref. 13Y. In this way apart from the initiation- time.

~
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the propagation qnd repausivation behaviour uay be
1ndlcated., In fig. 2 the scratched surface . before and

after attack 15 shown, . The teets'ﬂith 5a1vanic couples can

R 2 applied with £reshly exposed cathodes &s well.as with

pre- oxposed cathodet The former’ repreuont the. setal being
initiallv equaed to: seawater and the latter corresponds
>to 2 ctainlecc aurface being partly cleaned or damaged

:after prolonged exposure in seawater.

‘)2 2 2 Pot.ntiootatic oxposuro '

- The aleetrochenical :ea-urin( method to be used is
’ bas1cu11y tha aana as. ;entioned under pt. 2. 1 keeping the
o ncm‘tehod sample. potentiostatically at 500 aV ve, SCE for
2'threa hburl :oacuria( the current flow. By 1hcreaaiug the
»tenperhturo tn steps of - 1500 the. exponures are pertorued

v‘etartxna at 1000 (rct 14) "Apart . from a’ rankina accordins

to the liniuu- 1n1tiation to-perature an indication of the '

'propa‘htion 1. obtuined.

’ 2 3 Polarin‘tian tca-ure-onts
1Three cinulatad efevicc tol:tiona sre: usod . artiticinl

aeaviter (prcp-red aecordinz to ASTH - utandcrd B~1141«52).

- :b art&ticial*caauat-t cith an add:tion ot 146 gram aodiun B

-“chlofldd tor ‘Yiter nouvator and’ aciditiod wtth
?’hydrochloric acid up 1o vﬂ 21 ¢ artiticial ceauater with

an oddltion orrzsa :r«n aodiul chloride per 1iter seavater

: and nciditied uith hydrothnric acid up to pH 1 The test

solutions are debxvgenated by nitrogéﬁ fhe.t;aia are
performed at 10, 25 ‘and 400C. The neasurenenta are carried
out scanning pctentiodynanically in anodic direction with
a scan rate of 20 w¥/min. More experiuental details are
reported in ret. 15. The aim of the aeasuro-enta is to
obtain current densities and potentinls characterietic for

crevice corrosion initiation.

3. RESULTS

3.1 Exposure teaga

3.1.1 Galvanic coupling

3.1.1.1 Couplin‘ to, !resbly exposed cathode

The cnthode for theee exverinenta wae hnde of duplax

, stalnless steel plate. (S) The durotion ot the exposure

sas 56 days and in one case 4% days. In til. 3 tho curreni |
and the potential ot the apecinens are given as a tnnctioa
of t;-e. it appears that casting (5) initiated crevice
corrosion within 8 days &nd casting (A)‘ﬁitﬁin:a d;;c:,bar
(A) initiated within 7 daye. Bar (5), plate (S) and plate

(W) remained freeé from crevice corrosion.,?he ‘mans: loasec.

~ the total cbarxee. the typeo of attack and the laxinua

penetration depths are ¢1ven An tuble 2.

3.1.1.2 Coupling to pre exposed caﬁhodaﬁi
The cathodos for thece experinentc uern the aune aa used

prevloualy tor the coupllng to treahly exp¢aad cathodes

The pre expoeure tile uaa two -ontha. The durntion ot the

.
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oxposure was 25 davl

" In fig 3 the current and the potential ot the specimens
ve. tike are xiven It appears that casting (S) initiated
:within 2 daya “and clltiug (A) within 1 day. bar (A)
‘yinitiated within 1 day. Bar (S), plate (8) and plate (W)

ronalnod free from crevice corroaion.

The masa Iocces. the- total chargec, tho typeo ot atttek

and the naxiuuy penetration deptkq are given in table 2.

"3{1;2;gﬁténtigéfattc{ex;oc@re<tectt
',Th€“§péciiena h&ﬁe béon'tested~1n duplicate at 500 wV ve.
‘ SCE in natural secwator at 10, 26 and 4000 In fig. 4 ‘
“N_charaeterietic currents of the specimens are shown. In
N table 3 the nass losses. the total charges, the types of
- sttack and the maximum penetration depthg of both eides of
".the speciwens are ii;on;.1t~appqar. that the mimimum

to-ﬁérttur-cfit 'kich;thd lroctioia 1ait1atdd crevice
corroeion are as. tollous- casting (S) 1000. bar (8) 250C,
plate (8} 400C,. castinc (A) 1000. bar - (A) '250C ‘and plate

) 400c.

8. 1 3 Polarication neasurenents

'}The eriitca .current densitioc for pacsivation and

}_breakdodn potenttalc are given 1n !1; 5 The roeistance
' ‘aaninst erovice eurrosion being tavourad by lou critical
'current den-itio- and high breakdonn potantials. ‘the

' tollowing ranking 1n decreaainz rooi.tauce can be

‘established:

- ‘regarding critical eurrent densities

- plate (5) . * bar (8) : asting (5}’
Sy >
plate (W) ‘bar (A} caqtins (a)-

- i&(ardine breakdown potentisle:

‘plate (S) > plate (H) > bar (8) > ‘har CA)
> caeting () » caatina (A)

4. DISCUSSION

- The toaults ot the coupling tests applyin( troohly oxpoaed

cathodoe and pro expceed cnthodes are bnaically the same.
Tho nain difteranea, which was to be expectod. 10 that the
pre exposod cathodes decrease the 1n1tiation tinq ot

‘crevica corrosion. This ia caueed by the relativoiv noblo

potential of tho pre exposed cathode shitting the
tential of the ecratched sanple in positive direotion
thua stimulating 1nit1ation of crevico cotrosion from thc

utart o£ the exposure.

" In seawster the pH in crevices qpontanooucly doeroase- to

| approx. 2 (ref. 18). It 1is. poutulated thut critienl

current . dansitias. obtained in ailulatad crqvieo
.solutions, huhar then 10 uA/ca2 1nd1cate depaul.v.tion
- hence susceptibility to ‘crevice corroaion {ref. 11)
Moreover breakdown potontiais-below approxv,soouuv ve.
5CK, which is the highest potential etainleuo steel can

reach 1n seauater (ref. 18), -also- 1ndicate auncaptibility
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to éreviee corrosion. So. tegn%ﬂlng'the'roteﬁtinl vs. time
curves of the galvanic coupling exposurea, the current vs.
tine curvee of - the: potentiostatic neaeutenents ‘and the

breakdoun potentiaiifin-nilulated erevice éolutiona at

‘2560. it was to be expected that'd&riﬁx-the coupliha

exposures casting (5), casting (A) and bar (A) would
initiate crevice cofrosion and that bar (S), plate (S) and

plate (W) would remain free trbn crevice corrqsion.

.The ouperior perfor-ance of plate -ar be attributed. to a
‘~h1¢her -olybdenun and l lower eulphur content conpared
'vith castin: tnd b.r. The inferior behavionr of solution-
.treatod plus a:cd product forms nay be due to

precipitation of deleteriou- phnseu 1n the nicrostructure

-

‘dur}nc-aziag.

fFrou the resultu obtained the folloninc ctiteria for
’quulificatién at tbo ihtended service temperature may be

derived: 1. no»initiat@on of cravice oor;oaioa,’neither in

the galvanic coupling exposure tests nor in the

_potentiostatic tests at the highest potential the alloy
‘can resch in matural seawater; 2. in addition this '

' bahuviour ihoulﬂ’bo enntir-od by polarisation noasurenents

in liuullttd crovico eolutions, 1.. artifical aeawatar up

ge kn ‘iddition of 146 g/1 codiuw.ckleride and scidified up -
‘ ts pH 2" 1ndica£in¢ eritical curtent deﬁeltiea lower than
g uA/cnﬁ and breakdoun potentffle hi(har than 500 ®V vs.

SCE. However, more reaearch 1 e. laboratory tects and.

long-term exposure has to be devoted to the. procedu;e to

prove tbe validity of the proppqqd qualification criteria.

5. CONCLUSIONS

From the results as discussed above the follqgih¢

conclusions can be derlved'

1. As re;ards the exposure tests, npplying nicro creviced “

specinens. the differing severities of these tests
deliver reeults'yhi&h‘nai mutually confirw, reinforce
and/or complete the crevice corrosion characteristice
“obtained. ‘In this respect the polarisation measuremente

‘in simulated crevice solutions may also support and/or

verify the results of ‘the exposure teste. On this basis

the test procedure applied is more adequate to qualify
stainless steels for gppliéation under ictuﬁiﬁhéq&atgr

service condition'thun'one-sinxle ranking test method.

2. Concerning the sanples of the particular duplex

otainlesa steel tested the followiu‘ concluaiona ‘can be

drawn:

- In solution- treated and solution-treated plua noldod

Vcondition only plate did not aproar to bo suaceptible B

to crovice corroaion up to 2500. '
- In aolution treated and solution—treatad plut aged

condition bar behaved botter than custing

-~For each product toru the susceptihllity to ctevi¢a o

-
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. ) ]
corroaion in aolution—treated plua aged condiéion is
increaaed conpared with the so]ution—traated

condition.
's( atcouuxnnarron;

The quul&fication proeedure applied in this investigation
has- been bacad on. relatively shcrt—torn laboratory
exposuroe applyinc one typo of crevlce teo-otry. It e
envioecod to continue tho dovalopnqnt of a laboratorv
qualitication procedura pertorniuc by 10n¢-ter- expoeure
in situ an well cs 1n the - laboratory, ‘In addition

jthe nicro creviaed oxposure tect will be adapted to enable
teetln‘ ot tubular product:

1;*nmmcn‘* s T
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. THE CORROSIGI Aw Pmmlm Ol' STEBL PIPE PILBS
LIN twrm SEAWATER . .
/
' ‘pr. szoshl Katavak;.‘
n N Dr. ‘ratsuo Asama*“
‘ ) nxuyuki Doi"‘

" 1. INTRODUCTION

»

ln or:dex toc secure 1onq-t.m durability of ottshore steel

stmctures. l'.he ‘establishment of coxronlon protection uchnoloqy may .be

said to be indispensable. Puctlcularly, the corro-!.on conditions are

o uvenst at the splnh and tidal mnu, uhn. ulntemnce and repair are
,dilﬂcult. and .lt is uhcolutcly necessary tor a corroslon protection

technology which can be applied to this' euvironaenth
‘l'harefore. as a part of the J pa ‘Gow
Comtmction s p:cjcct tor 'boulopaent ot Const:uction rechnoloqy for

t ﬁlnistty' of

Offshore St:ucturu . msn usu of coxtosion-pxotected ‘steel piles '
with the objéctivo of Mlopmg [ nov. lonq-lutinq and maintenance-

tru corrasion p:ot.ectlon uclmoloqy were started at two locaticns on

the Paclﬂc Ocean coast at Japan with a 15-year schedule from 1973 to

19687 1n the form of joiut research of the Ministry of Construction
!ubuc Works Research Im\uwtg &m! the qapnnne Auoc.tnu.on for Steel
H.pc !Llcs “2}3)

fhis paper is a smdutim of the test result for f.he long term ..

period from 1973 through 1%7.

*»  Dr. Kiyoshi nrm ‘A the. duector uf Che-htzy Division, Public

. Works .ressarch lmtimtn. ‘Ministry ‘of. Comuuctim. Japanese

' -Goumnt. He has angaged in the unaql,ny research activities
related on the maritise structure and civil engineering materials.

o+ pr. Tatswo ASAMA {s the sxecutive director of Japanese Association

for Steel Pipe Plles (OASPP). His principal . achievements-are on

ragsearch and dewelop of steel. pile dul.gn and construction
.. practice in civil sngineering. techqo.logy o
#+% My, Kazuyuki Dbi is & technical bex of Jap ‘Associstion for

‘Steel Pipe Piles. He is a senior usenrchet of Surtnca ‘Treagment
Research Lab. R&D Laboratories-II, prpon Steel Corporation. He has
'engaged in research and déevélopment of cotmsion protection tech-
nologies on maritime steel structures. . .

g e+

‘2. TEST MATERIAL AND TEST METHOD

(1)‘ £xposure Test S.\tes and Their Corrosion Enviromnents

As bhe exposure test 'sites for corrosmn-protected steel pipe

_piles, two locations were selected at Chiba and at Ajlgaura. Chiba is a

site inside Tokyo Bay fac:lng the Paciflc Ocean wheze wvaves are quiet but
there 1: ‘contamination of seavater. ‘l‘ho expo-ux'e llte is 80 L3 ottuhore
from a tactory wharf in the city o! Chiba. - on’ t‘.he other hand, Ajigaura
is a location at the sea coast of Ibataki Prefeétu:e taclnq' ‘the Pacific
Ocear vhere waves. are rough but the’ seavater is clean. ma' exposure
site is 100 m from the shoxe lm. (See l'iq. 1) T

Hext, mvestigations vere mde of water qu;lity of seavcter in the
vicinity of the exposure tett ites in order to confirm the corrosive
nature of ‘the expdsute envimnmnu. ‘l'hc tesultx of the m\ter quanty
tests are given ln Table 1. &ccotdinq to this table. them wat nothing
particularly unulual. except for the (act:s that the chlorlde concemtra-—
don at Chiba wvas sl.ightly lover cmpcnd with sundard :eavatax', nm!v
mt the i,r;dex of water pollutio;\ m‘ at chlba vas hlgher than that - &t
Ajigeura. :

Ajigaurs Site

Fig. 1 lzo'cation'oi Exposure Test Site
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Month k

Invesiigate(i

Chi.bls o
!‘eb '15‘ ver

Feb '76 ...

act '77 ...

Aug f78 L

aul e

Kug 80 ...
Jul ‘81 ...,
Sep ‘82 ...

Aug '8 ...
‘l‘lov 84 ...
Jui ’ii'

&jig.u-u
Feb '76 ...
Jul '77 ...

: Hat_éx
Temp.
{"C)

8.5

.5

19.0
3.8
5.9
19.0
26.0

24,0
23.3

17.3
21.3

9.2
22,0
240

10.0
23.0
’;l.i
RT3
;1‘7".(} -

pH

8.60
8.20
7.90

" 8.08

7.67

.30

.00

s.18
.40
$.10

8.20

s.20-

8.20
8.25
‘.47

810

8.10

8,10

1.%0
8.1

- 8.3

‘I’ABLE 1
Cheuical Analysi.s of htural 5e¢uater at l:xposure Sites

o

i

17.61

18.19
18.50

15 93

16.35

17.81
17.80
18.00
14.60
17.96

16.40

19.32

18.84

18:50-
18.50

175 90
17. 90

18.90

éof"' 0o
(a/1)  (ppw)
2.42 8.1
2.3 -
2.40 3.8
2.28 6.2
- 5.2
- 7.5
- 1.2
- 7.4
- 5.6
2,67 1.8
.23 - 7.3
2.65 -
2,39 s
2.49 8.5
2.59 11.7
- 7.5
- 7.8
C2.s4 1.8
iatSO" “'7.3; B
.65 7-10

con
{ppm)

2.0
2

i
{ppm)

0.20
0.27

0.18

°

" noj

{pém)

1.40
1.00

{2} Numbers of Steel PLpe,PiieS and Test Fieces, and Areas Corrosion-
Protected T ‘
As materials to be tested, steel pipe pnes‘wich comprise the

‘ s;»ruc't‘ura‘l fc;rm utilized most comnly ind which can serve as bases _whén

cohfigurationa iré complex were aelectgg. The steél 'piég pilés uéqu

were 24 structural-use carbon steel pipe piles of 508 wa diameter and 'l(

® length at Chiba and 18 piles of 609 we diameter and 16 m length at
hjlgiuta. of the toul nusber of 42 steel pipé piles,’ ih‘tee piles for
aontxol were not cormion-pmtected. while 39 were given corrosion pro-
tection ccvezlnqx o! Cmat the spluh-ti.d&l zones as shown 1n rig. 2.
(SQe Photo. 1 and Photo. 2) - ) S -

Also, small diameter steel pipu of 100 mm diameter and 2 . ] length
were pzovided with cormion pmtcction coverings as shown in Fi'l- 3 and
used as test pieces. These test pleces were exposed at the splash~tidal
zones lttez being inflicted  in advance with the 3 types of artificial
defecte, that is, inpnct defect, lbuuion defect and scratch defect.
The total nu-bcr of te:t piecun pteparcd was 100, But in this paper
test rawlu of steel p}.pt puu are mainly ducribed. '



1)

. ‘The typu; - u:mu mtutioa -;ﬁm a,pued were selected 'ram.e 2
utmg systm puscnuy btlm ninly useﬁ. mvd awong those »ew. with DESCRIPTION OF CORROSION—PRO’!‘ECPED STEEL PIPE PILES EXPOSED
which long service uvn nig& . b miﬁ.' oﬁ tmlning cormsiem re~ AT CHIBA AND AJIGAURA
‘-ncmx, applicsbility, * oy o -  mavketability through investiga- o : B o ' ' B
: tim ©of literatwre “&& > ‘pﬁt.mnco 3 Wo. - - ’rype of covcrlng v | Exposure Test
' T™he ‘Rinds of mu lntuc mc As !onm: : ’ lf,StlinIau steel T o o
metal covozin lnun cevenmas ...........'.....'.'....... % kinds : ' (25 €r<13 i, sheet: vnp. ¥ l-l .,............. D cz(r, T)
Paint syutm eiberasecebraesssssotrracssrensenresrensnas 1 Kinds o 2 "Low-»alhy. cormlon-xuhmt lmx o o .
Wnlc lining’ ty.tm tirerelitenisetacnttsacnararanerare ‘19 kinds (C'u—Cx:—M, lhut NTAp, € ) .q................. c (v. N, A (P. k47

'!iloml {sheet urap. 2 —J teesadeeeriesracaspiis ‘e (1‘) ,
| Titanium ‘(éhest clad, 0.5 wa) ° et c"m:
!'llne-tpnyod alominom with ual mt (200 m . C (P, Lo}
Flame-sprayed aluminum (100 -3 4+ ml-uz ' R
oo S _ | €POXY (300 M X 2} sievevererneiernecenionesecns ,t':v'trf.‘ n
e e S . . ! 7 Flame-sprayed llui\. (100 n! + ooal-tlr
' ' ' spoxy vith glass cloth (300 = x 2] .....veeeee A (T)
8 Flame-sprayed alumiuom (100 ul + cou-m K .
‘ . , epoxy with vinylon cloth (308 = X 2) .....e..is C wen, LX)
e .tui.ﬂn !kh (11} pu) L . o .9 Flame-sprayed :Lac 4100 m} + coal epoxy 'V R
YT ' e ax2) ,c&r .
CE Lt T : : ' T 18 Inerganic sinc-rich peint {100 L (‘S) o
‘ 11 ln‘i:r,a‘ﬁic “:itic“-rlch ptl.n!t (75 m) + cosl-ter - ;
PoxY (300 M E I iteeiiiiniiiiiiniieannsnenis AP, t). A u';'"fr)
12 xnorgmic sine-rich’ pthntr 75 m ¢ ‘epoxy S » e
‘\dth thl cloth (JW - 31 ..u-...u........_c "o ‘ﬂ % “p?)‘
13 Gliss flaKe-filled poly.ltit (1w and 2 ma) ... c‘«m. am
147 Folysthyiene (eolnciou typo. .xmwhn B .
):occu. t-) ....u. :
15 ;Myothylom hdhuin typof oxn'u v .
- : © . process, 4 mm) .................................~c %)
16 Polysthiene (fusion bonded process, 3 -) e
17 rolyethlens heat-shrink tube (3 sl ......0.... cm
[ ~-‘~Ipoxy (fmm bonded pmen. 0.3 -l) + o : ‘
) polyethylene {extrusion process, 4 ) lvieenin © (t} L -
‘l‘! Epoxy resin mortar t - 5 ) ....‘...~'.‘...'.~.‘;'.~.'C Q. ), R"‘.":—"V!)

x-n:jwl.e l:lu:lng lyat‘- .........,.............,.....,,g.__:. 3
’ 'ﬂ\cu corrosion protection systswe are lieted in Table 2.

m a:ranwnu of lhol plpe )-nu M test. pim: at Chika and
ajigmxa ore um in rzg. 4 and s, nsp«cd«l‘y.

- T, T

sivieie R, M, PR

‘-
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‘rablc .’l Reaults ot Visual Inspection aftet 11 S yzu’s exposure off
chiba - - o o : ;

mm‘, of casting poet - Lower’ Submorged

¢ :Du'e‘c‘- Atwos SQIuh U 1
CotRe i tidal s tidal
© 1. Steinless stesi L P T Tt 1 s
© oM smz, m)' : A 'y A
EAT | s s B RENE | ]
2. Tlam apnyod tluim Y ] 'y . 0 [ I
1200 uml - ¢ c r e T
. " s ¥ 0o 0, 0
' apriped Sliatvos’ R T ST SRRy SR N
| 'f coalriar ; p o R g gl

i m(lbo vt) n [ o o .0 o

4 N nyodumlm [ [ s . o -1 L
Iloon) + cosl-ter epaxy ¢ C o [ [+
with vinylon clot.h ' o $ 8 ] s 4

oo fNopmE ) T o ’ :

S n—-g?r it L 91 e 2 ’
. (100 pm %m!*urmsr - | I Bl 2R [
R 8T L I | - & 7 L

6.  imorgenic Biwcseioh - - . L . 9 3 e s
r-utmm%ml—tuk M T .% . B . B
spaxy (300 pm 23} B VR TR B § s 9

7. Isorgaic Blecerich . t 'y s T s .9
peist (75 wm). *M : [ SRS [ 1 B A
1300 g .31 K " s 8. * - s

S, olyetieleve ldohu- .. PR T I ’

. ur-lno. “extrusion . N A A A A .. AL
procuns, dewl .. ] L y 9 ’ .

9.;mmnm“«ui s s & o e 0

. : Lo T B - o < - c . [
. [ 3 s ® ¢ &

10, Steel fiber rwinforced.’ L & 3 s % s
_comcrate (100w by cos= - D R R SR L
M.‘wnbynptj‘nn‘ L 1 B R BT J |

a mv:m- b hcq’ to lend (1ond il Kt Face te .u—;n.m {off-shore side)

13) Mmos . Atmospheric vene (3] Bplesh 't Splaak sooe

(S) Jowar tidsl 1 lower part of uun

-4} w(nr AL oAk . : PPNE . nrt of u‘-l tone .
1 Submarged sowe
ol wust of buwy

ting ww
X«brl-uldculm © %Ki Emcelleat
(ﬂm uzmx . s Bt Belter
SRR A - X8 “\
Wy Verss
‘Bt Werst

“47) A~ Bt Dvslustien of surfsce appesrance
after rewoval of sarise life

Table 4 Results of Visusl Inspection a!ter xo 3 years exposute
off—hpxgigaura K

Type of éoating

1.

. rich primer (75 m) .
spiral bead &t several moud. Condition of

3.

. Poly-Urethane

low allioy corro-
sion resistant
steel (6mm) wrap

!wrﬁaic Zinc~

+ coal-tar epoxy
(300 mx 3}

‘ Atmospheric and

Splash zone Tidal zone

ALl wurface is ‘covered mck TUSL layets are

- thick rust rayer (6Gmm): obumd around the pile, -

and many rusted bnttet Many rust luycu seen
'(20-50mng) are -ob- bo tight.

sexved = . ;

Disbond of e‘oai-.inq ia’ At .off-shore side coating
obsexrved along the disbound is observed and

spot. Abrasion’ damages coating is qenenny

" are seen st land side good.

Flame-sprayed.
Aluminum (100 w}
+ Coal-tar epoxy
with glass cloth
(300 mx 3

Inorganic Zinc-
rich primer

{15 m) + Epoxy
wvith glass cloth
(300 = x 3}

Epoxy resin .
mortar (4 wm)

-bond 1s. obsexved at

Juny piholu are ob-

and :u:t has occmd

s s
mung ux- 1- a].-ost 'mmt all iur!m coatinq
disbonded (rca AL uyer are removed from Al layer -
und ru-t.ed ‘and rusted . )

R -

Almost &ll surface are Mo rust is observed.
chalked. Coating dis~ Coating filw is generally

‘remained at good condi-
seversl spots and ~ tion. o
rusted. Condition of -

- coating is generally

- A

‘Spotted rust is observed
‘at &1l coating surface .
and obviocusly caused by -
st ‘of baie metal, thnt .

served along’ the.
spiral bead. On all.
coating surface are

 observed spotted rusts “is, stesi pu-.

- ‘cause ‘of rust of base

mastic (3 mm)

metal. Upper part of .
pile’ lu:!aco is’ foultd

by xust flowed down
from upptrpid..

| 4

. Coat_lnq diabond h‘ob-; Coating ‘disbond can e
" setved around the: puq. ‘seen 4t all surface gtpcch

Many blisters of
voating can be seen.

< 4lly et oft-‘hore side,
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24
25
26
27
?8

29 6

.30

Y
3z

3

(4)

»cculng, so - by Oprlylng) '"--"'.,

'.'-:pcmnt. uo:tyar (47 —) * polyuut 13 cover .

A ?ypeot’ - CON!iﬂ! fExp'ogute Test

‘Underwater-cuxmg epo)ly (5 ) TP ¢ AM

Glass f.lake-fnleé epoxy (2 m) Ceteaseensaereen <C l‘l‘)
Epoxy-saturu ted nomwoven Eabtic tlpe (3 »m} ...

‘_mm :h-et (5 —) A.......
Steel. tihe teintorced concrete (100 - bvy

n
Glass nber :cintorcod ‘cement wortar (20 -u) .ee € (T}

3 u)-......'..“...............e............... A (P, T}

Pcmlatwat\atntﬁd tape (2 s} + m cover

L T PO PP P

e M: chi!u A AM,:“ Ajiguura P: Pipe Pile iy Test -i’ie:o

_Test Progrems’

lnnatiguum are nuh on. ttu wmlhn mmuon perforsances

overy ynr throu’h oburvutlm o! mtm nppnuncu ‘and  non~

iestweiu tnt- .

st«l plpe pnu off ¢ n-:md by \mdemur cutting about

12 » acngth utter 11 5 'yut- 13 cxposnto and t.he eormion protectlon

ptoptxtics wro lmmltigl ~‘by d«tructL :

1y 'ﬂ.wll Impccuoﬁ :
k Imptctiou is -d- ot the' mu« from & mt or a pier and
tin nu,n of Mmlo:ltioa m mrﬁd. qu;q 'j.on pmucud

tuu. .

Iin.lnqs and tht oc«rtem:e c' 'ust nbwt buc nuel vas

hwes:.tgatei.

(y

" Table~3 for piles off-Chiba, The tunlu

2} Photography -

photographs teolor} are taken from a bbéat or a pier of . thé
splash-tldal zones and dan:taged portions, while ' regarding
underwater portiéns thie vxclnit:.es of the bottom edéeg of
covet.lngs are photcgraphed- : " C X

3} Measurement of thickness of base steel ‘

Thickness of base steel is measured by nlttasonic thicknesa'

gauge or micrometer.

4) Measurement of: Adhui.on ot coating-

The adhesion of coatings is nlsored by . -an ndhu.{on tester
(pull off type}. - For bond vith eﬂtinq- an’ cpoxy base ad~
hesive {Araldite) is used. :

5) Heasurement of Electrical u-istuncc of C‘oat;lng f B
The electrical reshuncu of t.he eovcrtnqs ‘afe measured by
the guard ring wethod uninq [ punt film tut-r.‘“ . .
The method of meagurement consists of attaching aln-inu foil

and a guard :mg vith elactrolytic uqum puto ‘and uamriny

.!tnt 18 hours have elapsed.

6) nenurmnt of physical pmpetths of po!.rothyhm

Physical properties of polythylm after 11 5 _years = of
expocure are investigated and co-pued with pmperuel before

exposure.

TEST RESULTS

Visual Inspection of mtiaqi &nd Bagse Steel hlult‘h of Visual

impeétloﬁ by . surface nppilxm‘co dbservation and phﬁtognphy of
cutingn. and occuirrence of mc of blu sml are smriud in
X4 visul innpeeuem of £~

Ajigaura are listed in Table-4.
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. uultﬁ ot f.hoa nnu-nnu u. nlmm im 'x'ahle 5.

. Y . B el s eyl FL

‘ .M:hqupﬁaric'au ) " : wer . 4 neasurennts of Physlcal Propertlen on Polyethylene Cutingu

rype of ooatmg _ Splggh zone ‘ridal zone

T !elnfotced Cemvent Uppt! pnr;. of l‘RP co- }‘xainq is remained ex—
Mortar lining wer is’ &B)ttoyed and cellent condition.
447 wm) 4| Fiber. . ca : O
uqucxg& pol}yo

uning o Sceel Pipe rnn
The thctttc-l nchum and uahnion amnqth of ooal:inqs ware .
weasured for steel pipe pun :.-ov«l fro- ust site ott-fmiba. The
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R
S SN Exposure

Colowr . - bedght - -
Dasage Non

Marime Life . =

Owder fila - Booe
Lorrosion . .
‘Pwaling 2 B
(xg/ew) o
Heit Yodex 0.7
(reofcy - o
Density " 0.958
tg/om?)
Nerdwess 63

(Shore D}

Yenstle Strength 190
(kg/7cnd) :

Bresking Point 132
,iulu‘ﬂ .

Ciengetion (%) sso

Table- 6 Change

Steel Piled., . ooc

- After Exposure . klore R
plash 3. .- Submerged «tmnsun .
brownish - bright brlght
;. black black . black
3 Saal) Wone . < Mooe
cracks . PN
;mvvd rensved L.
saslly * emsily -
B 7% 2.3 S % |
0.8 - 0.36 0.14
0.967° L 0.%&  0.937
U &S -
248 B 17 S CL. -
152 o am Et
e e se -

B Phyuical properties of tclyethylene Coatlnq
'years expo&)rh otf&hiba) o

Steel Plle 8
After Exposure |
plash I Submerged
brovnlsh beight
black black .
removed resoved
eaxily easily
LS .. 1
Qs - o4
Cgesz . o
L e
7 S ')
W S
590, 520

.hiqh quality suinhu :hcot vnppinq at sp.luh m

4. biscugsiqn and Summarjization of Test Results o

Steél pipe piles and test pieces given cérirdsiox_f protection with
various coating or wrapping matérials vere eprsed to natural‘ seawater
and subjected to tésts doactibad in the £omgoing with the objective of
gelecting the optimum corrosion prot;ection nethod tot -uel :ttucturu
at splash and tidal zoml.

The re:ults ot couptehon-he analyte: on dau from vlcml intpec-
tions (c.oating surface and its base' metal nurtlca) ¢ uuurennu of ad-
hesion of coatings, nu:uremantt of elcetricu ruilunqn of mting,
and measurements of physical p:opertie: of polyathylﬁne coaungs after
11.5 years of exposure at the Chiba testsite of: utiou- corrozioﬂ pro-
tection systems are suane;iud as follow. 1_‘he ynt,ult of visual inspec-
tion evaluated at b:tf;\jiqaura site areé also ‘l@tilcdv in this sﬂ:ti.on.“'

{1) Stainless Steel Sheet uap

Mthough surtacc appunnce ot both sr.eel pipg piles and test pims
present a bro-mhh eolout because of rust floved dovn frowm upper steel
mber, no corresion can be recognized. For the p&u steel removed

. stainless steel sheet; no'k corrosion has occurréd. But galvanic corrosion

has ‘occurred between stainless steel and base -ml pklc {see Fig. 7).
As Lt has been reported that mo cuvice eotrosiou can be occurred for
". this vnpplnq
system with cathodic protacuon in :\abuergnd mm vzm hc cxp&ctcd ex-
tremely long term urvice lltc. ) :
2y uw—nuoy cotrosiomhdtunt ‘Btewl s:mc ifnp

" Corrosion has proqzuud tot both steel pncﬁ and tntpiqcu
covered with thick: lcyau ot mt. It is, remgnindv t,hat the layers of
rust at tidal zone are t.Mctor and denper ‘than that "M; stomospheric ,
and splash zone. tig. 6 shows t.hat no macro e-n eormm has occurred
near L.W.L. for lownnoy cortostoq-miuunt -c«l. lﬁt it is seen
according to Fig. § that*ucro cell eorrolion M‘ oa:urud near L.W.L.
for ordinary steel p:lgLe vithout eotroslon ptotectibn. It is observed
that local corrosion has occurred on the basé stéel neak the edge of

low alloy steel shcet.‘
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— L
bl 4
g . 11, . ~ . : .
o 10t o= LN SR 3! rolyethylene (-o-}
x - }
- . 2 ¥ o - \\ hd
A Y .
E 1 N A
. . Y A - £y Inorganic zinc
- ] : 'y ) ~ + Tar Epoxy
' R oge A
. 3 105' T o i e ddh i b e i -8;- EPOXY _Resin
) ﬁ' ] e o i " Mortar {(~-o-=)
-8 '
-
a3 -
100 . WK TS TKIT WY TUNE SO ST TURE WO SN SUUNT SUY TR S |
SR 10 15

¥ m s ii'e""yc‘thgl chuz' ol
ru. 1., m:m dmnu dt cmuicnl nsutmc
kot cmna ‘

- rer hbly-uathcm mue. mun oum il u nb«rved at vide
: ot!-&jm«l lih, - o
blrnuﬂnm rnbh: mm‘m Soon mbnl mllont condxtiom

: »qth mu part’ “of Mo&‘i !&llln ﬂh Y "ocihd otf.\ ¥o ract oc=
" cursitics. can be Mm o watire sarfoss of 1ining. The réason for

'mxm ¢ m ?

‘&ﬂhw.«utﬁ-ma xmn,u :

'”( 8 xmmxcwm'Wm Xsma' !'lhcr unw cuereu wlthoat ‘and

auning due t.o tml ﬂ.ht zan ht m' "-xu mvot purnce

o aNe Base steei lt’tex .

removing the _unmg.

“1. “general ‘scops

The base steel has remimsd good condition on _the whole cxcept t:he
upper part ot the lining. Some local corrosion l.ike to crater can be
recognized at the base nteel near the lower edge of’ ehe nning.

