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ABSTRACT 

An earlier investigation has established the fact that 
highly pigt1euted f:i.lms contain!:ng me·i;allic copper perform 
as cathodes when applied to steel s-.1.rfaces and immersed in 
the sea. It is a well recognized fact that cop-per cathodes 
are read.ily fouled when eroosed to environments of high 
fouling int.ensity. The -present investigation describes 
experi:nents designed to establtsh the degree to which highly 
pigmented f~.lms containing metallic copper may become in­
activated when in contact with steel. The findings are 
in close agreement with predictions made from electrical 
conductivity measurements on similar films. Films pigmented 
wit h cuprous oxide are not i nact ivated irrespective of 
pigment-volume ratio. Films containing metallic copper 
become inactivated at pigment volumes above 30, when applied 
to steel surfaces, but continue to afford ample urotection 
when used over wood surfac,es . The conclusion is reached 
that for paints intended for apnlication to steel, metallic 
copper pigments should be avoided ~t concentrations above 
25~ pigment volume~ . 



INTRODUCTION 

A. Authorization 

1. These studies were authorized by ~eau of Ships letter Sl9-l-(3) 
(60177)(336) dated 9 November 1944. 

B. Statement of Problem 

. 2.. Accrued shortages of toxic -pigment used in anti-fouling paint in 
the early stages of the war necessitated a divergence from cuprous oxide. 
The most likely substitutes consisted of copper metal in the form of 
~owder and flake and sewral so-called copper pigr'Jcnts which were pro­
duced primarily to eleviate the shortage. Prejudices of long standing 
have mili tated against the use of nigments other than cuprous oxide due 
to the accepted theory that metallic pigments accelerate the corrosion 
of steel. The fact has been established that accelerated corrosion, 
attributable to anti-fouling naints, is accomoanied by a corresponding 
inactivation of the paint its"!).f, The ob.j 0 ct of this rPnort is to 
determine the rele.tive efficiencies of a number of anti-fouling i:,igments 
a.s compared ,.,rith cu-prous oxide when dispersed in representa.tive anti- · 
fouling matrices. 

C. Known li"acts Bearing on the Problem 

3. The role of cou~er nigments in anti-fouling paints has been described 
in dete,il in NRL Report No. P-2676 da.ted 1 November 1945. Data are 'Pre­
sented in this re'Oort to indicate th~.t at high 'Pigment volumes 90:oper­
be~.ring anti-fouling na ints may be er.pected to nerfonn as active cathodes 
"rhen a-pplied to steel panels and immersed in the sea. Highly nigmented 
:films cou-oled with steel were shown to uossess resistances of' sufficiently 
low magnitude so that a-ppreciable galvanic currents were produced when 
such f i l ms wer e coupled with steel. 

4. In a monthly report of the Woods Role Oceanoe:raphic Instit.uUon to 
the :Bureau of Sni-os deted 1 $0l)tember 1944, exoeriments 1t1ere described 
in which a.n . enti-fouling -pa.int conta.ining corroer flake annlieo. to a 
wood ne.nel ••ras completely inactivated by the simole mechanism of att ach­
ing an iron stri'P in contact , .. ,i th the surfa 03 of the -paint. In addition 
to rendering the pa.int suscentible to attack by fouling organisms. t he 
rate of corrosion of the iron stri-p wa.s many times grea.ter than t hat of 
a simil?r specimen attached to a T.>aint of erlremely low nigment volume. 
From the Woods Hole de.ta it wa.s an-Parent that -perhans somewhere a crit­
ical value for Pigment volume relatiorishin exists between 20 and 30;1,. 
For the tyrie of matrices studied it 11,as aunarent the,t below 251 no 
inactivat ion of the naint need be e,mected althou~h the film is i n 
direct conta.ct •·ri th steel, while above thi!3 -pigmentation inactivation 
mey occur. 

