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Recent experience ~nth systems !or the protection o! 
underwater surfaces of ships has indicated poor performance 
due to loss of adhesion. This report describes an investi­
gation of the primers designed for direct application t o 
steel over which anti-fouling paints are anplied. A number 
of primers were nrei,ared in which the pigment-volume ratio 
was varied as ••rell as the type of nigment. The composition 
of the primer matrb: was varied bet•,reen wide limits. Exposures 
were made of each system for periods up to seven months. The 
data indicate the preference for zinc oxide over zinc chro-
mate as an underwater primer pigment for steel. 



INTRODUCTION 

A.. Au thoi-i zaj i 09 

l. This investigation was authorhed by :Bureau of Shi'ps letter 
S19-1-(3)(~36) 60153 dated 23 Sei,tember 1944. to which P~nel Service 
Test No. 6 was appended as part of Enclosure (C). 

B. Statement of Problem 

2. The details of the nroblem are adequately set forth in Apnendix A, 
which consists of the original outline of the subject study. Some of 
the techniques of preparation have been chanf.:ed due to incompatabili ties 
among ingredient materials which could not be foreseen without experiment. 
The immediate objective of the subject study is to determine the role of 
fatty acids and soaps in contributing to the adhesion of protective coat­
ings to steel during complete sea water immersion. The outline of 
J!i):pendh: A follows a :pattern developed for determining statistically the 
results obtained by varying :paint constituents gradually between wide 
limits. 

3. In addition to a study of the vehicle ingredients, an effort has been 
made to determine the relative values of zinc chromate and .zinc oxide 
for use in anti-corrosive primers along with an optimum pigment-volume 
ratio bet1·reen 20'!, and 30~. With reference to the study of vehicle 
quality, experiments were designed in which it ,-,as hoped to show tp.e 
difference in adhesion properties between vehicles composed of linseed 
fatty acids and rosin, and linseed oil and rosin. Furthermore, the role 
of metallic soaps in such formulations was exPlored by incorporating 
varying amounts of manganese lineoleate into ·the foi-111ulas. Inasmuch as 
many of the most effective -olastic anti-fouling paints are relatively 
soft, the possibility was explored of adding toughness to the formulation 
by the incorporation of small pro-portions of ~liolite. 

4. The immediate objectives stated in the foregoing paragraphs consist 
of particular -phases of the over-all -problem of improving the performance 
of currently used anti-corrosive and anti-fouling systems applied to the 
hull bottoms of ships. 

c. Known Facts :Bearing on the Problem 

5. This report describes the eYpe'rimental work performed by this 
laboratory in the study of primers to be used with standard cold plastic 
anti-fouling paint undertaken according to an outline develoned by Code 333 
of the Bure~u of Shins, as a means of studying paint formulations stati~­
tica.lly. The fundame'ntal considerati9ns involved in such a study are 
classified under three maJor factors: (a) Pigment qua1ity; (b) Vehicle 
quality; (c) Pigment quantity. The ·study rel)Orted herein yields conclu­
sive evidence as to the performance of one tyPe of pigment over another 
and points strongly to an optimum pi~ent-volume ratio which ap~ears 
more efficient than others investigated. However. the evidence as to 
vehicle quality h somewhat confused and no valid conclusions may be made 
regarding this factor on the basis of the evidence nroduced. 



6. Currently specified anti-fouling paints for the protection of the 
hull bottoms of shi~s perform adequately so long as good adhesion is 
maintained and severe fouling does not occur usually until the paint has 
been removed through lack of adhesion. Sometime$ the anti-fouling naint 
is removed from the anti-corrosive film, but more often the entire paint 
system becomes loose and falls off as a result of blistering and corrosion 
beneath the anti-corrosive film which points to a deficiency in the under­
coat. It follow~therefore,that by improving the perfornance of the 
undercoat the adequacy of the over-all system could be maintained at a 
sufficiently high level to guarantee improved performance throughout the 
life of the sys tem, that is, bet~~en docking periods, Experi ence with 
anti-corrosive coatings for shins1 bottoms has indicated a preference for 
thick flexible films rather than thin bard matrices which are commonly 
used under enameis or topside paints. This has been found necessary due 
to the i nadequacy of cleaning methods a-pplicable to the conditioning of 
the metal comorising hull bottoms over which the paint must be applied. 
In order to produce thick heavy films , resor t has been made to the use of 
materials such as ester gum, rosin, metallic soaps, and wa."res, plasticized 
with vegetable oils or the i r acids. The current study describes experi­
ments using all of the above-mentioned . ingredients in a ~,ide variety of 
proportions. Pigments have been varied along ~nth nigment-volume ratios. 
It is believed that the data contained herein lends SuPPOrt to theories 
already in existence as to O'Ptimum P/V ratios which will be of value in 
the revision of current practices. 

METHODS 

A. Materials 

7. The raw materials used in the formulations were obtained largely from 
the paint factory at the Norfolk Navy Yard and were as follows : 

(1) Bodied linseed oil 
(2) Linseed oil fatty acids 
(3) Ester gum 
(4) W. W. Rosin 
(5) Manganese lineolate 

The pliolite used in these experiments was obtained from the Goodyear Tire 
and Rubber CoillJ)any. 

B. Exoosure panels size 2-1/4 x 3-1/4" were prepared from cold rolled 
steel and sand blasted before the application of the first coat of primer. 

D. Experimental 

9. An effort to prepare a series of b?..se n~.ints containing two standard 
pigments dispersed in each of the raw mate!"ials listed in paragraph 7 
••ras abandoned inasmuch as some of the vehicles used alone were · incompatible 
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,!11th the specified 1>igments, for e,:-am-ole, no base paint could be nrepared 
using eoual parts of zinc o:ride and mica in linseed oil fatty acids 
solution. Such a combination reacts ranidly to form a gel, coI!llllonly known 
as 11livering11

• Furthermore, manganese lineolate is only -ooorly soluble in 
coal tar naphtha and does not permit a solution of sufficiently high solids 
content to be handled feasibly in blending and grinding operations. There­
fore, each combination of raw materials shown in Table I was prepared 
independently and was nigmented by grinding separately with pigment combi­
nations A and B a.s follows: 

~ 
5o% Zinc Chromate 
50% l•lica 

Ji 
50% Zinc 0,:;ide 
501& :Mica 

In addition to col!lt)osition Table I indicates the circumstances peculiar 
to t he preparation of individual batches. 