For mortar lining with FRP protector, .upper part of cover is

-desttoyed and steel bax can be seen._ nut almost entire surface has been‘v
remained cxcauent conditlon by visual intpection at, ajigauu site. ’

With these test results, we have’ nadq the guideline of coxtosion
protoction design at spluh and u«m zone for waritime Iteel -tructun.
Thie tecou-endations’,”. that was mviud in 1988, 1m=1udu the cununu

as touws .

2.  corrosion protection design
2.1  structure ‘ -
2.2 selection
2.3 pertorﬁnéo
2.4 relisbility
3. corzxosion pmt.ccuon :ysm
3.1 “wetal unmq :

3 2 corncrete

‘3.3 e :
3.4 _organic lining
3.5 coating '

4. application
5.  maintenance
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(1] thlt conmg vtur:ace f.s on
4 _at at-

oducts at

1t is observed ‘about * stccl p.lpc pn
sion producn ‘of. aluul .
ith upo eonosim pr
tidal xom -
m'tion of. Muninm ‘has

the whole covered with’ vhite corre

aosplweric and. spiash IOM .and. eovared. \t

o but cnveud with rust It lover’

Gwer tidal zone and uhn-xqod sone ‘cons
on entire. -uzfucas.

ins showing high v,u" lue,

" at It
eatly’ pmrn-éd ‘and rust: hu occurred

Adhction ot cocting at.splagh sone rema
70 k;lca' - S

* et

Aluiinuu + Coating” {Coal Tar’ Epoxy and Coal Tar
cloth) .

lpoxy with vinylu\

All the surface can bs seen chalkuq on the wbole.

lmt on
les, rust can be ma a
" :mn ot n.unlnu

Aftci' removing
tire wrfac\e

ipe
nxlm uvu of stul p
at tidal and c&ocmcd m nnd m- shows tbac m-wp
has -uch progruuz!.» ‘ R mmum

Uppsr € o! amwrie sone lsu gtoﬁ .ppunnct and no e

’.: x—uz wpoxy eutlu. At lowx patt o
rust can be obu:vcd ou cntia

-

has accutmd attu' :mvln con.

u-mph-ric zom u‘ .pluh sone
‘face. - o .

- The qumt ot hmion lrxmth h in’ m mqo of 19 m 47 ::h

- ol 2 ‘t ’P
llcctxtul ruhum ot eutm [ 10 R -
1! ﬁ-a‘
m. v!.uylon cloth can hl S

neve: 107
zone and Wnunxy low vnuu nt tidal and sub.ctged“n "
z'oiu. roouw uwna eul—u: spoxy v

urud potuon. -

Bpouﬂ

w.n— ) .
! ’““"P“”‘! i ool be sean ln dn wide range ot

uum Lives yest can
'} uﬂ -uh—r’o‘ some:
ot ‘Base. stenl attqz :minq eon_im £ilm,
h seen, base steel

t:tinly btgh vtlmc

vmucc at un '
In wlhntuq ‘- :-mtiny
‘ .lthoqh .ull st and white mmm preduct can

is in good mLtMu msm auusth shows mr-

l? - so kglcn' .
‘ tlecttial u-itum io o

mmox e "5'-'19 Q-ont.

TR ———

(6) Imrgani.c Zinc~Rich Primer + Coating (Coal—'l‘ar Epoxy and Epoxy
with Glass Cloth)

Chalking has on the whole progrcued all surface.

Some small rust can be observed, but the base mteel after remving o
surface coating is in good condit.lon. ; . -

Compared with tar-epoxy: tyatm and ur-cpoxy vith ghu ¢loth” !oz
adhesion strength, the value of the former is much larfer than that of
the latter, respectively 46 - 48 ke/cm? and 11 - 19 kg/cw?.

Fox electrical resistance, tar-spoxy system sovs hxg'ct':‘valua'
(108 - 109 Qecmd) than that of tar-epoxy with glass. cloth system
‘1o® - 107 ﬂ‘m\'). Many pin holes can not be seen for tar-epoxy with
qlau c]:oth system butvﬁny pin l?ohs for tar-epoxy cyltqi.

{7) Organié Lining Systems [Polysthylene (Cohesion 'typc Extrusion
* Process), Epoxy Resin liotw. hlyantham Mastic, Polyunt!‘mn
‘Rubbn: Liming]
Polyet.hylcm lining Lo in most axcellent condition same as
stainless steel sheet wrap above untiomd in &)} cnlutt.on, that 18,
visual inspection at site, .m:taoc lppuuncc observation after re- ‘
moving marine lives and n-ovh:g liming !im. Mo rust has occurred
all the luttlc. of the base steel uccpt the srea of 3 ssall cracks,
Electrical resistance of polyethylont shows h!.gh-nt value (10* Recm?) .
among coaunq- tested at off Chiba. Fig. S shows the seculax change of
electrical resistance of coumqo and it can be seen that polyathylens
hn tmlud Mgh«t values ol orqctx.lcql ?uuuncc. 10" Qecmd, that o:
inorganic zine system can be muzcd about.. 10 ) 109 ‘fivem? and opos;x.«,‘

i

xnl.n -ynm has lowest. nlma. 10 n.g.a .

‘l'hno ulua _corrmspond to dsgree of cor:olm Occnzrcac- of huo .
steel (See Table-2) and agree uith the. -x;nxtmul m-uxu” that corrosion
of base uml hn 6ccuxud under the ulu. 10 fecn® in Ammerilen. test. .

, cpoxy resin -orur can be seen’ mtim an the turtm o( the base )
steel by visoal observation a!ur removing the lining. Mbuion

imnqth lhouu lmx vnuel at u =17 kg/cl‘ nnd values of dectrical
resistance are lmnt lnong coatingt tested at oﬂ-chm u‘.
ﬂ-c-’) . .

. J'luch umr pln holes can be- ceen at tb# lpheh zom and pazthlly
at the M.dal zone. ' :

“~
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The effcct o! ctn early stages of hiofilm formation on the corra
sion behlviour of CuNilOre. lnoy in patural sea water wis studied
throuqh electrccheli.cal axpe:uuents and superfxcul malysgs A com-
pazison between.alectrochemical measuréments performed in the labora
tory with aztxﬁ.cul soletions and with filtered aea vater was also

'mde.

R :xrutwm ‘

m vorkinq electmdes ‘uged were’ diski of . Cu!inon aljoy embed-
ded ih an epoxy rssin which pr ited an exposeéd area.of 0.38 cnz

The chemical eo-potlt.lon of: the alloy was: Cu:67%, Ki:31.9% and Fe:
1.1%. Bafore bélng uséd, they ‘wire polished with several emery pa-
pers of ‘differsnt grits (320, 400, 600) diawond paste and finally
with alumina (1 um Giam) . The ‘polished specimens vere siicoessively
2. A.n.. t\d.e. distilled vater and flmlly alx
dried at'room temperature. A new électrode was used for each run. A
saturated Calowel electrode” (SCE) located in a glass tube provided

with'a Lngqt.u»!hht cnpuhry up was used as a refersnce ‘electrode.

The clrcult was® ‘completed with a rt’ wire aw mtcnloctmde A. con-

, mtié’hdt double will Pyresi: ‘ylass éell was diployed., -

oratory apczhuu wire m wxing aither natural sea vater
gilte wiEh 50,2 ' sdmbrand of €hi Mllipore type, or. X NaCl +
T M2 50 solukicad (0 € X'F 0.5 W, 0'€ Y€ 0.023-K).- In all cases
elactrochésical measurements were carried out at 25°C. AR chemicals
and twice disun«l nmr wers uud to mpnu m di:munt elec-
trolyts solutions: -
" Biolegical films were- tonnd by u;oti.ng the u-tal ‘disks of

'tc:mlnlncm ‘wesin (exposed ares 2. 35&).
to the exposdre; the metal sirface wis prapared by ‘polish-

ing it with 320 and 600 emery papers. Exposurs times varied between

H m 49 days. Samples were located im acrylic. panals like those
usually employed in the study of uctotounnq (3). The panels were
exposed to £lowing sea water: (0,2 - 0.3 w/s] at the intake channel’
of a thermal powér plant located in the vicinity of Mar del Plata
harbour (38°C8°17°8, S7°31°M"W) Argentina.

In the coursa of the present study thers wers variations tn
tesperaturs, pH and dissolved onygen ranging from 9.7 t5 4. 4'c,
1. S? to 7,68 and 2.36 to 1.37 al/l respectively.

nicrotounm obnrutionl were made using a JPOL asn 35:Cr SEM
or & ‘Philips S0S SEN. Surfsce deposits were also analysed by EDAX.

- In opder’ to messuie open circuit potentials. for CuNiloFe alloy
-u ‘situ” -at the supply weter channel ih the harbour ared- samples
‘simijar to those used to cbssrved bioteuunq were amploysd, In this
case ‘each Netal- ‘Spacivit vas provided with an {nsulated alectrical
tormirial confectéd to e Keithley 169 myltimeter. In all: cases a SCE
placed in & qlm ‘compartment ended - in & Loqgln c:upulu'y vu uted
as. pomtul ntqmu clul:roh o

nzsxms BN o

m STPS nde with CuMi30Fe nuoy in deareated quielceut Haci
soluuon, at 0.02 v/uin was pubushed in a previous papet ).

with clearly'visible cracked areas irregularly distributed (Fig. 5).
Upon film remowval, & similar crack pattéern could be observed . Longer
exposure of the samples’ showed an énhanted’ ‘attack, leading -to deeper

‘cracks and better defined diteches (Fig. 6). SMH spheres of corro-
- sion products could be seen. EDAX analysis of ‘the film revealéd ‘the
presence of S and higher levels of Fe than those of the base wmetal.

At the bottom of the cracks hlqher lewlt ot (;l thm those found 1n
the fiim were detected. ‘ ’
Over islands of cCompact film a haterogene deposit could be ob-

‘served. This deposit consisted sainly ot orqanic filamentous material

and particulated corrosion products (Fig. 7). Isolated bacterial
cells, partially covered by corrosion products, could also be seen.

When:exposure time was increased, the asount of filamentous ma-
terial and bacterxia also incCreased. They usually appeared cntnpged-
between deposits of corrosioh products (Fig. 8).

CuNi)OFe samples exposed during 19 days to nxtiticial sea vccet
solution also showed a layered distribution of corrosivn products.
Nevertheless, the cuter layer appears wore firmly packed than those
observed for net:al unples axposad to mmxxnl sea water (ﬂ.q. 9). .

stcusuw
CuNilOPe and CuNilOFfe alloys und :muontly in mmnu ink-

tallations employing wea water flow as coolant fluid. show a cowplex
corrosion behaviour. This complexity arises fiom the overlapping. of

two different types of corrosion processes, i.e. localized and qemn

lized corrosion. When the forsation cf séveril liyers of corrosion -

'products takes place it is followed by a series of continucus changes

of the layers which condition the future passive baahviour -of the al-
loys. These changes depend on a wide variety of environmental factors

such as temperature, dissolved oxygen, variation in the Mal com-

position of sea water and finslly biofilm presence.

The anodic current/potential curve for CuNilOFe ‘unoy in deareated -

sea vater as well as in NoCl solutions showsd several coircident. faa-
tures with those cbmupondinq to pure copper or pure fiickel. Consé-
quently, the ‘peak recorded at -0.50 V -previously described is pesk’
Aa (Fig. 1)- could be attributed to the formation ‘of suomz. K3 4 a
comparigon with results corresponding to pure i is: made. HiloW]
reduced it very high cathddic potential {ca'~0.88 V. (5)) close :3
peak potentiil (Pig. 1}, thus confirming this sssumption.”

In buffersd solutions containing chloride, thres pesks can be dh

" tinguished at -0.2 V, © .ovmoxv.myagnumuiwwcuzo._

CuCl and CuO respectively (6). Consequently, for CuMilOFe alloy in
the bounthl region between -0.2 ¥ and 0.0 V, cozmlon nuction
‘should yield to O and CuCl, ’

Peratacamite precipitation can be supported by some clectmhe-i
cal results obtaised like the decrease of the anodic peak height and

the cathodic direction of potential displacement when pH vas increased.

At high pH values the precipitation octurred easily and the anodic

peak was lower. Conversely, at-high chlorideé concentrations, highet s

dissolution of coppet aAccounted for the increase in- ‘height of the

anodic peak. At 0.12 ¥ and pit 1.5 puatncamite is stable. Consequent- .
ly, the abrupt current decrease recorded near to that potential value .

v
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.sion. behaviour of copper—ndckel alloys §n’ laber.it

- effect of the biological setivity of the microorga
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A COMPARNTIVE STUDY OF THE CuMi3OFe ELECTROCHEMICAL MEHAVIOUR IN SEA
 WATER m Dxresm CHLORIDE SALINE SOLUTIONS TO ASSES THE EFFECT OF

ﬁICWLIRG SETTLEMENT

M.F.L. de Melet, G. Brankevichf and H.A. Videla*

* Bicelectyochemistry Section - INIFTA - Facultad de Ciencias Exac-
tas, Universidad Nacional de La Plata - C.C. 16, Suc, 4 - {1900}
La Platu - Arqentim ’ .

L] INIDP:?-DEM - Playa Grande - C.C. 175 - {7600) Mar del Plata -
Arqentma

. . mm
m corto‘ion behlvjout of cunuon alloy’ in mtunl sea water

_and artificial solutions was studied by using different electrochevxi

cal techniques. SEM. observations were used to asses the attack and

“sicrofouling nettlenm:. mu mlysis of the eorrosion products was

also madé, -
Relevant 6i£(auno“ betveen the clectrocheuical responses of

' “the-alloy in the electrolyte udla used could be detected,

_According to the present xesulu the protective chaucteristxcs

" of the complex: layers that were formed on CuNilOFe surface could be

altered by the microbial .dbcsicn on the metal surfgce,

lm!“

m htgh corrmim resutance and uti louling propextxes of cop~
pet-nickel alloys have led to the!r wide acceptance as heat exchanger

 construttionsl meterials. tocalized attack, due .to the combined ef-

fects of co:rosion anhd_ erosion huplngennt, attack) pxoduced as a con
‘sequence .of. the. nnov.l of pasgive filme by tutb«lcnt water flow, has
) m of the sajor causes of heat exchmget fajlures
W mthc : Nueﬂt cause of Corrosion of ‘copper-nickel &lloys in
marine environsants has been . mttributed to organic material present

- in polluud iml almist. stagnant sea water in hirbour areas {2,

The ‘corfoslon behaviowr of topper-nickel alloys is strongly de-

i ;iendem; on the nature and atwnctermucx of the. plnh'e £1lm for-ec

on the' dlloy. P e B .
T In spite of the utcmturc avalleble i rehtum to ‘the corra-
{ qxpeﬂeuntx
using artificial salutioes, scaice referencqs can.
m‘sfus‘uallye pre- -
sent in Sea water. Generslly speaking, tkis ‘hiological uctiv.tty is
rainly developad in hiefilae foomed | stz dHd intes ph AR,

obtained on the . v

When the record was made at a higher sweep rate (0.1 vrs) ‘it
could be noticed either in NaCl sélution or in natural Filtered sea

. water, that current increased to form a plateav Ra at -0.5V which was

followed by anothexr plateau (Ba}{Fig.l). At higher potentials values
a sharp current increase was noticeable. When a STPS vis made up to
an_anodic limit of -0.3 V it could be seen. that peak Aa was related
to a cathodic peak recorded during the negative going scan at ~0,88v,
Other STPS run up to higher potentisl limits showed that the peak 2a
and the following current increase Ca were related to Be and Cc ca-
thodic contributions. Ca is relited to a current peak fcthtioa This
peak moved in the cathodic direction and its size decreased when PH
increased (Pig. 2) . The height of this current peak was also depen-
dent on chloride concentration and on sweep rate.

. When the potential was reversed at 0.2 V' a 1cop was formed so
that -current values reécorded during the negative qoinq sSCan were more
anodic than those corxespondmg to the posivive scan. sinnn' results
were obtained in the presence of oxigen.

.. The €lectrochemical behaviour of cwuan alloy at: potent!als
higher than those : mzre'ponding to the anodic peak at 0.1 v in NaCi
solutions vas ‘different from that cbserved in mtunl and artificial
.sea vater. In the -last two electrolytqs a sharp increase in current
at’ poteqt:lals of 0.35 ¥V vas cbserved, whereas in NaCl smolution a :loa :
increase in current vas noticed. The electrochemical’ behnviwr of the
alloy in sea water could be nearly restored by udding Razso {0, 023M)
to the NaCl solution.

" To analyse the e{tect of sulphlto anions presence, diffeérent chlo

- tide/tulphlte conuntutims raticﬂ were ,uud A broad .anovdic peak

was recorded either in the pxqunco of sulphat,e (Fig. 3, cuxrve &) or
chloride alone (Fig. 3, curve b}. However, a drmuc ‘change in the
electsochemical behaviour of CuNi3OFe alloy was observed in the pre-
sence of both anions. A lineal E/i relation was recorded, At constant
sulphate concentration the increase in’ ‘thloride level induced the
formation of a current peak. This peak, which was. hnd}y defined at -
0.046 M NaCl (curve 4}, became sharper and hthet when the chloride

" concentration was increased.

Current vs time telatwnshxps were recorded at a co:nsunt poten- -

tial Et, covering the potential nnqe where the peak- B formation and

the initiation of the attsck had accurred. When the electrode was
held at potentials between —0 2 V-and ~0.12 V a si-ilut electroche-;~
cal behaviour was cbserved. mre was an abrupt current ‘increase and
decrease during the former 5 seconds and a #lower decrease thereafter. .
Saxples held at ~ 0.12 V showed small sphc:es ‘buried ln a thin layer

" of corrosion proauct (Fig. 4). "

when the electrode was held at 0.1 V.. a hardly deflned peak was re

‘corded. The maximum was not noticeablc when thé, preset potentidl value

was increased,
Open circuit wvs time records obtained by means of “in situ" experi -

.ments showed potential values ranging petween - 0.52 ¥V and - 0.10 'V '
L(SCE} (Table I). The smount of the scattering in’'the "in situ experi-

ences” was higher than that corxresponding to laboratory measurements .

with artificial sea water, In the case of filtered sea water, corxo-

sion potentxal values ranged between ~ 0.21 V and <7 0:10'V, R )
SEM nbservations of CuNi30Fe spacuwnc ﬁxpoced to satural flo\ung .
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Although l:
Cu/Wi auoys i

ef hate gresent in’ se.; vater. It has’
written that pitung corroaion “is favoured in tibes. of heat ex- .
changers. exposed tc  waters with high sulphate. content and that fan-,
] L con-
) 4 gL BEe tem.xlts shmd a hiqh 6issoluticm rate.
when nixcures o{ NaCl and Na $0, with low chloride levels were . used.
Besides, & poor pas:i.vntion %oximd by 1Qca1ucd attack. was_ fourd
for high chloride/sulphate. sehtim. Sulphate effect could eventual-
1y nodify copper oxyde. tomtim. tedming its yxotective chancter-
istics and favouring the breakdm ‘of passlvlty a4t high potentials.
SEM observations of the spech\enx mda after five days of expo~
sure in sea water shmd that they were covered by a conpact 1ayer.,

. Scarce groupl of- sull spheres were detected on this - layer., For. long -

er pxposure times the small spheres coalesced and formed a thick
porous non adherent layer with clearly vigible cracks and ditches
that appeared to follow the grain boundaries {Fig. 5).

EDAX mnlysis made at the bottom of the cracks showed that there

‘was a p:*cfe:enthl dlnolutson of copper in the mtexgranulaz zo0e
favoured by the. pre:ence of C1 which was at higher conceatul:ion
level than in the outer'filis. The analysis of the film revealed the
presen(:e of. 5, coincidentauy, EDRX, ESCA and Auger superficial ana-
lysis of cmumre #lloy showed that the outer porous layer is mainly

Cu, (0K} ,C1 with some Cu,0 and Cu § pnrticle;. The inner hyer was at .

. tmbutea to Cu,0 doped with Ni, fe, S and C1 (7).

Open circuit potential values recorded during - 40 daya of lunzx-
sion "in situ r(nqed between 0,52 and -0.10 v (‘rabla 1).. The high--
Cest pountial vnluas sers too low to justify the presence of CuZ(QH)
cl (pantacmiu, a Cu(n} co-pound) which was detected on the “sur-
) fice of Culilofe. tuoy 8. ‘nut ceq»und wn st;ble at 0.0° v, ac-
cording to the corresponding. paunthl/pa diagram. However, it wust
e considqnd that o 1] przmtes Cu(F) to Cu(Il) conversion and
this fact: :hould £ ciliute Copper dinolutioa, Cu(tI) species fam
tion and fl:uz((al-ll3 ) pucip,tu fon..

‘Microphtitographs obtaimed after holdl.nq ttn eLectrode At -0.12 v
in serated snd dearated qu!.ucmt solutions; showed . the’ Cozutlon of
smal]l spheres. less than: 1 pm-disseter, dcep into a nore, cocpact. hyez
(Fig. 4).-Pobb. (9} proved -that when the cogpcr-—nickel specimen was
coverad either

_the same.type of prodiucts are formed, Initially, the surface was tar-

nished by & thin film tomti.ou; Under aiffusional resttictiom .this
- process. was eoqsl.iclud the nucleation of copper oxyde (Cu O) t.hatV

pncip!.uted on . the; u:t Surucn mlyﬂi: indicated that no—
dules. were almost entirely Cu O while Nio entlchcq uqions oecurred .
betwveen them, s«!nln were iaoi found when free diffusion of ions ’

“existed,: These hctd prliln deucticﬂ of suLL :yhetes on the .

been ;

‘gel or in any condition of restricted diffusion,

metal im.erphase influencing fluid flow, regme on the surface. 'rmh
could result in concéntration cfadients and affecting diffusional pro
cesses to and from the metal’ eur fm:ﬁ negides, spheres of 'O, € may

'pxemmtate below V?‘: ueuo«‘ts, rmnz‘v;ng the ad& cn-;mc .ct Ay mn:w-

tics of the inner laver.
Specxmns exposea aurxng u\ree weeirs showed that several micro-

‘ organisms and. filamentous "material)’ had beén entrapped between corrop-

sion products (Fig. 7 ‘and 8). This cmf.\med the feasibility of a dis
solutxoh-precipxtation n\echanxsh “ ic‘h explains. the formation of cor-
rosjon products. !

TEM observations 'have shown :hat bacteru p]aced beween the cor-
rosion layers of coppex-mckel Alloys produce mcilage,. This probnbly
forms tube, nwctures surrmmding the corrosion products by the move-
ment of b«:te:ia between the lay.n (IO)H

Although the antiftmung _property of copper-nickel qnoys is wen .

documented, the protettive chaucuristics of the compiex layers t.hat;
are formed on their surfaces. could be distort.ee by the action of wi-
czoorgmim. The incozpontion of organic: uteria! close to the
metal surface causes oxygen rawvll and s0 affects catbodic eacti.cm
contyol, ndes, the pgoduction of EPS. by the mcroorganism modx-v
fies the transport properties ‘st ‘the metal solution interphase gener—
ating diffusional barriers. The effect of biofilms on the mryholo—
gical characteristics of: ‘the di!ferent layers of corrosion products
can be noticed when & coqunsw between metal. sanples inmersed in
natural sea water and Axuﬁcia}. saline solutions is made. (Fig. 6.and
9. A loose structure of the cuter layer of corrosion pxoducts is ob-
tained when biofilms. are. ptesent at the metal/solution mtexphase in
these conditions the sloughing of the protective layers .could be fa<-
cilitated enhmcing the risk of localized cormsim at xcstzic:ed
sites of uze mtal surface. L .

‘

Acmmmmm*

he authors u.\sh to thank ?atricxa Gmunet for he: technicﬂ as—
s:stance. . R .

: _ azrmlczs : , i
1.°F.3. Msselling, J " Krouquan and L J P, Dmlm\ul.v'm corzosxm
beliaviour - of the. system CoNilOFe/ses water: The protectwe layer
.of corrosion, prc\ducts ,.5th Intern. Congress of Marine CO!’I’OS)Oﬂ

and Fouling, . Barcelonl. ploin; p- 146 (1980} .

2. R. Francis, Bri Corros..J3. 20{4), 167.(1985).

3. R. Bastida and G: Bunkevich, "Estudios ecol&;icos pzelimnues so
‘bre las comunidades incrustantes de puerto.Quequén (Argentina)’, .
‘Proceedings of 5th lntermtiwal Congress on. Marine Corrosion md
Fouling, Marine Biology. Rancelona, Spain, p. 113 (1980). .

4. B, v;deh, M. ¥.L. de Mele and G. nrnnkevxch. Corrosion B7 (wnCE)

' " paper number 365 (1987). )

5. L.M. Gassa, J.R. Vilche and A..‘J Axvfl, 3. Applied Electrochem. 13
(2}, 135 {1983).

6. M.R.G. de (‘Pua]vo. R c. Salvnrezza, o, Vazquez noll and A.J: Axvh,,

. Electrochem. Acta 30(11) 1503 (1985) .
7. L.E. Eiselstein, B.C. Syrett, §. 5’ -Wing and R.D. Cahg:uri Cotros.

wSci. 2343), 223 ting3y .

e, .



http:incOrporati.on
http:coa14.be
http:Ift\Icil.ge
http:1'051.00
http:between~.he
http:bott.OII.of.tM
http:loe.UoR.of
http:lIIet.il
http:u1e.,.re
http:preCiplt.tH
http:thea\lrf.ee
http:r1bul:<!lCl,.to
http:lncideht.:J.ly

#. C. Kato, J.E, Céstle, B
chen. Soc. 127(9), 1837 {
9. D.E. Dobb, Ph.D. Dissertation,
University {1984) . '
10. G. Blunn, Biodeteriora
Slough, p. 567 (1986).

Time/days —Ugitural sea water’

TABLE 1: Open circuit potential values at divfferént exposure times

Open Circuit Potentd al A

. Nt . Nu'A"‘i . Sea Water -
{"in situ" méasurements) atural ¥ 1??“"6 Sfe“ ater

- 0.252. . - 0.206 ¢

0

2 -~ 0.518 - - 0.174 -

4 - 0.307 . -

6 T - 0,319 o= 0,157

8 - 0.416 ‘ - 0.143

9 - 0.241 . . -~ 0.147

12 ~ 0,234 - 0.106

15 - 0.183 ' Co L= 0.113

17 - 0,203 -

20 - ) : - 0.311
- 23 - 0.113 : - - 0,108

27 - 0.139 - 0.185

30 - 0.129 -

33 - 0,179 ’ - - 0.16%

36 - 0,133 . _ . -

38 - 0.164 ' N

4) - 0.122 - - 0.1710

~3

i/mA cm

e

E/V(SCE)

Fig. 1: STPS voltamogram £ with CoN{30Fe alloy An matuial filtered
_ sea water at v = 0.1 V/s up'to different anodic limits between

~0.3vVand 0.2 V.
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bdd Departamento de Ingenierfa Qulmica Y Metalurgia.
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RESUMEN

‘Este trabajo tiene como principal finalidad dar a
conocer los resultados obtenidos con diferentes formila-
Ciones sumergidas en el puerto de Palma de Mallorca.

Se efectuaron estudios sobre hidrograffa, pigmentos
del fitoplancton, fauna bentfnica y larvas de organismos
adherentes.

Las pinturas ensayadas contenfan, como aglutinante
acrilato de tributilestafio Y copolimeros vinflicos y clo-
rocaucho Yy como pigmentos t6xicos Cu 0, TBTO, TBTF y SCNCu.
En el mismo se discuten las ventajas y desventajas de las
‘diferentes formulaciones ensayadas.

SUMMARY

Results :of research on antifouling paints summerged
in the harbour of Palma de Mallorca are presented in this
paper. :

. . 1
studies on hidrography;-éhytoplankton pigments macro
benthos settling on BPVC panels and zooplanktcnaare also in
cluded.

Formulations of tributyltin acrylate and copolimers -
vynil and chlorinated rubber systems, pigmented ﬁith,Cuzo,
TBTO, TBTIF, SCNCu, F32034and In0 and with mixtures of the-
se toxics, were tested in a experimental raft during. 2
mwonths. The adventages and disadveataqes of ditiercnh
paints formulations arxe di;cussed

INTRODUCCION

Las problemas ocasionados por la corrosibn y cl‘{fog
ling” en los cascos de las embarcaciones, por debajo de la
linea de flotacidn, se resuelven satisfactoriamente con ia
aplicacifn de recubrimientos anticorrosivos y antiincrus-
tantes y con una adecuada proteccifn catbdica.

Las cbras sunct@idas en el mar guedan recubiertas
por microorganismos que, en su fase inicial, estén consti-
tuidos esencialmente por bacterias, protozoos, hongos y al
gas, que proliferan en unas condiciones favorables delﬁpo—
’ dio Y. posteriormente, sirven de sustrato de fijacibn.a
las larvas de otros organismos adherentes. Los grinoxpa‘
intervienen en un gran nfimero de procesos evolutivps‘y,con
su incrustacifn, degradan la pelicula de la piatura (pro-
tozoos), aceleran la corrosifn de los metales {(bacterias),
se fijan en la linea de flotacisn de las embarcacicnes (al
. gas) y son la base de la incrustacibn en las obras surergl
das {hongos y diatomeas) (POTIN et al. 1,982). Para su eli-
minacibn se eﬁplean'pinturas en cuya composicifn entran a
formar parte compuestos inorginicos y orglnicos bio;idas

con un espectro de actividad muy amplia y con una débil to
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. xicidad _para el organismo humano, a la vez que presentan : ) C 3
B una gr&n estahilidad a la “luz, a la oxidacibn y a laaccifn tigadores (KRONSTEIN 1981, DAWANS 1.982, PITTMAN 1.882
del €O, SO, Y SHy. Estos compuestos son muy numerosé/s y presentan, segﬁn ARIAS et al.{1.986). presentan una serie
Sus grupos funcionales muy variados, utiliz&ndose eh las de ventajas, junta con una serie de inconvenientes respec-
B _£or-u1ac1opes aminas,ﬁamidas,_compuestos de amonio cuater- ) to a las pinturas convencionales y a las llanadas de et~
! ‘ :’mio, ' imPuestos ox:ganometllicon de ‘ tacto ‘continuo, comti.tul.du por resinas ""“"1“1’1“ Y s
eataﬂo ‘y ploao. 6xidn cupx:osd . tioc ’mato é cobre, etc., ) S ponj,ﬂcablg,, o - : :
etc. ., : g : . s ‘ . c B ;
. L - :.“ pmpiedadu ‘fisicas de’ lol pﬂlmm de actilato ,
- Segﬁn Vlﬂ i vDEN‘t1 963), en una :ola pintura no po- ' ‘ y netactilato ao son, en: g-ne:al, 1o sulicicnt.ﬂﬂnt‘ satis
',, dfan conbiuaxse'la accita’ anticor:o'iva y antiincxustante - o ’ factprias paxa que - los tilnégenos obtcnidon den un. tismpo
! debido a que, en: la tonmlacién de lu segundas, se aﬂad.‘[-‘ ) p:olougadn de vida’ activa a lu pintura! antiincmtlntnt.
an conpuestol ;Lnorq&nicos da cobre Y aercuxio qie ocasiona . ) i salvo en el -caso de que se apliquen en grandes C'P”"“‘*
, ban la ccrx:osmn por cccmn elcctrbqu!_mica Ia aparicién ; ; " cCon el fin de remediar estos inconvenientes, DAWANS (1.982)
'7 | i.minaba. en Pa“'c ' o recurre A los copolinexos de cloruro y acetato de v!.nilo
N este 1uconveniente perc como, en 105 p:ineros xecub:inien . ) : acrilatns o netac:ilatos de alcohilo y dn acronit:ilo.'~
N tos, la policula debe pexmanecer 1na1terab1e con ‘el tiempc ' . ) )
a3 y. en las anundu esto no 1 cede, com ccnsecueucia de su , ‘ o ’ ‘ 'l‘; o
necanisno de accisn, la preparacidn de una pintura que reu V A o A k-tcn -.ci-lcazékclé
’ na ubas pxopiodades n hacc prﬁcticanente 1mposib1e por - o IR e 2 ‘ - : ‘ :

Vlo que se dcbo recu:rit a la obtencién de antiincrustmtes
que eje:zm una acciﬁn tnndmntal contxa la problcm!tica
hioldglca pex:o que, al nismo uenpo. aumenten la p:oteccion
" contra los t.nﬁunos ﬂnico—qu!.nicos de las aguls.

. COOSnﬁj X

"R.= Alcohilo o Fenilo
R'= HidroSgeno o Metilo:

L o ‘ : X = H, C1, csas, cN
En los ﬁlt.mcsm; .adquj.riﬁ una anpn,a difusién el .

emplec de resinas biocidas tipo acrilato o metacrilato.de
trimetilestafio y tributilestafio. La forma de actuacifn de
estas pi.nt.uras se tundmnta en la hidtﬁlisis de la molécy
la de pal!.mro, que pemu disminuix 1a mgosi.dad de la
. snper!icie, J.a cua.l se :exmeva en contacto con el agua au-
mnmdose, po: tanto b u accidn antiincmstante (TORTA-
‘mr.o, 1. 981). '

En este traha;o se estudia el comportaniento dc 32
formulaciones de pinturas antiincrustantes en. ‘lS de lu '
cuales se emples acrilato de tributilestafio y en hs res-
tantes acrj,lato y copolimeros de cloruro de vinilo y cloro
caucho. Se emplearon Cu,0, TBTO, TBTF ¥ sx:m:u como wxicm
j\mto a estos tipos de l.igam;es. :

Los polimeros biocidas fueron usados por ser bii.ode-y‘,_: ‘
gradables ya que en zonas fuertemente contaminadas por eu-

Esta clase de pinturas ensayadas por diversos inves-
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traﬁicagign -el difxido -de. tributilestaﬂo se transforma en
carbonato que, poster;ormente, por Laaccibn bacteriana o
ltxa'iole;a se &escompone, dando lugar al
te t@x;co* DR

o “H o’~x~~' c UV,<nigroorganismos -
aasnx-—.(n sn) 20—~(a s:;).‘,co ———=5n0,

'bre ol sistena de pintutas fié e~
£ectuado por -cdia de la’ 1nnar016n de p:obetas zecnbiertaa
con una capa de 200 u do pintura antlincruntante en una
balsa fondeada en- el puexto de ?al-a de Malloica (fig.t).
Las placas se Lnspeccionaron regularmente prestando parti
cular atencibn a la,foriaci6n‘de‘anpollas % grieta;, asi

‘como a-la presencia de lis difereiites conmidades incrustantes.