5. The date. reported in NRL Rewrt No. P-~676 substantiate this view 
inasmuch as the most highly nie:mented films were sho\.!Il. to produce gal­
vanic currents ~hen counled ~ith steel. It i s the nurnose of the pre­
sent discussion to further establish tbi s view bv actual e,rnosure data 
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and to determine 1>erformance characteristics of sever~l nigments con­
t2ining varying amounts of metallic couper. 

D. Narrative of Original Work on the Problem at this Laboratory 

6. Previous evidence having indicated a eritical r,igment-volume value 
somewhere between 20 and 301, two series of paints were nrepe.red 
representing the extremes of high a.nd low nigmentation that have been 
found practical for producing an effective an~i-fouling naint. In 
order not 'to be mislect. by any neculiar characteristics of a single 
matrix, t hree vehicles of varying comnosi tions were pigmented at pig­
mentations of 12~ and 36~. !n order to study the performance of these 
materials the paints were anr,lied to three t;voes o.:" TJ.'.:l,r.el s which "18re 
selected as being most likely to· demonstrate the a.ctivc i;;erformance of 
the paint . One nanel consisted of plywood. to which t hree coats of anti­
fouling paint were an-plied. · This panel eliminates all possibility of 
corrosion or inactivation of the -Pa.int due to contact with metal. A 
second panel of steel was given t•-10 coats of fast drying anti-corrosive 
-primer. Navy Denartment Specification 52P81, ••iith 'the exception of a 
l,11 square window which was T>rena.red in the center of one side of the 
penel. This irrindow we.s intended to nermi t direct contact of the paint 
to the metal. A third nanel was comnletely covered "ri th two coats of 
the nrimer. :Both steel panels received three coat.s of anti-fouling 
pain~. 

? • All -panels were immersed i.n :Sisce.yne Ba,v at Miami Bea.ch, Florida, 
at the station of the Woods Hole 0cepnogranhic Institution. The for­
mulations of 1~ -pi:9lllent-volume e,rhibited severe physical failure in 
a matte~ of a few days after ernosure in the fonn . of ch.~cking and 
"alligatoring". However, they continued to repel ruiy severe foul ing 
attack until they were removed at the end of three months, at which 
time their i,hysice.l condition had deteriorated to such a -point that 
further exoosure apneared meaningless. The formulations of ~6~ -pigment 
volume exhibited super.ior physical behavior. Extreme differences were 
soon manifest, however, as to their ability to re-pel the attachment of 
fouling. These differences were obviously attributable to the chemical 
che:ra.cter isti cs of the pigments themselv-es, and on this basis the hyoo­
thesis nromulgated by :NRL Report No. P-2676 apneared to be amnly 
substantiated. In addition. definite recommenda.tions a,,.,pear in order 
as to cri tici,.l nigment-volume relationships that are nermissible for 
metallic pigmentation where use is intended over steel. 

METHODS AND DATA OBTAINED 

A. Materials 

8. In addition to the normal SUPPlies of cunrous onde, conner flake 
end no,·rder, two new nigments were introdiuced as e. result of the acute 
shortage. A material known as Cement Co1'ner was introduced by the 
C. K. Williams Gomoa,ny, which on the average consisted of 85-87~ 
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metallic cop-per, tke remainder bei.ng cu-prous orlde. Another -product 
manufactured by the H. H. ]lobert~on Como-any, a.nd known simoly e,s Cooper 
Pigment contained a-pproi;imately the seine -per centag:es of cower and 
cu:orous o:idde as the Cement Oc,n-per. These two -products ,.,,ere given equal 
consideration in the current study along with the materials which had 
been used over longer neriods. The comp.lete list of· the nigm.ents inves­
tigated are included in Table I. 