10. The procedure used in the preparation of vehicle combinations 1 throUgh 
41 was as follows . The ingredient materials were heated together in the 
solid form until they were thoroughly melted and fused together, forming a 
homogeneous mixture. In most instances about 10 minutes heating was re­
quired between 150 and 200.o C. Upt,n cooling the batches were thinned with 
an amount of coal tar naphtha calculated to nroduce a grinding viscosity 
at room temneratures. Such a procE·dure made it nossible to disperse the 
manganese linoleate aui te easily in solvent while at an elevci.ted tempera­
ture , and no incompatabili ty was noticed with the other materials unon 
cooling. The oils, acids . and resins evidently nerformed as fluxing 
agents in disnersing the manganese linolea.te in solution to -perform a 
stable vehicle. The quantity of solvent reauired to nroduce vehicles of 
grinding vi scosity varied fr~m 0 to 52%. It was significant that those 
materials containing free ce.rbovyl grouns such as linseed oil fatty acids 
and rosin anpeared to disnerse the manganese linoleate much more readily 
than those void of such active grouPs. It was nossible to prene.re 
vehicles of all the combinations listed excent those containing 100% 
manganese linoleate. 

11. A slightly modified procedure ·was ado-pted for the nreparation of 
the vehicles No. 42 through 82 conte.ining 201 r.,liolite. The nliolite 
could not be heat!'!d together with the other ingredi ents but was cold 
cut by agitation with a portion of the solv~nt. The reP.taining ingredients 
were heated and thinned as described above and the ~liolite so lution 
added after cooling. Considerable difficulty was encountered in attempts 
to use chlorineted rubber which was found to be incompatible with bodied 
linseed oil and linseed fatty acid cor.ibinations. Pre.liminary exoeriments 
indicated plioli te to be co!!!patible and all formulations were p repared 
•,ri tll this matertal. 

12. The vehicles listed in Table I '.·rere ,.,igmented at 20% ·and 30~ pigment­
volume \•dth the pigment combinations listed in 1Jaragraph 9, consisting of 
mica and zinc oxide and mica and zinc ch!'omate. The batches were given 
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hro passes on a 3-roller mill. In a number of instances where high 
percentages of linseed oil fatty acids ~re present, incompatibility 
resulted '"'here large -percentages of zinc o:dde were included in the 
formulation. 

13. E:r:posure. :oanels were -ore-pared frpm each nrimer by aJmlication to 
small steel panels which had been sand blast 0 d nreviously. A uniform 
film thickness as measured by a GE thickness meter from 2.5 - 3.0 mils 
was maintained throughout. A single coat of anti-fouling naint formula 
143:E was a~nlied to all -oanels at film thicknesses of 1.5 - 2.0 mils 
,rl thin 24 hours after a-o-plication of the final nrimer coat. After drying, 
the coated -panels were edged with Ceresin way to hold edge effects at a 
minimum. An attempt to wa,c the edges before the a"PplicaUon of the anti­
fouling paint was unsuccessful ina.smuch as noor adhesion of the top coat 
was obtained along the ed~es. The finished panels were shinned to the 
Woods Hole O~eanographic Institution where they were submerged in the sea 
for a period of? months. Monthly inspections were made which beca,~e 
most significant as the panels began to deteriorate. :PhotoPTanhs were 
l)repared in 35 millimeter kodachrome a~ the end of each month's exr.>oswe. 
The monthly reports along with a visual examine.tion of the photographs 
formed the be.sis for the data on the performance of these materials. 

14. At the end of? months' exposure the vast majority of all systems 
had deteriorated to a noint at which the tests were discontinued and the 
panels returned to the laboratory. 

DAT.A 0:STAiii!ED 

15. The monthly reports of the :.vHOI are contained in Ap"Pendix J3. 
Tables I through VI of Appendiy J3 list the co~nlete data of the condition 
of each panel at monthly inspection ~eriods. Due to the voluminous 
nature of the data obtained, supplementary tables have been orepared on 
which the significant conclusions have been based. The data of Appendix :B, 
however, may be found useful for further statistical studies which may be 
correlated with similar experiments to be reported subsequ~ntly. 

16. A quantitative method for accurate evaluation of the performance of 
exposur~ na.nels is obviously lacking. The ado-oted method consists of 
giving a perfect panel a rating of 10, with gradations do,:.rn to O for a 
specimen which has failed conmlet~ly. Over aneriod of 7 mo~ths, the 
"?Janel having a -oerfect rating throughout would receive a final va;l.ue of 
70 and systems failing ra1)idly would sho•:r a low value de-pending on the 
extent e.nd rate at which they failed. The data. of the Tables of An-pendix :B 
have been considered in arriving at these Vi3lues along with the examina­
tion of colored -ohotogra-ohs. 

17. In an effort to determine characteristics peculiar to the ~anels 
showing nerfect p~rformance throughout the exoosure -oeriod of 7 months, 
a list was made of those pos1:3;essin~ a perfect· rating. at the end of the 
e:,roosure period. These panels are listed in Table II and represent a 
relatively small nercentage from the total number included initially. 
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18. In an effort to include a more representative number of t he better 
nerforming combinations, the formulas were listed in Table I I I 11hich 
maintained a nerformance rating of 10 through 6 months and were rated 
no lower than 8 at the final evaluation. The da.ta of Tables II and III 
represent the most acceptable of the combinetions examined. 

19 . While the data relative to the tYJ)e of -pigments and the optimum nig­
ment- vol ume ratios apuears to be rather siP.:nifice.nt from the data of 
Ta,bles II and I II, no clear-cut conclusions could be drawn r e lative to 
vehicle q_uali ty. Since so many failures occurred within a few months, 
Table IV was compiled to list those combinations showing a performance 
rating below 5 at the end of 3 months I e~osure, Here again information 
r elative to the tyPe of pi?J]lents is q~ite conclusive,but no clear lines 
may be dra~m relative to optimum vehicle combination. 

20. While the detailed eXPosure data appears too voluminous f or consid­
eration in this discussion, a summary of performance of each system has 
been made and is set forth in Table v. The data apnearing under the 
heading Summary of Monthly Ra,tjngs (Table V) was obtained by adding the 
monthly ratings. This was considered as giving a good index t o the 
over-all performance of the individual systems from a consideration of the 
extent and rate of failure which under this system are given equal impor­
tance. Table V was compiled with the thov.ght that ~ertain trends might be 
obvious as graded v · riations occur in vehicle compositions. 

DISCUSSION O? RESULTS 

A. Pigment Qµality 

21. Since one of the primary objectives of ,this study was to determine 
the relative ve.lue of zinc chromate and zinc oxide in corrosion inhibition, 
a strong argument in favor of zinc oxide used in combi~ation 1-ri th mica 
apuears obvious from the data of Tables II through V. Table II listing 
the systems of nerfect performance t hroughout er.oosure neriods contains 
only one system usin~ zinc chromate, whereas no system containing zinc 
chro~ate ap~ears in the data of Table III. On the other hand, of the 
systems ,,,hich failed most rapidl y, as indicated i n Table IV, onl y two 
contained zinc oxide and the failures were found to be most re;Pid 1·1ith 
the zinc chromate nigments in coobination.with mica. 

