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ABSTRACT

An earlier investigation has established the fact that
highly pignented films contalhfng'metallic copver perform
as cathodes when applied to steel sarfaces and immersed in
the sea. It is a well recognized fact that covper cathodes
are readily fouled when exposed to environments of high
fouling intensity. The present investigation describes
experiments desigued to establish the desree to which highly
pigrmented films 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
with cuprous oxide are not inactivated 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 protection
when used cver wood surfaces. The conclusion is reached
that for paints intended for spplication to steel, metallic
copper pigments should be avoided at concentratzons above
25% pigment volume.



INTRODUCTION

A, Authorization

1. These studies were authorized by Bureau of Ships letter S19-1-(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
powder and flake and several so-called copper pigments which were pro-
duced primarily to eleviate the shortage. Prejudices of long standing
have militated against the use of pigments other than cuprous oxide due
to the accepted theory that metallic pigments accelerate the corrosion
of steel, The fact has been estadlished that accelerated corrosion,
attributeble o anti-fouling paints, is accompanied by a corresvonding
inactivation of the paint its=1f, The obj=ct of this report is to
determine the relstive sfficiencies of a number of anti-fouling vpigments
s compared with cuprous oxide when dispersed in representstive snti-
fouling matrices.

C. EKnovn ¥acts Besring on the Problem

3. The role of copmer pigments in anti-fouling paints has been described
in det=il in NBRL Report No. P-2676 dsted 1 November 1945, Data are pre-
sented in this report to indicate thet at high vigment volumes copper—
bearing anti-fouling paints may be expected to merform as active cathodes
when applied to steel panels and immersed in the sea. Highly pnigmented
films counled with steel were shown to possess resistances of sufficiently
low magnitude 8o that appreciable galvenic currents were produced when
such films were counled with steel.

4. In a monthly revort of the Woods Hole Oceanosravhic Institution to
the Burezu of Snins doted 1 Sentember 1944, experiments were described
in which an anti-feuling paint containing covver fleske apnlied to a
wood pznel was completely inactivated by the simple mechanism of attach—
ing an iron strip in contact with the surfaa of the paint. In addition
to rendering the psint suscentible to attack by fouling organisms, the
rate of corrosion of the iron strip was many times greater then that of
a similer specimen attached to a maint of extremely low nigment volume.
From the Woods Hole data it was apparent thet perhans somewhere a crit-
ical velue for pigment volume relationshin exists between 20 and 30%,
For the tyve of matrices studied it was zvparent that below 25% no
inactivation of the vaint need be ewmected although the film is in
direct contact with steel, while above this pigmentation inactivation
may occur,

5. The date renorted in WRL Beport No. P-3676 substantiate this view

inasmich as the most highly vniemented films were shown to produce gal-
vanic currents when coupled with steel, It is the nurvose of the pre-
sent discussion to further establish this view bv actual exposure date



and to determine performance characteristics of several pigments con-
teining varying amcuats of metallic cooper.

D. Narrative of Originagl Work on the Problsm at this Leboratory

6. Previous evidence havirg indicated a critical pigment~volume value
somewhere between 20 and 30%, two series of psints were vrepared
representing the extremes of high and low nigmentation that have been
found practical for producing an effective anti-fouling maint. In
order not %o be misled by any peculiar characteristics of a single
matrix, three vehicles of varying comnositions were pigmented at pig-
mentations of 12% and 36%. In order to study the performance of these
materials the painis were spplied to three types of ponels which were
selected as being most likely to demonstrate the aciive performance of
the paint. One panel consisted of plywood to which three coats of anti-
fouling paint were applied. This panel eliminstes all possibility of
corrosion or inactivation of the maint due to contact with metal. A
second panel of steel was given two coats of fast drying anti-corrosive
primer, Navy Department Specification 52F81, with the exceotion of a

1" square window which was prepered in the center of one side of the
penel, This window was intended to permit direct contact of the paint
to the metal. A third panel was comnletely covered with two coats of
the nrimer. Both steel panels received three coats of anti-fouling
paint. :

7. All paznels were immersed in Bisceyne Bav at Miemi Besch, Florida,
at the station of the Woods Hole Ocesnogrephic Institution. The for-
mlstions of 12% piement-volume exhibited severe physical failure in
alnatte:: of a few days after ew¥nosure in the form of chscking and

"alligatoring". However, they continued to repel any severe fouling
ztfack until they were removed st the end of three months, a2t which
time their vhysical condition had deteriorated to such a point that
further exvosure apneared meaningless. The formulations of 6% pigment
volume exhibited superior physical behavior. Extreme differences were
soon mgnifest, however, as to their ability to repel the attachment of
fouling. These differences were obviously attributable to the chemical
cherscteristics of the nigments themselves, and on this basis the hyno-
thesis ovromulgeted by NRL Report No. P-2676 =sppeared to be amnly
substantiated. In addition, definite recommendations anpear in order
as to criticel pigment-volume relationships that are permissible for
metallic nigmentation where use is intended over steel.