TA,'!311!: I 

A. Cuurous 0:-ride - Charles Lennig 
B. Cunrous O~ide ... ~etals Refining Comoany 
c. Cement Co'!)l)er - C. K. Williams Comoany 
D. Cou-per Piement H. H. Robertson Conroan.y 
E. Coo.mer Flake - !•'.etals Disintegrating Comoany 
F. Conper Powder - Phelnhs-Dodge 
G. Co1'.)per Po,,rder - Ch~.rles Hardy, Inc. 

9. The matrices in which the nigments were dis-oersed consisted of rosin 
methyl abietate and Pliolite S-1 i~ varying r,ro-portions • • • The composition 
of the vehicles is set forth in Te~le II, 

TABL:i: II 

Comoosition of Vehicles 

w. W. Ro~in 
Methyl Abietate 
Pliolite S-1 

Percent by Wt. 
~ '.JL c 
8? 
12 

1 

75 
20 

5 

75 
5 

20 

10. Panels 6 Y 1211 were -ore-oared from 11 '.'!eld 11ood." a.nd cold rolled steel. 
The steel primer meeting requirements of' 1'Tavy Den~rtment Snecification 
52P81 was obtained from the !'Iorfolk Navy Yard. 

11 The three matrices i,escribed in Te.ble II were -pi.m1ented a.t ni,!!'.lllent 
voiumes of 12 ana 351 with ea.ch of the n,ie:ments listed in Table I. -
Exoosure 'Oanels were prenar"'d wl,ich were immer!':ed :?.t the Beach Boat 
Slins testing site of the 'foods Hole Oc~ano;,ranhic Institution at Miami 
:Beach, Fl orida.. Their condition was noted after the first sev~ral days 
and at monthly intervals. Detailed re-ports were nrenared. at each read­
ing and. for1,rarded to the laboretory for correla.tion. The nanels of 1~ 
nigment volume were removed after a ~eriod of three months due to 
se \ere physi ca,l fei lure, while formul~.ti ons at 36"6 pigment vo lu.11.e were 
sti 11 per forming 100"& and undoubtedly would have continued for several 
additiona1 months. It ~1ras believed, ho11rever, tha.t the object of the 
experiment had been eccomnlished and all nanels were removed and re­
turned to the laboratory for final inspection. 



DATA OBTAINED 

12. Detailed data on the l)erforrnance of each formulation as recorded 
in the month'iy J'Em0rts is not rer.,roduced here; however, the fouling 
data from these re-oorts have been abstracted end arranged in Tables III 
through VI. • Table III containing the· de.ta for the three months I e,q,osure 
of the 12% pigment volum~ formulations, does not d,isclose aey significa.nt 

,differences in the -performance of the -oigmente.tion ~,,hether au-plied to • 
woo9- or steel. • Howe-ver, this is not true of the formulations at 3q% 
uigment volume. It ;is beiieved the.t references to Plates 1 through 2l 
present ~ clearer uicture of the effect of each nigment during its 
exoosure neriod than may be gaiD;ed from the tabulated data. 

DISCUSSION. A.ND SUMMA"R.Y 

1~. In order to apnreciate fully the nreferred l)erformance of the nig­
ments containing little or no metP.llic con-oer when aimlied ·to steel, a 
careful study of the curves of Plates 1 througn 21 must be made. The 
curves have been arranged for each nigment in the same order list ed in 
Table I, therefore, by referrin? to successive ~lates, for examnl e , 
1 , 2, and 3, it is possible to, observe the properties of cuorous oxide, 
from one source in t hree different· matrices. Likewise, Plates 4 through 

- 6 indicate similar behavior for cunrous oxide l3 in the same three 
vehic],,es. :By re-oroducing the curve for each -oigment in each material" 
any discrepancies resulting from a single observation may be detected 
and readily di scounted. 