Este tipo de experiéncias tienen la ventaja de que
se efectfian con un control de las condiciones fisico-quimi
cas y biol&gicas de las aguas, 1o'que permite obtener una
valiosa informacibn sobre el couportaniento de las formu-

:1acicuaa enlhyadus.

3

S¢‘tomar0nfmneétr¢b de agua de mar para :la determina

" -ci6n-de aquellos factores ecoldéicos-qu. tienen una mayor
“incidencia-en la colonizacifn de las probetas por. el “fou-
ling, se colocaron paneles‘de PVC at6xicos para obtener in

formacidn del m&crobentos y: por filtimo, se hicleron pes-

‘cas de’ zooplancton, prestando particular. atencién al estu-

& las larvas de organismos adhorentea

. trientes nos pe:nitcn ditcxcnciar tres zonna en el inte~

) la segunda en donda 1a contanlnacién disqinuy& considarlhle

Las formulaciones ensayadas se exponen en el Cuadro I,

-

RESULTADOS

Los datos de la hidrografia y de los pignentos del
titoplancton durante sl periodc en sl que. se cfuctuaron
las experiencias se exponen el Cuadxo II. i

‘La tempezatura estuvo couptendida cntte un minimo de
13 nc, en el mes de febrero, Y un lixino dc 26 6 nc, en el
nes de agoato.

La ualinidad sufrid escasa vuxiacién a lo largo de
todo el eiclo cctudiado estando situados aus valotcs llaiw'

tcs entre a5, 91 y 37, 82.
Los ostudios de los valores hidrogrtficon 4 de nu-

rior del recinto portuario- Una, en donde se fondes la bal
sa, fuertemente contamdnad& por cuttoficacién (c-tncidn 1)

mcnte (estacién 2) vy, por Gltimo. la zona cotrcspondicnte

a la bocana del puerto (cltlciﬁn 3, en 1; quo 1(: aguac
tienen un contenidc en nutrientes lcnor, .s notmll 1& con-
centracién de oxlgeno Y mis bajo el conteaido de clorofi—
las.

Las- concentracioncs de clorofilas Yy 01 contenido de
oxigeno de las aguas en donde se tondcé la b&lsa no pzesen
_ tan una relacién estrecha debido a que lo' pithntos ‘xtri
Idos eran producto de natctial detritico y. en consecuon-
cia los valores del oxigeno disuelto estuvieron por debajo
de los que se deberian hallar con un plancton prcductivo.

5i se observa en la fig. 2, el nimero deklarvas de
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ﬁirripedos guarda estrecha relacién con los valorea regis-
’&aﬁ&*ae ¢lotofila 4. Su €oncentracitn aumenta, ‘eR la-es~
tadisn 1, desde. el mes de marzo’ h,asta octubre, coh la fini-
ca excepcibn del mes de septiembre, e¢n el que la pesca de
%‘i’%n&ton fuet 1y’ hids - ‘Tica en'ofganismos, en particular

PoE 16 Ghe’ hacd :efez‘encia a este tipo de 1arvas ¥ a los
5 %:opéi%ilds. SRR : - v

v,

Losf-'mudfti: de: zooplancton (fig: 3) en las estacio-
“astud das umeatra com el nfimerc m&s elevado de Cirxg

“'Pedds de prés nta 4n la uucian ‘Y. En las otras dos esta-
} .c‘iones 1a myor abundancia fue de Copépodos.  Los Polique~

Ascidndos Y Lmlibranquios ‘estuvieron representados

; aa uha fonu '“‘ncja en ‘las tres estaciones

I.a presencia de lams de oi:ganims adherentes a lo

‘; lakqo de todo el afio se caxacte:iza por deénsidades elevadas
- din cirripedos en 108 meses’ ‘de. mrzo, ‘abril, junie, julio,

septienbre ¥ octubre ¥, por lo que hace referencia a 1los

’ Lamellhtmquios. ‘los valores mfs zltos ge diéron en prima-

vera y otofio, decreciendo en verano 'y fueron muy bajas en
1os resmtes meses del mo (f.igrs. 4 ¥ 5).

‘,’*.?SC“"“,"" E 1A CoMUNIDAD wm_zg

La composicibn dei 'foulinq de las probetas testigo‘
egtuvo constituida esencialmente por cuatro tipos de orga-
nismos sesiles: uicroorgmisms, Algas, Ci:rlpedos Y Serpd
hlidos. el resto de 1as anrnstaciones se encontr&mn s8lo

csporadicmnte Yy vm un aﬁmero lmy cacaso, habi&ndoae cla-

sificado algunos Bx:iozoo: ¥ Ascidiados.

La comunidad de microorganxsmos estuvo integrada '

‘ ‘preferentemente. por Bacterias, Algas micxoscdpicas. ?roto

7

- Zo0s ¥ Copépodos. Esta comunidad se encontrd durante la &-

poca invernal y fue disminnyendo a medida que se’ fue entran

do en la primavera.

- Ios. C:er!.pedos qstuvietou representados por el géne-
o Balanus del cual se encontx;ron las ﬂquimtos e&pcciux

8. Amp :Ltrite. B. ebumus ¥y B. gcrtoutu:, :i.o.ndo uta m
tima la mis abundante. La incmtmidn “dn e:to. otg:mis:iioﬂ

- fue intensxsim. en especial en c}. pcr!.odo comptoadido én<

tre los meses de mayo y octubre.

- los Serpulidos se encontraron Mcmsudot abundante-
mente entre juli.o Y octubre, siondo la upacio doninlnu

Hydroides elegans. Esta ‘comunidad aparcci& p:etcxantmntc

en aqucllu probetas, testigo tmrqidn a tblo 30 ca.ldo :
la superficie del-agua. '

El ciclo de. los o:gmimc incrustantes e :Lnicib
con los nicroorqaniu\os. en invierno, signi.cron 10: cm:-
pedos y por Gltimo por los Serpflidos. Las expu:unciu
fueron etectuadas, por tanto, en ‘unas aguas con una varia-
cibn especifica pobre, pero da una grnn mtensidad en el
periode estival. :

PINTURAS ANT ;»mcnosum ANTES

>

‘rodas las tomlaciones se ptepanron a ucala do la
.boratorio. Las probetas utilizadas !ueron de pPVC. protegi—
. das con una capa de 200 p de espesor con los recubrinien-
tos mtiinctustantol gue se exponen en el Cuadro I.

- El propdsito fundamental de e:to tx:abajo .ra el desa
rrollo de pinturas antiincmtantes eficaces pa:a la.s aguas
mediterrineas espafiolas cuyos puertos presentan un- eleva-"
éo grado de.contamingci(m por eutroficacidn y que, por las:
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condic:l,pnes fisico-qnimica de sus ‘a s, dan mgar a gra-
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ves problemas de incrustaciﬁn, ‘tanto 'de oriqer: veqetal co= .exclusivamente por acrilato de tributilestafio, ,fue#oﬁgy los
_mo animal. e - o ’

revela que las pintm:u euuyadu dicion ‘excelentes rasul-
tado-, (figrs. 6 y 7) wn el porxodo de doce meses que per-

: nnecieron suurqidu m lu condlcimu hid:olégicu Yy

biolﬁgicas Waxpuestu. s

La lixiviaciﬁn da eatas piﬂtdru fue- el ‘adecuado pa-
ra evita: ‘el mcrotoulinq y, éritte todas las ‘formilaciones

ensayadas, la que dif mejores resultados fue- 1a nﬁmro 9,

en cuya conposiciéa el t&xico enpltado fue ol Cuzo, Y las
12, 13, 4 y 16 _compuesto por Cuzo y TBTF;- Cuzo y TBTO en

la proporcidn 1:1 y Cu 0, TBTF y TBTO en la propo:clﬁn
1 1 1.

Vehgcdié

- Los tres tipos de resinas oupleados p:oporciona:on

'vehlculos de’ buena teaistencn, de £icil: aplicacion Y e-
‘lasticidad.' - ' e :

Los recubrimientos, -cuyo vehfculo estaba constituido

1

que dieron mejores resultados.

Las probetas recubuxtu pox' pi.nturu. cuyo vgh.’[cu-
1o estaba compuesto por acrilato de t:xibutilum:: Y por

los copolimercs de vinilo y de clorocmcho pruentaban 0
‘superficie recubiertl, en general de forma parcial y, en
algunos casos totalmente, por limos, wmua. f:.toplmc_

ton, :ooplancton ¥y otros nicroorgmims. Las p:ogotci&a
antre ambos tipos de resinas no fus, posiblemente, el mis
adecuado. para mantener el grado de efectividad de las Te-
sinas biocidas, que, . como ARIAS et 11. 1. 986 mantienen de
ben aplicarse en capas de uyor qrosox: con 01 fin de que
su lixiviacion sea la ad:cum el mayor u.«po pouhl.e El
mecanismo de accifn de este tipo de pintw:u bagado en la
hidr6lisis del acrilato de’ t:ibutilesu!bvy:_ou s:l contac-
to continuo y Aifusibn ‘an las v:.nilicu Y en lu a8 clor:o

caucho d4ib lugar a que se dopositaleu sobre ll. sobu 1;

superficie de la placa la’ buo de tLjacxbn dal uctotou-
ling.

La formacibn de copolimeros no di6, por el momento,
1os resultados perseguidos pues su comportamiento antiin-
crustante es ligeramente inferior debido, posiblemente, a

-la Agtoporciﬁn de los tipos }de resinas cnpludot.
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Cuadto II

| . ‘ . a Donn.~6 . :
v - Mes Est. - TRC 9, 8 . Fosfatos - uitritos Silicatos Clor P-4 33'5'
e — T \ ' 50 3,12
iT S 1,10 37,26 1,00 0,43 T .12 11 3l
s 3 f“}gﬁi . 800 37,42 0,65 0,35 2,8 2,00 | 31_3:
: 1 13,2 ' ' 0,47 0,51 3,20 2,99
‘ 1 33,2 4,72 36,64 - 0,91 0,47 10,51 . 3,20 |
t 1 ~'}§:§' . 554 37,24 O ' 0,15 - 2,16 3,90 3_23_
' N s 0,20 2,75 3,42 . 3,19
- 313.2 5,28 35,91. 2,47 0,20 KT 19
H Y1300 556 374z 1,19 0,04 21 1,56 3.2
3. " 13,1 - 5,67 37,59 1,25 0,03 0,45 Ve 380 ‘
117 1 15.4 4,36 37,25 2,23 0,40 4,40 554 2,85 ‘
2 14,7 5,71 37,48 0,69 0,02 1,08 3,90 2,87
, 3 14,5 5,88 37,68 3,20 0 0,5 3.0 2,81
v 1 16,2 4,60 37,34 1,44 0,37 2,04 - 5] 394
o ‘2 16.0. 5,31 37,57 1,08 0,04 0,54 4,80 278
3 16,0 - 5.52 37,83 0,48~ 0,08 0,06 413 399
v 1 © 20,4 5,07 37,53 3,20 0,2 ’2.26 104 302
2 20,0 6,00 37,69 2,63 0,09 2,26 o4 3,02
3 2002 . 6,67 37,79 2,39 0,03 1,83 RIS 3,94
vI 1 21,5 4,85 37,61 1,33 0,13 0,39 2,08 3.3
2 216 5,79 37,63 0,47 0,12 0,17 4,50 3,14
3 2107 5,29 .37,67 1,15 0,07 0,13 2,33 3,38
Vi 3 26/3° - 4,60 37,63 2,55 0,19 2,43 SRS LAN 1 H
_— 2 25,8 5,31 37,55 2,07 0,19 131 § 163 38
' 3 25'8 5,52 37,73 1,40 0,07 1,82 R 4,03
VIII 1 26,6 3,95 37,61 0,44 0,06 5,23 2,87 2.8
2 261 4,81 37,71 0,68 0 3,66 7,33 313
3 26,3 s,41 37,82 0,11 0,05 3,06 233 348
i 3 33 aTe o e 2,38 8,56 3.1
| e ! ! 301
: 2221 4,85 37,67 0,19 0,05 0,89 4,84 .
B 1
Cuadro I

' 'Fomulac;onu ensayadas en el puerto dt?glm de Mallorca

No de Tas Plnturas 1 2 3 43 € 7@ 3 T 1T 1T 13 W 15 16 17 18

SCH _ 18 . 9 8 N3 . -
Cuzg“‘~‘ : S s : 18 9 9 . 6 s »
mrg. - 18 . 9 9 6 - 18 '3 9 6 15
w.  TBTP S LI L 18 9 9 6 15
’ Fezdg T - - R T4 14 140 1414 140 14 -
00 L 14 1 15 e 14 14 4. A S 14 14 14
Disolvente .. 48 48 ST 47 48. 4B 4B 4B 48 4B 48 48 48 48 48 48 48 48

Acrilato 6078 xilpl 18 18 18 18 18 18 18 18- 18 18 18 18 18 18 18 g 8 8
vinylite 30 % %4lol- C X _ S ‘s 8 8
clorocaucho 30‘ Xsi-u o - Lo ) ) .
lol S ' - ' ‘ ' e V

Thixogel
Tricresilfo

LI L R

SCNCu

Cu,0 e 8 8. 25 10 10

TB?O 15 - .8 10 20 10 - .
TBTP 15 8 - 10 20 19 - -
0 f 14 14 14 14 10 10 14 14 14 -
Disolvente "~ 43 48 48 ‘48 5S040 40 36 36 36 oo
Acrilato 60-8 X4 9.9 88 9 9 9 .9 9 9
vinylite 30,-% XiloL .8 T : ( ' E
Clorocaucho 36 x:l.-'__, ‘ - ‘ B s

lol o ‘ 8 88 & .8 9 9 ¥ 9 9 .9
Metilaster cnbi&anina - ; ' - 5 s & 5 5
Thixogel - & 2 ‘2% 2 22 2 .2 2 2. 2 2 2 12
rxicresilzoscaio & 5 5§ 85 § 4 S§ § 8 5 5 %
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Fig.

Pig.

‘Fig.

Pig. .

rig.

_Pig.

Puerto de Palna de Mallorca en donde se efectuaron los
ensayos biolégicos de control de las plnturaa.

2.-— Variacién estacional de los cn'x'!pados Y de la clorofi—
laaalo largo del ciclo utudhdo.

3.~ Conposiciﬁn ‘por grupol d.l zooplmcbon en las tres es-
taciones. -

4.- Variacitn utac:l.onal de lo‘- cm!podos en la esucibn 1.

4.~ Variacifn estacional Qe los Lmnbr-nquios en la esta-
o cidn 1.

6.~ Estado de ;1gu.nas probetas ul f:ualiur las cxpcricn- :
- elas,

7.~ Estado de las prohetu en a coupcsicm Q-plcnos
acrilato da trihutilntmo y cloroca
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PiNTURAS mnmcnusnn‘res DE uxrmz son.um.e
. ' 'npo AL‘rO ESPESOR

. Vlamc }. D. Rudo Cnrlos A. Gibdice y Beatriz del Amo

CIDEPIN‘I‘ Cemro ‘de inmﬁgtcldn Yy Deurmllo en.
: Tecmlogb de Hntums (CIC-CON!CET) )

VABQTRACL Antifouling. dalits of ‘the high-bulld type were studied.

. . Binders were p repared with WW rosin, using chlorinated rubber grade

E lati dissotuthn rate. ,Cupmu,s oxide. was ‘empioyed as
3 it r:ng:q:?or .oll - a3 “rheclogical. _additive. Raft ‘trials performed
along” 28 wonth ~pemued 10 establish: ﬂnlmporum roie of film thlckness
onbioucﬂvtty._,,_ : o _ ' s

. INTRGBQC‘CION

u eormldn de las estructuru ntilicu tumrgwas en agua‘

‘de mar 'y las. incruiuclones biclégicas que se dépositany ‘sobre las-
mismas obligan: a° encaraf, periédicamente’ " limplezs-y i mantenimlento
‘de’ los ‘cascos ; da qmbarcacloms apoyos de cstmctu t fuen de’ mta.
ete,
' Es un heécho’ oonocido a Influmcia que e}eroe |l incrustacldn de
s organismas del *fouling® -sobre las -condiciones - ‘operativas, de los
buques, aiterando ‘{a; continuldad del revesiimiento. protector, sceleran-
do los procesos de corrosién, y provocando una merma de velocidad
o un’ aumnto -de . conwmo e mbustlblg por n rugosichd quc produ-

ia neccsldad de re:olver este probmua de ll fom més cfectlva
posible - ‘impuisa . investigaciones a fin de obtener productos de larga
vida Gtif, mpatibles con los aspectos econémicos involiicrados.

Una plntun antilncrusuﬂte cﬁclente debm prevznlr Ja fijacién
del *fouling” durante lapsos. profongados {1-6]. En_ un-producto de
tipc ‘matriz sojuble la velocidad ‘de Jiberacién del “téxico, que défine
el poder . biocida, puede ser. controlada’ tanto por el contenido de di-
€ha sustancia.en ‘pelicule como . ién_por la velocidad de disolu-
cién de " la ‘matrl

- ta ~correctamente . Ja. velocidad dedisolucién del’ ligante. De esa mane-
ra sé logrard disponer. gobre la superﬂcie de :la pelicula la concen-
tracién de tbxico requarida para repeler lag' larvas del "fwimg .

Estudﬁos prevlos realuados sobre: este prohlem i? 8] permctleron

‘ El . contenido. de téxico puede sér variado entre
. Ilmites muy amplios ¥ & plhturl mantendré ‘su’ efectividad st se ajus-

legar a fa conc!ustén que plnturas eficaces y mds confiables . incluyen‘
ligantes con alta velocidad de disolucién en agua de mar. Sin embargo, -

para periodos- prolongados de Inmersién, la peilcula se agota parcial-

B mente .y mienu a verlﬂarse el proceso de ﬂ]acién de organlsm
) Incrustantes. '

. - Un aumto de la vidn Gt de estos pmductos puedn logn_ru
apncando un mayor espesor de peliculs ‘de. pintura antiincrustante -
{p. ef. 100-120 um} en luger del espesor mplado hlbim;imnto (50~ -
“tayor- nlimero de
mangs de mpmmmmommap:dtplnmn uuw- -

60 um}. Este propdsito puede obtsnerse .
pica (“high-build"). -

) La' Incorporacién dc un admvo mléglco lo Inpam a h plntun ,
propiedades - particulares, lo que permite’ lograr un producto con satis-

factoris résisténcla al cscurrlnlcmp durante ‘la aplicacién, qiw propor-
clona, ‘sito espesor de peifculs pornno (ymwnm\chtltogode
cubritive}, adecuada nivelacién, buenas prepms de pintabilidad
y corrects adhesién.

Et objetivo del presents trabajo es mluar s infiuencia de dhm'-
sas wvariables de formulacién sobre .ef poder blocids de aste tlpo de

plntuns,mmdénmncldopmdwm«mmomw conocido,
* no tixotrdpicos, awdudu\pnvhmu

- PARTE EX?ERIMENTAL '

CM Iclén dc hs -untrn

. Todos los produclos utudiados ‘Son de llpc aatrlt ulublc (Tabh‘
. Fueron elaborados empliésrdo’ resina colofonia - 'WW- como -materist

soluble formador .de pelicula y cautho ‘clorado grado 10 ‘coied ‘regula-

dor de’ la' veloclded de disojuckén. En las pinturas no tixotrépicas
emptudn mnn tutlgo u utlllzé plra dicho fin aud\o clondo gndoA

20.
" Se enuyam hs ‘relaciones resina colofonlllcmdto cbndo 211,

- LS y 1/t en peso; con ia primera de dichas nhdonu se obtiene
el llgame con myor velacidad de disoluclén en -gua de mer.: :

Para bgrar una pelicula de adecusdas propied:des ﬂsWnias :

el caucho clorado fue plastificado con plnﬂm clorads 82 % (nlacwn
mlmlphsuﬁanu 10130 en- peso}. )

A fin de estudiar ‘la influencia dei eontenldo de llgmtc se selec-
dontm ks niveles: 24,3 y 3! 8\ an peso sobre: h plmuu.l

Como ‘téucies - fundamenul se empled el 6xido . cupmso “rojo, debldo

-3 su comprobada sccién letal sobre {os organismos incrustantes {9-11],

en Ia proporcién de 20,2 y 25,3 % sobre ‘la pintura. Como téxico de

.refuerzo se utilizé 6xldo de: ctnc (19 ‘ en: peso con rupacto al téxico -

fundamenhl)
Se ehip Ie6 como’ zdstlvo reoléglco mlte de. rlclm hidrogenado

"establltudo fcastor oll}. A cada muestra de las pinturas tipo alto

espesor se fle iacorporb 2% en pcso de este admvo. utmtns que
3 !as mnvenclonahs se agregé 1L

. -

et N

By T
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.elabor; ciﬁn denb mue;tras le ]

bolas de 28 litros de capacidad total, ajustandc las. mnqls:la operati-
vas de modo de lograr una buena dispersién de 108 pigmentos [12,13]
‘ reduciendo Bl hlnime e resecion’ ehtre el &cido-sbiético. de la resina
: g lclo y’oabre (Cut)presentes[ 18, 15].

da - una de las muestras
Feidn de_log pigmentos,
ita veloctdad

i {.a “chpacidid . “antiincrastante .de-.las . muestras : (poder biocida) fue
* ‘evaluada“envel medio naturdi:(agua-de ‘mar), empleando -pars tai fin
--une “balse experimental . Las - -pinturas ' con’mayor- contenido .de tSxico
(25,3 % en peso} fuerdh -enssyadas ‘tamblén sobfe:laCirena de una
embarcacién de s Armada Argentina.

. Psra la experiencia en baisa se utmum dwpu de- acero SAE
1010, arenadas a grado ASs 24§ (S!S .05 59 00/67). los pancles se
protegieron con uns pinturs anticorrosiva " (Y20=150 1 m ‘de pelicula
seca) Y, un. selhdor (%0-50 ym), ambos de eficacla comprobada en
: _ obre i3 ras’ se aplicaron las_dife-
. experimentales, con_espesores de 100-120 ym en el
. ,.ctos tipo 4 ,sor (1 apn) y ‘de 50-60 & 100~
120, um (seg(m ) . nlmero de - mnos) en el de las pinturas convenclo-
naies. El tiempo de secido entre mafios fue de 28 horas, dejindose
tnnscurrlr iguai lapso luego de la Gitima caps, antes de la Inmerswn.

La balsa fue fondeads eén la Base Naval Puerto Beigranc (38°58'S
-{“62'1;5‘ W), 1o0n3 ;re condlcioms hldmléglas Y. bloléglcn conocidas
-18

. Las Impecclones sé mllzarqn a 1os W, 26 Y 36 meses, lapso
en e cual estuvieron invblucrldos_ tres periodos de intensa activi-
dad. bloiéglca de o3 orgmlsm de! ‘foulmg" (primaven~vcrmo).

Para ‘el ensaxo en urvldo se  procedié a hvar con agua a pre-
sién la carena de I8 embarcacién seleccionsda, se realizaron retoques
en diversas zonas con - pintura anticorrosiva y juego se aplicd una
- mano . del sellsdor, - Ambog productos ' tenfan cnmposlclén simllar 2 la
de ios apllados en Jos panales de la baisa.

Las zonias pintadas (parieles de 16°w?" cada uno) se dispusiéron
a8 ambos costados de ia carena, desde la Iinea de fiotacién hasta las.
aletas antirrolido. En servicio -s6lo se aplicaron. las formulaciones 1,
2, 5,6, 9 y 10, tixotrdpicay y convencionales.. En el primer caso
se utilizé. soplete tipo “airiess® y en el segundo “soplete con alre '
comprimido; en ambos casos la operacién estuvo a cargo de operadores
expertos y el tiempo de secado fue simliar af de los paneles de la balsa,

5

Esta experiencia en servicio se prolongé durante 25 meses, durante
los cuales la embarcacién navegé en mar abierto o estuvo fondeada
en un lugar préximo 2l de la balsa experimental, jo cual aseguré
similares caracterfsticas en cusnto a factores abidticos y "fouling®.

RESULTADOS

El comportamlento de fas pinturas mtllncmstlntu fue evaluado
mediante . la escala de fijacién yi menclonads en anteriores . publicacio~
nes: 0, superficle exenta de “fouling“; -1, muy poco; 1, pocw;
2, escaso; 3, regular; &, abundante; 5. “superficie complcumte
Incrustads.

Los valores de fijacién sobre los paneles de la baiss o sobre la

carens de b embaracl(m se Indican en las Tablas ii Y i, respecti- -

vamente.

Se consideré el wvalor K {poco) come ol mibiximo admlslbie para
calificar una plntun como de bloactividad’ tceptahlc (ao % de efi-
clencia) .

En todos los am las obmvncloms se mpleum con regmros
fotogrificos en color, lo que permitié comparsr los resuitados obteni-
dos en las diferentes etapas y unificar ef criterio de ailﬂcﬂcldn

En el ensayo en balsa, luego de 18 meses de inmersin, los resul-
tsdos obtenidos indicaron que el espesor de peliculs habla influido
decisivamente en el comportamiento de las formulaciones. Las muestras
tipo alto, espesor y las convencionales aplicadas ~con espesores de
100-120 ypes cumplieron con los requerimientos del ensayo (fijscién
0 6 0-1), mientras que las Gitimes citadas, con espesores de 50-60 ym,
manifestaron un poder blocida Inferior (fijacién entre 0 y 2). €n el
caso de los productos elaborstos con ligantes con una relacién resina
colofonia/caucho clorado 2/1 y 1,5/1 (mayor velocidsd de disolucién)
y oori- el menor espesor de pelfcuk se mum Ionas de ooapleto des-
gaste, lo que permlitié ls fijacién de “fouling®.

Al cabo’ ce 26 meses de Inmersin a influencis del espesor de
pelicula se acentud, con fijacién sensiblemente mayor en los paneles
de menor espesor y fundamentalmente en los productos con mayor
velocidad de disolucién (relacién- colofonhlaud\o clorado 2/1 y 1,5/1).

Se debe remarcar que en el caso de las pinturas tipo “high-bulld®
y en las convenciouaies aplicadas con el espesor miés aito, en tocos
los casos se  obtuve un utisfactorlo poder antﬁncrmume (o. o<1 &
1).

En I obscrvacldn final. (36 meses] de la experiencis en butu
se puco constatar que en los paneles de pinturas convencionales con
menor espesor de pelicula, la fijacién habla aumentado slgnmutlvamn-
te, Las mismas ‘plnturss, aplicadss con ‘un_ espesor dé peliculs ‘de
100-120 uw mostraron, en algunos casos,. elevado poder blocida. Al
respecto se deben citar en primer término las plituras 1 y 2 (mayor
relacién . colofonla/caucho clorado, imayor contenito deé téxico), se
yuidas luego por las formulaciones 5 y 6 (refacién 1/1 y mayor conte-
nido de téxico). que también - cumplieron el ensayo tﬁladén -1 é
‘l)
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-En el ensayo en la.carens del navfo de la Armada, tgnto en las
pinturas tipo “high-build® como én las formulaciones convencionales
aplicadas con espesores de pelicula de 90 - 110 ym, se observé buen
‘poder blocida, _sin. fijacién o con muy poco "fouling® (0°6 0-1) luego

"de 15 mesés de Inmersién. No. s&’ registré’ influencia de ningum de -

fas otras variables eonsldendns en este utudlo.
CONCLUSIONES : '

1. En cl caso de s lmpomnu lnﬂuencla det espesor de pelicula
sobre [™ eficlencia de las pintiuras, fundamentalmente en aquélias

formulaciones elaboradas con fos ligantes de mayor: velocldad de diso~ ‘

_hacién | (relaciones | colofonia/caucho. clorado. 2/1°y 1,5/1 en peso) es
necesario remarcar la tnscendench del. empleo de. las pinturas -tipo
“high-bulid®. Estas - formulaclones . peraltieron ‘obtener -espesores de

pellcula’ seca ‘de 100~ 120 g _con una sols meno (aplicacién sistema

~alrlenl. lo ‘cual representa unia lmportante economfa de mano de o-

" bra, las pinturas formuladas ' resuitaron aptas para la prevencién
de " las incrustaciones bloldgicu ‘por un perfodo minimo de’ 25 meses, .

_no. habléndose continuado Ia cxpcriu\ch por la necesidad de entrads
.de la embarcackén. a dique 'seco por problemas ajenos a la proteccién
antlincrustante: & 36 meses en baisa (ensayo’ estitico). En el caso
de las muestras 1, 2, Sy 6, dcccuerdoolucspesomrmnema
al final ‘de a uparlmch nbrk aponr cfectlva acd&l mm duran-
te un apso mayor. |

- Las vnrlablu velocidad dn dlsoluclén del llganu Yy contenldo‘
de plgunntn son imporfantes. La primers por cusnto es-factor deter-’

minante de la puesta en llbertad del veneno, aspecto [ssenclali. en
cuanto al ‘poder - biocida de la pinturs y sl lapso de ununlmlamo
del mismo cuando la - misma protege uns superficle sumergida en
el mar. Ls cantidad de téxico tamblén tiene, en Gitima Instancla Impor-
tancls  con  respecto al total de proteccién’ {un contenido de
20" % sobre la _plnturs -significa un cumproalso hxon:ble entre calidad
y sconomfia).

3. Las pinturas tipo aito espesor formulsdas . presentaron buens

‘ resistencia al escurrimiento {"sagging”) durante la aplicacién, buen
_nl\!ehdo de la peliculs y adecuacas ancterrstlcu de pintabilidad.
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. COMPOS!C[ON DE LAS PlNTURAS ANTMNCRUSTANTES

F s (gmo gl

Oxldg gupm m]o... V
Qx‘dﬂ « m.ocoaaor .

Carbomto ~cle aldo

st 3;'25'_,;‘,”'2@;*2 203 B4 252

., 2,5 2,0 40 28 28
W,1016,1. 29,7 2,6 W0 16,2
13,9 18, 13 w1 12,1 s
e e 10,6
46 a0 53
0305 - 00
28,0 23,8 28,0

U I LSt 1,sn

Oxido cuproso rojo..

" Oxido de cinc..iiius.
Carbonaty de caiclo.
 Colofonia vnl :

‘Caucho clorado (’)u
‘Parafina clorada 82§

AdItives..cieiiiaensi

Disolv. 'y diluyentes

Relaciéh colofonia/
chucho clorado......

20,1 20,2 25,3 25,8 20,1 20,1
S 2,0 2.0 2,5 2,5 1,0 2,0

29,3 21,2 M1 16,1 20,3 20,8
12,1 158 97 12,6 97 1.6
81 10,6 907 12,6 9,7 16

“4,0 53 50 65 50 &5
08 03 0,3 S ea 0,3 0.8
0,0 28,6 23,8 23,9 23,8 2N

LSLsn i

{*) Las pinturu antilncrustantes tlpo 'hlgh-buﬂd" se alaboramn con
-caucho clorado gradoe 10 .y 2,0 § de aditivo tixotrépico; las pintu-
ras antiincrustantes convencionales se prepararon con aucho clo—
rado grado 20 y ! 0 t de admvo mwolco. .

TABLA I ‘
FIJACION DE "FOULING" EN EL ENSAYO EN BALSA

(18, 26 y 36 meses de Inmersidn)

PINtUre. . e...

12

n

‘10

‘Producto "high-bulid®:

0-1

-1

-1

0-1

% meses (100-120 um).....

26 meses (100-120 um).....

Lal

o-1

-1

-1

1-2

i

-2 o1

1-2

36 meses{100-120 um).....

_ Producto convencional:

-1 01 o-1

1-2

0191

-1 2
23

-2

0-1

18 meses (5060 um)eoeees

o1
-4 01

o1

-1

‘ .18 meses (100-120 um)....

2-3

-4 1-2

3-8

2-3

26 meses (S0-60 um)...o..

-1

o1

3-8

26 meses (100-120 ym)....

3-5 -5

L)

L

a-$

36 meses (50-60.um)......

1-2

1-2

o1

36 meses (100-120 ym)....
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FUAC!ON DE 'FOULI&G‘ EN LA CABEP{A DE UNA EMBARCACION :

DE LA ARMADA ARGENT!NA

(25 mses de lm-enlénl

. Petureeeee.. 1 28

“Producto: convenclonal:

Producto “high-bulld®:

BObOF.cecivivessene © 8 0 0 04 o1 0

Estribor.,evesusiioes © 0 0 010

BODOF . vsescunanss e e e e
ESUrIDOrs caeennencce 07 . 0-1 o o1 e

 El espesor de'poltcuh agdya‘dd ontre 90 y 110 pm.



SECTION II

P ird

0ES Tm,,;;g sgwquqq,ug,g.gqrsmcmss SPECIFIQUES DES BACTERIES

SU[.FA’!O«-REWICES.

mr. l uonsas 4‘19{‘4?& m;......??msr Paul
quﬂqﬂ / oacamucma SOCIETE mnom.z ELF mrums

‘ns*rml kssmm

in- the oil i.ndustry convenuom\l tests for selecttng sulfate

~r~educ1ng bacteria’ bnctcrtcidcs are often affected by uneasy to

malyu anmlm

Bloluninewence used as a conplenen’cary technsque in result
interpretation made it possible to explain more occurately =

4 how certain bactericides operate and to establish our _uelscﬁidq;

WORK '/ COMIENZO DEL TRABAJO

La corrosion bactérienne par bactéries sulfato-réductrice (SRB)

est une des principales cauges de ‘la dégrndation des installations
d'exploitatlm des hydrocuhutes uquxdes et gazeux et d‘injection
d'eau (parﬁculi&rmat d'eau de mer). La lutte contre ces
phénonéngc est généralement effectube au moyen de bhétéri;;dés. :
cci;::t,ejfcgdu,ivdeq quanti tés ut{lisées et des risques encourus, le
cbqixAdeAsk tdditifu Y uﬁliser éﬁt fait par sélection en 1ahqrgt61re.5

Toutefois, les réﬂultata obbanua sont, souvent, entachés d'anomli.es
que l'utiltutkm de la biolumnescence. comme moyen conplémntawe

de contrale, pemt, en partie au mins. d'expliquer.