]. Pigment ~'uantity 

22. The determination of the optimum pigment-volume ratio does not 
appear s o clearly defined a:s· for the· t yPe· of· p i gment; however, an insuec­
tion of the data of Tao le IV ind'.foates that: a: vast l!iajori ty of the early 
failures were u igmented at a ratio of 201t When considering the best 
systems, Tables II and III, it is ob~i-ou s that P/V ratios are pretty well 
distributed and· neither -pigmentation: a:upears outstanding; therefore, on 
the basis of the evidence available i t is· difficult to conclude the.t one 
J>igmentation ratio is superior to the other. 
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o. Vehic~e Q;ual ity 

23. From a stu,dy of Table V, it is imposs i ble to make any generalizations 
as to t he eff icacy of one type vehicl e relative t o another. For example, 
based on nerf ormance ratings, there seems to be l i t tle differe nce whether 
linseed oi l or l inseed oil fatty acids are used i n combination wi th ester 
gum or rosi n in providing vehicles of eaual integri ty.. In an e f f ort to 
classify the vehicle i ngredients according to super ior performance, Table 
VI was conroiled from t he monthly inspection data i n a similar manner as 
described for Table V. Here again it appears imoossible to select a 
vehicle composition which shows superior -performance to the others . One 
fact is empha.sized, however, that a larger number of systems containing 
no pl iolite a-p:peared to have final nerformance rat i ngs above 55 t han those 
containing pliolite. This would indicate that no advantage i s to be 
gained by this addition to the formulat ion. This observation i s further 
substantiated by the data of T.able$ I I and III which show a rnajori ty of 
the better formulations free of ·nliolite. On the other band a ~mall 
majority of the ~oorly ~er formi ng mat erials (Table IV) contain none. 

24, On the basis of the data 9btained it apnears i mnossible to determi ne 
the relative v;:,lue of linseed fatty acids and linseed oil. Li kewise, no 
particular case may be made for ad.ding man_,g-anese linoleate to the formulation. 
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No. 

4 

7 

8 

10 

11 

12 

13 

15 

16 

17 

1e 

24 

25 

2E. 

28 

29 

30 

3, 

33 

Bodied 
Linseed 
-21.L. 

l(X)0 

500 

500 

500 

0 

0 

0 

0 

0 

0 

0 

250 

500 
750 

L25 

2 50 

375 

12 5 

250 

375 

125 

250 

375 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

L i nseed 
Fatty 

_AlliL_ 

0 

500 

0 

0 

1000 

500 

0 

0 

0 

0 

0 

0 

12 5 

250 

375 

0 

0 

0 

0 

0 

0 

250 

500 

750 

125 

250 

375 

125 

37; 

0 

TAB!.E I 

PA1;;:L ~ ml No. 6 

AeOunt of Mater ial Used 1n Crams 

Ester 
~ 

0 

0 

500 

0 

0 

500 

0 

1000 

500 

0 

0 

0 

0 

0 

0 

0 

0 

125 

250 

375 

0 

0 

0 

0 

0 

0 

250 

375 

0 

0 

0 

250 

W .Y'I . Kanganese 
Rosin ~ Pl1ol1te 

0 0 0 

0 0 0 

0 

500 

0 

0 

500 

0 

500 

1000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

125 

250 

375 

0 

0 

0 

0 

0 

0 

·125 

250 

375 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1000 

750 

500 

250 

750 

500 

2 50 

750 

500 

250 

750 

500 

250 

750 

500 

250 

750 

500 

250 

750 

500 

2 50 

750 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

~ 

100% 

l 0o,! 

10()?; 

59-5~ 
84j! 

50% 
100% 

l0Of. 

50% 

71.6% 

55~ 

71.5% 

100% 

5<>% 

77'% 

Spec i fic 
G__r:~vity 

. 994 

. 953 

1.047 

1.032 

. 912 

1.006 

-991 
1.10 

l.M 

1 .07 

1.023 

1.051 

l.008 

1.008 

1.04 

. 970 

1.029 

1.036 

l.040 

1.026 

1.028 

1.030 

. 992 

• 967 

-939 

1.01\' 

1.0 15 

1.007 

1 .010 

l . 008 

.999 

1.043 

~ 

Jio heating o:r thinnini necessary • 

lteat nd together at 100°c until well d ispe r sed in each 
ot her. ?i'o thinner necessary . 

:e:eat ed at 1500c until ester gum •:rent in solution , was 
liquid 'l'l'hcn cool. No th.inner necessary. 

Heated .lt 150°C until rosin went int o solut ton , was 
l iquid when cool . lio tM nner necessary. 

r~o heating. or thlnnine: ncfessary. ;ias l1iei.u:1d . 

Hcuted at 150°c until e ste r gum dis .sol ved. 1'ias liqujd 
'"h on cool. No thinner necessary . 

Ditto . 

Heated at 150°c until c :1tcr gum all mel ted.. ThinnOO 
with coal t ti.r nap~1tha. ' 

F.eated at 150°c until a l l melted 3-nd d i ssol ved t ogether. 
Thinn~d with coal tar na.phtha. . 

Eeatcd. ;• t 150°c until all mel ted . Thinned -with eoal 
t .,1.r naphtha . 

?,:,'ould not go i nto solvent. Loft out . 

Hc;¾ted at 150-200<':IC until hol!:ogcneou:. . "thir"..ned wM le 
wa.r!il with cold to.r naphth.."l , Very h eavy body. 

Ditto . 

Ditto. 

D1t 'to. 

&osi er t n thin. 

Eas1t1r t o t hin. 

Ve r y hc~vy Cody. 

Hoat~d t ogethe r at 150°c until all dispersed. 1';ns 
s;ziooth liquid nhen cool . :.:o thinner necessary . 

Dit to. 

Heated at 150°c until all melte-d and homogt;n cow;.. 
':bjtmed whil e wa.rrn with cool tar naphtha. 

Vitto . 

Dit to . 

Di tto. Oispe r-sed very easily . F~ i rly thin body . 

Di tto . 

1'=.et1ted at lJO-OC until all melt~d and homogeneous . '.'!as 
liGuid when cool. Uo t :'li nner necessary. 

Boated a t 150- 20o0 c until all mel ted ,mo homor,.cneous . 
':'hi nned ':1lth riart:'.I coal t ar naphtha. Fairly t.h1n • 

Ditto. 

P.cated at l50- 20o°C· unt.11 a.11 .mel ted and homogeneous. 
~·,as lit;;uid when cool. No t hi Mer necessary. 

Heat ed at l50-200°C until all mel ted a.nd Oomo&eneous . 
Thi nned while war!:! With c~l t ar n&J:lhth& . Pai r-ly heavy 
body . 

Dit t o. f-'~1 :-ly t hin. 

Heated to 1 50-200oC unt.11 a.tl n::elted and homogeneous. 
'I/as l i quid V!h.on cool. No t htnner necessary. 

HeatP-d to 150- 2co0c unt t l all melted and h omogeneous. 
Th1 !1.nt!d wh'ilA w~r::n wit h coa l t a r na.pht ha . Fairl y heavy. 

Oitto. :'airly t hin . 

Ditt o. 

Ditt o. 