14. In the cases of cuprous o:dde, rc~arcUess of ;i. ts source, it may be 
seen from Plates 1 th-rough 6 that it renders an almost perfect perfor".­

_-mance un to the time ·the e:"<Periment was t.erminated . . It -oe rforms al.mos,t 
eq_ually as well when a-o-oli.ed to wood or steel, and the vari~bles in the 
matrix appear t o have little or no effect on its eff ici~ncy. There is 
-oossibl:v an infinitesimal difference in fi:>vor of the curpous o,ride from 
source B; ho1,-,ever, ,,,hen it is. considered that a ua.nel is given a reading 
of 90 or 95S when only a haif doze_n forms of ma.rine life have at tached, 
such a differentiation is nrobably un iustified. 

15. Plat es? through 12 represent the performance of Cement Couuer ~nd 
Conpe:r Pigment 1 rhen .an-olied to wood a,nd steel. In order to a:o1'lreciate 

. the nosition of these materi.als lying between tha.t of cuprous· oxide and 
metallic copper pi~ents. it _shoula be remembered th~t each contains a 
predominantl:v high-nercentage of conner metal. In the case of Pigment D, 
the conner metal is described by its manufacturer as bei ng surrounded by 
an envelone of cu-orous o:dde which, if unremoved aur.ing the gri.nd.ing 
-process, should be eYpe cted to ,.,erform more nearly like the oxide ra.ther 
than the metal. Pl ates 10 through 12 nartia1ly substantiate -this view. 
Perhans the most, s i1mificent observation thBt may be mBde -from exemina-
t ion of t hese curves is the sunerior -performance when ·a-op lied to wood. 
An exce-otion to thi s is seen in the case of Pie;ment D whi,ch would have 
further bea.ring on the faet that the ~.ctive surfa.ces are comorised of . 
cunrous oxide rather thP.n meta1 lie conner. In such cases the inferior 
nerformance to nure cunrous oxide must be attribu.ta~le to other causes. 

- 4 -
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The remainder of the curves, Plates l!'i through 21, uresent the most 
1:>ositive evidence of inactivation af meta.Hie conner -oaints a:p-plied 
to steel. For the most next nerformence over wood is nract i cally as 
good as for cuprous oYide, only sli~ht failure occurring during t he 
last month. I t is highly signific<>nt that in the majority of cas es a 
l)erformance- r at ing of 0~ was given each of t he meta1u,.• -oigments at 
the end of 3 or 4 month s wi th initial fai lure often cr;cu:r·ring at the 
first ins-pection.. Since no similar failures were recorded for the 
metalli c nigments at 121 nigment ~olume, the conclusion is almost 
inescanable that at higher r>igmentation the pigments have been i nac­
tivated aue to their contact with steel.. This view is further en- · 
hanced by the fact that a similar redu ction in the -pro'ce ctive value 
of the -pi gments applied to 1-rood WflS not obsl:!rved. 

- 5 -
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C0NCLUSI0lifS 

16. The data .. i,resented herein strongly sur.mort the view thB.t metallic 
cooper in the form of flake or -oowder, when at>nlied to steel at high 
-oigment volumes. is to a ie:rt,1:e deP.:ree inactivated. and tdll i,ermit the 
attachment of fouling 1 •i thin a brief i>eriod after eTl'.losure. 

17. The same pigments e-p-olied at the same concentration to ,,'Ood do 
not exhibit such behavior ancl wi 11 offer continued urotection over 
extend.ed 1'eriods of time. 

18. Metallic nig:ments annlied at low i,iement volumes clo not anpear 
.affected by the contact with steel and. may be eiroected to 1>erform 
adequately for moderate neriods. Their total life exoectancy was not 
?. primary concern of this investiga,tion. 

19. Cuprous oxide, when largely free of contarr.in;-,ting mete1lic co-oper 
may be exnected to nerform equa.lly t•rell whether• e.m,11ed t'o steel or ,,rood 
irrespective of the degree of nigmentation. 