.

1 - METHODE DE SELECTION DES BACTERICIDES .

Une quantité de 2 litres de milieu de culture est ensemencée
par un échantillon de-culture bactériénne provenant du site &
étudier, Ce milieu est ensuite plack dans un récipient
étanche en &tuve 3 37,5°C sous barbotage d'azote, '

Lorsque le milfeu a viré (précipité noir de’S-:Fe), 1 est
laissé 24 ou 48 heures dans l'etuve pour atte1ndre le dévelcp-
pement bactérien optimum,

La culture est alors préte pour 1‘'&tude,

Le milieu de cul;ure utilisé pour ’le' dévéTb“ppe«ientA desr BSR
est, en principe, spécifique de ces bactéries mais il permet
le développement d'autres micro-organismes. i .

Le test est effectué de 1a manidre suivante :

15 cm® de milieu viré sont introduits dans des tubes bouchés,
contenant des plaquettes métalliques de 0,5 cm de large, 4 cm
de 1ong et 0,1 m d’ épaisseur Ces tubes sont disposés en 2
séries.

a) Metal seul
15 cm® de milieu, une plaquette métallique et une dose

croissante du bactéricide 3 &tudfer (50, 200, 400 ppm)..
Ce test est spécifique des réseaux d'injection d'eau.
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18 ca? de milieu, une: plaquette aétal‘lique. 132cm

_hutle du site 3 traiter et les mémes doses des nénes
: ﬂ’-bax:téricides qu en a}. Ces tubes ‘sont-ensufte bouchés,
'agit.és et placés o Etuve 3 37 5°c. Ce test est spéci—.
fﬁque des reseaux de production d huﬂe.

o) Tlnteggrétatio

t* efficacité du hactériclde -testé | sera suivie " en
'effectuant :

- des contr&es de présence de bacténes sulfato-réduc-
 trices, vivantes, . _
- des mesures de Moluminescence (car&ctéristiqne de tout-

ce qui est vwant dans le mﬂieu . BSR et autresv

‘bactéries) et ce. apres des- tesnps de contact varzables

‘avec Yes bactéricides (de 3HY7 jours).

2 - METHODES DE CONTROLE DES RESULTATS

2.1 - Par tests kits

1 cin? du milieu & contrbler est injecté dans 10 cm? de
. miliey sterﬂe.'Si des bactéries encore vivantes sont
jprésentes, ellei peuvent entamer un processus de dévelop-
pement en raisnn de L3 richesse ‘e matidre nutritive du -
_ milteu fourni et de la dilution du bactéricide. Cette
“reprise de 1'activité se traduit par 1a- précipitat‘ion

_ de sylfure de fer de couleur noire.

. 2.2 - Bloluminescence

On appelle l_unineﬁé’encé 1'émission de lumitre pv“'oduiit.'e}‘
lors de 1a vesactivation 4’ une -molécule ou d'un atome
: préalableuent excités par une absorption d'energie.‘

Dams le cas de a bio1u1nescence. l‘!nergic est 1.

apportée par un organis'e vivant.

La réaction ch{nique est obligatoiruent utalysée par.
une enzyme, Celle=ci n’est un qat;lysenr dctif qu'en |

présence d'un activeur. On a alors 1a réaction :

Enzyke + Activeur + Substrat --->
, Produit + Enzyme + Activeur + hX
_h = constante de Planck

A= fréquence émise

L mtégration de 12 quantité ‘de Tumidre émise foumit

une mésure quantitatiyg du substrat i concentration

d'enzyme donnée .

L exemple le plus connu est celui du dosage de 1'ade- |
~ nosine- triphosphate (ATP) par un systeme enzylutique de |.

luciole.

La mithode consiste en un premier te_dpS Y ]_‘e:itr;act-ion ‘
~de cet ATP. En un deuxiéme temps au dosage de cet AP
extrait en ra,)outant ua produit qui contient de la |

uciférine et une enzyme : 'Ia lucaférase.
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On a la réaction suivante

. ATP ;t?)h_l;tfféf‘jﬂﬁ 20,
. Luc1férase
oxylu;dférine + AuP * poz + ppi +hX

. Lorsque tous les compusés sont en qxcés, sauf 17ATP
extrait, Ja. guantité de. photnns émis est directement
‘ -proportionnene A la quantité d ATP- dégradé

‘app V".ei.!.;" !"F?’lgfé'}gépl Mar ,ue"":; BERTHOLD  BIOSYS

Code BI 5106

3.1.- '50uches bac:é.riénnés, =

- Nous avons séiectienn& 3 souches bacténennes pour’

ffectuer les essais en 1abqratoire :

B Ui\é' souche provénhnt V d"u’ne ééd ‘de’ mer prélevée
- dans e Golfe de. Guinée sur 1e site de Kolé
(offshore Camerounais) :

2) Une’ souche provenant d’ une eau douce type ‘eau de’

la Saur (riviére du Sud-Ouest de la France)

3) Une souche provenant d une eau de gisement de<

N Gonelle (GN,HS) a0 83\80&

A

) Type Biolumt 1B 9500T

Les essafs sur 1a souche de 1'eau de la Saur et sur la
souche d'eau de gisement sont faits en présence d‘'huile

“non traitée, provenant du -puits MTCS (Sud-Ouest de la

3.2 -

France).

Bacfé rici des

- Les bactéricides testés, au nadme de 20 sont tous : des

3.3 -

produits commerciaux’ provenant de 12 foumisseurs q1f~
férents : BASF {RFA) = produits El et €2 -
CECA (FRANCE)  * ' Lllzeti3
ENERGECO (ITALIE) - * o
GMLEN (US&/FRMCE) L |

' HENKEL (RFA) - co F
: CNALCO (ITALIE)  ~ *  Alet A2 :
: 'NLTREATING (UK) LA O :
PETROLITE (USA) " Glet62
RHONE-POULENC (FRANCE) c
SERPIC (FRANCE) ~ *  Hl et K2
SERVO (uoumos) % BletBZ-

SOFRASER (FRANCE) . K1 et K2

Essais r_éaiisés B

Les 20 produits 4 tester sont repartis’ dans des tubes
contenant le milieu de culture . (dans Tlequel - les

. bactéries sont en proliferatian) aux doses de 50, 200

et 400 ppm. Les mesures suivantes sont réalisées :

- aprés 7 Jours de contact bacterielbactérictde ensemen-
cement de Tests-Kits pour détecter la présence de
bactéries wlfato-réductr‘ces vivantes.

A A A A A A A B B A S AN A R A A A S-S A A A A A A A A A N B B R A-L°
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- aprés 3 H, 24 H; 2.3,°4 § et 7 jours mesure en biolu- |
minescence qui permet de vérifier 1'action des bacté-

~ ricides 'sir 1 'ensemble de nicro-organismes vivants et
" pas seulement les BSR

4. RESULTATS DES ESSAIS

) 'Affn de mieux apprécier Ie conpartemnt des addmfs. des
B essais 3 _blanc ont ét& réalisés et ont donné les résultats
b 'suivants. exprmés en picograme (10'12) d'ATP :

~TAT RER

LI IICTIRYY A

.. iR RIVI f
; TEMPS s . KLH R : SM ]
{4'-" 60 10@““590 102

Les i}éi:térjés' de l’f‘ear{ de aer‘ paraiss_ent ‘tres sensibles au
) k Brdsque'chaﬂgemnt de milieu. Leur nombre chute 24 H aprés le
* transfert dans la- éellule -d’ essai, Par ailleurs, on notera

les faibles valeurs d' ATP dans les .essais de la SAUR et de |

GNM qui sont réalisés en ‘présence d'huile, . alors qu'en son
“absence;” on retrouve ‘des valeurs voisines de celles de 1'eau
" de’ KLM. “On . peut “donc. conclure. § un effet biostatique de.
“1*huite’ dofit. les bactéries -de GNM (qu1 "connaissent® le
sniHeu pétmlier) s ‘accomodent plus facﬂement que celles

. »'pmvenant de" h surfaee, -

TABLEAU 1

ENSE!GLE DES RESULTATS (APRES 7 JOURS) EXPRIMES EN %

‘ n ATP m mpom m nuur.

PO TR 1Y

50 ppm

s e »e v wa - *>” -w

va e

P

indique que les BSR sont ‘tues {aprés 7 joors).

s : : 200 ppm . 400. ppm :
: 1 KLM:SAUR: GMM:z KLM :SAUR -: GNM : KLM:SAUR : 6NN :
DAL : _9':.’3'5“ S ;1310 0% i Orr S X
:AZ 1 0% 365 Q% :O% :20 :0f : 0% 330 :0% :
SBl 20t 9% 1 0% 0% : 7% :OF:OF oz 16% i 0
$B2 :0* :80 ;0% :0* :20 $0% ;0% :25 :0*
: € :560:45 :20 2P 200 7 G100 ¢ 2
2Dt 0% 2g% 2 Of 1 Q¢ 36 P08 DOv 7t O
SEL 0% 319 0% 0% ;5 e O 7% rOM
EZ 0% :60 O :0* :35 :0% :0% :20 :I*
F ;380 1 A0 1200 :13% ;14 3 0% gt : O
61 :35 :16 : 0% : 4 :20 :0* :0% :25 :0
GZ :45 :45 ;0% :50 :40 : Q% :100:35 0% :
THL - 60 :16% :O% S0 : g% 0% 3 2 Qv :
THZ 330 @ 1O O 20 rOr O 12% O
: 1 :120:145:0% 370 :80 :0* :30 :45 0% :
:0d :110:8% ;0% :110:5% 0% ;120 : 5% ;O
DKL 307 s 14 300 2% ;70N ot ;00
tK2 t7* 1003 3 1T o:16 : 1 : 1 ot 14r:d
sL1 : 660 : 40% ;0% : 1 : 5 Ot :2% : 5 Q¥ :
k2 10 5% O 0% 5 0% DO 5 O
$L3 3 0% 230 0 :0* :30 :0v ;O :19 :Q* :
*

R T T PRSI



i

bte‘{lus. aprés 7 Jours de contact
bactérie/bactéricide est f'lguré dans le tableau n° ‘1. :

' ;:_..,-,L.ge,s_ul.tats,._fle,s __c_':‘o'tblt‘r.ﬁles 'pa_r _Test§ Kfi":ts

Ces ;:ontrﬁles pennettent d'étabHr un classement entre
les d'lvers produits aprés 7 Jours de contact entre les
bacténes et les bactér‘lcndes :

ED
:"i'» \ i . .

. '4;_.1,11 - §pu§he,.@ay de_mer d_ef_'l'(o]é"'. o

it

Produits actifs 4 50 pp@f_': A28l €1 B2 0
: R - J R TR B
Produits actifs 'y zoo ppmi :C F H2 K2
Produtts actifs & 400 ppm : Al G1 H1 (1
Prodmts 1nact1fs 1400 ppm GZ 1,9

4.1.2 - sédchef&e 1afsaur o
Produits actifs 2 S0 ppm : Bl DHL J Ll L2

Produits actlfs a 200 ppm : aucun
Produits actifs 3 400 ppm : E1 F H2 Kl K2

Produits inactifs E} 400 ppm : Al A2 B2 C E2 .

Gl 621 L3

Bien:._'qu'e la southe soit peu éctive.- elle est
* beaucoup plus sélective que 1a premiére. -

4.1.3 - Souche de GNM

Produits actifs 3 S0 ppm . : Al ‘A2 Bl B2 D
£1 E2 F 61 G2' HI
H2 T JLl 1213
K1
Produits actifs & 200 ppm ::aucun
Produits actifs & 400 ppm : E3
Produits inactifs & 400 ppm : C K2 .

La plupart des. bactéricides agissent donc sur cette
souche. )

4.2 - Résultats des contrdles par bio_lumiﬁgécente

Ces contrdles ne sont pas spécifiques des BSR. Ils nous
renseignent sur 1'effet global du bactéricide sur les
micro-organismes présents.

4.2.1 - Souche eau de Mer de KLM

Trois heures aprés contact avec le bactéricide,
1a p&pulat_ion -bactérienne a chuté de manidre
notable (> 90 %). pour § produits &S0 -ppm (A2,
B1, B2, €1, L1), 7 produits: 3 200 ppm {les
mémes plus Al et D), 9_proddit's a_400'ppin (les
‘mémes plus C et €2). .

Mais, aprés 24 heures; le taux d'ATP mesuré est
presque- dans tous:-les cas. supérieur dans le
- milieu traité 3 celui du blanc et ce, de facon

trés nette.. Ce phénomne n'a &té observé: que

dans ce cas précis : voir tableau 2.

- R T
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Enfin, aprés 2 jours de contact |‘ensemble de
la population a ‘tendance a s‘effondrer, sauf -
‘dans. quelques. cas (F 61) :. voir_ tableaw 3. | ' , A TABLEAU 3
i Mer KLM :. % d'ATP par rapport au blanc. aprés 2z J de coatact
mw\uz
MER KLE 9 d'ATP par’ rapport au blanc aprés 24 H de contact. ) : .
o : : 50 ppa : 200 ppm : 400 ppm
: : 50 ppm : 2200ppm 400 ppm - : : AL 20 P 1 : 1*
S i L - : - : : H A e 1* : 1* : S
: - Al s . 90 FR ;- o0 : : Bl - R : S U
: R s 78 o 108t 40* : : B2 : . 3* I
|z BL . i 1200 . . 200% T 135 : T 2 T - : 1 : ™
Ty B2 c: lse . ;o Ms i 225* : : [ EFEE R s g
: € P L T I T 1 E 3 IR 5 : 5 : &
O S : 120 -z 8s* o 1ov : B2 . 5 : 5 T B
0 TR T MEY 1 190 : K - 115% Ha H F . : 120 - 30* : o
: 2 T 90 TR 1 175* : : 61 : 50 3 1 l40¢
o F .3 . 225 ;L 285%.  :o 180% . : ' . i 8 . 2 R U T
: @z 225 : 23 S U1 S ' ‘ H1 2 : : 0 .
: &2 §o2s o 30 : a0 : o E 2 7 N D
: W : 10 . : 10 : 150 : j , e i o 20 1 . s 1
"3 ;45 . i . 180* T 18s* : B it 3 s 1 s
P DR 1" ;128 ;120 : P B 2+ : * 7
so 0§ . r w0 23 :as | T b s ke i a0 : g
: . KL .: 2% . i .45 - .z 270% : o o w0 7 P
: K2 Sra0, ;. 160 . 185> . : _ B L2 s e : o 0+
:ou o : 190 . 12 ERR G o : U T B o* . o . o
: L2 T 160 : . 165* : 0 30* : ' ' : : . .
s 3 2800 ¢ 3¢ 1 a0 , '
. e S : * Produit efficace aprés 7 jours.
* ?roduit efficace aprés 7 jours.

v lee



http:d'ArPparr~pPor~.au

L1z

- 13 .

4:2.2 - Eau de 1’ Saur -
‘Les contrbles réalisés par tests-kits ont
ontré 1a sélectivité de cette edu. La biolumi-
T e _t nescence mntre que lensemble des- micro—
' ‘ org"'msmes est Poins ‘touché que dans les autres
©.cas; bme quand les BSR-sont: tuées (Bl 0, Hl
J Ll)

.

423 - M
La bioluminescence imontre une actfon trés forte
sur l‘ensembYe des mcro-organismes du miheu
traite sauf sur F l 50 ppm ol, hien que lés BSR
soient tuées. ‘20 ! de l'ATP fnit’fa] submste

5 - COMPARAISON DES azsumrs

La Moluminescence permet de - mesurer 1 act1un ‘des additifs

sur 1'enisemble des nicro-organisms et de suivre 1 évolution
de 'l'ensemb?e du systéme. Dans 1'expérience sur 1‘ew de mer

f}de KLH (voir tableau 4), tous les produits actifs vis & vis

des BSR (A2, .82, O, €1, E2, Ll. L2) ont un- ‘comportenent

‘ 1dentiqne & Bl réduction de pratiquement 100 % du taux
d'ATP aprés 2 jOUFS. Tous les produ‘lts inactifs {62, 1, J) |
ont un comportement semb]able : kaprés une chute du taux

d*ATP, la valeur remonte nettement au septidme jour, ét méme

& forte concentration de bactéricide, cétte valeur peut |

excéder celle du blanc (sans traitement).

«

Les produits actifs & certaines doses et pas & d‘autres (Gl,
Hl, F, par ex.), ont un comportement hérité des deux ten-
dances précédentes, mafs dans le cas de F, od & 200 ppm on
voit remonter le taux d'ATP aprés- 7 jours, (b'len que ‘Te TK

“soit négatif), 11 ‘convient "de considérer que’ ‘14 -dose de

200 ppm est pmbab]ement pmche des Hnites d’efficacité du

. produit.

Les tests-kits, par contre, ne donnent ‘que des résultats par
tout ou rien poir les seules BSR. Les quclques renseignements' i
complémentnres obtenus concernent le temps dé virage des

" tubes de contrble. Par. exemple, avec le produit 61, aprds
7 jours de con’tact bactérie/bactéricide, ?e TK de contréle

vire en 1 jour- pour la dose ‘de 50 ppm, en T Jours pwr
200 ppm et rest_e négatif (produit efficace sur les BSR)J

400 ppm. On considérera qu'd 200 ppm, ‘le Gl ést plus actif

{sans toutefois stériliser totalement) que le Hl pour lequél

. Te TX de contrdle 3 200 ppm vire en 2 jours.

“Sous réserve d"apprdfondissetrent des - travaux, la biolumi-

‘nescence permet de lever 1'ambiguité essentielle du wode de |
sélection adopté : aux fortes concentrations dé bactérictdes,
le non virage du Test-Kit peut correspondre & la stérili- |
sation du milieu, cas de F & 400 ppm, par ex.,”ou sfmplengn‘i:;
i un effet bactériostatique (bactérie vivante mais nétfn-
‘bolisme bloqué par la dilution insuffisante du bactéricide).
Les résultats obfenus en bicluminescence en F & ‘200 ppm et ‘Hlv
& 200 ppm doivent permettre de lever cette ambiguité. ‘
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ETUDE DE L'INFLUENCE D'ELENENTS *POISONS* SUR 14 RESISTANCE & LA
CORROSION uci_fmmn E¥ KILIEU MAREN D'ACIERS INOXYDABLES

1) Yaivarsite de Technologie, CONPIEGNE. BP 649

.. 60206 COKPIBGBE. Cedex (France) :

@) IFREXER. Centre de BREST, BP 70 - 29263 PLOUZANE. (France)

3 UKIREC, Centre Commun de Racherches USIFOR-SACILOR, BP S0.
42702 FININY Cedex (France) o

RESUNE

. - Min de lutter contre la corrosion -bactérienne dos aciers
inoxydables ez milieu marin, 11 a #t¢ envissgé d'ajouter dens 1a
composition de ceux-ct des #léments chiiiques considérés comme toxiques
vis-d-vis des bectéries. Ce faisant, ls formation 4du voile biologique,
précent sur toute surface axposés en milieu marin, peut sa trouver
ralentie. o R .

' Jous avons étudié 1'influence de 1'sddition de plusieirs ¢léments
connus pour leurs propriétés spéciiiques en o domaine, sur la corrosice
localisée d'une nuance d'scier inoxydable du type 316 L. ’

A laide de techniques électrochimiques et d'analyses fines des
surfaces, ous avons compard le comportesent des noAnces entre elles en
sau de mer- synthetique (type ASTH), puls de chaque nuance svec ou mane
bactéries introduites dans ce miliey synthétique. Ces résultats sont
ensyite compards & ceux obtanus en sau de mer paturelle.

© Lensesblé. dé oss cheervations permet de mettre en évidence le rile
¢ certains  dléments “poisons® 4tudids, sur le ralentissement de I
farmation du voile biologique & 1s surface des acliers inoxydables, et sur
1s metllsure résistance 4 la corrosion localisée qui en découle.

1 - _rmecogcrior

De aombreuses études de corrosion microbienne en milieu marin oot
4t¢ faites principalement sur des aciwrs goux (1-15). Bur las aclers
isoxydables, le poubre de travaux publiés semble besucoup moins impartant
(16-22), Les dtudes effectubes en précence de bactéries, montrent que,
dm . point de wue dlectrochimique,  des phénoménes particullers se
manifestent, potammant par une modification des potantiels (26-28)
{avorisant. 'spparition de piqires. S
’ . Ce ‘phénoméne & pu &tre attribue 4 la formation d'un voile

_ blologigue (23-25) di aux microrganiemes présents dans le milieu..

11 nous & semblé interessant de voir si certains éléments d‘allhge;
en influencant les conditions de réduction de 1'oxygéne, gerajent
susoeptibles d'tatarvenir dans la formation de ce votle.

pans  cette #tude, nous avons  vouly  comparer av 1'atde d‘qssais
€lectrochiniques et d'analyses de surface le comportement des uouvelles
puances obtenues dapns des milfeux contemant ou mon des bactéries pavr
mettre en évidence le réle spécifique joué par chacun des éléments poison

© considéré. o .

Il - NALERIAUX EYUDIES

L'acier de référance est du typs 316 L dout la composition

aot todiquée daps le tableau 1. ) -
nmm : COXKPOSITION DB L'ACIER 316 L

‘¢ W - 8 8§ P B G- Ko

Acter 316 L 0.01 164 A8 .005 .017 1154 1680 206

Dec pusnces modifides ont &t liboréss per _adjonction

d'tlenents’ taxiques tels quie .-1%;:.1' le culvre et la sélniux. Ces

fows oDt ¢th- comparess & l'scier 316 L. L ;o
pusnces ol?'tut ::. surfsce ayast servi da référence 4 lensamble de now
échantillons. correspand & oelul obtesu aprés polissage au papler Szc
Juequ'd granulosdtrie 800.. )

Dans certains cas 1s Surface a ¢té vieillle pendant des’ temps

‘wott ¢ : ‘ 2 . soit-dens. de ‘mer
définis, soit dans 1'wau’ de mer synthétique ASTR, solt: mt,l'q‘u ¢ _
saturelle. Les temps de vielllissement que aous a¥0Ds  utilises

correspandent & @

= #tat fraichement poli. .
= 1 ssmaine. o )
.~ 1 mols. o .

G- mssEommms

1111 _ Les-solutions T
Jous avons utilisé d'une part de 1'au de per satyrel]
dautre part une solution BArise :Iynmtiqu du type ASTE dunt in
ition & ait dsss le tablesu I!. . . . L
compes Afin gf.;im copnaftre Is wécanieme d'attaque et de Comparer in
résistance & la corrosion microbienne des aclers étudids, Tous avies. mis
au point um montage adapte. Des. bactéries. se trouvant. dn_c des mdns
formés ur un worcesy d'mcfer corrodé dans 1'sau de mer maturelle oot été
introduites daus la solution marine synthétique utilisée, comprenast, un
aflteu propre de culture des bactériss sulfato-réductrices 9. . :

ans it tes sur des
Les essais ont été effectués. dans des condificoe agrob " des
sclers 316 L et 316 L + As puis dans des conditions mer?bus sur: oas
" mémes aclers afin de mettre ez évidence l'effet éventuel de ,larunic._'
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‘1'8lectrode. . quxiugim
,noctrocuntqm ont tt&
‘du mplas uurzm-nnw '

o TR T AT e T e T THENT N OE T

I:ahlcu.ll COKPOSIT!OI DE A SOLUfIOI NARINE SYNTHETIQUE

DU TYPE LSTK
. -,

',C‘dnégﬁt‘r‘ltibh‘ g/izire; ‘

’ 24.53
820
400
116
0805
0201
0.101
o027

© . 0.025- ’
~.0.003

Pour 1ss diff&ronm dtudas éhctmchhtqw umprms pous svons
vtilise 1%Wlectrode au alml utﬂ GCS) conme élnctrode de référence,
-en  platine. ‘Differentes  techniques

‘n.wvu your c-ncwum le eonpu'mt

e

1a vlrutlun du potntul d*sbandon en fonction dv tuyc
les courbes intensité-potentiel -

1a mesurs dés résistances. do pohrmtien

us Besures d’upmm . )

m.a.a. Evolition éu poumel a'ab.uon a xmm du mps

t‘li‘l

lous avonis. mm 1a’ varhuon dnnn 1¢ tnps -du potentiel um
des couples matérisvz-milies dans les dnﬂnntu -olutions mum.
pnrt!r de 1'tpitant d‘!ﬂnﬂim
) Dans lea solution zarine oynthdtique pour Jes puances aodifites de
T'actér 316 L (f1g.1), 1a co pnx‘s!son des cmpor't.eients dams le texps met
e #vidence de potables différskces. .
ue 108 hnmrhs sont aJouuos 4 1a solution on oousute (figs.
2 et 3) une f{nversion ‘de l4volution du potectisl due & la présence
d‘armic dnu l'u:ur 816 L

xu.z.z Ccm‘bcs de gohrlutm

us coux'bu‘dc pohriutlon ott 4té tracees A parur du potentlel
d'abandon jusqu'd ~ 1000 mV pour ‘s “branche cathodique, puls vers les

. potentiels gnodi'ues Jusqu'd ce que le courant atteigne 1 nA/cn2, la

vitesse de hnlnyage uﬁnsée Gtwt de 225 ﬂnxr
Dans. Aoy de mer synthetique, dec wmesires ont eté e!tectuées [ ]

' T'aide des’ Buances modifides. Les courbes de "polarisatfon Gbtepues dans le

sens des patentiels croissants eomt upr«senu.s sur les figures 4-7. ce;

courbes mettent ep #vidence des dllurenoes de mportennt lo“que le.

ulps de. ntnt!en e ‘soclutios chnge . . ,
. 'xxrz.s.'lm de récistance de pohrtutiou .

Pour les’ m de mlshm de pohﬂutim BOUS AVOLS upou

‘l‘tlmrodt de . travail ub pountul sounis 4 us belaysge Hndaire sutour

dumttddwh.um;oa&twtnlﬂmmtm
reslisées avec un oF = 5 uV ot vne vitesse de balayage de 120 mV/hr. Le
tableau 111 montre les valsurs obtehuss dans 1a sclution synthétique sans
bactaries.. Larsjue des hactéries sont ajuuuu (ublnn I‘l) 1ss varistions
chearvées. cant m«lmﬂu. o ) ) : o

Iableay DI : mmucz‘nx POLARISATION DES ACIERS E¥ NILIEU

‘ACIER 3316L S0 1183810 3180080 2500000 &
SI6LeCt 11963170 1 500,000 @ s
316 L 4 Be ’ .- 1800800 @ ™0.000 0 zm.oua N

Si6Leds | 634200 . 23850000 ‘ xoo.mn;>

m'.z'.c. Kesures d'impédance o )
Chnqu ‘aseal a 6té realisé su potenttsl d'sbandon pd-hblmnt;
sesurk puis imposé (méthode potentiostatique) et lul mime

pertixbéd par
une oscillation situscidale de !quou qui variént estre 30 000 Bz ot
0.001 Hz. . .

, L« tigurs 8 et § -antmnt les resultats obtenus pour tous les
aciers qui ont été vieillls dans l'sau de war syntdétique. Ex présence de
bactéries, on remarque une forte diminution de M'impédance pour l'mcier
316 L (£1£.10), ot au contraire une grande m;nlutim lwsqm l‘arunic
est présent dams l'scier (fig.11). -

1113 - Microecople et analyses de surtaces

Pour mieux carsctériser la oouche paseive, deux techniques d‘mlyso
ont éte utllisees : la ie & décharge luminescente (SI}L) et E
nicroscopie electmn!qm 4 balayage OUEB).

la méthode d'azalyse SDL sn'a €té ytiliske que pour les aciers ayant
subi un vieillissement d'um mois dars la solution marine synthétique sans
bactéries. les résultats . montrent sulvast < lec  échantillons des
différences. Pnur mque Glement ¢tudie on pevt ctﬂiser : .
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certaine . pmfondeur
~ ies longueurs de pics, correspanéant a l‘évolut&cm de la reparutlon de

vgtessq d*&msim gu l'échant!nm ost connue, le temps
it reite i. In prdfondmr. La Npartttlon des

tulym pcr :tcrnscaph electmnxqm t bnlnyage. ‘.‘_

~Poyr_jsoler . }cs bactéries  novs plongé chaque acier étudie
uﬁs ia solution ASTK saditidine di - ‘dé culture. A’ bout d'up
mois,le mélange 8 &té prilevd, puis par ces flusatton le résidu solide a
#th extrait. Celui~ci est sssentiellement constitué des bactéries. 11 a &té
onwluMydrutg dans ag solutions slcooliques successives de 30 4 100
%. Aprés” séchage ‘& VAfr{l a eté introduit “dame un dessicatesr ot
finaiement . & &tre - cbeervé asu nicx‘béc‘ogk tlocttontqoc 4
ulam_ l)e?plu:. l‘tchantﬂlan utaluqui‘ est lui-méme SAChe €0us une
lampe ﬁgct.ﬂqu. ‘pils . métallisé avant d'dtre - nnlyu Las bactéries
pmnm dans le mtiteu contemant” choqu acier ont &4 uuly“u ainel
par. m Afig12-1®.

Cas obsérvatioss' sous ‘ot ‘periifs ‘de constater ‘que suivist les

ocm,w h, mpholnsu des mlmm ectériennes étaft ammmv. n
nppurnlt que par ruppart au’ milisd dé culture initisl; 1a” forme reste
filamenteuse avec l'scler 316 L, mais avec une longueur moyenne en
diminution, st ellé devient globulaire en presence de 1'acier qui contfent
de 1'arsamic, 1] apparait pettesent que h colposttton de l'ulluge nodifie
u w-pamnt des b-ctérus ’ ‘

Tableau IV : RESISTASCE D2 POLARISATION DES ACIERS 316 L et
316 + AS §K NILIEV SYFTHETIQUE AVEC DES BACTERIES

VIEILLISSENERT. ~ 1 sofs dase 1s sol. 1 mots dass ls sol.

ACIER 77 ASTK sans bactertes  ASTN avec des
sieL . z2sme00000 zt.oooo
CseLeas - 100009 sasz.oooo

IV - DIGCUSSION DES BESULIATS
Iv1-2nnﬂa_¢lec1'm§hh1m

A partir des courbea de po‘lurisntion ROUS pouvons observer que par
rapport asux nouvelles pusnoes 1'acier sans élément pojson se distingue
des autres. : il est plue reésistant et se cowporte mieux aux potentielg
fortement ancdiques. Notamment, les potentiels de piqure sont légérement
deplacés. L'mcier au culvre @5t trés actif imsédistement aprés polissage.
Cependant, #i. on lsiwse 1allisge vieilitr "dase 1a solution, son’

_ comportement s‘aséliore (£ig.5). Un comportamest similaire s'cbserve avec

les aciers au sélénjum et & 1'arsenic. Toutefois, l'upntudc de’

différences est besucoup plus grande lorequ’tl s'agit du cutvre, oct
tlément tend donc & destabiliser la passivité deé 1'alliage, mais un temps
suffisant d'immersion permat, malgré tout, h rmtructiua de la couche

passive..

Il apparait qu'avec le temps d‘ummu. les- potentiels d'sbandon
augmentent pour les aclers 316 L et 316 L + Se, tandie qu'ils diminvent
pour les nuances 316 L + Cu ot 316 L + As (fig.1). Il cemble donc d'aprée
ce test que l'adjonction dc séléniym. provoque un anncblissement; tandis
que T'adjonctios de culvre ou d‘Arsen(c agiseent dase 1'autré sens. -

-, Nous pouvous remarquer que les résistances de polarisation des
ucurs 316 L et 3161 + Be augmtut on foiction du- temps, tendis gque
celles des aclers 316 L+ Cu st 316 L + As diwinuest (tablesu’ UD. c2
qui confirse les differences de con t cbearvées ci<deséus. .

Les diagrammes ¢'iwpédance wontrest dés dffférences stitre les
acters aprés vielllissswest, pour 1'scier 316°L + Be, les carectéristiques
du film semblent s'anéliorer svec Je tesps d'iuuﬂu (ﬂs 6 tt o).

n.zmh:umm

. Boue svons constaté que les élements O, CI. 8, P ¥, u. crt c restent
en_surface .at que l'épaisceur da ls couche sinsi que la profondeur de
pendtration du chlare, témoin d'woe plus forte corrosfon, sont plus

paxrlnmunsmL4Cuct‘sxel.‘nqupaurluocurs 316

grandec
L et 36 .1 + Be ({ig.14). Ces résultats corrobiarent les observations

effectubas grice & 1¢tude de 1%volution dans le tesips deé poteéntiels et
& celle de la résistance de powmuou Wig. 1 et tableau TV, & savolr

. qut In pessivité. des allisges 316 au culvre et & 1'aréenic est moins

bonne que celle des alliages de rcuroncc at a uuntu-

NJWW

las muluu obunus par des mesures e la iékistance de
pohrislttm 4 l'aide d'ume technique pomtimhttqu { Tableau IV ) et
par la détermipation de la nbeisténce de trapsfert & l'aide des
diagrammes - d'lupédance (fig. 10 et 11) parnettant dc mhur des
évolutions tout & fait ohthtm - o o

Clest atnsi que. an conpnrant les réstétancés des: nc!ers 316 L et

316 L + 4s, on met en évidence l'utlue\we de u pm d'men!c :

~ En. l'absence de bucurlus‘. ut tleuut duiaue h tenue t l.l cor“msion
de l'acier. .