METHODS AND DATA OBTAINED

A, listerislsg

8. In addition to the normal suonlies of cuorous ovide, conver flzke
and vowder, two new pigments were introduced ss & result of the acute
shortage. A material known as Cement Covper was introduced by the

C. XK. Williams Company, vwhich on the average consisted of 85-87%



metallic copper, the remainder being cuprous oxide. Another product
manufactured by the H. H, Robertson Comvany, and known simply as Copper
Pigment contained anprovimately the ssme per entages of cowper and
cuprous oxide as the Cement Ceomper, These two products were given equal
consideration in the current study along with the materials which hed
been used over longer periods, The complete list of the nigments inves-
tigated are included in Table I,

TABLT I

Cuprous Ovxide
Cunrous Oxide
Cement Cowper
Covper Piement
Covner Flake

Cooper Powder
Conper Powder

Charles Lennig

Ketals Refining Commany

C. K, Willisms Comvany

H. H. Robertson Comvany
Yetals Disintegrating Comweny
Phelphe-Dodge

Charles Hardy, Inc.

L]
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¢
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9. The matrices in which the vigments were disversed consisted of rosin
methyl abietate and Pliolite S~1 in varying proportions. The composition
of the vehicles is set forth in Table 11,

TABLE II

Comnosition of Vehicles

Percent by Wt,

A B C_
W. W, Rosin 87 7?5 75
Methyl Abietate 12 20 5
Pliolite S-1 1 5 20

10. Panels 6 x 12" were prevared from "Yeld Wood" =nd cold rolled steel.
The steel primer meeting requirements of Navy Depsrtment Svecification
52P81 was obtained from the Yorfolk Navy Yard.

EXPIRIFEVTAL

11, The three matrices descrided in Teble II were viemented st nigment
volumes of 12 and 25% with each of the niements listed in Tabile I.
Exnosure panels were prepared which were immersed =t the Beach Boat
Slivs testing site of the Toods Hole Oceanosraphic Institution at iHiami
Beach, Florids, Their condition was noted after the first several days
and at monthly intervals. Detailed reports wers prepared at each read-
ing 2nd forwarded to the laborstory for correlstion. The panels of 12%
vigment volume were removed after a period of three months due to

se wre physical fesilure, while formulationsat 6% pigment volume were
still performing 100% and undoubtedly would have continued for several
additional months, It was believed, howewver, that the object of the
experiment had been accomnlished and all panels were removed and re-
turned to the leboratory for finsl inspection.



-DATA OBTAINED

12, Detziled dsta on the performance of each formlation as recorded

in the monthly remorts is not renroduced here; however, the fouling

data from these revorts have been abstracted and arranged in Tables III
through VI, Table III containing the dstz for the three months' exposure
of the 1°% pigment wvolume formulations, does not disclose any significent
.differences in the performance of the nigmentation whether aoplied to
wood or steel, However, this is not true of the formulations at #6%
pigment volume, It is believed that references to Plates 1 through 21
present & clearer victure of the effect of each nigment during its
exposure period than may be gained from the tabulated data.

DISCUSSION AND SUMMARY

12, In order to aporeciate fully the nreferred performance of the nig-
ments containing little or no metzllic comver when smplied to steel, a
careful study of the curves of Plates 1 through 21 must be made. The
curves have been arranged for each nigment in the same order listed in
Teble I, therefore, by referring to successive plates, for examnle,

1, 2, and 3, it is possible to observe the properties of cuprous oxide,
from one source in three different mstrices, Likewise, Plates 4 through
-6 indicate similar behavior for cuprous oxide B in the same three
vehicles, By reoroducing the curve for each pigment in each material
any discrepancies resulting from a single observetion may be detected
and readily discounted.