- 6 -
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Su. Test No. 2 

TABL"'S TJI 

E:iruosure Data, for Ma.trices A. B, ,:ind C a.t l?.'% P/V 

Panel Matrix A 
f Protection bI Months 

Matrix B M~.trix C 
Pi~ Me,terie.ls _L _g_ ~ _L _a_ _;i_ _l_ _?_ ....J_ 

CuzO CL Steel 83 87 100• 90 2~ 45 100 31 51 
" I! Wind.ow 100 80 100 100 40 57 100 87 92 
II II Wood 100 100 100 90 50 92 100 40 87 17 .!<'0 

Cuz{, MR Steel 100 91 100 100 41 80 77 50 88 
II II Wind.ow 100 91 100 100 40 91 87(100) 85 25 85 
II If Wooo 100 100 100 100 74 92 100 50 91 

Cement Cu Steel 100 88 10(') 100 60 85 100 80 94 
" II Wind.ow 100 85 92 91 71 9~ 100 86 100 

CXl II It Wood 100 100 100 100 81 86 100 89 90 

CuP - Robert Steel 100 89 100 100 50 6~ 100 90 90 
11 II ~'lind.ot-1 100 93 100 92 77 90 89 85 84 
II ti Wood 100 100 100 100 80 85 100 72 7',;,, 

Cu.Flake MD Steel 100 89 100 100 94 100 100 100 100 
" II ·wind.ow 100 100 100 100 94 93 100 100 100 
II II Wood 100 100 100 100 100 100 100 100 100 

CuPowder PD Steel 100 100 100 100 91 100 100 90 100 
II 11 Window 100 93 100 100 9? ·90 100 92 100 
II II ~'lood 100 100 100 100 100 100 100 100 100 

CuPowder CH Steel 7?. ~o ?? 63 0 .0 61 0 89 0, 94 II II ~Tindow 75(100) 100 100 • 77 5 72 83 11 53 ti " Wood 100 87 100 89 80 87 85 20 0 

*In some inste.nce loosebr e,dhering fouling diSPPT.>ears - usu::;..lly consj_sting of 
encrust?ting oryezoa.. • 



Sp. T~st tTo. 2 

TABLE IV 

EYPQsure Da,t.?. for Matrix A Pt ~6~ "f/V 

Pe,I!.el Pe,nel Monthly R~tine:s for Po'U.Jin£'.' ~esi st p.nces in~ Protectio1 

~ Pigment MPtArial J_ _.1._ t!. _Q___ __§_ _J_ _JL - ··-

1 a. Cul)rou.s OY:i de Steel 100 100 1.00 100 100 lr·O 94. 

2'.il II II Winclot•• 100 100 .100 100 100 9?. 9~ 

43 II It ~\rood 100 100 100 100 1::io 100 100 

2 b. Cun r9us oYide St!'lel 100 100 100 100 100 100 10·, 

23 If II Winrlow 100 100 100 100 1no 100 100 

44, II II ·voocl 100 100 100 100 100 100 100 

~ c. Cement Con-per Steel 100 7,:, 6!'- 5!'; 45 :2:f- 0 
24 ,, " It ~'11 nC,01,., 100 85 80 77 58 '.J:4 0 · 
45 It " 1Tc,od 100 100 100 100 95 80 ?O 

(!) 

4 o.. Cu. :.P:i.gment Steel 100 100 100 100 100 g!'; 70 
?5 II II Winoow • 100 100 100 100 100 95 1()0 

46 II 1t '\l'ooc'1. 100. 100 100 100 95 87 ~ , 

fi e. 0u·;i'lflk"l StAel 100 0 0 0 0 0 0 

26 II It Wi ndoi•• 8f lf; 0 0 ('\ (' 0 
4f It II . 't'lood 10() 100 100 100 100 1.00 80 

6 f . OuPowi:'ler Steel 1_('10 0 0 0 ~ 0 0 
27 1t II ":'.'i n(I o,., 100 40 0 0 0 0 0 
48 " It ··?00~ 100 100 100 100 1.00 1no 1(:() 