-l-(-. - a W W W W Ij_l_l.
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. - En presem dee,.bucteries. on coustate une notable auenoration

- les amr%tlms effectu_ees a nlcroscoue élest.mnicy[e A balayage
(ﬁg 12 et “13) montrént' qué l'acier sans arsenic, dans un milleu
contenant des bactér!es. est plus attaqué ale-da nuance nop modifiée.
L'arsenic contribue. donc " d'une maniére fa#ouble ] la prutectlcm de

l'acur lor:que la co:toston hlctérienno murvknt

Cctu Ma a pernu ‘de’ w«:unur par observation microscopique,
. par ‘des méthodes élactrochimigies et par des snslyses de surfaces une
nuance d'acier:captenant ou ton des Alaments polm le silisu considérs

mtduswtncudutmmx o
Nous svans pu montrer gue l‘additlm d‘olhuts poison’ & l'acier

316 L modifie son comportemenst thctmchuxqut Le stleniun modifie ‘les
caractérigtiques electrochimiques dans un . sens correspondant - & une .

nugmt.nion de 1a tevue & la enn'astan. tndxc ‘que- le culvre ot l'arsenic

‘‘tendent '8 1s diminuar.. I1-apparsit de plus que la présence d'arsenic dans

" I'alliage modifie le w-pormnt du cnlonhs mrmm dans lc -um

et sur l'acier: 1u1-am O3
Fous poursuivone mmllnnt ce tunii avec’ pour ebj-ctu une

nulm conpaissance du- réle des cumu ldmue vis-d-vis de’ 1s
corrosion nlcrubialogtqw. ) . .

Wous mcrctm K. BAVA, Nwe mur ot X mnom Ao Dépnx'tcleat.
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o B;duuon dans le temps des

_“potentiels dabandon.

Fig2:
Influence des bactéries sur les
potentiels abandon du 316 L

Fig3:
Influence des bactéries sur les

potentiels dabandon du 316 L + A -
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ANTIFOULING PAINTS OF HIGH SEA WATER
DISSOLUTION RATE

Beatriz del Amo, Carlos A. Gilidice and Gustavo Villoria

CIDEPINT - Research and Development Centre for Paint Technalogy
(CIC-CONICET) - Calle 52 entre 121 y 122 (1900) La Plats, Argentina

- ABSTRACT.- The objective of this paper was to establish the perfomance

of antifouling paints formulated with binders based on WW rosin plasticized
with phenolic varnish, coal: tarftung ofl (1/1 ratic, w/w) or oleic gcid. Red
cnpm oxide was used as toxicant in two levels,

The results cbtained in laboratory tests and In raft trials (36 months)
have shown that each pluticlm led to antifouling peints of different blocidal
characteristics. Besides, the residual dry film thickness, the profile of copper
in the film and the cuprous oxide leaching rate were In accordance with samples
bloactivity.

INTRODUCTION

In soluble matrix aentifouling paints, physical and chemical
characteristics both of the flim forming resin and of the phsﬁciur are factors
of fundamental importance in relation with paints service behaviour; the
plasticizer or co-binder has a significant .influence on the binder dissolution
rate and then on the toxicant release from antifouling film [1,2}.

The paints based on binders of hizh digsolution rate and applied with
60-80 ym dry film thickness show generally a satisfactory efficiency for 12
months sea waier, immersion periods, but after this time an important fixation

of organisms is registered fundamentally in those zones where very strong

hydrodinamic flow conditions lead to a film fast exhaustion. As a consequence,
peints applied with higher -dry film thicknesses (120-150 um) could have

longer useful life. )
In soluble matrix anlifouling paints, the (oxtcant and “e bmc;éi-
are simultaneously dissolved. In_ this form, particles of the bxocidal matenal
that were initially located inside the film make contact with m vuter' T -
“The rate at \vhlch the toxlmt is relemd fone npgct‘ that m L]

F

- direct Influénce upon the efficiency of tm mtlfwliac pdnt) dapomh of ;ts-

content -in the film and alsc on’ bindor diqolution rate. The totlant co‘}tgnt ’
can be varied between very wide Limits tf the binder diuolutlm' !'ate' is
adequately selected, so as to avoid fouling settiement- 3,4},

The main objective of this research was to determine on expcﬂm‘%nw
raft the bioactivity of antifouling paints based on soluble binders snd ;m 10
correlate the ‘above behn\dour both with film dissolution: nm and w!th to@mt
leaching ute durlag nn water tmmerﬂm test. v

SAMPLES OOHP(BIT!ON 'A‘ND IANUFACTURB

mmerimonul formuhtlons are shown in ‘rablo l. Dift.

Cof high dissolution rate IA 3 o4 water were formulated {11+
The following variables were studied: -
Componient. Function = v Level %, w/w)
Red cuprous oxide " Toxicant V 31.3 and 35.4
WW rosin/plasticizer Binder - L 30.4
: Phenolic varnish = . Plasticizer = ..
Coal tar/tung oil, 1/i ratio Plasticizer- <"+ . 80
Oleic acid : Plasticizer . ‘ 76"
Hymen_ated rlcinic sc'id Rheologim,l_ ldd;‘uve 1.3

The duncterittia of the diffcrent components were indlcuted
!n pnﬁow pepers {2,51. :

Samples mmutactun was uchicnd on a hbotatory mle by using
s 3,3 liter jar b.n mill. Operating eondlum of the ball mill were specially
considered for obtaining- an efﬁclent dupemm (ndequnte pngment perticle
size dxstributlon) and for reducing. the reaction between pxgments md binder
acidnc eomponents 1) R . R

Pamts were prepared by mcorporating calcium cnrbomte ‘and ginc
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oxide in the vehfcle. These pxgments were dxspersed for 24 hours and then

cuprois oxide was added to the J&t‘. and’ dxspersed for three houvs. ; ’

- ..y, ; [The rheological addntiye emplayed ‘was _castor “oil” “which wes’
4 Incofpém;ed a8 »q,:gel (15 % w/w t,kthe.end of pigments disperslon. for this

f ¢ 40-45°C. temperature. was used.

e The: abqve mentloned gel was :previously manuhcmred_by dissolving
mu mwm lnxylem using a high speed impelier:at. 40-45‘0 and by stirring

.mu » stadle oolloldﬂ struetm was.reached 17,8k

~Every.-paint. Iug q:litad up - in mll s.mples Ior -permiting . the

. 'lmorponm of . d!hmt organic _tints..Each of .them was, used to - apply
& coat- mommm, %mrorcnommewuun enlmtion olmm
wmmmmimmmn

SAE 1010 mel ph(u were used for the tests, puvlou:ly sanded
“to A Sa 21 (SIS Specification 05 59 00/67), with 40 im’ mudmum roughness .

{Rm). The thickness of mc plates was 1.8 mm. .

Before painting . the mummm umples. the pme.ls msrc protected
with an:anticorrosive paint of proved. efficiency 30 ym dry fiim thicknen}-‘
After 24 hours drying,. mﬂfmﬂng pclnu were nppllud by brush, forming a

. 25-30 wm. dry film ﬂdmm. !necruniul tests were performcd 24 hours after

.the application ot the antifoulmg coat.

Both Cwuﬂtion of paints and hbomtory tests were carried out

under’ Controlled Mtiom (20 3 2°C ‘temperature and 70 ¥+ § % relative
humiduy}. s .

The .dluion o! eonting mm m evclmted by. app!ylng and removing

© pressuie sefisitive typs aver cuts made in the film (ASTM D 3358-78) and also

by determining tdnsile -strength (Elcometer model 106): On: the other hand,

- abrasion resistance was -evatuated with 'l'aber Abruer (ASTM 3] 10“-78. §00

* turns, 500§ load and nbmive Cs 10).

For this test sanded glass panels were painted mth experimental '
' samples and-after 24 hom drymg they were lmmemd in mmcm sea’ vcater

(ASTH n 1141-15)

MOmmmumo!eopﬁerMnddidmtumdhmyme‘

u-eo.s ppm mm;mwﬁaymmntonum affected.
&mmmmtmdmmmumdminuuﬂddmmur

ﬁs:sleued by colorimetry ‘using sodium dlethylditiocarbemate method;

atmiuzomxm«mm.mmmmm

' emeeutnﬁm bctm 8.1 md 10 pom | !!.lﬂ-

mmwnﬂmmg& ,

%

mwuwmmumnmmmnmmm

lumtudmnm-mmudtwdﬂmhym,mtkddﬂm
@mrcmmmmmmmuwmmm

MMMMMMM:W!«M&MM&]

depths.

mmmmmmmmmm«mumﬁ

oftatmmumadbydagtmﬂtm et
Coppermtmatdtfm m-depthmwbymthe
‘above soditim diethymmtlmm:nnte method. In this case, sample was prepared

wuwwmwr.mmmmrmmmmww

nitric acid and sehcting o suitable nuquot for enmlnatlon.

SERVICH TRIALS

In- order-tovestablish the toxic behaviour of the paints in the natural

Aenwmment (sea’ water), a 36 foonths immersion test was carried out on a
Taft anchored at-Puerto. Belgnno (38°54° S; 62°06' W), an-ares whose hydrologicnl '

md baological conﬁtions were previously studied [11,12,13].

SAE mo steel plates (20 x 30 x O.S cm), with the same sm-ttqe', ‘
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Stoltorcutuncedggbh\;j 2
. method) snd of mﬂm redlunee (muimum 281.3 mg; minimum 165.4 mg).

treatment as that mentioned in the laboratory test, were selected for these

< tridls. Panels were protected with an efficient. anticOrwsi,ve paint {150-180
amvdry” film - thickneas)xand finally:) with the e;perlmenta{ an}ltouhng pamt, toxic

dry film thicknesses of 75 * 10 um and 150 * 10, ym {two and four coats,

respectiwﬂyl were. Mm”qmggcmgoa( was Mcterlzed by one dttferent colour.

- el cases; paints: mthg\m;pypgd mth an intervtl o! 24 hours

¢ i DEtWEEN: QoK. !)l;yint time .of.the last coat prior to | imersion was 48 hours.
i 2+ The.test:panels ;were placed vertically on the | "‘""“‘
* ;:aﬁ&M«ﬁ&ﬁWﬂl&“ Wf&“* 8 g <-

the_ nft, at about

- In order to establishithe piouctivily ot thgk thic,: nmpjes, oy;ervations
were made. after T, 13,18, 24and 36 months immersion. Photographic controls
were performed in order to:compare (inttmqghmttemrsmim to adjust
the different values at the end of the tests. : '

";i‘;‘ o "?é 3 Rt

« Al the. p‘inl samples abond;utisfactory ynlua of -adhaiun ({rom
. tes 'kg.cm"z for tensile strength

B

The anticorrosive. pnnt employed had m adhaion of 14 kg.cm"’ to thc metallic
sabstnte. Nl Co e

Joaching rate

" The results of the tests mude in u.boutory to detérmine the total
copper relemd from the ptlm tllma :tuded are indxcated in Table 1. This
table displays that eq:rous oxide contént and the binder typé and ‘composition
infiuenced ugnlﬂcnnﬂy on leaching rate.

. - With nglrd to. the mtifoullng paint thlclmess, this vmable plays
an. impomt mll.l oqu ln tbose umplen with blnders ot very Iugh dissolution

- rate (paints-3,’ 4. $ md 8).. The exces '_e erosien of the palnl ﬁlms elaborated
_ fundamentaily with olexc actd, whlch was obscrved during lmmersion test (Table

i), is the blms of the different copper leachmg rate redched mth two dry mms

tmckness eonsxdered.

‘Copper digtﬁﬁhﬁdfx'm the rémainir_xgl’ ﬁlm

Paint biosctivity an Mmﬂlnﬁ '

'!’he antifoulmg pamts tested showed durmg tmmersxon & sxgnmcant
difference m the total copper distnbutlon (cuprous Sxide, cupric’ 6idde metallic
coppér and copper complexés)as'a fumction of film- depth. Bea}des, & different
decrease of dry film thickniess was obsérved -ccordim to' the hinder type md
in the paint formalation. - w

For instance, in the experiences’ carried out ufih 150° 410 im dry

film" thickness, paint 2 (with phenolic ‘varnish as plasticiier) displayed a profile
of total Goppér contant which indicates & higher mm ‘exhibuistion than semples
4 and 6 (with'cos} tar/ting ‘oft mixture ‘and olelc #&id; respectively), Fig. 1,
2 and 3; the above menticned is Felated €6 the lcmr decrlue ‘of’ dry mm
thickness observed In paint 2 (Tabla HI).

Anslogous conclusions were obtained . when r&:ﬂhm Fédap
to the tests made uith the above samples but applied with 75 ¢ 10 ym dry
film thickness were considered and also: \vlnn*nluet “of paint 1 'ﬁé& compared
with Mofumplalmd&(smnﬂnrcwmoxﬁdecmtmﬁmm&y
mm tmamm mcued. ' o

P

~ ‘The results cbtairied are mentiofied in Table 1Vi:The efficlency of
antifouling protection was evaluated by the use of a fixition scale which ranges
from 0 (surface without fouling) to § (completely fouled). Intermediate values
of 01 (very rare), 1 (rare), 2 (common), 3 {(very common) and 4 {abundant)

‘were uho considered. Value 1 was established as the limit of acceptance for

an antifouling’ composition (80 % effcctlvmm), paints:that: showed ptotectlon
values of 0 or 0-1 (100 and 90 % effectiveness) were con:léered as products

- of very good Nocctivity.

As all: - antifouling paints films. showed utis(actory praperties in

inechanlcal tests carried out &t laborstory, different behaviour on uttnnowed
“to conclude that both formulation variables (toxicant content and binder type):

and dry film thickness-(mainly for samples 3, 4, 5 and §) Influenced. significantly
on paint bioactivity. ) . -
Paints elaborated with phenolic varnish as plasticizer (paints 1 and

W ET R AT EEEEERENEW.
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.2),‘ for two dry film tﬁicknésses considered (75 and 150 ym), fulmled the test
° requirement only for 13 months immersion (0 or 0-1 settiement values) After

that period, an [mportant fixation of fouling was reg1stered (between 2-3 and

5 nceordmg to the immexslon tlme cmaldered).

Samples l‘ormuuted wlth cocl drltung oll mlxture n, pluticizer,
for tbe two film uuclmaau studlgd,,hagi good bioccumy for 24. months (0-
1o0rl} only thooe applied \w;th 159 um thickness showed n(lsfactory emciency
wﬁmummlmmeuim(o—lorl). f o R .

As reprdt ptints wmt olclc acid ln their eompoduon, the behaviour
also depended clgnitiaxgﬂy on the ary fiim thlclmeu .ppnod. These paints had
& thickness decrease ‘greater than - the other . umpm, which led 10 an excessive
an rapid exhaustion when they were temed with low tMcknes (ﬁnuon 2or
2-3 for 19 months immersion). When the nme products were lpplied with 150
ym dry film thickness, utitfacm'y antifouling ctmcteﬂstics were observed
for 24 monthl (tixation 0-1 or 1); final observation (36 montlu) lndiuted an
mportant fixation upot the :bove pdated mcls. : :

CONCLUSIONS

1. Pof long lmmeulon periods on experimenul mi‘t, tbe plutlclzer
inﬂuenced on biocidal poucr of soluble matrix antifouling pcints studied.

3. Both cupm oxide contents considered led to producu with dirferent
leaching. mte. oa this upect it is. lmporunt 10 point out that some paints showed

eﬂlcwnl bioactivity with a cuproua oxide leaching rate lesser than 10ug

c:m‘z day'l coeroboratlng the conclusions reached for other uuthors 13,41

3. thn mtlfoullu paints based on blndeu of hlgh dinoluuon rate
are employed, the. dry film thlclmen is a very lmpomnt vurluble for a long
immersion period. V '

4. Resldual film micknm during séa water lm['nersion, profile of
total copper in the film and also cuprous oxide ledching rate d;spuyed a great
.greement with me blmctlvity'on experimental ran.

ACKNOWLEDGMENTS

The authors are kgratéful‘ to CIC (Comisién de Inves’tig’acioﬁgs
Cientlficas de la Provincia de Buenos Aires), to CONICET (Consejo nacional
de Investigacionés Clentfﬁm ¥y Técnicas) and to SENID (servicio Naval de
lnvesugacién y Duurollo) (oc thdt mﬂﬂp for this reseerch. | :

B.EFERENCB

11 Gludlce, C.A, del Amo, B., Mo, V. Pmc Oth lntemtkml Congreu
on Metallic Corrosion, ’I‘oronto, Cundn. 2,510 (1“4). B

{21 - del Amo, B., Glﬁdloe, C.A., Mo, Ve d. Omt. Tedll., “ (7]’). 83
C(es).

al 'De 1o Court, F.H.- J. Ofl Col. Chem. Assoc., 68 (9), 347 (1986).

(L] hrtlmtm. A~ Paint Technology, 28 (a). 24 (uu).

(s] Giddice, C.A., del Amo, B., Rascio, V-~ Proc. 6th mmuom Congress
NWWMPWAMGW.VQLH.WNM
293 (1984). , , .

{6} Giddice, C.A., Benftex, 3.C., Rascio, ., rmu. M- d. oil Col. Chem._
Assoc,, 63(4), 153 (1980}, ‘ ‘

in Auau.- Pitture ¢ Vemice, 58 (4), 13 (l”bL

IQ] Pupo, A., Torriano, G~ J. Ofl Col. Chem. Assoc., §3(1), 10 (19!0).

{9l I’ardagtm, A., Dunn, P.F.~ J. Oil Col. Chem. Assoc., 44 uz), 869 (1961).

{16] Saell, P.D., Snell, C.- Colorimetric methods of Anslysis. D. van No-trand
Co. Inc., 3rd. ed., Vol. 1, N,Y., US.A. (1836).

[11] Bastide, R., mvak, E., 1'Hoste, 8.G., Adabbo, H.E.~ Corrosidn y. Protecclén,

8 (3-9), 11 asm,’

1121 Bastide, R., 'Hoste, $.., Spivak, E., Adebbo, H.B.-C«rodény Protecﬁén.

8 (s-o), a3 (um). ‘
{13] Bastida, R., Llchatehcin, Ve~ Comsién ¥y Proteccién, 10 (3), 7(1978).




,. CTABLEI :
Compodﬁm of. eqmimanm pnnu', 1& w}w ‘

CPaint. - 1 3 , s - 4 s 6

'Red cuprous-oxide . 31.3 5.4 M3 asa 33 35.4
Zinc oxide R B 38 R 1 N X I K
Natural calcium carbonate : 339 . 29.4 LI B 28,4 339 - 29.4
WW rosin (gum rosin) N L N 22,8 - 28.3° 5.3 2.8 22.8
Phenolic varnish s I 7.8 e - R Lo
Coal tar/tung oil, 1/1 mtio S : ' 3 Lo <

in weight : C e - 81 - 81 - -
Olele- acid ‘ - oo , - - . T8 7.6
Castor ofl S 1.3 1.3 1.3 1.3 13 1.3

(*) Solvent mixture was toluene/white spirit 1/1 ratio in weight. Cr

| TABLEN
- Total eo;sptl‘!'elcatpd tmmmm df;anﬁtmi;im paints, u t.cm'zadly“

R R Y N T T [

Flln; thicknmc 155 10 um
Immersion’ tlmot i oo

13 ‘months

124 months:

R N A e 2
5.8 78 82 L A4S 8.0
&0 30 33 e

rg hicknm: -‘xs

'ﬁnmnn!on tlmm

" gl ms U 1me o asa
X1 . N DR [ B, X 1.8
' S X &8 36 . s

jLaaaaaamnnmmm’mmm-m‘ma,‘mmgm@‘@a.@mmm.mgla»m.c%
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TABLEW

Paint

‘Initiai film thickness: 78 + 10 wm
Immersion time:

7 months

13 months

18 months -

24 months

38 montha

Initial fllm thickness: 150 10 ume
Immerslon time:s
7 months
13 months
19 months
24 months
36 months

iss

138
123

EU
BRIt}

81

14

82
AT

o

15'-',‘:'

139
18
ns
e
L

1
.80
R

R U

148

het 4
119
o

19

AR B

128
120,

S
\ “
1

73

as

20

47

LI

58

72

AT
13

121

83

- 187,

81 -

26 -

* The results are the average of ten determinations made in prearranged film place.

TABLRIV
Fouling sattiement in immersion test®

Paint

Dry film thicknesss 75+ 10 um
Immersion time:
7 months
13 months
18 months
24 months
3§ months

Dry film thickness: 130 + 10 ym
Immersion times .
7 months
13 months
19 months
24 months
36 months

0-1

3-4

1-2
23

o e o

-4 -

0=l

o oo o

°.'1. '

0-1

.0

S 0-1

3.4

2-3

e

o

=
34

AT AT

- 0 D 0 o

* Key of Table: 0, without fouling (100 % omelcacy}; 0-1 very rare (90 %); 1, rare (80 76}; !, common (60 %);

3, very common (40 %) 4. sbundant (20 %); S, panel completely rouled (0 %).
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. Change of totsl copper content in the dry thm (150': 10 m thiékiim). expressed
- &5 cuprous oxide; sa

mple elaborated with coal tar/ting ofl mixture as plasticizer
and with the highest toxicant content. ' :
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or C-3 - were synthesized.

" potential for bicaccumulation.

MODIFIED ORGANOTIN ANTIFOULANTS
C. A. quley' s J. P. Testa, Jr.** and P. Kenis*

*Naval Ocean Systems Center, **Computer Sciences”Corporation

ABSTRACT

foithenyltln bromides containing double bonds at C-1, C-2
The reactivity and toxicity results

_indicate that ' the compounds with double bonds might serve as
suitable - and - perhaps more environmentally compatible
antifoulants. They exhibit degradation rates greater than and

are somewhat less toxic than the tributyltin compounds currently
in use. . : S .

INTRODUCTJON

) The use of tributyltin compounds as antifoulants for ships”
hulls  has become of increasing concern.  because of their
persistence in the water column and sediments and because of the
It is xnown from literature that
when ethyl and propyl groups are replaced by vinyl and allyl
groups in tetraorganotins, the resulting compounds show enhanced
chemical reactivity (1.2,3). In an attempt .to create more
reactive compounds, we synthesized organotin compounds in which
butyl groups were replaced with butenyl groups. Such compounds,
used-as antifoulants, might be expected to degrade more guickly
in the environment while retaining sufficient toxicity to target
organisms. C

EXPERIMENTAL

Chemicals

1-bromo-1-butene, 4-bromo-1l-butene and 2-chloro-1-butene
were obtained from Pfaltz & Bauer (Waterbury, CT). Resubl imed
magnesfum chips, tetrabutyltin and tributyltin bromide were
obtained from Alfa Products {Danvers, MA). :
further purification.. Hexylmagnesium - bromide (2.0M) in
diethylether . was obtained from Aldrich Chemical Company
{Milwaukee, WI) and was used to derivatize alkenyltin halides to
improve their chromatographic behavior. .

Instrusentation

Retention times and mass spectra of synthesized ~“and

‘~purchased compounds we:é obtained yith'a ‘Hewlett-Packard MNodel

1

. organic layer,
Florisil column with hexane. The solvent was again removed under
vacuum, !

All were used without

-«

$890A Gas Chromatograph directly connected to a Hewlet't-Packard
Model 5970 Mass Selective Detector (GC/MS). Data collection and
reduction was performed with a Hewlett-Packard 9000-300 Computer
using Model 59970C ChemStation software. Samples were run using
splitless injection onto a 12.5 m by 0.2 mm I.D.- HP-1 fused
silica capillary column with 0.33 um coating thickness, Helium
carrier gas was used at a head pressure of 40 kPa. The oven was
programmed, after an initial 2 minute hold at 50°C, to 230% at
30 °C/min. Injector, transfer line and detector were at 250°.
Hasses were scanned between 50 and 450 amu.-

IR spectra were obtained of the neat COIpounds in AgCl cells

using a Perxin-Elmer Model 1420 Ratio  Recording Infrared
Spectrometer. ;
Synthesis of Compounds »

Tetra-1-butenyltin, tetra-2-butenyltin and tetra-3-

butenyltin were prepared via.the Grignard reaction  (4,5,6,7,8).
The appropriate Grignard reagent was prepared from approximstely
10 g of l-bromo-l-butene, 2-chloro-l-butene or 4-bromo-l-butene
in 10 =l anhydrous tetrahydrofuran and an excess of magnesium
chips. The Grignard reagent was ~decanted from the excess
magnesium chips, then cooled to 0°C. Approximately 2 grams of
anhydrous SnCl in 10 ml of hexane was added dropwise to the
stirred solution. The mixture was refluxed for four hours.

The reaction mixture was cooled to 0°C and hydrolyzed with
3% HCl. The separated organic layer was shaken with 5% aqueous
KF to precipitate organotin chlorides or bromides as insoluble
‘fluor ides. The solvent and low boiling side products were then
removed under wvacuum .at room temperature from the separated
and the resjdue was washed through a 22.x 1 ewm

Approximately 1 g of the tetraalkenyltin was suspended in 10
m]l methanol. A stoichiometric amount of bromine in wmethanol was
added dropwise in dim light to the stirred tetrabutenyltin
mixture. Monobromination of the. tetrsalkenyltin to form tri-1-
butenyltin bromide, tri-2-butenyltin bromide and trlﬁ3fbute8y1t1n
bromide was achieved by conducting the reaction at 0%, -s0°C and
209C, ' respectively (9,10,11). Upon completion of the reaction,
the solvent and low bailing side products were removed under
vacuum at room temperature. The crude product was washed through
a Florisil column first with hexane to recover unreacted
tetraslkenyltin and then with 1:4 {v/v) ethyl acetate/hexane to
selectively elute the trialkenyltin bromide. Solvent was then

removed under vacuum.

- e wEENEEEEEEEE
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Dégf&dation Exper iments

. Ethanol sclutions of the otganotin bromides were prepared at-
~img/ml. Aliquots of -the ethanol solutions were added. -to
water to obtain approximately 1-5 ppm concentrations
‘Snlutions wetre &ither: placed in 125 ml quartz

_boo ml polyCarbonate jars in the laboratory. 106 @l aliéuots of
the solutions were extracted at timed intervals with 1 m} hexane
iditg?ation with 0.1 nl conc: HCl. Samples were analyzed
t after-‘de “vatlzation with hexylmagnesium bromide by

nelﬁtive toxicity of compounds was deterulned using the
nlcrotox TOXIcity Anslyzer Model 2055, manufactured by Hicrobics
:COrporaticn. Carlsbad, CA-(12,13,14). This bioassay measures the
- relative reduct ion in-light output by a . luminescent bacterium,
‘Photobacterfium phosphoreusm HRRL B-11177 when exposed to a
toxicant. Theé bacteria are providéd in-a convernient freeze-dried
form. by Microbics Corporation and are in-edlately activated by
the addition of 1 m}’ distilled’ watet.

. For Hlerotox“ testlng. stnck solutions of ‘the coupounds
wete prepared in .95% ethanol at “1-2 mg/ml. Appropriate amounts
of the ethanol solutions were added to 2% aqueous NaCl to achiéve
a vorkable concentration while Keeping the ethanol’ concentration
low as possible (typically ubout 0. 05\). - .

Serial dilutfons of . Each compound for . neaé&renent are

performed in the Microtox™ photometer/incubator at 15 ©c,
‘Coritrols. consist of triplicate -1 w} portions of.. 2% NaCl and
candidate toxics are prepared in and subswquently serjally
diluted fn 2% Hacl, with s final volume of 1 ml for each
. dilution. After a 5° ‘minute period for temperature equilibration,
10 ul of rehydrated bactéria is: added to each of the controls and
the serfal dilutions-of the test compound. Measurements f{n the
‘photometer are -made at 5Yand 15 minutes after ‘addition of the
‘reagent.’ This procedUre is répeated at least four separate times
.for each coipound to provlde fout 1ndependent toxictty values,

The toxlcity value is expresSed as an EC50 concentration,
which {s the concentration of a compound which caused a 50%
reduction {n llght ocutput. The ECS0  concentrations were.
determined by graph!c intérpolation on log-log -paper, plotting
the gamma function against concentration. -The gamna - function is
the ratjo of the amount of light lost to the amount of’ light
remaining. A gépmma value of 1 eerresponds to 8 508 reduction
in . light, or ECSO.

s€d to sunlight-over i@ houts or_xept in.. closed

tetra-n rapylttn as an. internul standard in the
\ ) o _butenyltin-and tri- I4butenylt1n bropldes were” stable.‘i

RESULTS AND DISCUSSION

Syntheses _ of ‘the tetrabutenyltins presented no . graat
difficulty as long.as .the Grignard réagent was predent’ in - JHryge
excess to assure. complete alkyl?tlon.‘ The tetrabutenyltins were
all stable as neat compounds and fn inért solvents. The. tri 2-
butenyltin ‘bronide was so reactive. with the synthdsis

products that it ¢ould not be’ {solated.  The ““tri-1-buti nyltlnu

bromide, and to a lesser extent, the tri-3- butenyltin brpnlA
tended to polynerixe during solvent’ evuporatioh of the ude
mixture prior to’ column chro-atography clean-up, . especislly
the d(sttllution £lask were wqued. once purified, - the

Progress of the reactions and purity of the products were
monitored using GC/MS. Butenyltin halides were derivatized with

- hexy!nagnesiun bromide to form mixed tetraorganotin compounds.
‘This step improved the chromstographic hehavior of° “the halides

and prevented. turther reaction in the crude llxtucasy - Whére cis~
trans ‘isomers  were present in the starting butenylhcliden.,‘a

" mixture of isomeiic butenyltins were formed. These isaaers could

be separated by gas chronatography hut not cheulcally.

Ounlitatively ‘the -ass spectta of the trlbutenyltin bro-ides
resemble that of. tributyltin bromfide in their fragmentation
patterns. The mass spectrum of tributyltin bromide is shown in

Figure 1. The mass.-spectra of the tributenyltin bromides are -

characterized by analogous clusters of tin-containing fragments
with two less mass units (H atoms) per attached carbon chain than
the tributyltin bromide. The differences in ion ‘abuindénces that
can be used to show ‘that different .compounds were Indeed

‘synthesized &re summarized. {n Figure 2 where" ;he major “fon

fragnents for the tr!organotin brouides afe shown'

Infrared spectronetry was used to ‘determine positloﬁ’bf the
double bond and to show that double pond pasition was  retained
after ‘bromination of the compound and that addition' ‘of ' bromine
across the double bond did not occur. - These data are ' gummarized
in Table’l as the vibration of C=C in alkenyltin conpounds found
{n the literature and’ -easured in our laboratory. . . '

The tributenyltins exhlbit considerable  varfatfon in
stablllty and” chemical reactivity. (CH,CH=CHCH, ) Snar, ©oan
allylic ' compound, was highly reactive and eherefore Jtransient,
the compound, readily undervent redistribution reactions with side
products of the synthesis reactions, and so could not be

isolated (16,17). The other two tributenyltin bromides were

stable as neat compounds, in inert solvents and in ethanol ‘for a
reasonable length of time. Chemical reactivity appeared to
follow the order- atiyl > vlnyl > altyl as found by other workers
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yscu CH-Ch) Snér,‘ and
g and'Lgo% 165s of
2CHACH, ) 9SNBr
2
S petiod ! fali-
re est’ ated far
l3§n§gmaqd eéa CHyCHSC

t and held at a constant room

ed of days
CCH CH C"cn 3
in seavatgr., ag: 4

s RERPAL,

Jative toxic
qslnq?sﬁye n.g%oféx cici
s, expressed, as an EC50, 't}m
’ s, A, 508 T dg tian. i,ng g X '
. Table 5 3 . " miniites. Y
fc“ cgﬁgﬁ CH!T ;pgg toxlcl_COngund s (cHa uﬁcz“Cﬂ? Sgg: E:gg
= nBE wefe 'less toxic than (C
tfocs a 3 q, r@spectivelx n 2CH:CH2)3SnBr by

. ca

C 2
ten " the
L vcteab?btuihed
ere stable, - onl
; bands ap €1 and £:3. weri
‘" The tri- l-ﬁutenyltln
sunllght than the tri-3-
. stable as
absenée of

tri-3-bytenylt ~ ;han for trlbutyltin bfonfde. The
:ei;t:ve “of  the  tetrabutenyltins _and the
b: utenyltins des were deter-!ned ‘using a bioluminescent

ctecia assay.quhe tetrahutenyltins exhibited greater toxicity
.than’ tgvrabutylgln by up’ to a.factor of §... By. contrast, the
concept:lttons -of Lrlbutenyl;ln brontdes necessary to produce a
g:::iderqqpqnsg were ﬁ to § ttugs greater than for. tributyltln

’Acxuoszncusuts

This work was tunded by the Qtfice of Navalk senJiigval

Research/Naval

gg:::nt5y:::g;“ Cenggr und:r the Independent 'Research Pﬁogr:n
8% . e autho . Jd

cditorial s e o rl:?ﬁunk K. J. ngyers -Schulte feor

‘REFERENCES

(1) ~ Davies, A. G.: Smith, P.  J. 1982 domgrehensiVe
Organometailxc Chemistry: Wilkinson, G.; Stone, F. G. k abel,

E. W.. EQ.: Pergamon Press, New York, pp 519- 627.

Bayer. ‘g c.; Bilbo, 4. T.; Brown, M. S.;
Colen, L. B.; Gaspirini, F. J., Goldsmxth D. W.; Jamin, M. D.;
Healy, K. A.; Resnick, C. T.; Schwartz, G. J.; Short, W, M
skarda, K. R.; Spring, J. P.; Strauss, W. L. 1982 QOrgqanomet, :

586.

(2) Cochran, J. C.:

1960 Chem. Rev.

{3) . Ingham, R. K., Rosenberg, S. D.: Gilman, H.
60: 459,

(4) o°Brien, S.; Fishwick, M.: McDermott, B.; Wallbrldge, M.
G. H.; WHright, G. A. 1971 ;norg. Synth. 13: 73.

(5) vijayaraghavan, K. V. 1945 J. _Ind. Chem, Soc. 22:135.