14, In the cases of cuprous oxide, regardless of its source, it may be
seen from Plates 1 through 6 that it renders an almost merfect perfor-
‘mence un to the time the experiment was terminated. It performs almost
equally as well vhen applied to wood or steel, and the varisbles in the
matrix appear to have little or no effect on its efficiency. There is
possibly an infinitesimal difference in fevor of the curpous oxide from
source B; however, when it is considered that a vnanel is given a reading
of 90 or 957 when only a half dozen forms of marine life have attached,
such a differentiastion is nrobably uniustified,

15. Plates 7 through 12 represent the performance of Cement Covner =nd
Covver Pigment rhen applied to wood snd steel. In order to spnreciate
~the vosition of these materials lying between that of cuprous oxide and
metallic copper pigments, it should be remembered th=t each contzains a
predominantly high percentage of conper metal. In the case of Pigment D,
the copver metal is described by its manufacturer as being surrounded by

an envelope of cupnrous oxide which, if unremoved during the erinding
process, should be evpe cted to merform more nearly like the oxide rsther
than the metal. Plates 10 through 12 nartially substantiate this view.
Perhans the most significsnt observation that may be made from evamina-
tion of these curves is the superior performence when applied to wood,
An excention to this is seen in the case of Pigment D which would have

- further bearing on the fact that the active surfaces are commrised of
cuprous oxide rather then metsllic conpmer. In such cases the inferior
performance to vure cunrous oxide must be attributable to other causes. -

= n



The remzinder of the curves, Plates 1% through 21, present the most
vositive evidence of inactivation of metallic conner paints spplied
to steel. For the most nert performsnce over wood is practically es
good as for cuprous oxide, only slight failure occurring during the
last month. It is hlghly significent that in the maj nrity of cases a
verformance rating of 0% was given each of the metalli~ vigments at
the end of 3 or 4 months with initiazl failure often cccurring at the
first inspection. Since no similar failures were recorded for the
metallic pigments at 12% pigment volume, the conclusion is almost
inescapable that at higher niszmentation the pigments have been inac-
tivated dus to their contact with steel. This view is further en-
hanced by the fact that a similar reduction in the vrotective value
of the pigments applied to wood was not observed,

-5 -



CONCLUSIOHS

16, The data presented herein strongly sunmort the view that metallic
cooper in the form of flake or nowder, when avplied to steel at high
vigment volumes, is to a large deeree inactivated and will permit the
attachment of fouling within a brief period after evvosure.

17, The seme vigments spolied at the szme concentration to wood do
not exhibit such behavior and will offer continued protection over
extended neriods of time,

18, Metallic niements amnlied at low micment volumes do not appear
.affected by the contact with steel and may be ewvpected to perform
adequately for moderate veriods, Their total life expectancy was not
e orimary concern of this investigation.

19. Cuprous oxide, when largely free of contaminzting metasllic cooper
may be exmected to werform equally well vhether®spplied to steel or wood
irrespective of the degree of pismentation.
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Sp. Test No, 2

TABLE TTI

Evposure Data for Matrices A, B, end C ot 125 P/V

% Protection by Months

Pznel Matrix A Matrix B Matrix C
Pigment Materials b 2 7 1 2 A 1 2 3
Cus0 CL Steel 83 87 100* 90 22 45 100 31 51
oo Window 100 80 100 100 40 57 100 87 92
L Wood 100 100 100 90 50 92 100 40 87 77.100
Cupf: MR Steel 100 91 100 100 41 80 77 50 88
"oon Yindow 100 91 100 100 40 91 87(100) 85 25 85
L. Wood 100 100 100 100 74 92 100 50 91
Cement Cu Steel 100 88 100 - 100 60 85 100 80 94
U . Window 100 85 92 91 s 9 100 86 100
" " Wood 100 100 100 100 81 86 100 89 90
CuP - Robert Stesl 100 89 100 100 50 ¥ 100 90 20
n " Window 100 9% 100 92 77 90 89 86 84
" " Wood 100 100 100 100 80 85 100 72 7o
CuFlake MD Steel 100 89 100 100 94 100 100 100 100
¥ s Vindow 100 100 100 100 94 97 100 100 100
" " Wood 100 100 100 100 100 100 100 100 100
CuPowder PD Steel 100 100 100 100 91 100 100 920 100
? " Window 100 93 100 100 92 ‘90 100 92 100
' ! Wood 100 100 100 100 100 100 100 100 100
CuPowder CH Steel 72 %0 a4 63 0 0 61 °g9 0, 94
: " "indow . 100 100 75(100) 77 5 72 83 11 53
i Wood 100 87 100 89 80 87 85 20 0