Table I ( continued ) 

f>Jdl"F.l. SEHl/ ICE TESt l!.2... ~ 
(Cont:\) 

Bo,:!!.ed Li nseed 
Linseed r·atty F.ste r 'II .',,. ~:anii;ane!;c Spec!tic 

No. _DJ,L Acts_ ..fu!e_ Rosin 1.it,Ol~tlt.O Pliol itc Soltrls ru:.avi~~ i'h~t!;'~~ 

34 0 0 500 0 500 0 56% l.061 Hc;;.tcd to 150-2CO°C unt il a l l '1".eltP.d a:"Ul h.o~or,crH?O"~. 
thi nned 1ti'tile war"l'I with coal t1;1r n~phth(l . F'~jr1y thi,n . 

35 0 0 750 0 250 0 55~ 1.081 Ditto . 

36 0 0 125 l ?.5 750 0 55% 1 . 039 Ditto . 

37 0 0 250 250 500 0 60% 1.055 Ditt o . 

3~ 0 0 375 375 250 0 62% 1 , 070 Ditt o . 

39 0 0 0 2~0 7~0 0 58 . 4% l.034 Dit to, 

40 0 0 0 500 500 0 66~ 1.046 ;)it.to . 

41 0 0 0 750 250 0 61.5% 1.058 Ditto. 

42 800 0 0 0 200 62.6% , 95 Added ~or't.ion of coal tnr r:a.phth.i t o H:1:s!lf)~ o1. 1 , cold 
plioli te into coi'..11 t ar na;ihtho., h1cnt1cd together. cut 

43 400 400 0 0 0 200 62.6% . 92 1)1ttO , 

44 400 0 400 0 0 200 62.6% . 99 !ie,:1t~d oil .o.nd resin at 150°c untJ. '!. melted tof;E:!t h~'r' , 
t hinn~n l'l1t0 port.Lon of !>olvent , cold cut plio1i te into 
:ror,.a1n-'Ln(; solvent . 2lond1Jd t wo t occther . 

4 5 400 0 0 4')') 0 200 62 . 6~ ,98 01 tto . 

, 5 0 800 0 0 0 200 50;1 . 89 'Ditto . 

•7 0 400 400 0 0 200 501, , 96 Ditto . 

48 0 4-00 0 400 0 200 50% . 95 :'.>i~to. 

49 0 0 800 0 0 200 50% 1.04 Ditto. 

50 0 0 400 400 0 200 50% 1.02 Ditto . 

51 0 0 0 800 0 200 50lt 1 . 01 Di tto. 

52 0 0 0 0 800 200 . 97 Out . 

?3 200 0 0 0 6r,<J 200 5<r.l . 97 $a:ne r..rocedur e a s in :'?44. 

54 400 0 0 0 400 20C 50'> . .96 Dttto . 

55 (,OO 0 0 0 200 200 601, .96 Ditt o . 

56 100 100 0 0 600 200 50,: . 96 Ditt o . 

57 200 200 0 0 400 200 59~ . 94 Ditt o . 

58 300 ) (X) 0 0 200 200 60% . 93 Ditto. 

59 100 0 100 0 6oo 200 50:. . 98 Ditto. 

60 200 0 200 0 400 200 50lt . 99 Di tto . 

61 300 0 300 0 200 200 50~ .99 Dit t o . 

62 100 0 0 100 600 200 50)~ . 98 O!tt-0 . 

63 200 0 0 200 400 200 50% .98 Ditt o . 

6• 300 0 0 300 200 200 59% , 98 Pi tto. 

65 0 200 0 0 600 2C-O 5'~ .95 Ditto. 

66 0 400 0 0 400 200 59~ .93 D'it.to. 

57 0 600 0 0 2()1) 200 <;2, 5% .91 Ditto . 

6~ 0 100 100 0 600 200 50:. .97 Ditto . 

69 0 200 200 0 400 200 50:. .97 Ditt o . .. 
70 0 300 300 0 200 200 62. si .97 01tt o . 

71 0 100 0 100 600 200 50% .97 Ditto 

72 0 200 0 200 400 200 58.6% .96 Di t to 

73 0 300 0 300 200 200 62i .95 Ditto 

74 0 0 200 0 600 200 50% -99 Ditto 

75 0 0 400 0 400 200 50% 1.00 Ditto 

76 0 0 600 0 200 200 50'; 1.02 Ditto 

77 0 0 100 100 600 200 5($ -99 Ditto 

78 0 0 200 200 4-00 200 50% 1.00 Dt.tto 

79 0 0 300 300 200 200 67% 1 . 01 Di t to 

80 0 0 0 200 600 200 50% . 98 Di tto 

$1 0 0 0 400 400 200 59i .99 Ott t o 

82 0 0 0 600 200 200 62.6% 1.00 Ditto 



T.ABLE I I 

:Panels with Perfect Ra.tin.:s (10) Throu~h Seven Months ' E,:posure 

Panel Linseed Ester 
Comnosi tion 

Mn. :Bodied 
~ F.A,.acids Gum Linoleate Liqseed 

191 ].2.5'1, 12. 5% 75 

349 75 12.5 

350 50 25 

422 75 25 

425 12.5 75 12.5 

446 12. 5 75 

395 60 20 

401 30 20 

407 30 20 

47? 60 20 

483 30 20 

"' A = 5~ Mi ca, 50~ Zinc Chromate 

B = 50% Mica. 50% Zinc Oxide 
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w. w. :!mntation 
Rosin RCl P Twe * 

30 A 

12. 5 20 B 

25 20 :s 

30 l3 

30 B 

12 .. 5 30 B 

20 20 B 

30 20 20 B 

~o 20 20 B 

20 30 B 

30 30 B 



T.li.:BLE I II 

Panel Service Test #6 

P~:!}els 1nith Perf~ct .Rati!)&S o.o} Tb!:QUgP,, Sit i'i[gnths 
Ratings of 8 Through Seven Months 

Resinous CQm12osi~is;in o f Primer Pi~qjj~tiQ!l 
Panel :Bodied Linseed Ester w. w. Mn. P/V 
~ Linseed F. A. _Qgm_ Rosin Linoleate RCl Ratio ~ 

371 40 40 20 20 
..., 
.0 

373 40 40 20 20 B 
379 80 20 20 :B 

392 30 30 20 20 20 B 

393 20 60 20 20 B 
460 40 40 20 30 B 

461 80 20 30 )3 

478 10 10 60 20 30 l3 
482 20 20 40 20 30 :B 

329 100 20 B 
347 25 25 50 20 B 
355 12.5 12.5 50 20 )3 

360 37.5 37.5 25 20 B 
363 75 25 20 B 
417 50 50 30 B 

420 100 30 B 

429 25 50 30 :s 
431 12.5 12.5 75 30 )3 

• A = 50'/, i1iica, 50% Z:\.nc Chromate 

B = 50% Mica, 50% Zinc Oxide 
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T.ABLE IV 