(6) Rosenberg, s. D.; Gibbons, A. J.. Jr., &ausden. H. E. 1957

J.Am, Chem. Soc. 79: 2137.
(7) Seyferth D.; Stone, F. G. A. 1957 J. Am. Chem, Soc. 19: 515.

(8} Clark, H. C.; Poller, R. C. 1970 Can J. Chem. 48: 2670,

(9) Rosenberg, S. D.; Debrecteni E.; Weinberg, E. L. 1959 J. A
Soc. 81: 972.

Chen.

{10} Boue, S.; Glelen, M.:. Nasielski. J. 1968  J. Bull §
Chim. Belg. 77: 43.

(11) Boue, S.; Gielen, M.: Nasielski, J.: Lieutehant, J-P.;

Speielmann, R. 1969 Bull. Soc. Chim. Selq, 76 135.
(12) DeZwart, D.: Slooff, W. 1983 Aggatlc Toxicol. 4: 129.

(13) Bulich, A. A. 1982 Process Biochem. March/Apcil: 45.

-

(14) Bulich A. A.; Isenberg, D. L. 1981. ISA_Transactions 20:
29.

(15) odavidson, G.: Harcison, P. G.; Riley. E. M. 1973

Spectrochim. Acta 29A: 1265.

(16) Peruzzo, V. 1972 J. Otguno-et. Chem. 40: 121.

(17) Fishwick ., M.: Wallbridge, M. G. H. 1970 J. _Organomet.
Chem, 25: 69. .

R

-nnll.l_.l_l_l.l.u.l



http:Organo.et
http:oraano.et
http:Lieuten.nt
http:Ors.no.et
http:tt;tra~tyl(l,n.bY
http:l),eltl).er~C\Ilpo':lr)d,was.1f
http:l,.~~:ti.l1

FIGURE 1 :

sae;

. SCRuED

Béan 482 (7.307 min) of OATAICE3(AIAT.D .,

RELATIVE ABUNDANCE

moammrmornm

22 NSole s

" m—ntenare

;

TABLE

IR BANDS OF ALKENYLTIN &«OMPOUNDS

‘Compound - - v (C»C)  em-i Sowrce
(CHamCHlsSILe 18021588  Ref. 8
(CHsCHiCHeCHISa . 1697.1 Lab

: lmmom‘ 1600 e
(CHamCHCH:)SA 1e23-1014 Ret. 8, 16
(CHawmCHCH)8n 18241 Leb
(CHiCHeCHCHi):Snle  1644-1038 Ret. 8
(CHiCHaCHCHaleSn 1847 .
(CHemCHCH:CH)SnLs - 1638-1036 Ret. 8
{CHa=GHCH1CHz)eSn 18395  Lsb
(CHe=CHCHCHale8rbr 182958 Lab

L» o pop
, nax.z 2 ,

TOXICITY OF TRIBUTYL- AND mmmwmu BRONIDES

‘compound . 5 min ECS0 (uM) 15 min ecso (um

(CHyCH,CH,CH, ) 4SNBE 013 4 0.01 ©0.06 » 0.02
© (CHyCH,CH=CH) 4SnBE 0.82 s+ 0.16 o442 004
| (CHy=CHCH,CHa)ySnBr . 0.44 ¢+ 0.05 0.27 & 0.03
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" MICROFOULING AND LEACHING FROW PAINTs '

Mitchell, A.J. & Bellinger E.G.
~pept. Envirotisental: Biology
‘Uxunnlty .of Manchester
~ ... Oxford Road,

" manchester, W3 GPL

: England -

Six mti.touun forluutim (citbcr 0 or orznmtin) were® exposed

T at Nenai smit.mlucy for 126 days. Leaching rates were svaluated
by A.A.S. and Ponmznphy.tlu microfouling gcolonization examined

SEM and the effect on toxin relesse mssessed. A varfety of bacteria
were found as early colonizers. Growth of the becterial layer .

‘encoursged silt and detritus sccumulation vhich’ appeared to reduce

the rate of toxin relesss from all palnta. Cu,0 painta had better
mtitouung pcrromm:e maintaining adequate ieaching ntes.

INTRODUCTION

Moving and static §tmctures in the marine éu\riro'nnent sre
susceptible to 'biofouling, creating a pumber of inpéétalnt and
costly economic problems (Skimmer, .1971; Crisp, 1913" Ph:llupc,
1973; Christie, 1977). On ships biofoulln(_l‘dl to increased
frictional drag and fuel consumption, whilst ce oil and gas rigs it
increases losding forces and corrosicn. Since the removal of such
fouling requires expensive dry dockm for -hip- or underwater
maintenance, antifouling paints are qq:loy«l _io rednu surface
fouling.

The main biocidal cowponents of sntifouling paints are
triorgenotin compounds such as Tributyltin - Oxide (T870),
Tributyltin Fluoride (TPTF), Triphemyltin Pluoride (TPIF) and
Cuprous Oxide (Cuzb). The coitrolled releass of such toxine
results in the formation of s lm:; of high toxin e'ougntnﬁn at
the paint surface known s the boundary layer. The thickness of
this lwmmmle‘chmmofthtuh. which in turm
depcnd.q oo tht tempsrature, ;l. salinity sod flow rete of the
semmter over the surface (de la Court, 1981; Bvans, Iml). Most
.odern anttfoulina provide cffoctin lon( term protection sguinat

_wacrofoul ing, hmnr. fau. prevent the growth of slime forming

organisns, ‘otsbly bacteria und di-ta- (com 1973); Bempaey
1981 s, b; Cullou. 1984).

In the prumt investigatiom six (insoluble metrix)

antifoulings were exposed st the Ménsi Strait, Anglesey for five

: mth&.‘ Observations were made on the development of the bifouling

community on these paints cod the effects this cosmunity had on
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bioczde leachmg rate and antifouling perfomnce

('m'm)mn mitid"té m 'blywood p-mm (20 2 G x 12.56 cm
. and 0.6 c-zumh) ok’ punt was ‘upplied to eight sepatute plam

: to P nul dry uint thlckuis of 150-200 l.. au phtu were

caqrond for® five nuthi tm -id April oo, rart located lu ‘the
~ Menei’ Strait; m.uy UK. Grid refi 0.5. shoet 114°sH ssa'm ‘
.;’Ia Athig lohtion;utir ,tloawutu‘-«bf 9—"12 kts - @re commoni.

Sepresentetives of eich ntifoulant'were colledted aftef 21, 63, 84
aid 126" diys’ ‘au. Al Plates ‘were. muamd “fn filtared soamater
(o.zz n-) fa- trmmuoc to thée x-bontom ‘

h‘dain( wab urrifed ‘it in uct-n:ul.r pluﬁc mrimtal
vessals (4 1) cledned iby ‘sodking in" mx hydrod:loric Acm for 24
© hours and tdpltwy jldiﬁilled Qatet. : lochyaul was fTilled

“with '3 1 of filtersd (0,221} senimter ‘of knoim eopper and tin

Goncentration and placed opto & -magnétic ‘stirrer. - Oue plate,
Tepresenting -edch paint forai ""‘1_‘6At{6n' at: each expos ire, was then

clampéd ‘into position 4n the middle of thé contaiver. - Stirring by

nuueue-umnm o!‘bmui-peed ‘in all vessels. TWM was
“carried-out for 24 hours at ‘a coustant tespersturs (10°C #1°C).

Kfter 24 hoirs "the surfsce aren of. each -plate exposed to the

seawater nnd tbe tbtnl ‘wolume - of -emter -resaining in the

fexparimtal vesgel - : was néasured Semter mntroh with no -

P

experimental panels were run io. parallel.
(a) Tin Analysis

’hao 100 ml’ nhquot- of . leachnta were rmved from ucby
cxptri-ut-.l m-el and - nci.diﬁcd by phctn( into .separate 110 =l

Au«h glass. -toppemd bottlu oontdnln( 2. ml. ~concentrated
Vhydmbmtc acid (G P.R. m) tj:in was_ done . tc t&cﬂit;tc'
: 'wbumt ‘snalysis: as trace -omu of . wetals,  -particulerly

butyltis and !.normic ‘tin IV opocin. m Inowm. to: adbere. -tmly -

hmmmhmplmicortlmmumn lnuhidther )
‘ are -tornd -1l (lnuuam s thorouh).y clnnnd in oouewtntod-_
BCL for 24 hours end triple weshed in distilled water. Acidified
' "mxumgeauy -mmmmu-m for  ainimm of 15.
-im; und . then ltorhd in = Mruentor qt 4°C pr.ler to_

mly:u.- M diqmta !m ‘then’ atmtod mrdin( tq tbt

'»rmmwnstwm..«tmmmnduﬁ

nlplc with 200 =l ot the ducribod nlmt.’ Ixtn:tion of the
sods " glass - bottles followed the procedire- duedqu TS
Chemicals Inc. ¥ using 50 nl of sclveat. - S

A flamsless A.A. spectrophotameter (Wodel n..sslj with Tastac™

 (Mode)l IL.254) was mod to determine tin concmtntim in the

utr-:tod ssmples. . Leaching rates for tin' were thea calculated.:

) Oomrmlnh .‘

Two 100 ml aliquots ot luchata were rmved and acidifiod with

-

2 ml couc. RCl- (ARISTAR). Oue oxtmtiou was - underukn by adding
10 ml .of come. K1 (mxsrm) to - the sample bottle to remove

'ach’qM copper. -Analysis of this .lttm.m&t~ -l»wed negligible.

amounts of adsorbed copper, therefore no further bottle extractions .
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AU paints TBTF (0.54 ug Sn) end TBTRum (2.27 ug Sn) would:be expected

were carried out.

' e ?" wof, the:s les were; carefnllygad,lustﬁd to 2.0 using ) to show similar leaching rates to TBTA in the 9 ug Sn 2 4}
- elthlr tnt ed‘nci ugxammr mm .oluuou ‘(ARISTAR). ) range. Dry weight analysis of the six sntifoulings expressed as g

“These wers the left .u“.i“ to equxubrtt' for » minimm ‘of one i 5n/Cu ca? d”1 confirmed these lowsr leaching results at 21 d. The

R T ltoek selutions of ‘copper. (1000 ppb) were also prepared for ' ‘ method of coating, the physical ut!ir:"etth- paint ﬂh(a) and/or
- atandird sdditicn: « Samples.were. mly.od wsing an_ .nodic atriwm L . biofoulint could be some of the fectors mj,bu‘ for these lower
dir{cmthl puh. pglm:rophic analyser’ (B G -nd G Princeton leaching levels. With the formar, applyiog psint to & noo-primed
Applied Besearch; :Model 264) at: potentials- ranging from 0.8 to wood surface could have affected isitial toxin release. . After €3 d
740405 volta. all paints (excepting 25% Cug® st 125 d) showed reductions in
(14)SCAIMING KLECTBON NICROSCOY . . o Coa leaching retes with incressed exposure in the field (Figs. 1-2).

A wamber ‘of patnt flakes -ppmmroly 5 -2 and 0.6-1.0 = o The exteat of this decreass veried between the. tin formuletions
 depth-were: removed from eech plate. The wood was removed with the , despite identical toxin .losdings. TBTA end YSTFum, with similar

3 paint ”u‘f‘p‘unnt d--a during resovel sad to provide support for leaching rates after 653 d, were distinctly different sfter 126 d;
 iubesquent. BN preparstice, - Toey. wers thea fixed in 2% v TETA showed s sharp decline frem 6.24 ig B2 ca? d”l (63 &) to 0.7
dlitaraldhyde in semmater for 20 misutse, then washed in distilled , g 5o e &l (126 d) whilst TETHum showed & more stesdy decline

* water for' the same. time pel‘iﬁl- M WN then freeze dried for = : ' from 6.02 ig Sn cw? .41 (63 4) to 1.6 sy Sn o= 41 (126 4) (rig.

period of § bourss. Spocinens were. -ountod onto 1 ¢m dissster stubs 1). €3 day TMI wes similer to TBTHm (1.67-4g 8o o &1),

 using silver and gold eocted‘ » bowever bo measursble leaching occurred after 84 d. For TPIF the

RESULTS
1. Leaching Rates o

Results of the Jeaching rates from: cnppor and tin based psints
Lower taitisl leaching rates wers btateed than 1.0 (1.6 ug 8o c? d-1), TRIF (0.36 g fa a2 &), TPIF (0.35

u¢ Sn ca? d71) mnd TBTA (0.7 Ug Sa cw? rl) all being lower.

decline occurred even sconer, ‘ivmq leaching rate of 0.07 ug &n

f

ca? -1 after only 63 d (fig. 1). By the last exposurs (126 d),
therefore, TETFum wae the oaly paint with a lesching rete higher

‘are shown io Figs, 1-2.
.ttldfor'.'&cugo(ﬂlmcg),soxmgo (24.07 ug Cu), TBIF

(o““h) and TETTOR 2.27 ,,‘sn) mrodmthssd. These . The copper peints -Iww-dkimr leaching rates than un tin
16 leaching retes were Mg to be unchamcteruttc‘ ‘ . 'thmuhout the 126 d exposure period;  howsver; they slsc showed k
rtscularly conceraing the Cuz0 painte where high fluxes of Cugd . more fluctustions (Fig. 2). Sach differences reflected the

(40-60 1g cu a2 &1) are more typical after 21 d. for the tim different toxin ralesse mechaniems of the copper snd tib. According

*
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act and as ~one part,zcle leaves t.he paint f;ln surface

-hlﬁ. into th- umzqr thenfoﬂ mults 1! wore diffuin(

=,

M tbm(b the film to replwe it mltm in lou-r more

. I'aézcuzo’wtmu.mucuazrlmd,
to ss.n u ca =-2 rl (m d zsx wzo (with a 1w cmn'

'hm fluxes of copper (charscteristic of copper utuo«mt-) being
’dtlwodmtilthc&dmum "
After. s«s d the leaching utu of both 25 and 50% Cugo
m to z«o ud 3951 M Cu c-z a1 mpactively. This
decum cooumud in 50" Cvxgo to the 126 d mm with @ funl
lachm neoofzavzugcuc-zrl However, in 25% Cuz0 there
mamm«.ulmmnmmatoslmmcuuz
' !d-l (Fig. 2. Dry weight mlym of zsx o0 uzs 9 mnmd
thue mnlts. . ’
2. Prmry Biohh Dmlopmt

On 311 paint fomlntxm bactetia (predcuimtly ttalked and

tg”!’ﬁfllipﬂ A(:1’973) and Evana (1‘98"}:) "in Cnéo paints the toxinsbare‘

ludi.u) increased m-zs«umazrl @ o touxugon"
;azd"l (md).mumuumadmmmumnm.L

rod forms) Qere _t_he esrliest colonizers {21 d.),' thei::' atW;
and growth marking the beginning of biofila developsent. This
initial community ts referred to es the ‘primary biofila'. )
pri.nry periphytes - were cod b.cteru (poultl;y of the
geners w Flavobacterium, W) (Plate 1)
mratod wcuqim utarhl in the forl of -tnodl puh or
shoats (Plate 3). Soooud-ry mm were prodc-imtly .w,u.df
rod bacteria colonizing the lowsr slime/paint layer (Plate 2).
These bacteria (pmibly Caulobacter, mg_i.mm or: Qmmn) »

formed an o:uuln nchnork of mucous btnad., in’ oc-t m»

miﬂttofmm&nrlmofcum(rhmﬂ).‘mm )
cbumum these otnnda w mpud.d ubcn the lowu'y_
hct«id/pdntlmr{?hto 6). mmm«m

~strwdl.nd-linmusWtomthuth
~mdiwomutimof-iltmdothrd-bﬂc lothrodpd.tdhd_

rods showed evidence of prolifmtiou and (rowth which eoupld with
further . bactorill oolc-iution and immutia of aut rmltod’
in the biofils developing a coaplex tiered structure (Plata 7). B
‘Tertiary periphytes: included ring and coccoid bacteris. Ring
forns '(}us;bly mmg}g) snd cocci predominated st tln iitar
stages of biofila development when the incorporaticn of silt,
debris and other Biological material ves most exteosive (Plate 8).
‘The smount of debris etc. w«l within the bloﬁh
apmred to hcrma [ b«:torial populations became more
extensive; such inputs cuhiutin( in & mature biofils which
sppeared rough, forming continuous .mu in some aress (Plates
9-10). At this stage biofilm deterioration was slso ‘evident, with
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"ﬁi‘t‘l:liﬁ" the latter 25% Cuj0 showed & greater mumber of species, In

. Cd&t&‘ﬂ!t? TBTA, and TBTFun showed 1little evidence of diatom

/

v "jmlmiz&utim. . ) )
, oo ctﬁlonj.ution of vtriou- aub-tntu by diatou is well
,,‘_,fu‘eoe!mt«;,
.;dminatod b!' *-INI (hrmm Hood 1949, SIterun. 1356. Cundell et
al, 1977 ‘,H'nnulck ot g.. 1m 'Cam and 8£eimrth, 1881;

mt pupeu -i;onin‘ socondary dcvelop.tnt te be

&gdqqn -.nd Bonr:et, B 1981). On twdc pdnu npowd at the Mensi

'_,Stnit. dictc- wen mt tha pndonimt fouliu ormhnl. their
emtribnticn to tho biofih in tcr- of cmrgy imt would
. Athamfon be roduead Ln cupnrim uith thou quotod by Cooksey gt
ol asen. o A

niffcm tn the litmtm murdm dinta- pmdmimce

F.(mtin( seasonal variation and aurfu:a texture cff«:t:) lwnﬂdA

largely due to diﬂ‘crita( cnvirmul eonditlm at Mendi, low
mmituot ol diatoms being due to upoom u dupor. faster
Tlowing waters. .

N - H-crofouleu on tcui.c und mn-toxic ninu iucluded four
*groups’rcyprids and ntm barucl«. hydmid.s (ngul ia sp.},
crustaces (gg ‘l! ap.) md ‘sea alm M__ rig;g and

_Aeolida papillosa). B-nmln (,._.e-i1nlan_.u=- hslyg_i_o des and Balanus
. M nre tbe mliut and -oct pmdo-imt wmacrofouling

orxmhs on toxic paint- (Pltte 18) Calouizatian by these forms

provided a more suitublc cdutrate for thc attnch-mt of secondary
) eolauiuu wch u hydrolds and cemin cmtam I!awofoulmx was

most extmive on mr and TBTF (64-126 d).spat full and barnacle

{4)

7

" development being greatest on TPTF. The remmining paints, YBTFum,.

TBTA, 25% and 50 Cuy0 were relatively free of macrofouling forms.

SCUSSION

411 paints” (exdbpting 25% Cugh 126 ) ‘showed a - rediction ‘in

' toxin lescing reteés s the exposure Mti& tocreased’ (Figs. 1-2).

mmuumxmwmemmutm-

‘ <r.lm our thc 1264 mm poriod. toxin Imh appndn(
'i.mutut and “well below ‘the -mf.ctln"n' ’mtod lmh“

racunmodormm‘ Evans (1961) states untmmcué
) aod 1.2 ig 5n ca? &1 are the eritical leaching retes required
to preveat sacrofouling. According to ‘these criteria’ TPIF showsd
muummmmmmmd.mmudm
ma.:mma. > ‘ I

SEM cbeeivations on the fouling m-muy indiaud that

biofils ﬂcvclopnot could be fesponsible for the premmture doerun
'in biocide release. As the rate of biofils devélopment increased,

tln lml of toxin .rélesse deécrsssed.’ Bucteria end their
mucilaginous exudates were cbeerved o all ‘peint formulatioss. The
paints with higher leaching rates such & 25 and 50N Cuz0, TBTA and -
TEThum -bauod utmive bacterial colonization but relatively
little colonization by secondary foulisig organieme: All these
paints, excepting 25X Cuz0 (126 d), ~‘showed reductioss in the
leaching rates as the éxposure duration imcresssd indicating that

- "primary biofilm &véloﬁbunt‘ could be uw major contributor to much

of the prematiue reductions in toxin levels.

" Bacterisl slimwe could mct in tiwo wiys to reduée toxin release.
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cheeta of shae ;n% feg:tai_n aress

foes

cqqld ocgur lv;deom u .cc\.-xhtiu uhich -u“nts that
1‘1boct¢ru chelgtc mtnl, lou (Luilt uul Gordiycnko. 191’7)

) »Firxtly by phyaical blodunc aof the pumt sur aoe: - ,‘contiuuous

uraged en!trappment ot‘ silt and

f;,Fdet_rxm, ,into:tbs fbiof‘xh.»: Acco;'d ng‘to &wai[n et __L (1982) these
q;:_;.mgr;un mt;fmg,in( urfucu. . ukin( the- leu otfective.

,i» chelation of the muroulm toxin mo the sline fila

t*n siquur to thou ucreted as adhuim by fculiu(

.. Jhegording . to Dempsey (19813) . mduction in entifouling

e affic;m mlq occur, K tha fouun( bectcrn broko down the
) toxiu -into : pou. tuic nuboutn lle tlao ouuuu that the
. bm_kdow nf omnotln- my be mlontoﬂ by some  fouling
-bocteria, Md :this gocur dwria; diffusiau thxwgh the fouling
;,lcm. thca thc mtutim ol toxin in the bomdury lmr could
ba_ rdmpd to, ineffectin lmh Mund ond l‘milnrtcr (1910)
.quomtutod thnt biofils tbicknen dictatu whatber toxin levels

are. pcaitinly or, nmtiv;ly cffoctod It was fqmd that biofilms
were : e-p;blc of aocn-ulutin( high comntratiom of toxin. In
lor-ulatiou wloying wprous cxidc s s toxin thc cuprous ions
which. luc-hod from tlu pclnt were held by the -lhe fih es various

im&‘mic o,upounds. . '!he conmtntlon of theu coqsounds were

_Mtobeupt0103 tmu that ofthetoxininoutmtod

-awator solutlon. It m lu‘(utod tht cnrbou dio:d.dn produciu(
(aerobic) bcctorh. were probably responsible for these hith

oonmtntim and . tb-t thme .loo increased the acxdity of the

e.nv:mment m result of this increased acidity wes an increase

in the rate at which copper entered solution. They delomtratéd

thet as the slime became thicker, the availeble ‘copfdr compounds
were distributed over an increasing vo}une- éf’k'gli'-e. They
concluded, that light aljnes sccumulating on toxic coatings could
act to increase its atifouunf effoctim. As thuo slime
layers becspe thicker they would tand ‘to sct u a bnrrier to toxin

) rolme. docrenln( the mtlfoulm lfﬂ.ciucy

Altlum‘h biofill mm was not dimtl! messuired in this
work it was cbserved that the sarlier steges of biofilm development
were dominated by loose petworks of mucous strands stretched across
the surfsce (Plates 4-6). Such slime was p@iibly'w@tm of a
thin slime layer. This could have cwused fluctuations in lesching
ntuA at tlie’\' earlier mum" (63 d)."Ml‘q‘dnrlr on copper
ﬂntu. As it boe-n more exteosive and denser, hawanr. it oould
have actod es & barrier to toxin relesse ( see Ph.tu 0—-10 and

figs. 1-2).

Observations showed that biofilm development could eventually
reduce leaching rates. It was also evideat, however, tht_ntun
biofilex did deteriorste. Slime layars began to crack and pesl
away, in some cases axposing the underlying pdgt" (Plﬁte ). 1If

. such erceion ooa;rrod‘over‘l‘nr(e areas it soems lﬂhly that biocide

raledo " could anrom again prior to 'rpeélwiutioq, thus

resulting in periodic fluxes of toxin release. = 25% Cuz0 (126 d)

oppeared to show such fluxes, wi;iuﬁnd d,ctiﬂou‘t,ioq'md erosion

of the slime layer being ‘accompenied by ‘higher fluxes “of Cug0
(61.54 g Cu cw? 4”1 126 d). If reduced toxin levels are temporary
and macrofouling organisms do not sttech during the period of lower

_toxin release, it seems feasible that good antifauljn( perforiance
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'(ix) lnﬂugce o{ onlns og Q@ g;;

‘cbmntim al-o indlated

could be aaintaimd as hu been indicated by lon(er term ﬁeld

tnnls

Alt,hough bj.oﬂln d-velomnt did’ nffoc:t biocido mluu.
: ,"<~.lmu uffoctod tlm ntc of

”bianu a.nlop.-nt “wid the diversity ot organts- comprising  the

fdnlln‘ mny, : lacteria 'm’ chaerved o all paist
fouul.tionl. Aooordin( to luntield (1930) ludxw rates of 20 g

: Cu ,,2 d“l m roquirod to pmcnt bacterial slm (burutim

fm mt lb«nd o:tmlw b.ctorial populatiom oo Cugo p.iutl

'uxthlmhmummzouwazrl ‘m-wuum
mmimt lnd growth of b&ctcru w toxic udntmu- onuld be -

nttributlblo tb. .

» .(a) Prodnctim of' mciluim cxtm-nular uterhl Hany

boct‘rh lnro obo«ved prodncin( urtmhn lntuarh of mid

’.tm which sumdad them sbove tla paint filn (Plates 4-5).

Othnr bactcria ucut-d o:tmivt shat- of -11-0 (Flatc 3), ‘ ‘Theae

“‘methods of attachment ‘may be l"l’rct«iu cublin(“thc mlu to

escape the highest concantrations of toxin at the immediate surfece
of the p.int. Slime prodxntioﬁ was more utmiv‘g on the paints
with the h:lnhest biocide relm. indicntin( that htcmuod slime
pmdnctloo ixmld be & mponu to higher tixin levels.  In
oddition, b.cmm esscablages ca formilations with higher

. Iuchiu rates (25% cuzo. gox. cuzo TETFum) sbowed - avoldence of

.ctivc ludxtu ams. wm of bacteria mmdin( not

. covering the .pores (Plates 13-14)

(b) chcelatmn of antifmxlinx tsxiu by extnoellular materisl.

{c) - Tolerance to toxins. Tolerance to hea'vyjetals is @ co'-'io'n

phenouenou in licmrg&\isn ‘l‘he tolerance of foulmg hactena to

' 'cuprom oxide paints is no exception. ‘According to Dupney (198la}).

only [y lhitad nulbor of boctofh hnve developed tolcunca to.A

‘copper paints.’ The mition tdt.h round to or:mtin pchtl is

differsat.  Orgasotin’ cntifouli.ng ec-pomds ire’ dot effective
uuimt Gurnentin bacteria, - dthouh thoy are huhly to:ic<
temrds Gram-positive’ sp.ciu. (lli.hl{b. 1918 in Demcy 1961a).

:'ﬂn ujority of bcctwh ln the m m crmtivc. thu-for-
‘most could colonize oranotin niuts. ‘ -

The - .n-t mic mufmlim tnhd did lmort other
-imfouli.n( omniau. ulthom t.ln species diversity asnd

i &mmwﬂyw tlnudnﬂ\-meolnludby
. fungd M luchm ntu mpo hhtiuly high’ (9 44 + 4.7 4 8o
-~ mpoctively) indicntin: s tolersnce to tin biccides. Ou

Cug0 pdntc peritrichs wera ‘slso oburvd - Ona factor tllowia(_
eolouiution by these latter ormiu- was probably mthnco of
the highest toxin mtutiou at thc ptht surfsce by attachwent
uith long stalks bolding them asbove the mrfm In additionm,

tolem to cuprous im oould have developed.

" Diatoms were also oblmed at Menaf, altbmgh only mlmlly
oo “the sbre toxic uintc. M}g sp. bciu the nnlt fuqmt.

’ Callow (1984) wried out = globul study using panels mted with

antifouling - eo-po-lum mtntntu sither cuprous oxide,
trtbutyltin. of both. an bioci(hs The most  common goners

. encountered is these swfcm were L-zl:on Achnanthes, Stauroneis,

‘Nawicu s and. ,gg_;m___ All five (mra were (;axouble of being
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H‘dmment colonizem uf copper or ox’ganotm/copper _paints, - end

_,thoued -trop,g raistmq( to. copper. and tin biocides.-

_ d;;ervntim fru Menei also’ shmed that the rate. of biofxlh
dénlowaut yas uffocted by toxin relesss. The rate of biofilm

. devclopnt could be mumd in terms vrf production of a mature
.pri.—ry md ncoudu-y hloﬂln. Such films. tornd 8 complex tiered

u:mctm i@clndiu . diverse foulin( commmity of bacteris, fungi,
p.critridu. dhto-s cnd agtnp;;?q .macrofouling organisms.  Under

‘these criteris IPIF showed & meture biofilm after 8 d exposure;
kﬂff tftor }25 d, m l“l‘lﬂiﬂ‘ Plilltl &. 50%,. Cug0, TBTA and
 TETPum showed .bo_ such donlomt. . All these peints showed s

pmdm:lmt primary. fouling commmity. IPIT snd TBIF gave mers

. lesching rates after coly 84 d exposure. This period marked the
~ beginning ef an increase in the sbundance and diversity of the
' fouling community. . TBTA slso showed low leaching after 126 d (0.70

v S a? 4Ny, Bowever, wnlike TPIF and TBTF, s mature biofila
mnotobou'nd m.lmultmp«ublyduteth-mml
'miMility of ucondtry loulin( ormim at the 126 d
.xpo.un Pungi and pcrttrxchs. like cypr,hh.wpoc,ubly undergo
mtth-nt at certein periods throughout the year, Their
prodomivesce at 63-84 d indicsted exténsive recruitmnt during this
period, such recruitment possibly being reduced at the later 126 d
\ - -A1 pfk‘l’:hu}e results indicsted that high toxin ‘levels tend to
epply selective pressures on colonitation.  Ounly those apecies
whic;h are tolax;unt' or bave strategies for midin( toxins can
survive. As the toxin concentration falls (as.in TBTF and TPTF),

8o a greater diversity of omanis;ag becou_e the ‘t‘o‘ foul the
surface. ' . » o .
(1ii) Antifouling gﬁormm }

~ According to Rvans usan mucna-zrl-nalzmsnaz
<d“l sre the critical leaching rates required to prevent
macrofouling. In terms of patnt p.rtomm. th‘nforq. within the
IZdeModtMWzomunhtdn‘dlﬂdﬂuutu
sbove the critical lmh nquutd for mtin( -a'ofwlin( In
mntmt. tin paints which coeordin( tn Evans (19?0. um) bave the
potential of providing mior utlfwlht mﬁ“ with less
toxicant release over a lonur period of th-. did ut nnk huh in
tm-sofluddncwlm Lcoordiutothrmlum! ™Yy

,ond TETA were 'mxuny' Mfocti!‘ lﬂ!‘lt ucrofodiu

organisae ltt.r 63, M and 126 d mpoctiuly. quf.ctin
ncrofmliuvrcnauoavu Mmmﬂﬂﬂnﬂ'wﬂ aad

8 d respectively, Semi-Balanus ‘balenojdes, B. gcrepstus eed
M sp. being recorded. TITA, however, remsined fres frou

TN

macrofouling.
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. by rod and stalked bacteris. Mag. X10K

P A

FIE1Ed 1 0 G, 11) 0 CUIN (L& FQ),I00 GEniBUIS CUINILLILY 3M1 1aue, wrAYINLauIULE " oren
{2) TBTFum {214}, statied bacteria attached by multipls mucous strands. Mag. X 10K
{3} 50% Cugy O{63d), rod bacteria encapsuisted in dense mucilaginods sheets. Mag.X 5K
{4} 25% Cuq0 (63d},bacteriat mucilage forming sheets. Mag. X 5K

{5).25% c..zo {63d),lacunate mucilage stratched scross lower biofilm being colonized

{6) TBTFum {63d), staiked bacteria suspended above  lowar bacterial and paint layer

Mag. X 5K '

-

Plates 7 to 12, (7) TPTF {126d},tiered biofilm with collapsed peritrichs being incorporated
into the biofilm. Mag.X 2K ) e,

{8} TPTF {126d}.cing bacteria {poss. Microcyclus) and cogci,notgdi;ing‘dcbris. Mag.X 20K
(9} 26% Cu, 0 {1 26d),rough slime layer indicative of a mature biotilm. Mag. X 500

{10} TPTF i84d),dense rough biofilm extensive cracking snd pealing. Mag: X 5K

{111 25% CulO {126d),widespread deterioration of imature biofilny. Mag, X 2K
. {12} TBTFum (844}, rod and stalked bacteria recaloniz‘ing paint (ilm. Mag,X 10K
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Passibie avidencaof sctive toxin svoldunge, Mag, X 6K {13), 10K (14).

(15] TBTA {63d§,brmched fungal hyphss overlying and incorparatad within biofiim, .
‘Mag. x 100 (18] TPTF (84d), Peritrichs (Yorticells xp'.-! attached to dlofiim. Mag.XEK
{17) TPTF {1264}, naviculoid distomswith evid of cell coltapse and detarioration,
Mag. X 10K . (18) TBTF { 84d), Balanus crenatus with peritrichs (Yorticella sp)
colonizing shall plates. Mag. X 100 ) S




THE USE OF CALCIUM RESINATE IN THE FORMULATION OF
SQLU_BLE MATRIX ANTIFOULING PAINTS BASED ON
" CUPROUS OXIDE .
Carlos A. Gitdice, Beatriz dei Amo and Vicente J. D. Rascio
CIDEFINT Research and Development Centre for Palnt Technology
s (CIC comcsr)

ABSTRACT.- Antlloullng palnls based on calcium reslnate, calclum

reslmtelchlormaled rubber und ww roslnlchlorinated rubber were
formulated and elaborated In" a laboratory scale " The experimental
results ~of immersion. raft trials (26 monthsl were slatlstlcally treated
and later conclusaons oorrelated with . blnder acld values obtained

" from laboralory ,chemlcal analys]s,

‘ INTRODUCTION

An efﬁcnent antlfouling palnt contains - toxlcants which are released
from the film surface during. sea water lmmersion Thus, the settlement
of foullng organlsms can be controlled: during Iong perlods.