7 g. OuPo,.,cler StP.el t!,f 0 () 0 0 0 ·') 
28 11 n T:Tfnd o•.,r '70 0 0 0 0 0 () 

49 II II '/ ooa 100 100 100 1()() 1,00 100 10} 

I 
I 



S--q . Test No. 2 

~LEV 

E:rnosure D2.t~ for Matrix B at 36~ PlV 

Panel Panel . Monthl:£ Ratings of Fouling Resist@ces it1 'fa Protect ion 

~ Pigment Materi::il ....L __1_ 4. --- _JL _§_ _J_ ..JL 
8 Cu20 CL Steel 100 100 100 100 100 100 100 

29 " 11 Window 100 100 100 100 100 100 :ioo 
50 II II Wood 100 100 100 100 wo 100 100 

9 Ou20 ER Steel 100 100 100 100 100 100 95 
30 N II Windo••r 100 100 100 100 100 100 100 
51 II " Wood 100 100 100 100 100 100 100 

I-' 
0 10 Cement Cu Steel 100 89 81 6f1 50(100) 37(91) 0 
I ::,11 II II l1indo,,, 100 85 84 70 63 44 0 

52 II n ~•Tood 100 100 100 100 .95 95 3!"5 

11 CuP Robert Steel 100 100 100 100 100 95 65 
32 " II Windo~ .. , 100 100 100 100 100 9?. 94 
50 II ii Wood 100 100 100 100 95 9f 1!'5 

12 CuFlake MD Steel 100 0 0 0 0 0 0 
3?:: II II Wi ndow 87 25 0 0 0 0 0 
54 II 11 Wood 100 100 100 100 100 100 85 

13 CuPo\•.1der PD Steel 42 0 0 0 0 0 0 
~4 11 II Window 60 4? 0 0 0 0 0 

• 55 II II Wood 100 100 100 100 100 100 90 

i4 CuPowder CH Steel 70 0 0 0 0 0 0 
35 II II Window 52 0' ' 0 0 0 0 0 56 II II Wood 100 100 100 100 100 100 8f 

1, 



s1'.). Test No. 2 

TABL-.:! VI 

E:mosure D~ta for Matrix- C at 36c,,f, PLV 

Panel Panel MonthlJ'.: R~ting:s of Fouling Resistances ill 1 Protectlon 
No_. Pi~ent MaterjEi.l, J..... .i. _±_. _Q_ _§_ ..1- _a_ 

15 Cuz0 CL Steel 100 100 100 100 100 100 85 
~6 II II Window 100 100 100 100 100 100 90 
57 fl II Wood 100 100 100 100 100 100 110 

16 Cu20 MR Steel 100 100 100 100 100 100 100 
· '37 11 II Windo,,, 100 100 100 100 100 100 95 
68 II ti \'food_ 100 100 ·100 100 100 100 100 

70 100 100 91 0 
17 Cement Cu Steel 100 79 100 55 58 '38 20 
38 II II Window 100 84 85 67. 60 43 0 

1--' 
59 " 11 Wood 100 100 100 100 95 93 75 1--' 

18 CuPigment Steel 100 100 100 100 100 95 34 
~9 ' II II 'W'indot,r 100 100 100 100 100· 100 100 
60 II II Wood 100 100 100 100 95 95 24 

90 
19 OuFleke Steel 0 0 0 0 0 0 . 0 
40 II II Window 20 0 0 0 0 0 0 
61 II ti Wood 100 100 100 100 100 95 85 

20 CuPovrcler Steel 5!'> 0 0 0 0 0 0 
41 ti II Window 90 0 0 0 , 0 0 0 
62 ti II '.'iood 100 100 100 100 100 100 85 

21 CuP0•·1der Steel 90 0 0 0 0 0 · O 
42 II II 'Hnao,., 20 0 0 0 0 0 0 
6~ II II '.'Tooa. 100 100 100 100 100 100 90 
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