Panel Service Test ,J/,6 

Panels of Low Rating -:- Belo"'' 5 after Three Months 

- , Re§inQU~ Com:;cg§i~1Q~ Q! Prlm~r 
Panel Bodied Linseed Ester W.W. • Mn. ~entation 

No. Linseed F. A, Gum Rosin Linolee.te RCl , - P V' Type* 

83 100 20 A 
84 50 50 20 A 
85 50 50 20 A 
86 50 50 20 A 

87 100 20 A 

99 37.5 37.5 25 20 A. 
101 25 25 50 20 A 
102 37.5 37.5 25 20 A. 
104 25 50 20 A 
108 75 25 20 A 

110 25 25 50 20 A 
111 37.5 37.5 25 20 A. 
115 25 75 20 A 
167 50 50 30 A 

168 50 50 30 A 

190 75 25 30 A 
19? 25 75 30 A 
136 40 40 20 20 A 
138 10 10 60 20 20 A 
149 60 20 20 20 A 

150 10 10 60 20 20 A 
210 80 20 30 A 
221 20 20 40 20 30 A 
372 40 40 20 30 l3 
466 10 10 60 20 30 B 

- 11-



TABLE V 

Panel Service Test No , 6 

SUMl.1ARY OF PAHEL RATINGS AFTER 7 f!.0NTHS I EXPOc\URE 

~-~ma ry o[.J:l~mth.!.LRa t i!!K.L,;.,;;-
Vehicle ___ Vehi cle ComJ!gsition 1 __ Oa RCl _____ 20,. RCl 

No Mn Lino- Linseed Linseed Ester VI , 'N , "or,"'·· en~a%1t J:!J15menta1;1z2 e,~entation ~entation 
Of,Rc 1 2@ RCl leatL _ _ .Jill_ _ __[~.,_ Cum !JM!.n 2 Py o'P y 2 P v 30,,P v go ·P • WELY 20,P v Mm 

l 42 100 16 63 69 51 39 34 58 42 
2 43 50 50 23 54 - - 41 59 67 43 
3 44 50 50 31 50 65 66 52 63 35 42 
4 45 50 50 19 50 50 67 50 62 69 43 

5 46 100 37 57 - 40 31 64 49 
6 47 50 50 54 57 - 52 53 55 45 57 
7 48 50 55 55 - 69 41 43 65 55 

8 49 lVO 50 58 50 63 59 65 40 54 
9 50 50 50 40 60 50 65 63 65 51 68 

10 51 100 37 42 56 69 26 43 68 69 

11 52 100 I ncompatiblP 
12 53 75 25 45 36 48 57 35 36 37 5'3 
13 54 50 50 46 35 62 56 24 39 27 41 
14 55 25 75 56 42 52 70 57 41 46 36 

15 56 75 12,5 12, 5 40 45 47 70 33 41 46 36 
16 57 50 25,0 25 ,0 38 - - 30 30 38 34 
17 58 25 37,5 37 , 5 21 21 - - 28 47 

18 59 75 12,5 12,5 28 38 - H 36 44 41 
19 60 50 25.0 25,0 19 42 69 69 49 46 49 
20 61 25 37 , 5 37,5 14 48 - 55 - 48 46 69 

21 62 75 12. 5 12. 5 30 46 70 69- 39 33 63 43 
22 63 50 25.0 25,0 36 38 70 53 40 42 55 43 
23 64 25 37, 5 37 ,5 34 53 58 54 58 67 69 63 

24 65 75 25 42 60 - - 41 33 69 52 
25 66 50 50 39 42 - - - 45 65 56 
26 67 25 75 22 14 - - 19 34 70 70 

27 68 75 12,5 12,5 58 70 68 54 37 37 46 68 
28 69 50 25,0 25,0 34 44 - - 42 - 53 43 
29 70 25 37, 5 37 , 5 23 56 - - 46 57 57 65 

30 71 75 12.5 12,5 42 43 63 33 40 67 43 41 
31 72 50 25 ,0 25.0 44 - - - 49 70 46 68 
32 73 25 37,5 37,5 47 - 68 - 61 - 70 70 

33 74 75 25 25 24 64 - 37 36 45 
34 75 50 50 44 55 68 - 44 50 43 -
35 76 25 75 55 63 55 58 60 52 61 64 

35 77 75 12,5 12.5 37 47 55 70 36 43 !~ 41 
37 7& 50 25,0 25,0 32 44 65 58 39 41 67 
38 79 25 37,5 37.~ 48 63 65 55 57 55 70 '>7 

39 80 75 25 51 62 54 52 35 5~ 46 62 
40 81 50 50 51 43 58 57 30 52 46 52 
41 82 25 75 44 60 61 65 51 60 66 65 



TABLE VI 

List of Formulj,tioni ~ith •ary Rating AboT, 55 (7Q=Perfect) 

Panel Linseed Lin.seed Ester w. w. iin. 
No. Oil F.A. • !him ~ Lino le ate 

132 40 40 20 
134 80 
155 30 30 20 
158 60 20 
207 40 40 

208 40 40 
209 40 40 
213 80 
214 40 40 
228 30 30 20 

235 10 10 60 
236 20 20 40 
246 60 20 
371 40 40 
373 40 40 

374 80 
376 40 40 
279 80 
390 10 10 60 
392 30 30 20 

393 20 60 
394 40 40 
395 60 20 
401 30 30 20 
404 60 20 

407 30 30 20 
410 60 20 
460 40 40 
461 80 
4?1 30 30 20 

474 30 30 20 
477 60 20 
478 10 10 60 
480 30 30 20 
482 20 20 40 
488 20 20 40 

490 20 60 
492 60 20 

89 50 50 
96 75 25 

109 12.5 12.5 ?5 

450 50 50 

451 75 25 
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1?A.BLE VI (continued) 

117 75 25 
165 100 
169 100 
170 50 50 
171 50 50 

172 100 
173 50 50 
188 25 75 
191 12.s 12. 5 75 
193 37.5 37 .. 5 25 

198 50 50 
199 75 25 
201 25 25 50 
202 37.5 37.5 25 
205 75 25 

329 100 
331 50 50 
338 100 
341 50 50 
347 25 25 50 

349 12.5 12.5 
350 25 25 
351 37.5 37.5 25 
355 12.5 12.5 75 
358 12.5 12,5 75 

360 !,7.5 37.5 75 
362 50 50 
36~ 75 25 
364 12.5 12.-5 75 
365 25 25 so 

366 37.5 37.5 25 
368 f-0 50 
369 75 25 
413 50 50 
414 50 50 

41?- 50 50 
418 100 
419 50 50 
420 100 
422 25 75 

42'3 50 50 
424 75 25 
425 12.5 12.5 75 
429 25 25 50. 
430 37.5 37.5 .25 

431 12.5 12' •. 5 7S-
445 75- 26 
446 12.s 12.5 76 
447 Z6 26 so 
44-8 31:.5· 37.5 25 



CONCLUSIONS AND RECOMMENDATIONS 

A. Conclusions 

25. While the data resulting from this study nroves somewhat dis­
anpointing in providing information leading to the formulation of 
improved matrices, a strong case has been prepared for the use of 
zinc oxide- in preference to zinc chromate when both are used in 
combination with mica as pigments for anti-corrosive nrimers. 