As regards soluble matrix antlfoulmg painls, their dissolution
rate is the most important varisble and it’ inﬂuences significantly on
toxlcants leaching rate. o i : )

This palnt type is gemrally based on. acid resins ~ soluble in
sea. water (pH 8.0- -8.2}, uuch as WW rosin (gum rosin). The maln
component of the WW rosin s the abletic acid;. lhe carboxyl group
of Its’ molecule reactswlth ;odium and potassium ions- of - sea water,
glving soluble compounds (mps}, and with calcium and magnesium
ons, formlng resinates of- Iesser sofubllity than. that of the original

résln. The . above mentioned reactlon with dwalenl compounds also '

takes plal:e during - paint elaboration, in the plgment dlspersmn
operation, particularly when cuprous oxide (tmucant) and calcium
carbonate (extender) are used [1]. :

Efficient antxfouling pamls were developed in prevmus stages

'kaor ummersuon peruods from one. to three years 12 Changes in
_film " composition’ (usmg ‘as bmder WW rosln!grade 20 chlorinated
,"rubber) were studled and it m\s proved thal after long munersnon

permds the resldual resmic acld comem wu practncally”negllgnble

lhe dlssolutlon
wlublluzatmn of the alkalme reslnam formed‘ o

In the present paper it ls mnsldered the 'possl lity that the
‘paint may ‘reach this - steady state qulckly ;fter immers , f

) calcium reslnale in the formulatwn, mstead of msln resln, Accordmg

to this hypothesus the first stage correspondmg to the formatlon of

very solub!e sodium md polassmm resimtes would be .VOId&dv and .

sts consequence, the fast to:ucam loss and tluckness decrease of

the anhfoulmg pamt film.

) ) Béscdes.. this methodology would elmumte the reacmn whsch.
takes place durlng the d:spersmﬂ between the cuprnc oxide produced :

by the Cuz0 2 CuQ + Cu® reaction [5] and ‘the  free - aciés of the WW

.romn, whnch dcmlmshes the ‘binder dassolutlon rate and “therefore

-

the toxncant ledChmg rate IS~8]

STUlJlED VARIABLES

' Re{ated to the composmon A

) Resmous material type. The bmder was prepared mth WW rosin

o or CaIClum resmate. The. characterlstlcs snd -IR spcctrograms of both
substances are mdacated in Table | and th. 1, respectwely. e

Resinous materuallgrade 20 chlormated rubber ratlo. ':Aimihg
to study the mﬁuence of thls variable on fi km d(ssolutuonc;rate, three‘

dtfferent ratuo«s were cons.dered. 2, lll and 112. Tt *ﬁrst}o»ne

N mrresponds to the bmder of greater solubiluty.

Bmder content. Taking mto conscderation that thc blnder content:

in_ the smdy sute wn a consequenée ‘af thc
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_has anv imporiant? influerice on the film. dissolution rate [el. four

differe'nt 'vatues were ’studied- 23.6, 27.4, 31.9 and 36.6 1 w/w,

I3

~place durlng the duspersion ['l] and Its wnsequence on the bnocldal
- performance. .

 CUPFOUS.’ oxldé dlsperslon tlme. ln order to study the effect

of this variable [10), the main toxicant used in the formulatwns {red
c:jprous oxide, - commercial quality. whose churacteristlcs are shown
in Table 1) was duspersed during’ Jor 5 hours. e e '

w»EXR'ERIMENTAL ,P,ART

The elaborated pamts compcsitaon ‘is shown in Table 1it; Samples
have been prepared in ‘a ball .mill of: 3.3 litres .capacity, whose
operatirg oohditiohs have been described in & previous paper [11]. .

‘A first sample ‘seriés (1A -_to»v;1éA p‘aints), was prepared by
dissolving ca!cium‘;resinate' in the solveht;mixvture and then, by
Incorpora,iin’g .gridually' “the - chlorinated rubber ; and “the - plasticizer
,(_kchl‘qrina_ted paraffin 42 %), under stirring.

- Fhe - bali mill was . loaded with the mentmned vehu:le. and then
zinc oxide and. cak:lum curbomte were added. Such components were
dispersed during 21 or 18 hours, according to each case, Afterwards

' the - cuprous: oxide .was incorporated -and the process went on {till

completing, in every case, a period of 24 hours (3 or 5 hours of
toxicant dispersion, respectively]).

With the. same ve{hlcie it was. prepared a- second sample series
(5B to 16B paints), whose only composition. difference, as regards

© the -previous ones, .was the  replacement of caicium resinate - by WW

rosin,

Concerning the f|rst series (IA to 16A - pamts), duphcates were
prepared, but adding the calcnum resinate after completing plgment .
dispersion, including. the cuprous oxlde.‘ For the mond serles 1§13
m 6B pamts} the same ‘process wag’ mde adding the wW rosm at
the end of the process. T SRR : :

Fm.auy, vlswslty was adiusted.

Free reslnlc acids content

Free reslﬁlcﬂicids conterit” was evaluated ‘in the binders. just

k elaborated as well- as ‘in those extracted from  paints, according to
‘the described method in a prevlous paper [&]. “Thus, it was intended

to. set the evolutnon .of the mutrdllzation reactions ‘which take piace
during pigment dispersion.

Free resinic acids content was caiculated from -the' respective

acid values (ASTM 0-2539—76) and expressed as abietic acid on the .

binder sol:ds. : ot

lmmers:on n the Mtural sea water

The paEnt bioactivity was. evaluated by means of an experiment :
which was ;:arned out (26 mnths immersion) on a raft anchored at
Puerto Belgrano (38°58' S, 62°06' W), harbour. whose hydrological
and biclogical conditions were previously studied [12-18].

For this test, SAE 1010 steel plates were used, s_andéd to A
Sa 2% (SIS 05 59 00/1963), with 40 pm maximum roughness. An
antico'rros_ive‘ paint of high' resistance was applied on these panels
(dry ﬁln'\“ thickness 200 um) and then two coats of each antifouling
paint were painted (70-8¢ ym of dry film). In all the cases the paints
were brush applied with an interval of 24 hours between coats. Drying
time of the last coat prior to immersion was also 24 hours. The test
panels were placed vertically on the raft frames, at about 30-66 cm
under the water surrace. Each sample was prepared ‘and tested in
duplicate. )
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Free resmlc acids eontent tn the experlmental bmders |s shovm
,‘in Table lV' the resuits are expressed as abletlc acid, percent by
Vweight. The inithl value for eacﬁ simple ‘and’ those dete”rmned after
3 and §° hqurs “of ouprous (}dee dasperswn Ain the przesence and in
;the absgnu of me resmoq,s ma,tenal) are aiso mcluded..

|mmediatly ‘after: prepaﬂﬁon bindert based .on ncalclum resinate

: ', ited “ain ubia;ic ‘acid munt of 110.9,: 1.6 and 4,8 per cent w/w
‘(ZII lll Cand W1 calcium : restnateithorlnated rubber ratios,
respectivcly) Thase results are the expected .anes. taking into
~miderméoa ﬂal ulclm' nstmte hls » %3 .§ § content of free acads,
:txpressed as abietic acid, .

!"hen cuprous oxnde was dlspersed in the presence of calciumk

iednate samples *A to NA shomd abieuc acid vaiues rangmg from
- .7 to 14,0 l for 3 hours dnsperslon and from 12.2 to 113 A for

 $ hours duspersion. ;fV U o - i

Dn the o!her hand pamts SA to !GA presented ablettc acid

k oontent of 4. 2 to 5.8 % (2/1 calcium resmatelchlorimted rubber ratio).
‘8.6 to 6. 3 1 3 (Ill ‘ratio} and a.% to 4.2 (1/2 ratio} for 3 hours toxucant
' dnpersm. Lesser values were vbtiined for 5 hours.’ ’

When cuprous oxide was “dispersed i the absence of the resinous
ﬁteﬂtl in the case of unples formu!ated excluswely with calcium
) resinate (1A to WAL as well as when chiorinated rubber was used
B co-bmder, the free resnmc ac:ds contenl was practlcally unmadified
after 3 md 5 hours toxccant dlsperslon. )
" in the case of binders based on WW. rosmlchlormated rubber
{214, 11 and. Wz, rnlosl, 2 high free resinic acids content was
determmed immedlatly after preparauon. respectlvely 48.4, 34.2 .and
21.5. %, The chemical analysis of the  WW rosin employed permited
0 establish a 174 cantent of non sapomf' iable substanoes,

‘ Referrirng o’ bmdors extracted from’ p:mts after cuprous oxide

dispersuon in the presence of WVt rosin (smples 5B to 168} it was &b~

served a very important reduction of the acid "AVa'lue"'iB‘”o:‘ te 22.1

$ (2/1 WW rosin/chlorinated rubber ratio}, 16.8 to 16:1 §. (11 ratio)

and 11.0 to 10,6 % (1/2 ratio} for 3 hours toxicant d:spersion, a
more . still slgnmcant reduction was - registered when cuprous oxide
was dispersed during 5 hours,

Also in the case of mﬂfmllng p.ints hﬁnd oin WW rosin, when
cuprous oxide was dispersed in the absence of resinous: material,
it was not registered after 3 and 5 houri toxicant: dispersion a

: considerable acid value decresse im the binders extracted from the

paints.

 Bioactivity of the antifouung Eint

The fouﬂng settiement values' recorded on the panels in thé
experimental raft are shown In Tables V and VI (v lnd 16 months

immersion]. The key to interpret the values included are indicated .

at the bottom of Table V. Vaiue 0 {panel without fouling) correiponds
to a paint with 100 \ efficiency; 0-1 to 30 § and 1 to 80 L. The last

’ walue was considered - by the authors as the nlnuuun accepm lmlt

for efficient antifouiing paints. Sl

The fixation values corresponding ta a period of 16 months were

" statisticaly treated with & factorial desngn of ‘the type IxIn2x3x4

(96 samples}. Each sample included a duphcate {15-17].

The results of the statistical analysis considering simulﬁﬁmsly

all the effects sre shown in Table VII. It was observed a significant

influerce (positive Fisher’ festl of the main effects (resinous materiat

type, resinous ‘material/chlorinated rubber ratio, binder content,
order of - mcorporatu:n of some components md toxicant dupersnon'

time)} on bloactlwty.

According to the amiy;is of the mean vziues resumng from - .

the statistical treament the antifouling paints with gmter biocactivity
after’ 26 -months immersion were those elaborated with éatciuq resinate,
with a binder content of 27.%, '31.9 and 36.6 % (similer efficiency),

with 2/1 resinous mmhtichbrinated rubber rauo and - dupursmg .

the toxicant during 3 hours ln the absence of calcium reslmu.

-

W W W W W Ww

- e W W
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. mterlals and, toxlcanti disperslon tlme) dld mt show a s!gnif’cam.
. ;inﬂuence o ‘the bloactivtty (negative F:sher test). ‘On the other .
3!\;()6; ‘ oomposltlon _variables  (binder content "~ and calclum

' ;performnce

“However,. ¢ue to the littie décrease observed in binder acid

values {low advance of neutrahzauon reactlons) when cuprous oxlde
, 'was dlspersed In. the presence ‘or in. the absence of calcuam resinate, |
. a,separate statlstncal analysis- wis. made tak,lng into . account the type
of.resinaus’ umerlai the: resuus are alsc lndiuted m Table vn

'anatelch!orhuted rubber ratio) lnﬂuenced signmcmtly on the paints

Results of separate amlysis ratiﬁed that the best _efficiency

’ ‘of paints based ‘on calclum reslnate, after 26 months immerslon {expe-

rlmtai nft) correspnnded to those - elahorated with- 21; A, 31.9 and
36 6 1 of b!nder content (simllar bloactiv:ty) and mth /1 calcium

'resinatelchlormated rubber ratio (both for '3 or- 5 "hours toxicant

duspcrsion in; the presence or in tm absence of atc:um reslnate).

Referrmg to the formulation; uith binders based on ww rosin
and cthiorinated rubber, ' the -separate statistical analysis showed that
the effects- related -to -the elaborahon vanables and the oomposltlon
had a ilgnif’cam mfiuen'e on th; toxnc actwlty.

, After 2‘6 months immersnon tha highest perfarmance corresponded
to the samples elaboratea wlth 2‘3 3, 31.9 and 36.6 § of binder
content, .and with. 2/1 WW rosin/chiorinated rubber ratio. With' regard
to the elaboration variables, the bast condition was reached dispersing
the toxicant durmg 3. hours ln the nbsence of ww rosn

CONCLUS!ONS
1.- Some antifoullng paints stud:ed showed high effecuveness
its raft triais during 26 months ummerslon as m:mmum

2. The use of caicium resmate replaclng WW rosin in the
formulation of ~soluble matrix ant:foulmg paints based on cuprous

oxide slmp!lf‘ ied mrkedty the elaboration technology.

"The best results were obtained with paims includlng high soluble
material ‘content in their composmon {greatest calcium resinatelchlor-
inated rubber ratio and farger. binder content) ’

4. Results of the s&atlstlcal anaiys:s were In agreemnt with binder
a‘dd values. When pigment-binder rea'ctv!pns;tnok‘plqce_pal_nta composi-
tion was modified and then the film bicactivity was reduced.
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In the wave number between 2860-3200 cm™1, calcium resinate show-

ed, in refation to WW rosin, a thinness in the absorption rank, = at-
Aributable to the minimum content of abietic scid dimers. In the wa-

ve number 3480 cm*!, the overtone of the present peak at 1720 em™!
appeared in the curve corresponding to calcium resinate.

In the wave number 1635 cm™ 1, calchum resinate showed'a’lower ab-

sorption than WW rosin, since it ‘includes in its couposmon a Iower :

carbonile group content.
In the wave number 1720 cm“ -only caicium resinate showed an ab~

sorption peak due to the ester carbonile group.
In the wave number: 1548 cm”1, only an absorption petk was appfe-
ciagtad -for the caicium resinate’ corrcspondlng to the stretchmg of the

group .
) L . xQ
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TABLE |-
. RESINOUS MATERIALS CHARACfERISTI’CS S,

f

TABLE (1l.- SAMPLE COMPOSITION (g/100 g}*

Paint**....... WA ZA 3A KA

WW.rosin . Calcium résinate. -

6
3
‘Caiclym mrbonate“* Veus 36.
s Addltives J"oooicon.'--o ;

RN
g I LT
“ﬂ‘fh}’

Cuprous oxide... ceeeense 3
Zine oXide...vieususinnss

SRR

LA R R B ]
~
Nt Qo

Calcium resinate...iv.av. 23,0
Chilor.rubber. (grade 20). -
Chlqripated paraffin 82 § -

"1'Paf:ihtf*....... COSA L 6A T TA. BAT %A L T0A

Density at 20°C (g.ml™")..ccce. - V08 1.3 -

Mettmg point {(°Cl..viiiiennse, 120 .

Ac'ld value.........,............ BT Y] ' 35
TABLE it

. COMPOSITION OF THE COMMERCIAL RED CUPROUS 0X|DE

Cu?* content (CuO, n . 0.08

Density (GmI™ ). .iuiieeesiraenneesiennniieessrennanniine, 610
Refraction index.....evvenien. TR TP eeeereiiees, 2,70
Oil absorption {$).e.iiierruinarervannnn. eeann reveeendeenees  B.20
Average particle size (v m)....... eeeeneeas ... 5.40
Cu'l* content (Cuz0, V)...ioveiusernnn...., ST T T
Cu® content (%)".““"..".”“.“"...;.“;....“,“””“ 0.03

e T e |

Cuprous oxide...e.ovuees 36.1 . 36.1 36,1 35,0 " 380 38.0
CZine OXide.iaeneecerennn 3.6 3.6 3.6 3.4 ENL N Y
Calcium carbonate*** .., 36.1 36.1 36,1 3.0 34,0 8.0
Additives. .. oovasacsecns 1.2 | P BN Py S FY S 1S S B ]
Calcium resinate......... 13.% 9.5 6.0 160 1.3 7.1
Chilor ;rubber {grade 20) 6.7 9.5 12,0 8.0 1.3 15.2
Chlorinated paraffin (82%) 2.9 8.0 5.0 3.% 4.8 6.1

K]

Paint*....... =~ 11A 12A 13A . 18A 15A  16A

’ Cuprous oxide....,. ...... S 3.8 31.9  31.9  29.6 29,6 9.6
S ZINC OXIB. e verarerianans S 3.2 3.2 3.2 30 .30 3.0
Calcium carbonate*** ... .31.8 31.8 31.8 290.6 19.6 29.6°
- Additives. . oooiiiniacann 1.2 .2 w2 1.2 . 1,’;2 1.2
Calcium resinate......... 18.6 1341 8.3 21.% 15.1 9.5
Chior.rubber {grade 20). 9.3 13.1  16.6 10.7 15.1 19.0
.0 5.7 - 1.4 &8.5 6.8 8.1

Chlorinated paraffin 82 %

*  Solvent mixture: Aromasol HiXilene, 871 ratlo wlw, v:scnslty of
the binder incorporated to the milt $ poise; adwsted final vis-
cosity, 2.5 poise.

** Series A, ‘included in this Table, was formulated with palcnum re-

sinate (1A to 16A}; in series B {samples 5B to 16B) thw mentxoned
compound was replaced by WW rosin.

Rk Natura; calcium carbonate %6, 87 Cal {corresponds to 83.5? % of
-CaCO;

-
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o~ 1 ‘ ‘ ©_ TABLE Vil.- STATISTICAL ANALYSIS

168
3

' o , ’ R smunaﬁeous ANALYSIS OF ALL THE EFFECTS

5B

Nature of the - = o Influenceon’
o effect -~ Typeof effect . - the bloactivity -

"B,

O N ~. a7 N . ‘ A © Composition  Type of resinous mate- .
; T . . . o .variables rial : :

A ; © Significant
Resinous materiai/chlor-

223
45 -
s
]

2

1

2
3-8

0

o

WW ROSIN®

1-2

Tl - . s C inated rubber ratio Significant
A § oL ' . S . Binder content . Significant

128
o-r

ue

Elaboration - .~ Order of incorporation

. " variables - of the resinous mate- - B
‘| » . ' C - risl .. < . . Significant .
3 ' ' o Dispersion time . Significant -

13
0
Bt
23

o
01

0

]

108
P
5
s

58
0-1

1
2-3
3-8

0

[]

0
[

_2. SEPARATE ANALYSIS: ACCORDING TO THE RESINOUS MATERIAL

'SAMPLES - ELABORATED: WITH

]
&4
lalia ]

:. 38 .

Nature o’f}-he s e Iisﬂuence'oa>
effect .- Type of effect .  the bioactivity

¥
5
5
-3
3
‘3

7
1-2 3-8
3

. 2..34 2=3.

2.1 Calcium resinate:

&8
3
8-5
.5
2
2-3

. Compusition - ‘Calcium resinate/chlorin- _
- variables ) ated rubber ratio - Significant
: o Binder content Significant

Py T
-

-2 .
3
3
0~-1
2

58’
0-17

s

Etaboration Order of incorporation ~ ‘
variables - of calcium resinate . No significant
Dispersion time . .. . No significant

T

2.2 WW rosin: - .
Composition WW rosin/chiorinated rub- A
variabies ber ratio Significant
: Binder content . Significant

TABLE Vi.- FOULING FIXATION,

11 months Emmgrfsjqi't.; e

. 26 -months immersion,...
26 ‘months Immersion..

* 11 months immersion....
- 26 months -Immérsion....

5 h dispersion:
" 11-ménths immersion....

" 11 months immersion. .
. 26 months .immersion. ...
The same of the Table V.

5 h disparsion: -
"3 h dispersion:

Elaboration . Order of 7i:’l‘(:m'g:nwatiosr\
. . : . . variables of WW rosin Significant
o~ . B R : o Dispersion time Significant

j!n;-,th:p;. rg;gngg of WW rosin: -

Di?speraién of cuprous oxide
Dispersion of cuprous oxide
in:the absence of W¥ rosin:

. * Key of the Table: |

!

o e
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- ABSTRACT

Consequentl

ogesxouz OF‘¢BARNACLES
"AND.,DBVELOPHENT’MOF MNON-TOXJC ANTIEOULANTS

*Naval ‘Ov€sn Sy

| 2 tng %arval and adult forms of
barnacles ;and the wéchanism of their .attachment are discussed.
Histochemical, chemical and blochemical analyses lndicate that
the ~adhesive “s&ET&Eion “of the “barnacles ~haidens by quinone
crosslinking.of protein..The liquid adhesive is estimated to have
a surface .tension of about )2:dynefcm. Polymers ‘mwith critical
surface tension .Jess than 10 dyfie/ca wece synthes:zed and showed
potential nn,d_gullng properties: ... -~

xuraooucthu o wkmt“sMM;44ﬁv, -

4 Over -1000 Hdltfexent spccies ot nacrqscopic ‘Anvertebrates
have ‘been - reported in marine fouling communities, Most of
the adult fouling organisms, such as barnacles and tubeworms, are
sedentary -and - -permanently  attachéd” to ~ the . substratum.
ost of the adult macroscopic touling .0fgmnisms do
tha initial attachment, rather they waintain and
reinforce the attachnent established by thezr nicroscoptc larval
foras. s o

In spite of the fact thac the nicroscopxc latval forms do
not have enough swimming nobillty tocounteract  strong: currents
and are cargied to their destination by the current, most of them
do not settle down on the first available substratum. They must
select a location which will provide them with a continuous ' and
adequate . fogd supply. mates for sexual reproduction,  and
protection from predators, because once-settled they can not

. change the lepcation.. This search: requites sensory perception’ in

order - identify the desired - parameters and - a temporary
attachnent mechanism to be able to leave the site in case |t
proves to be. inadequate. Permanent attachment is made only after
a aatisfactory site has been located.

In this paper, thie temporary attachment and the permanent
settlement of the ‘barnacles will be examined and related to - the
dcvelopaent of - non toxic fouling teslstant surfaces.

TEMPORARY AND PERMANENT ATTACHMENT O?AEOULiNGIORGAleﬂs

During site-selection the attaching larval ,;orms;jof the

fouling organisms explore a large area of the substratum to

evaluate acceptability. During thie exploration period thé larvae
wmust malntain their hold on the substratum - against water
turbulence. - If, however, the larva finds the site . unacceptable,
it should be able to leave the substratum. to get into. the’ water
column and be catried by currents toward nev sites., g :

Two major for-s of temporary attachuent are avallable in an
underwater environment: suction apparatus; and secretion of a
sticky mucous substance. ‘Relatively fast . woving . marine
organisms, such as octopus, squid, starfish, and sea urchin, use
suction devices very successfully. Slower paced gastropods, sea
anemones, and tunicates on the other hand, use mucous sécretion
for their attachment. Crisp (1972) discussed the' adhesion by

nUCOUS secretion {n detajl and emphasized the . widespread’ -

application of this type of attachnent by larine organisns.‘

For permanent set:lenent those organlsns wlth some nobility ’
in their adult forms, such as sea anemcnes and tunicates.,usually,,
use wucous secretion. Those which settle for life, 35uch as -

barnacles and tubeworms, use a hardened or cured adhesive cement
sopetimes reinforced with calcareous deposits.

THE‘ATTACHHENT»OF'BARNACLE LARVAE

The cyprid larva is the attaching form of the  barnacle and
can be considered as the pupa stage of the Cirripedia (Darwin,
1851, p.19). By kicking its legs, the cyprid can propel  itself
rapidly through the water, while by means of its. antennules, it
can fasten itself to and crawl on solid substrata,

Visscher. (1928} noted that “"when the internal physiological‘
conditions necessary for attachment are present ...  the larvae

have been observed on many occasion to walk on the substratum
apparently hunting a place for . attachment. This remarkable
performance is accomplished‘by;alternate -attachment and release

of the adhesive tips of the antennae. This walking or testing

process can probably be explalned by’ experilents of Pomerat ~and
Weiss (1946), HWeiss. (1947), Gregg {1945), Crisp and HMeadows

(1962, 1963), Knight-Jones (1953), Crisp and Barnes {1954), and

Smith (1946, 1948) .that demonstrated that cyprids - exhibit

definite prefetences " for  certain physlcal or - chemical
characteristics of - the. substratum, " parwin (1851, :p. 16)
observed that the attaching antennular segnent ‘consists of a
large, thin, ciccular, sucking disc. Also. ‘parwin {1851, pp.

16,33; 1854, p. 117) indicated the presence of a- ceaen;ingA
. system, suggested that the cement is secreted at the edge of the
disc and observed that the antennular disc becomes cemented. to -
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the substratum. Crisp (1967) agreed that ‘the the "first antennae

are provlded with sucker-like discs® and that the cyprid “pours’’
sucking“ discs- ‘provide -the’ f{nitial -

.the .-

) Nott_ and Foster (l969)_and Nott (1969) studled the internal
;surface flne structu of ' "

111 covering the’if
Y found nuiiécous duct openlngs some’ of which

gned to th' ‘Cen it duct: and others’ -to the r
' t

_ cup,
sufficiently improve it. Instead of the suction mechanism, they

proposed that the disk acts as an adhesive pad, ‘utllizlng the

villi-to increase the surface area covered - by a sticky ~‘secretion

from’ the antennular -glands. Measurements ° ‘indicated " that’ the.:

tenpora Yy attachment of thé cyprid larva is .2-3 ; times stronger
than sxmple suction would be "(Yile and €risp 1983) Halker ~and
Yule (1984) found a proteinaceous ‘antennular sectetion’ ‘during -the

éxplora ory activlty of 'the larva which Hay 1nddce settlement “of

other 1arvae (Yule and Walker 1985)

. In most cases the  {nitial permanent' attachment of the
barnacle -‘cyprid 1arva is teinforced by an- adhesive cement (Fig.
2). Darwin (1854) and’ Bernard and Lane (1962) “indfcated that the
ddhesive is secreted by ‘a pair of glands ‘located ' ‘béhind " the
cyprid‘s compound” eyes. Theése ‘glands_are 60- 90 microns thick and

150 microns long, ovoid or kldney—shaped structureés. Walker'

(1971) found two different type of cells in the glands. One type
of cells produces "protéin, phenolic ¢ompounds and phenolase
enzyme, whxle the other type of cells produces only protein.

CEHENTING APPARATUS OF THE ADULT BALANIDAE

Thé settléd and attached cyprid molts lts carapace and body
exoskeleton and netamorphoses to its adult form. One day . after

metamorphosis, ‘the barnacle (Balanus balsnoides) is capable of.

producing adhesive ‘material (Yule and Halker 1984 ). In the

Nott and Foster (1969) felt that the cuticular villi of the -
nt disk would be dxsadvantageous for- establlshing suction
seal, _although ‘they* agreéd that a‘viscous sécrétién could:

Balanldae, the main channel of the adhesive duct network of the
adult’ begins to grow perpendicular to the rostral-carinal axis,

_starting from ‘the remains of the second antennular segment toward

the perimeter of the basis. In each growing period, rew vesicles

“form on the main channel and become the originating points. of the:
‘separate. ‘duct- networks (Fig. 3). Each new vesicle is larger’ than

the former one and each duct network is more complicated than lts
predecessor. . The end of -each duct widens and forams a-funnel’
spread the adhesive in concentric circles around the perlmeter

“under the growing basis. The new vesicles “form around the

previously exlstlng maln channel which extends toward the basls_

_perlaeter._

Near the perimeter,hbthe main channel extension rlses through
the mantle tissue from the vicinity of the basis to just below

. ‘the epitheljum of the mantle cavity. Here, the 'main channel
. branches into numerous side channels going into  ‘différent

directions. The side ‘channels connect to giant unlcellular
adhesive . glands often more than 100 microns in diaméter. The

. cytology and histochemistry of thé adult barnacle adhegive. glands'

have been the subject of detailed studies (Bocquet Vedrine 1965;

Lacombe 1966,1967,1968; Arvy and Lacombe 1968; Arvy,:_LaCOIbe,

Shimony 1968: Lacombe and Liguori 1969: Walker 1970; Lindner " and-
Dooley 1972; Lindner, Dooley, Clavell 1972). The fine structure
of the gland cells is descrlbed by Lacombe (1967) . and ' Walker

(1970). -

The larger the basis of the adult barnacle grows, the more

. adhesive is needed. In each growing cycle, new adhesive glands

develop and Jjoin the‘existing ones and form a cluster on. each
side of the mantle. The individual glands of the same cluster
are connected by channhels with the main channel that conducts the
secretion toward the basis. In each  growing period a . new
peripheral duct network develops. The main channel conneécts the
glands and the wvesicles 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 perimeter of the basis to the substratum. Eyhn ° and
Costlow (1976) showed that the accumulatlon of the adhesive gland
secretion was at its maximum in the late postecdysls period of
the intermolt cycle, decreased to zero during the interecdysis.
period, and began to increase again during the proecdysis’ perlod
This indicates that the adhesion process takes place at “about
half way between two consecutive wmoltings. The basis is. cemented
so firmly to the substratum by an adhesive substance that the
shell will usually break when an attempt is made to detach the
barnacle, although it is estimated that the tensile strength of
the barnacle adhesive is about 1/10 of that of some commércial
epoxies (Yule and Walker 1984). The adhesive  substance is
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abnargglly,. ¥ } stancesA Qarngcle can. be1 diaplacedg
‘the neighboring speciuens '$6 that the basis is "no longer" in
contact .with the substrntum. The gap. between the basfs and
subst;atum is oftcn fillcd w(th a whtte. opague substance.

‘qto "other smooth ,surfa

'n basis and .new subSQratumﬁk‘”Iff
en basls and substratuam is too large to be

" He believe that. lnitxally. ‘the. _adhesive’ is a fluid of Jlow’
viscosity and solidifies within a short time after secretion from

the duct system. The presence of an ‘occasional duct filled with
hardened adhesive suggests that the hardening process Is not

" restricted’ to“;he hydrospace outside the duct system and that the

adhesive, is able. to harden tn the ducts, but is somehow removed
before it can set, =

e

The temoval of the adhesive precursors from the, ducts before

the adhe51 e becones cured #Hay be explained by a flushing process
(saroyan, Lindnéc, Boolay 1969, 1970). The vesicles sérve 'as
distributing chenbers and that’ portion of the #ain channel within

the vesiclés” controls ‘and regulates the flow of adhesive and

flushing fluxd. The vesicles of dlfferent ages ace situated near
each _othier and are connected by the maih channel. ' This

arrangement puts aI} the veslclcs. the ‘corresponding duct network

and  the duct end of every duct network-almost equidtstant from
the adhesive glands. Thus.‘adheslve can be secreted almost as
easily, through older. ducts’ as through the néwest peripheral duct

systen. By this mechanism tha barnacle is capable of reattachinq

when detached and repairlng dlmage to the base.

CHEHISTRY OF THE BARNACLE ADH?BIVﬁ

’ Based upon observatlons ‘on othér .Crustacea, Yonge ‘(1932)'
speculated that thé secretion of the cement gland of .the.
Cirripedia. may be similar to the cuticle; . and ‘Thomas (1944)'

elaboridted oh this. idea by attemptlng tc show that thé cement
glands of the Cirripedia are qodifigd tegumental glands. ‘When

: }i pl;ages. " the
tgickness of’ the dbeaive Iayer”

‘ however. barnacles‘ uay develop_
by

re detached intact irom smgoth}

pryor's (1940a, b) elucidated a great deal of the ﬁaqdeniﬁéi
mechanism of cuticular protein by introducing the concept of
aromatic cross-linkages, several authors (Harris 1946, Pyefinch
1948, Pyefinch and Downing 1949, Knlght ~Jones and Crlsp i9s3)

speculated that the barnacle adhésive could be. “qlinone - tanneéd

protein” - or more precisely - quinone crosslinked protéin. " Bit,
with the exception of a few rather sporadic observations on' its’
staining characteristics (Thomas 1944, Bocquet-Vedrine 1965), the’
adhesive secretion of the barnacles becane the subject of
chemical characterizatlon only in the past twenty years.

In one of these early attempts, Lacoube (1968) indicated acid.
mucopolysaccharlde . 'in  both the intra~ apd extra-cellular
secretion, ' but Saroyan, Lindner, Dooley. and Bleile. (1969.A19?0),

showed the adhesive is proteinaceous, determined its amino. acid

profile, and reported results that already suggested ‘quinone.
crosslinking mechanism. The subsequent results of Hillman and.

Nace {(1970), Cook (1970}, and Walker (1972), Otness and Hedcalf,

{1872), Barnes and Blackstock (1974}, and Walker and * Youngson
{1975), . were in agreement with the proteinaceous nature. of the
bacrnacle adhesive. By’ hxstcenzyuology. Arvy, Lacombe and. Shinony
{1968} found alkaline’ phosphatase activity {n the cementing

apparatus, and Arvy and Lacombe (1968) de-onstruted succino-:

dehydrogenase In young ce-ent qlands,

Shinony (1971) thought that the arylsulfatuse found in the

mantle = tissue = could be ' associated with sulphated.

sucopolysaccharides in the hardening process of the . adhesive.
walker (1971), on the other hand, found evidence for phenolase
activity and phenolic compounds in the larval cement gland and
considered this to be indicative of a quinane crosslinking
mechanisn for the larval attachment,

With histocheuical and analytical‘»uethods, Lindner _and

Dooley (1%73) and Lindner, Dooley and Clavell (1972} compiled
evidence consistent with -the general scheme of a  quinone
crosslinking- of a proteinaceous paterial for the hardening
mechanism of the barnacle adhesive.

2 PQOTEIN -NH, . C63402 --> PROTEIN NH (068402) Nﬂ PROTEIN

The major arguments in support of this theory are- (1) the
bulk of the adhesive consists of protein rich. in free amino
groups, which are the major functional groups in the - quinone
crosslinking mechanisms; (2) phenolic precursors and -byproducts,
such as melanin and stable free radical qulnhydrone are .present;
and (3) most importantly, phenolase enzyme is present in. ;hg
secretory glands and ducts. !