*In some instance loosely edhering fouling disapnears - usually consisting of
encrusteting bryszoa. |
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TABLE IV

E-ppsure Date for Matrix & st 36% P/V

Panel

Material

Steel
Yindow
Yood

Steael
5 ndow
Tood

Steel
Window
Teod

Stesl
indow
Wooc

Steel
i ndow
Wood

Steel
"indow
‘Tood

Steel
Tindow
“ood

Sn. Test #o. 2

Monthlvy Ratings for Fouline Resistences in % Protection

1 2 2 5 6 7 )
100 100 100 100 100 100 94
100 100 100 100 100 92 on
100 100 100 100 190 100 100
100 100 100 100 100 100 100
100 100 100 100 100 100 100
100 100 100 100 100 100 100
100 7o 65 55 a5 2R o
100 85 R0 . 58 24 0
100 100 100 100 95 20 20
100 100 100 100 100 05 70

100 100 100 100 100 9% 100
100 100 100 100 95 87 4,
100 0 0 0 0 0 0

85 15 0 0 0 0 0
100 100 100 100 100 100 80
100 0 0 0 ) 0 n
100 40 0 0 0 0 "
100 100 100 100 100 100 100

45 0 0 0 0 0 9

70 0 0 0 0 0 9
100 100 100 100 00 100 10)
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Sp. Test No, 2

TABLE V

Exposure Deots for Matrix B at 3%6% P/V

Panell ' . Panel Monthly Ratings of Fouling Resistences in % Protection
Mo, .~ Pipment Material 1 % 4 5 6 7 8
8 Cug0 CL Steel 100 100 100 100 100 100 100
29 L ' Window 100 100 100 100 100 100 100
50 LI Wood 100 100 100 100 100 100 100
9 Cun0 iR Steel 100 100 100 © 100 100 100 95
20 LI Window 100 100 100 100 100 100 100
51 L Wood 100 100 100 . 100 100 100 100
10 Cement Cu Steel 100 89 81 65 50(100) 37(21) 0
21 " 1 indow 100 85 84 70 63 44 0
52 " i Yood 100 100 100 100 95 95 5
11 CuP Robert Steel 100 100 100 100 100 95 85
32 o Window 100 100 100 100 100 92 94
5% " " Wood 100 100 100 100 95 98 15
12 CuFlake MD Steel 100 0 0 0 0 0 0
3% " " Window 87 25 0 0 0 0 0
54 weooooon Wood 100 100 100 100 100 100 85
13 CuPowder D Steel 42 0 0 0 0 0 0
24 " " Window 60 47 0 0 0 0 0
- 88 t " Wood 100 100 100 = 100 100 100 90
14 CuPowder CH Steel 70 0 0 0 0 0 0
35 " " Window 52 0 0 0 0 0 0

56 " " Yood 100 100 100 100 100 100 8t



- Sn. Teat No, 2
TABLT VI

Exmosure Data for Matriv C at 26% P/V

Panel Panel Monthly Rgtings of Foulinz Resistances in % Protsction
No. Pigment Material 1 2 4 5 6 7 8
15 Cug0 CL Steel 100 100 100 100 100 100 85
26 L Window 100 100 100 © 100 100 100 90
57 oo Wood 100 100 100 100 100 100 170
6 Cus0 MR Steel 100 100 100 100 100 100 100
LA LA Window 100 100 100 100 100 100 95
58 weon Wood 100 100 100 100 100 100 100
70 100 100 91 0
17 Cement Cu Steel 100 79 100 55 58 28 20
38 n " Window 100 84 85 67 60 43 0
59 " " _ ffood 100 100 100 100 95 93 75
18 " CuPlmment Stesl 100 100 100 100 100 95 %4
29 M- Window 100 100 100 100 100 100 100
60 oo Wood 100 100 100 100 95 95 = 24
- 90
19 ~ CuFlske "~ Steel 0 0 0 0 0 0. 0
40 LI Window 20 0 0 0 0 0 0
61 now Wood 100 100 100 100 100 95 85
20 CuPowder Steel 56 0 0 0 0 0 0
41 LA indow 90 0 0 0 -0 0 0
62 L : Wood 100 100 100 100 100 100 85
21 CuPovder Steel 90 0 0 0 0 0 -0
42 oo "indow 20 0 0 0 0 0 0

63 ol - Yood 100 100 100 100 100 100 90
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