26. The data indicate th~.t pliolite does not add materially to the 
life of an anti-corrosive nrimer. 

27. No conclusions may be made concerning t he composition of primer 
matrices based on the data of this report, other than no apparent 
advantage results from the inclusion of pliolite. • 

B. Recommendations 

28. It is recommended that additional studies be authorized to further 
establish the merits of zinc oxide relPtive to zinc chromate as an 
ingredient in under-,,ra,ter primers to be used under anti- fouling naint. 
This study might include the use of additional toughening agents in lieu 
of plioli te. 

29. AdeqU8,te interpretation of re$Ults obtained from ·small na.nels in 
considerable quantity does not an~ear to be satisfactory as a means of 
conducting a study of this nature. In future investigations it is 
recommended that the variables be limited and du~licate panels prenared 
on a larger scale in order to afford a more accurate basis for evaiuation. 
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30. The cooperation of the staff of the T;loods Hole Oceanogranhic 
Instit,uti on is greatly a;p~reciated for e,roosing the ~anels. pre­
paring the kodachrome slides, and the tables of data of the appendix. 
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JU>.Pi:,Nl) IX A 

Panel Service Test No. 6 

I. Objective: To evaluate the effect of fa.tty acids 
and soa~s in contributing to the ad­
hesion of nrotective coatings to stee l 
in com-olete seawater immersion. 

A. Vehicle Quality 

( l) Determine the difference in adhesion between 
linseed fatty acids and rosin, and the gly­
cerides of those acids. 

(2) Determine the effect of adding ma.nganese lino­
leate, a meta.11.ic soan, to the glyce!'ides and 
acids. 

(3) Det 0 rrnine the effect of tou~ening the above 
combinations by the addition of a small nronor­
tion of chlorinated rubber, preferably synthe­
tic rubber. 

B. Pigment ~uality 

( 1) llet"3rmine the difference between zinc chromate 
and zinc oYide in corrosion inhibition. 

C. Pigment Q.uanti ty 

(1) Determine the effect of varying the quanti ty of 
nigment from 101 to 30i P.V. 

- d -



II. Vehicle Combinations 

Bodied Linseed 
Linseed Fatty Ester w. w. Manganese Chlorinated 
Oil Acids Gum Rosin Linoleate Rubber 

( 1) 100 0 0 0 0 0 
{2) 50 50 0 0 0 0 

(3) 50 0 50 0 0 0 
(~) 50 0 0 50 0 0 
(5) 0 100 0 0 0 0 
(6) 0 50 50 0 0 0 
(7) 0 50 0 50 0 0 
(8) 0 0 100 0 0 0 
(9) 0 0 50 50 0 0 

(10) 0 0 0 100 0 0 
(11) 0 0 0 0 100 0 
(12) 25 0 0 0 75 0 
(13) 50 0 0 0 50 0 
(14) 75 0 0 0 25 0 
(15) 12.5 12.5 0 0 75 0 

(16) 25 25 0 0 50 0 

(17) ::w .5 :w.5 0 0 25 . 0 

(18) 12.5 0 12.5 0 75 0 
(19) 25 0 25 0 50 0 
(20) :w.5 0 ~7.5 0 25 0 
(21) 18.R 0 0 12.5 75 0 
(22) 25 0 0 25 50 0 
(23) '.<7.5 0 0 ~7.5 25 0 

(24) 0 25 0 0 75 0 
(25) 0 50 0 0 50 0 
(26) 0 75 0 0 ')<; 0 , ·~· 
(27) 0 12. !'3 12.5 0 75 0 
(28) 0 25 25 0 ··50 0 
(29) 0 37 , 5 37.5 0 25 0 
(30) 0 12.5 0 12.5 75 0 
(31) 0 25 0 2f) 50 0 
(32) 0 ~?.5 0 ~7.5 25 0 
(33) 0 0 25 0 75 0 
(34) 0 0 50 0 50 0 
l35) 0 0 75 0 25 0 
(36) 0 0 12.5 12.5 75 0 
(37) 0 0 25 25 50 0 
(38) 0 0 · ·37_5 ~7.5 25 0 
(39) 0 0 0 25 75 0 
(40) 0 0 0 50 50 0 
(41) 0 0 0 75 ?f> 0 
( '-',2) 80 0 0 0 0 20 
(43) 40 40 0 0 0 20 
(44) 40 0 40 0 0 20 
(45) 40 0 0 40 0 20 
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Bodied Linseed 
Linseed Fatty Ester w. w. Manga,nese Chlorinated 
Oil Acids .fu1m....- F.osin Linoleate :Rubber -,---

(46) 0 80 - 0 0 0 20 
(47) 0 40 40 0 0 20 
(48) 0 40 0 40 0 20 
(49) 0 0 80 0 0 20 
(50) 0 0 -40 40 0 20 
(51) 0 0 0 80 0 20 
(52) 0 0 0 0 80 20 
(5:,) 20 0 0 0 60 20 
(54) 40 0 0 0 40 20 
(55) 60 0 0 0 20 20 
(56) 10 10 0 0 60 20 
(57) 20 20 0 0 40 20 
(58) 30 30 0 0 20 20 
(59) 10 0 10 0 60 20 
(60) 20 0 20 0 40 20 
{61) 30 0 ~o 0 20 20 
(62) 10 0 0 10 60 20 
(63) 20 0 0 20 40 20 
(64) 30 0 0 30 20 20 
(65) 0 20 0 0 60 20 
(66) 0 40 0 0 40 20 
(67) 0 60 0 0 20 20 
(68) 0 10 10 0 60 20 
(69) 0 20 20 0 40 20 
(?0) 0 30 30 0 20 20 
(71) 0 10 0 10 60 20 
(72) 0 20 0 20 40 20 
(73) 0 30 0 30 20 20 
(74) 0 0 20 0 60 20 
(75) 0 0 40 0 40 20 
(76) 0 0 60 0 20 20 
(77) 0 0 10 10 60 20 
{78) 0 0 20 20 40 20 
(79) 0 0 ~o 210 20 20 
(80) 0 0 0 20 60 20 
(81) 0 0 0 40 40 20 
(82) 0 0 0 60 20 20 



!II. 

IV. 

Pi.e:mentations (Parts by ,,rt.) 