A more thotough study of the mechanlsm is hampered by the

extreme insolubility of the product. - Because ~of these
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. difgiculties Li Qner and. apoley £49?3) selecEed model Treactions
fg elucidat ° he. qui one. ;osslin ing méchanisw and studied

: reaction wkiﬂ€:  & : oga es -Dooley (1971,
;19?31 and . Lindner 1973) ° reacted - p—ben#oqnlnbne with
- amings. -a m@nowac1d§,rpeptides.xand crysgallipe proteins, and they

~found :shat the.proguck. of these. ceacticns
by .‘stggggénkgytﬁﬁigg at q¢$ 1 1ac:jon proguc;s
using o r: a zyne n ace "o -
Yo ~?Bteasi§eAa§sorgtiohs argund ‘325-330

benzoquinone . produce léss

. .Uy,xgggc;;pi of the ussel ssus. and . the barnacle
ﬁhe sho 0 ak sorpt n Vehout 325 hn indjcatlng tHat
these pr teinaceaﬁs substances are crosslinked by o-qulnonold

,bridgcs. S

hlthough th .1b§sic prlnctples qf qulngne crossllnklng are
felatively well es ablished namely that the free amino- groups “‘Of
the protein are bound to the quinonoid ring, there are a number
of . different routes that such_ a tion can and probably does
take. In the. pussel (ﬂytjlu lfs), for. example, ‘three
different types ©f glands were dls'ingulshed each believed to
produce one .of the three components involved in the crossiinkirg:
the. bulk of the protein, the phenollcs. and .the enzyme (Brown
1952, Smyth 1954). 1n the barnacle,. hOWever. “there 1is only one
type of adhesive gland (Saroyan, Lindnér and Dooley 1968}, - which
-i$ believed to produce all the adhesive precursors, but without
"appreelable quantl;les of free, extractable ‘phenolic precursors
(Lindner and Dooléy 1973}, thérefore ° _autocrosslinking may be
involved in the hardening mechinism of the barnacle adhesive.
Autocrosslinking occurs between the tyrosyl residues of protein
sidechains and. free amino or other reactive groups of another
protein nolecule with the' aid of the phenOIase énzyne o

PROTEIN- C8206H4-0H o uﬂz-pnorexw -=> pnorsxx«cuz(csa3_0) -NH- PROTEIN

The fact that in the o-quinone teactlon ‘the initial step- that
produces a monosubstituted derivative has a high’ liniting rate
{Lindper. and Dooley 1976} supports the autocrosslinking

- mechanism, . because coupling with only one amino group of another
molecule is suff!cient to toraAan 1ntermolecular crosslink.

fNON-TOXIC NON-FOULING SURFACSS .

Host sessile fouling organlsas 'seclire their permanent
attachment by hardened adhesive. Crosslinking, hardening or
.curing . Is . an important mechanism to {ncrease the cohesive
strength of the. . adhesive, But- the primary criterion for an
adhesive 1s good contact with the adhering surfaces. Adhesion,
spreading and wetting characteristics are governed by theé surface
free energies. The work of adhesion {Wg1), the work required to
separate the liquid ftom a solid, is equal to the sum of surface
energies the solid and the liquid (xg o *1) minus the interfacial

be ‘¢haracterized .

tension between the solid and the liquid {+g;]} (Young 1805 }:

Hg) = 75 +'71 = Ts] ' th
When the adhesion and the self cchesion of the liquid ("11 = 211)
are equal . .
Tg T Tgl T T1 (2)

When the adhesfon {s less than the self cohesion of the 1liquid,
the 1liquid does not spread.on the solid and it forms g .droplet

having a contact angle (e); the larger the angle the smallgér the adhesion

s -~ sl = rl cos 8 o S {3)

and Wg) = ) (lecos e) © ' , A4)

' When the adhesion Is equal to or larger than ‘the cohesion. ‘the

angle is zero and the liquid readily spreads and wets the salid.
The surface free .energy of the solid r and the interfacial
tension vy are: ‘Aifficult to determine. ?rou studies on contect
angles Zisman and his associates {Fox and Zisman . 1952. Zisman
1964)  concluded that when the cosine of ‘the contact angles of
vacious liquids on & solid is plotted against -the surface tension
of the liquids, the value where the contact -angle {s zero (cos @
= 1), called the-critical surface tension of the solid (wc), is
relatively . easy to calculate and is a fair approximation of the
surface free energy of the solid ~g. BY definition ’ .

=T T € 3

and only those solids are non-wetting which have 1ower critical
surface tension than the liquid. As an example, water («x=72.8
dynes/cn} wets glass {15200 daynes/cn) but not -poly-
tettafluoroethylene (PTFE) (r =l8 dynes/cn}. :

It is difficult to obtain liquid adhesjive for surface tension
measurements because the adhesive of barnacles and mussels harden
within minutes after secretion. However, the surface tension. of
the liquid barnacle adhesive can be estipated from the .curvature
(radius) of solidified droplets {Fig. 4). The surface tension .of

" the droplet s equal with its welght divided by the radius  of

the surface area of the end of the tube from which it is -falling
off (Harkjins and Brown 1919)-

((lla)nR (D-d)g)/t e
where radius of droplet '
density of surrounding medium (sea water 1. 025)

gravitational constant (980.6 cm/sec?)
radius of the tube end

BT IR
oo

density of droplet (1.340029, measured by CsCl flotation)
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If ‘the. surface from which the atoplet hangs 15" larger thaﬁ the:

droplet then R =r and

i

(4/3)n“=(o d]g 1. 7. ayne/em (T

A

'because the'surfac
“Jowe'r * "than the'c¢titidal: surface tension-of ' PTFE,” barnacles
actach to it, To ‘prevent barnacle . attachment, coatings with
surface free energlies lower than 12: dyne/cm are. needed. Zisman
and his coworkers (Hare, Shafrin, Zismen 1954, Zisman 1964)
showed that adso bed moriblayers of .long ' chain = perfluorinated
‘et cal surfece tensians as. low as 6 dyne/cn.

polymers wven perfluotinated sidechnins that
‘ ,fface,energies ‘2% ‘low &5 8.3 dyrni¢/cm. Some of

rs showed remarkable’ antitouling properties. - After
suke,» the uncoated surfaces of the ‘pariel were

but the circular -and- small ‘rectangular areas
these polyners were not .only free of-barnacles, ' but
! and slime-£ilm-as well (Fig.- 5). It isi.interesting
to note that - the barnacle population . immediately’ .around  the
coated area is much denser than farther away. This indicates that
the barnacle lacvae -expléced .the ¢oated:area but. ‘could not -attach
and when they reached the edge of coated surface, settled at’ the

first uncoated place where finally they could attach: After three~

wonths (?19 6) the coated areas were still relatively free of

fouling.

CONGLUSION7

These experiuents clearly demonstrate the feasibility of

,developing non-toxic low surface energy antifouling coatings.

Thése new antifoulants work because they have a non-wetting: low-
energy. surface which resists the attachment of. the organisms. The
low surface energy antifoulants release no toxic material into
the environment, thereforé no.environmental hazard: is. created.
while toxic antifoulants are. specific against. certain types of
fouling,‘ the low energy surfaces prevent any kind of. attachment
and provide universal protection, More importantly, there Is - no

" ‘depletion of the active substance in the " low . surface energy
coating:; rather- ‘its-efficiency is based upon a- physical sur face

phenomenon, ensuring long effective 1i£e.

tension et the liquid batnadle adhesivef
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Figure 5. Two months exposure. . Figurce 6. Three months exposure.
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o dfef;eﬁﬁitéafﬁhich allow best possible preservation
of the maritime environment without loosiﬁg‘the well-knbwn
..parameters 1ike perfect protection from any kind of
“.Eoulinq, long lasting effectivity. most positive 7
influence on surface quality and safe handling.;

' ‘et o .
n-614o Bensheim 1 B ‘ Nelther a s“§5t1t“?e for TETG nor a  new teChnoloqy is
Gexmany : v v C o available immediately. The question was raised
T © . “antifouling.- how to proceed” (2).

Comparison of legchinq ratea of biocides out of anti~ o ‘pu damental -
fouling paints and data received . in the lab leads to . k-—Jl———ll——ﬁ
-the ‘definition of a minimum killing concentration

against algae. Based on ‘this an effective algicide ‘ TWo Groups o

would allow to reduce the amount of metal containing - W g ps of organisms are responsible for fouling;
biocides in .antifouling paints. Research work with . . . fanimals and algae. Both cause fouling by follow;ng more
herbicides and fungicides resulted in - a triazine ‘which: i L or Iess the same. rocess bich ‘

 enables protection from algae. fouling at low use , , : P S5 Wi can be divided in three
concéntrations. The new product has good environmental : steps. -

. caupatibility.z. )

. . ) . A 1. the'f;ee swimming organisms meet by chance any surface
P U S ] ' by hydrodynamic and electrostatic forces.
jlﬁtroducgibnf. - o - :

. . 2. They excrete a glue and adhere to the surface.
Observations about unexpected high activity of TBTO to . S o S

non~target organisms created uricertainty in the 3i'They undergo a metamorphosis and develop to adults;ff

R ongoing development of. antifouling paints. To remember : ,>
‘the facts able aE presents four figures out’ of the many ) _The question arises whether we can influence anyfif the ‘
available (1).:'-‘)_~ s : . V  three 'steps mentioned. S

" To draw a- consequence ftom this seems’ relatively simple . o The most elegant way would be to prevent theifirst step,

- for: pollticians. Pxohibition of ‘the use of TBTO - at least o ] the very first attachment, We hardly can influence or

. for'a certain part of antifouling paints, It is by far change the basic hydrodynamic forces. We only have the
less 51“919 for ship owners or - more clearly - for the - possibility of changing the electrostatic conditions of
antifouling paint industry. Therefore, this indnstry o : : the surfacé on a ship bottom. Ongoing work - looks
tries to develop new antlfoulinq paints away from . - ‘ - 'V'promising in- principle but obviously needs some further

existing approved ‘formulations. New antifouling paints . polishing .and time to come into practical use (3).
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»qdhesive resulting from various tgpc% of glyc
‘or, chysaccharides (4). whereas animqls like aarnacles
. - -adhere: by developing a.p ypeptide (5) . :

The second step is more‘comp;ex. algae adhere by an'

.

‘roteines

The. hulld-up of an adhesive layex is oh‘iously an N

enzymaticqlly ccntrolled step. Such u process has to be
influgnced within secgnda or. even parts of seconds. As
a consequence, an active product preventing the
cementation processes has indeed to be the\total

ﬁantifouling paint surface itself Any transportation

of active molecules ont of the paint to ;he surface o
‘would be to0. slow. Furthetmore. such a product has

- to be multi-functional 1n so fh,

as 1t has to intertupt
different enzymatic processes. all this sounds rather
unlikely to. our today 'S knowledge.“

Some more time is allcwed for an active product to,

‘1nf1uence the third step. Algae fix between 1ess )

than 1 hour and a few hours 6). Barnacles need » ,
24 to 48 hours (7). This is. the important time 1nterva1
between first attachment qnd firm £ixation. Chemicals

. are required which influence this part of the life

cycle of the oryanisms. In other words, we have to
continue with products which we are used to call
bhiocides.

While searching for a new and acceptable biocxde it
would be better. to consider first what we know about the

traditionally us&d and proven biocides.

Discugsion

Callow (8) published an, examinatxon of foulzng organisms
studied on 34 in-service ‘ships. (Table 2).

Obviously the addition of organotin to copper is
advantageous with reference to Barnacles and Enteromorpha
in contrast to. Anphora..This coincides with toxieity A
data,published,by Phillip (9);ior.cntifonling‘tomines
(Table 3J. Thes¢ data show an activity of TBT which is
about: 10 times.highet'thcn’ofwguzoi:,~' o

‘Table 3 contains another interesting result. If we

consider the highest figure to be relevant, both

”compounds ~ Cuj0 and TBT - require. five times the
; antibarnacle concentration to beceme effective against

alqae.

This seems to be supported by leaching rate‘results from
antifouling paints. Phillip (10) reporta effecttvity ‘of
TBTO at a '1eaching rate of 0.8 = 1.2 uq/cm /day as

. sufficient to prevent the attachment of all marine

organisms except diatomes ‘and’ algae . Naess (11) mentions

1 ug/cmzlday against animals and 2.3 ﬂg/cm /day. against

algae spores. Banfield (12) gives a value of ‘1 and

5 ug/cm /day against animal and all fouling respectiveiy.
This clearly indicates that TBTO has higher activity )
agaznst animals than against algae.

But this seems not to come out from lab results.‘zor

the most important fouling algae, Enteromofpha and
Ectocarpus, Skinner (13) reports inhibiticn.ccncentrations
for TBTO of 0.35 and 0.6 ppm respectively. We found in

our lab MIC-values for TBTO of 0.1 ppm for Enteromorpha
intestinales and 0.5 ppm for Ectocarpus siliculosus.

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
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development. -

TR PR ppm aqainst Barnacles. Callow. (14) received with
TBTO values of <0, E Y against Elminius modestus.

According ‘to these- values the activity against animals
and algae should be expected to be in the same range.

The*dtacrepancy'betﬁeen activity expefienéed from
leachinq ‘ate and: lab tests is simply due  to. the fact
of comparing inconParable .values. The 0.2 - 0.3 ppm
against Arteémia neans from the test: Killing of - Axtemia
is obtained after 24 hours at a level of 0.3 ppm TBTO

develop.

i _ojthat.alqae need between less than 1 -and
-8 hours to perform the: corresponding steps - in their

Therefore. a killing concentratjon for algae has to be
found as well. This minimum killing. concentration (MKC)
has to be defined for a reasonable short time within
the maximum<of'5 hours of algae fixation and development.

i Experinentalﬁﬂork

~For the test’ snteromorpha plants as such were used. The
reason was that settled spores of Enteromorpha are

'reported to be more resistant than swimming spores (15),
. that additional attachment is accomplished by the

production of large numbers of rhizoidal filaments during

. ereet. shoot development in Enteromorpha (16) and that

regrowth starting from Enteromorpha plants is heavy (17)

We chose an influence time of 4 hours exposing Entero-
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

in fresh gseawater containing nutrient’ for further

6 to 8 weeks. Recovery or dying out after this-time was -
recorded. The received MKC, values are given in: ’
Table 4. :

This table now gives the explanation why against algae
foulinq a higher amount of the biocide in. question is
requiredrthan for preventing animal fouling. Hence, it
supposts the findings from leaching rates reported above.

Table 4 is the key to the better environental acceptance
of antifouling paints as well. If we change our
mentality ‘from ‘all effects by one product' toa.
combination of selectively acting products. we shouldvbe

able to reduce the environmental fmpact drastically. The

reduction of copper or TBT 'is possible without leosing
effectivity against the growth of - animals. The arising
lack of protection against weed growth needs an
effective algicide. N i

“Effective® means a killing activity against algae at a

levél comparable to that‘of-cuprous oxide or TBTO
against Barnacles. If such a product only interrupts
photosynthesis it even would be harmless to marine

animals.

Without any doubt Enteromorpha is the most. important
seaweed fouling organism to combat. But it is not the
only one. Other chlorophyceae. as well as phaeophyceae,_
diatomes and further algae strains have to. be expected.
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Therefore, we ¢an expect satisfying application in
antifouling only if a product offers activity against the
broadest possible spectrum of algae.". v
To. find .&a suitable algicide and to minimize the amount
af uork, wg tested first ‘the minimum inhibition
concentration on an algae agar against the fresh water
algae given 1n Table 5 and 1n liquid culture against
Entercmorpha. 19 products were selected for the test.
Most of them are well-~known herbicides, some known
fungicides.. The tested concentration was between

0.03 ppm and 10 ppm for the fresh. water algae but for

- Entercmorpha 0.5 ppm excluaively. The results are’

given in Table 6.

‘There are only a few products with a real broad

spectrum effectivity at concentrations lower than 10 Ppm
against the fresh water algae and/or MIC of 0.5 ppm
against Enteromorpha. The group of triazines 1ooked
particularly prcmising. Chlorothalonil and the Quinone

A 24 were selected for a ngxt series due to the MIC of

0.5 ppm against Enteromorpha, Diuron and the Diphenyl-
ether DP 30O in spite of Enteromorpha MIC >5 ppm due to
their good broad spectrum against the other algae. To
the triazines tested in the first series some more were
added for series 2. The resultskgré shown in Table 7.

In addition to the MIC against fresh water algae, the
MIC against Enteromorpha was now examined in more
detail. The KKC4 against Enteromorpha was tested at 0 5,
2 and 5 ppn. : i

The water solubility of the ptoducts 1s also included

in Table 7. A long lasting effectivity could not be
received from a product with high water soluhility. Such

a compound would be lost out of the antifouling paint )
within a short time. o g , »

Cbnclusidn

‘The results given in Table 7 dfe'&ﬁitgvinterésting.'f'

Inhibition concentration aqainct Enterouorpha is vith
some products promisingly low. But curprisingly the
minimum killing concentration is not at all in parallel.’
Only two of the products exhibit killing activity ‘
against Enteromorpha at concentrations lower than

5 pea.

The Triazine 1051 was found to be’ by ‘far - the best
product. The minimum inhibition concentration against N
all tested algae is 0.3 ppm or less. This is also~the ‘
case with further algae strains (Table 8). The killing
concentration (4 hours) against Enteromorpha of 0.5 ppm
is in the focused range. The water solubility of 7 pgm
is a favoured value as well.

Being sucessful from the biological point of view the
crucial question after all is the environmental iméact‘
which this pfoduct might have. The Triazine 1051 is

a typlcal tepresentative 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
comparisonfto thoée :epeated from Table 1.



Table 9 further includes the figutes g:.ven alregdy 1n Jable !
Table 4. It demonstratea the possibility of reducing ’ A : The effect of tribucyltin axainst some aquatic org lni‘sma"(})
. the amount of metal containing biocides. '!‘hey now can be . ’ N e ’
. 1used a.t the low possible 1evel which prevents mimal . A Shrimp Larvae 9% h L& 50 7 .15 ppb

Eastern Oyster .
Larvae 48'h ECS50 . 0.9 pph

‘Rafnbov.Trout %6 N LCSO. - 6.9 ppb
Daphnia Magna 8n 1C50 . L&7ppd -

'rriazine 1051

Table 2

’ all- t.he‘ wrk reported vas perfomed only thanks to the : ; ' - Incidence of foul{mrlmimv on “in-service” ships® (8)
-assistmce of By C workers : specially Dr. Reinhard Grade, ‘ 0 : ‘
' altrnud ?fe Fer and mss Barbara Roose. , .

Organisa A B " Coppert - Oxganotin/Coppert

Barnacles o 8

Enteromorpha - o ' 18

Ectouipizs ‘ ' N

-Other macro-algae

Amphora Lo s 18
Other diatoms - 10 o 12

E *Fouling samples from & total of 34 ships 'verc exini:;ed
+ 11 ships - ++ 23 ghips

_Table 3

- Comparative toxicity data {9)

Metal  Algae Barnacles
~ Compound - ppa T PR

Cuzo _' -5 - . i~10

RgSox . . - .0.01 =°5 0.1 =1 _

.
7 L o MO M e :
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Table 4 ’
Toxicity data from. iaborafory t»e’st.’ lin ppm]
n;raagxe- HRC, : 0.1 =0, 25 (Cu203 Qs) 0:65‘; é‘é.s'()A)
8’2“ 0.5 <2 1.0 (©e (1) ‘
fgquxm“nt '03~05(wp) 1 #Qéea
Ente{q;orphg xxcﬂ ‘ o & (CuCl) w' o ;%QO
: Mﬁg‘ - Minimum kill;n; concenttatxun after 4 hcurs

exposxtion

"K¢48124 «  Minimum k;llxng concentrttxon lftet 68 and
i 24 hours respec:zvely : -

.

Table 5

et i

Algae strains used for apsr incorvoration test

Oacillatoria geminata
Nostec ellipsosporum
Phormidium foreolarua

B a oo ow

Syneéﬁégocéus leopoliensi;
(Anacystis nidulans)

Chlorelia wulgaris

f Chlorella protothecoides
-{Chiorella pyrenoidosa)

Y

- g Scenedesmus obliquus
h Klebsormidum subtilissimm
(Ulothrix subtilissima) -
i. Tribonema ééquale

k. Haematococcus lacustris

Iable 6

Chlorothalonil-

2.4-D
Diuron

Propanil

Alschlor

" Propachlor
. Lineb

Trifluralin

Benzalkonium
Dichlofluanid

Captan

- Simazine

Atrazine

Amétryne

Terbutryne
Quinone A 24

Acifluowfen

Dipheanylether

b2 300

. Hinimumvlnhibition Concentration (in ppm)

a be de fg h 1k
1 1100,3>10 110 1 !

>10>10>10>10>10>10>10 >10>10>10

0,30,30,10,1 3 10,3 - 1 0,30,1

303 1°11010 3 3 1t

| >10>10>10>10>10>10>10 >10>10>10

>10 3 >10>10>10510>10 >10>10 3

>10510 1 >10>10>10>10 >10>10>10

10 3.'3 3 35 33 ao 3 3

>1o>1o>|o>|n>1o>1o>1o >|o>1a>ao~

3 3 3.1 310510 1 3

L0 310 3510010010 3 3

10,3 1 1210010 1 1

0,30,33 3>1030,3 3 3

0,30,3 3 0,33 0,30,03 3 0,3

0,30,30,30,3.3 0,30,03 3 0,3

0,10,30,30,3 1 10,3 0,11

>10>10>10>10> 1> 10> 10 >10>10>10

0,30,30,36,30,30,30,3‘0,30.3
i . IR N
1

20,5
50,5
20,5
30,5
>043
50,5
30,5

'-'»0,5

0,5
0,5
0,5
0,5

0.3
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Table 3

. T A . a b ; . oo
T * SOlerthaioall 11 e 6,3 o ,1‘ 16 '.‘ffi 3

IR -;pohq Bur 93 0,3 81 60 3 163 4703
e ,,I:I)’"‘ Quiceme A 24 01 0,3 8,303 1 1.0, &3 1 . o
c : .d‘.._b.\ nim%.-mn« 6.3 03 9,3 03:0,3 0,3 8,3 0,3 035 3. 8. .10

I .@.ﬂ Slntln 1 0.3 o Csto ! A a8 .

Q__thrn(m' 0303 % 3 & 3 03 3 3 ",‘ 0,025 >3 ST

J—E\mmﬁ. 1040 00300303 03 3 05,5005 3 0,0 61 5  me
S "‘t-errm L83 0033 03 3 0,3 0,00 3 03 - 0,005 5 . .ise

VA& Tevuttne 0,3 0,3°0,3 0,3 30 0,3 0,00 ¥ 0,3 001 25 sa
,..ﬁ..&, ‘tdu!u 1031 0,0 0,03 0,600,030,9 0,000,006,5 0,00 0,01 o038 7

>-m-€:m.;m 1052 0,03 0,03 0,5 003 0,3 0,3 0,03 0,3 0,0 . 0,025 >  mt.
A L T T T
Proneteyne 0,3 03 0 3 03 03 10 3 oS s -as

‘ﬂ“&"&-hrhtu’ 10 03 16 3 s10 3 3 s Cosos 8 m

tme.g ‘ . . ; i ;.
‘ ' © ' MIC values in ppm of the Triszine 1051
" on algss agar © i Mauid culturs

Actnanthes 0.3  Achnanthes. 0.1

- .Agphééa o 0;‘3 ‘Mh'ou 0.01
Piﬁnulqrin 0.3. -lttqnéfpm - 0.05
' © Cladophors 0.1

- Taple O

CO_m_E'Zigioon o!‘a'e;til -conginit{;. l‘ﬁg etal frey antifouling ‘blocfdes
" ' P "R .' S mmo ‘ Trisgine 1051
‘Barnscies W, g m" E 0.1 - 0.25 ppm (Cu,0) (14)  0.05 - <0:1 ppm (14)  not active
. 0.5 - 21.0 ppw (Cut1) (14 T :
Ar;m&;;n uxc“,“ ' » 0.3 - ‘0,'5 ppl' ICu?O? 02 - .0¢3 m not sctive
Enteromorpha -MKC, o A4S ppm {cuct) - E T 2.0 ppm o . 0.5 ppm
"t Shrimp Larvae 96'h LC 50 S L W3 b)) L. 400 ppb
‘. Eastern Oyster ., ' o L e o ar00 e :
* Latys. 48h ECS0 S S 0.8 ppbA M T 3200 ppb .
S Rafrbow Trout 96h-LC S0 . - . 6.9 ppb (1) . 860 ppd
e ©  Daphnfa Magna 48'h 1C 50° 1,87 ppb (1) 66000 ppb
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Antitouling (AF} coatings prevent biotouling by
reloatinq bploactive compounds over a number of years.
- Because biocides are also toxic to non-target organisms,
environmental damage may result from excessive release
rates.  Known fluxes of tributyltin (TBT) biocide vere
released through a microporous wembrane in flowing :
- seawater to determine ainimum release rates of biocides

-vhich vill prev&nt signlticant grovth of a test organxsn.

. INTRODUCTION

) Lntitouling paints containinq tributyltin {TBT) as
thé‘;ctive<biqcide are the most effective coatipgs to
gglptain u<inoq§h-hpll.: A large fraction of world
shlpping uses these baiﬁté. éonéefh over environmental
'1nsp1t reau;ting L{pg high ;gcalized,cqnpentratibns of.
fhis pcderful bidﬁidé in’i&fian and harbors has léd to
State and tgderal leqisxation :egulating the use of these
paints (U 5. Conqress, 1987). An’ EPA method has racently
fV‘been chosen to linit roxcase rates of AF’ palnts used on
large vessels, while use ‘of organotin paints will not be
'pe:ultted on vessels shorter than 25 meters.

Although lt is not knoun how rapidly TBT must be
e

released to be effective against foulers, there is ,
evidence that current AP paint‘tqlcasa rates are several
times higher than necessary to ﬁreviht'sighiticant V
touling (Schatzberg, 193?). It Li'inpéxt&nt to determine

. the optimum release rate ot tBT and othor biocides bocause

lower release rates may roduce nnvironlcntal intult
without decreasing the otfcctivcnccl of AP coqtinga.
This paper rcpoxta an etticlient, insxpcnaiva -othod

to measure the effect of prccilcly controlled release of a

')hiocide from an inert surface, qnd‘tpztcththo response of

toulihg organisnsAto that situation without formulating a
paint. We vnriod ‘the flux of TBT biocido to estimate the

’ aininul otfectivo rclots. rato to suppr.s: perxtrich

protozonn colonization. .

MATERIALS AND METHODS
Test cells were made from a -bditigd 47 mm Swin-
LokTH volyc&tbchatc filter holder (Nucleopore, cat.#
420410) by removing the cgntral 4 cm of the £11tcr cap
with a grlndinq tool convortiug th. cap into a rinq

The test surface was a ci;cullr'polycarbonatc -othanc,'

47 wm in diameter (Nucleopors, O.é”ul pore iiié;écat;i”

111106), held in place by the modified filter holder..
The edge of the membrane v@s»té&l@d with an o-ring in the
filter holder, exposing only the central area (41 ma .

dianeter) of the membrane to seavater.
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'aysten (Fig. 1). :§eaaat'
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Test cells wére suspended in. a flowing seawnter‘

seyern.kiye:.'

pumped - i;:om t

1-2 L/nin, and passed thxougn aibaf£15>systph consisting
10.¢ bed. ot .xock. vlth ,nﬂaverage dignexe: of .
aboﬁt 3 em, 2) lkplanktea net to- direct gai bubbles. auay

trou»the_ ilter',

.;and 3} a. hnxizontal 30 cn circular
plexiglass plate pertoratgd by 30. holes, cach 5 xm in

diameter. Cells were: nounted on an. 4nclined rectangular
plexiglnss platc provlded with' ulots to hold the test -

cells. wate :

through the baftle systea, and overtlowed The tank was

covered with aluninun foil to .reduce algal grouth,and
prevent the pcssibility of light causing - an uneven
distribntion of. orqanisns in the tank.:

A 0. 0697 nmolar stock solution of tributyltin
chloridg (TBTQ;) vqs‘p;apa:eq4fron,the 95% oil by
dissolving ?é,ogﬁ;dg TBTc1iip¢250 ml methyl alcohol. -
This stbék salution was stored in the dark at 4C until
dsg,x ?g§t solutiong were p;eparedlfroﬁ thé'stock,
solution by serial dilution using filtered (Millipore, 5
ﬁm‘poréxgizg), paétgqtized‘(goumin, 60C} seawater to
yield the desired TBT concentrations ;n,afl%Ameihénpl
éolu;iqg? ,coqtro;'sqlutions were also 1% @gthanol,in
filtered pasteurized seawater. . |

All components gf#tne,Systéujcgntgcting TBT -

the . botcgp of ‘an experiueptal tank at.

)ghevbotton ot the inner. tank, ~passed:

solution were composed of either polycarhonate, .

fluorinated ethylene propylene ‘(FEP) Te:iéh,ror<TBTg

saturated glass; these materials do not absorh
sxgniflcant quantities of TBT (Valkirs et al., 1985; . and ﬁf:
Blair, et al., 1936).

Flux through the filters was controlled by

‘delivering the toxic solution at a constant hydroutatic

head through a capillary tube (Accu~clats, langth 2.5 cn,‘
Ip, 0.11 an.c@t.i,6709451).v.a constantnhydrostgtic»héad
was produced by. placing the solutioné ina 100 %l glass - -
burette in yhiéh a Marriott tube wésxtittedltrig;'z);”‘
Actual tlou!rates vere determined by measuring the volume -
of solution delivered by the burette.. ' '

It vas necessary to pasteurize (30 nin, 60C) and :
filter (Millipore 047 000) the. seawater used to make up
TBT and control solutions to prevent cloqqinq the-
capillary. V

Each experinentalyrun'includeﬁ four flowing test
cells contaihing‘vagious»concentrations of TBT solution
and three controlg ktwo flowing and one non-flowing)
containing 1% nethgho;ﬂin,géigatéri ‘Test cells were"
exposed'approxiiqtglyt24 hr. Afte:'exposure, ngmﬁr&nes
were flxéd 1-7 days in a 5% unbuffered “formalin in
filtered seawater. They were then stained 5 min in
acetocarpine, rinsed witﬁvdistilled water, placed oh a 75

% 50 mm slide with five drops of immersion'oil, and dried
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2br undéf‘ﬁi%hﬁﬁ*df 40¢.< A 48°% 60 nn.!l céversfip was

applied and pefﬁtrichs were countnd ac~xoox cotai

>

nagn g»icqtﬁon.

“on anch membrane 141 fields (area 1.99 unz) vere

f count¢4 (21tﬁqﬂ¥th¢ axpnsed»neﬂbrane).

w ERS S0 4. RESULTS :
7 There: was no. dethétible Nakiation‘ih'tlbw rate

during rﬁns £or test cells uhbs% flows were. not

1nt¢:rupt§d hY'Pluqqinq Ot thﬁ capillaty”tubc nata‘ttdi‘

buxettds@vhich,dld nct tIQV<pznper1y were- diuearded.'

Thare vas no signiticunt vatiation in perittich ;
densltics betucen tlovinq and” nqn-tlowing test eells of
between pesit:on in the tank (one-vay ANOVA, P <. 0. 05,
F(.05({2, 13])-0 7. cnnnts from ctill -and flowing test
cells ware theretore lumped.

Salinity during the stndy period ranged ‘from 8~10"

'ppt, oxygon cancentrations uare near saturatioﬁ, about 6

nl/L, and watet tenpezatures ranqed trou s-z:c,

decroaainq throughout the test pcriod. Tha vater in the
Annapolis Harbor . area contains trel <1o to 31 ng/L: TBT
{Batink 1207), pr‘sunnhly releascd from antitoulzng
paints on vessels “4n the area. . ' ‘

signlticant biofilus vere. present on control fxlters

. aftg; 21 poprgg'_Thg p:e¢oninpnt.organi;ms.in our -

‘ pteéarati@né we?#"spéciesxot ciliated peritrich

T

protozoans: Carchesium sp., Zoothamnium sp., and pbssibly ‘

Pseudocarchesiup sp. (Curds et a1., 1983) other
organisms including bacteria, protozoans, aﬁd‘i‘tdﬁ
diatoms were present; Many orq&nisné not irreberiibiy:
attached to the substratun were probubly lost in N
preparation of filter nenbranes tor conntinq. w» saw no
evidence of siqniricant loss of pctitrichs by stalk
brcakaqo. »

Peritrich densities varied videly on control

filters from run to run. Theréfore proportional

reduction in pcrittich denaztles from controls exposed at

the same time is considered the significant quantity in
these experilants. ‘ _

Mean peritrich densities relative to controls
versus TET flux are plotted (Fig. ii. Equations fér th¢
estimation of X from Y (inv;rse prediction) at&'ihen
applied (Sokal, 1969) to estimate the flux of TBT
necessary to reduce peritrich populations by 100%. A 95%
confidence interval of L = 1.83, Ly = 3.08 abqut the most
probable value of 2.4 ug/cnzlday is shown.

Fluxes greater than about 3.1 ug/c-?/dgy.aﬁpérelsed ..
" peritrich growth altogether, and wére therefore excluded

from the statistical»analysi;."operktfang‘polnﬁ?(tlux:}

3.74) did not meet Chauvenet's criterion (Daniels et al,,

1949), and waé not used in the analysis.



DISCUSSION A‘sp. CONCLUSIONS
The menbrana pertusion mathod can be used to -
dcliver known quantities ot dxssclved hioactive ‘
;ubstances independent of other paint components., Ugipg,
tne data’ obtained in. this way cgn 1ead to a rapid ;
idantiticatlon ot the optinun_quantity of . biocides, and
nay rnducc thl nunber of ateps naeded to fornulate a
paint. . C L o
We estimate that the aininun release rate of TaT .
alone vwhich is. effective in prevanting growth. of peritrich
‘protozoans is about 2.4 ng/cuz/day.i Release rates of. N
- paints in this range uould probubly only provide narqinal'L
control of . peritrich colonization. ‘TBT pa1nts are. ;
unllkely to be an anvironmentally acceptahle method for
cgntrolling reaistant sline’ organisns such as these.»
The method nay he applied to the quantitative study

of any dissolved bipactive Compound released from a
surface; bioactive compounds c&n‘be tested alene or in
combination with other biocides. For exnmple, we are now
uaing the uethod to test various anti-nicrabial agents for .
AF activity.
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