~ l 

Zinc Chromate 50 
Zinc Oxide 50 
Mica 50 

Preua.ration of Base Paints at 30% P. V. 

a . Pigmentation A in Bodied Linseed Oil solution 
b. Pigmentation Bin Bodied Linseed Oil solution 
c. Pigmentation A in Linseed Fatty Acids solution 
d. Pigmentation Bin Linseed Fatty Acids solution 
e. Pigmentation ~ in Ester Gum solution 
f. Pigmentation Bin Zster Gum solution 
g. Pigmentation A. in W. • li. Rosin solution 
h. Pigmentation B in \{. :,t. Rosin solution 
i. -Pigmentation A in Ivie.nganese Linoleate solution 
j . Pigmentation B in Manganese Lino le ate solution 
k. Pigm·.,ntation A in Chlorinated Rubber solution 
1. Pigmentation Bin Chlorinated Rubber solution 

v. Preparat ion of Test Faints 

Mix base paints with unpi.gmented vehicles in -proportions 
to obtai n the combinations listed in Table VI• 
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VI. Table of Test Paints - Panel Numbers 

2~ 30% 20~ 30% 
Vehicle Pigment Vol. Pigment Vol. . Vehicle Pigment Vol. Pigment VoL . 
Combina- Pigments Pigments : Oombina- Pigments Pigments 
tions A B A B ! tions A B A B 

( 1) 83 329 165 411 (42) 124 370 206 452 
(2) 84 310 166 412 (43) 125 371 207 453 
(3) 85 ~31 167 413 (44) 126 ;,;72 208 454 
(4) 86 332 168 414 (45) 127 3"i'3 209 455 
( 5) 87 333 169 415 (46) 128 374 210 456 
(6) 88 334 170 416 (47) 129 375 211 457 
(7) 89 ~35 171 417 (48) 130 376 212 458 
(8) 90 336 172 418 (49) 131 377 213 459 
(9) 91 337 173 419 (50) 132 378 214 460 

(10) 92 338 174 420 (51) 133 379 215 461 
(11) 93 339 175 421 (52) 134 380 216 462 
(12) 94 340 176 422 (5!'.s) 135 381 217 463 
(13) 95 341 177 423 (54) 136 382 218 464 
(14) 96 342 178 424 (55) 137 383 219 465 
(15) 97 343 179 425 (56) BB ~84 220 466 
(16) 98 344 180 426 (57) 139 385 221 467 
(17) 99 345 181 427 (58) 140 386 222 468 
(18) 100 .346 182 428 (59) 141 387 223 469 
( 19) 101 ~47 183 429 (60) 142 388 224 470 
(20) 102 348 184 430 (61) 143 389 225 471 
(21) 103 349 185 431 (62) 144 390 226 472 
(22) 104 350 186 432 ( 5::i;) 145 391 227 473 
(23) 105 • 351 18? 43~ (64) 146 392 228 474 
(24) 106 ~f2 188 4:¼ (65) 147 393 229 475 
(25) 107 353 189 435 (66) 148 394 230 476 
(26) 108 354 190 4~6 (67) 149 395 231 477 
(27) 109 355 191 4'.l:7 (68) 150 396 232 478 
(28) 110 356 192 4~8 (69) 151 397 233 479 
(29) 111 357 19:3 439 (70) 152 398 234 430 
c~o) 112 358 194 440 (71} lf>3 399 235 481 
(31) 113 359 19~ 441 (72) 154 400 236 482 
('.)2) 114 360 196 44?. (73) 155 401 237 483 
(33) 115 361 197 443 (74.) 156 402 2:38 484 
(34) 116 ~62 198 444 (7R) 157 403 239 485 
(35) 117 363 199 445 (76) 158 404 240 486 
{~6) 118 ~64 200 446 (77) 159 405 241 487 
(37) 119 365 201 447 (78) 160 406 242 488 
(38) 120 366 202 448 (79) 161 407 243 489 
(39) 121 367 203 449 (80j 162 408 244 490 
(40) 122 '.'t68 204 450 (81) 163 409 245 491 
(41) 123 369 205 451 (82) 164 410 246 492 

AnnendiY. A - Pa~e 4 



VII. Exposure of Test Paints 

Apply to small steel ~anels at apnroximately equal film 
thicknesses. Drying time should not exceed twenty-four 
hours before application of .AF coat. Apply thin films 
of Formula 143 to all panels a t a;rproYimately equal film 

thicknesses. Coat na.nel edge-s with ceresin ,-,as, preferably 

before application of AF paint. Duplicate panels are not 
necessary in this test. 

Arrange wi th Woods Hole Oceanographic Ins ti tut ion for 
-exposure by conrolete immersion at \foods Hole. 

Inspect and photogra~h in 35 mm. Kodachrome after each 
month of e:t'l)~sure. 
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APPENDIX :B 

The comments of the Woods Hole Oceanographic Institut ion's 

investigat ion on the condition of the nanels at each ins~ection 

are contained in the following tables. The condition of most 

panels was quite good at the end of the first month and no com­

ments were included for the first readin,o:. :A considerable 

number of panels bad failed almost compl~tely ( ratings of 3 or 

less}. They were removed after siy (6) months and are thus 

omit ted from Table VI. 
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TABLE I 

SECOND MONTHLY INSPECTION 

The backs of these panels are fouling •·11th hydro ids end 

streamers of these hydroids may have lain across the face of 

some of the nanels. The AF surfaces are completel y unfouled. 
BUsters were noticed on the following -panels: 

104 174 229 465 
107 176 231 466 
110 182 232 468 
111 210 241 469 
147 221 40fi 
162 223 449 

and spots of paraffin drou1'ed on the following nanels 

219 232 235 238 341 
231 2M 2~7 236 406 

have resultsd in bright red s-pots which will sho,-., up in the -pictures. 

Many of the :panels show black marks on the edges or bottoms where 

they have rubbed against the racks. 
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TABLE II 

THIRD MONTHLY INSPECTION 

Panel 143 was lost overboard during the first monthly photogr·a:phing. 

This month, panel 144 was accidenta.lly set above number 143 of t he identi­

fying numbers, and panel 145 a-o-oears above identifying number 144. Panel 

145 then rea-p:oears above its proper number in the next n i cture. 

Blisters which may not have nhotogranhed were observed on panels: 

84 119 150 210: 237 395 464 

87 120 151 212 238 397 465 

98 123 153 217 241 399 466 

99 133 156 219 244 400 469 

100 136 159 221 364 402 472 

104 136 162 ?.22 ~72 403 473 

108 138 163 223 377 405 475 

110 139 174 226 381 411 476 

111 141 176 227 ~83 440 479 

112 142 197 229 384 449 481 

114 144 200 231 !;86 4.5fi 487 

115 145 206 232 389 463 491 

Spots of paraffin (most of them very small) on the AF surf aces wi 11 

probably show bright red in the nhotograths. They were observed on panels: 

206 
219 
231 

133 
173 
174 
191 

108 

232 239 392 ~98 401 459 

234 245 ~93 399 43~ 461 

236 341 394 400 437 488 

Panel 172 had hydroids growing on uaraffin sl)ots on its AF surface. 

Fading of the entire AF surface to a tan color wa.s noted on nanels: 

206 215 363 398 402 449 

208 351 391 399 403 472 

213 ~58 394 400 404 473 

Zl4 3.50 397 403. 410 492 

Oraoking, which may not ehow in the nhotogral>hs, was nresent on panels: 

173 174 21? 221 389 

Corrosion eruptions, which t>robably ,-,ill not be visible in the Koda­

colors, were present on panels 106, 190, and ~9?. 

The paint fi lm of ~anel 90 was still intact, but was loosenP.d from 

the steel e~cept under the nar~ffin edge-trim. 
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TABLE II (Continued) 

Purple granules the color of potassium permanganate crystals were 
fo'Wld in abundance on panel 190 and a single spot of the same color 
was found near the bottom of panel 404. 

Panel 102 has e~tensive damage to the AF film and undercoats which 
was caused by adherence to the waxed paper in whieh it was shipped. 
When it was unwrapped, considerable areas ·of the paint were removed on 
the paper. Many of the panels shov black marks on their sides a:nd/or 
bottom edges where they rub on the racks. 



TABLE III 

FOURTH MONTHLY INSPECTION 

84 Blisters 
86 Blisters 
8? Blisters 
89 Fading 
90 Wrinkling 
92 Blisters, fading 
94 AF surface fouled with hydroids 
95 AF surface fouled ,,,1th hydroids 
96 AF surf~ce fouled with h..vdroids 
97 Hairline cracks 

101 Fouled by hydroids 
102 Fouled by hydroids 
104 ~11stering, chipping 
105 Blistering 
106 Blistering, cracking 
107 Hairline CFACks 
108 :Blisters 
109 Hairline cracks 
110 Hairline cracks. blisters 
112 ~listers 
114 Fouled by hydroids 
115 Fouled by bydroids 
121 Wrinkling, blistering 
122 Fouled by hydroids 
123 Fouled by hydroids 
124 Fouled by hydroids, blisters 
125 Fouled by bydroids, blisters 
126 Fouled by hydroids 
127 Fouled by hydroids 
128 Fouled by bydroids, blisters. fading 
129 Fouled by hydroids 
130 Fouled b;y'- hydroids 
l~l Fouled by bydroids, fading 
13~ Fouled by h,vcroids, fading 
1~3 Blisters, fading 
134 Fouled by hydroids 
135 Fouled by hydroid~, blisters, hairline cracks 
1~6 Hai rline. cracks 
138 Fouled by hydroids 
139 Fouled by hydroids, blisters, hairline cracks 
141 Fouled by hydroids. blisters, cracking 
142 Fouled by hydroid'S, half surf!.Ce loosP.ned from -oanel 

144 Fouled by hydroids, blisters 
145 Fouled by hydroids, blisters 
146 Fouled by hydroids 
147 Blisters, hairline cracks 
150 Blisters, fouled by hydroids, cracking 
151 ]listers, f.ouled by hyd.roids 
is2 Fouled by hydroids 



TABLE III (continued) 

211 Fading 
212 Fad1ng, fouled by hydroids, blisters 
213 Fading, fouled by hyd.roids 
.214 Fa.ding, fouled by hydroids 
215 Fading, fouled by hydrcids 
216 Fading, fouled by hydroids 
217 Fouled by hydroids 
218 FoulBd. by hydroids, "blisters 
219 Fouled by hydroid.r,, blisters, cracking along edge-trim 
2?.l Blisters, hairline cracks 
224 Hairline cracks 
225 Hairline cracks 
226 Blisters 
227 Blisters, heirline cracks 
228 Fouled by hydroids, hairline cracks 
289 Blisters, hairline cracks 
230 Corrosion erunt1ons 
231 Blisters 
2~2 Bli~ters 
236 Fad.ing 
2~7 Fading, blisters, l ost after ~hotogra~hins 
238 Blisters 
2~9 Blisters 
244 Blisters 
331 Fouled by hy<'lroids 
342 Wrinkling 
~43 Hairline cracks 
347 Fouled by hydroids 
::'i49 Fouled by hydroids , wrinkling 
350 'frinkling 
351 Fa.ding 
35~ Fading, alligatoring 
358 Fading 
360 Fading 
362 Wrinkling 
363 ~'1r inkling, fading, fouled by hyd.roids 
364 ~listering, f~ding 
365 Wrinkl.in,g, fading 
367 Wrinklin:!:;, fadinp:, alligatorl ng 
371 Hairline cracks 
373 Hairline cracks 
:,;74 Fading 
375 Blister!'!, hairline cracks, fad.ing 
~78 1·/rinlcling 
381 Hairline cracks, blisters, fa.dine 
~8~ Hairline cracks 
~84 Blister~ 
~85 Hairline cracks 
386 Hairline crack~ 
387 Hairline era.cks, blisters 

Anpendix B - Page 6 



TA1>LE III (continued) 

~88 F..airline cracks 
389 Hairline cracks 
391 Blisters 
393 Hairline cr acks 
396 Blisters 
~99 Blisters 
400 Blisters 
402 Blist ers 
4-03 Blisters 
405 Blisters 
408 Blisters 
-4-09 :Blisters, Fadi ng 
411 Blisters, fadinR 
413 Blisters, fad.in.!s, hairline cracks 
416 ~listers 
417 Hairline cra.cks 
424 Blist 0 rs 
4~0 :Blisters 
432 :Blister~ 
4~? Blisto.re 
440 Blisters 
445 Blisters, ~urnle s~ots near bottom 
446 E;ii rline cre.c"ks 
447 F.8.irline cracks 
4.t.9 Hairline cra.cks 
450 F.airline cracks 
4~1 Hairline cracks 
452 Hairline cracks, !~ding, hlisters 
453 Hairline cracks 
454 Bliste~s 
455 B:!.isters, hairline cr~.cks 
456 HA1rline crac~s 
457 Ratrline cracks 
4'56 
459 
460 
46~ 
464 
465 
466 
468 
469 
470 
471 
472 
47~ 
474 
475 
476 

Hairline 
Hairline 
H• irline 
HF-irline 
nairline 
Hairline 
iiairline 
ne.irline 
Hairline 
l:iairline 
Hairline 
Hairline 
Ei:iirline 
Hairline 
ila.1rline 
H,9,i r line 

cracks, 
cracks, 
cracl<s 
cracks, 
cracks, 
cracks, 
cracks, 
cracks, 
cr?.cks, 
cracks, 
cracks 
cracks, 
cracks, 
cracks 
cracks, 
crP..c1t s, 

blisters 
blisters 

bli!"ters 
blisters 
blisters 
blis+.ers 
blisters 
blister s 
blisters 

blb1t~rs 
blisters 

blisters 
bliste!'S 
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TABLE III (continued) 

477 Rairline crac~s 
479 Hairline cracks, blisters 
480 Hai rline crac~s 
481 BlistP.rS 
485 Hairline cracks 
487 Blisters 
490 Hairline cracks 
491 Hairline cracks. blisters 
492 Blisters 
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TABLE IV 

84 Blistering 
85 Blistering 
86 Blistering 
87 Blistering and hairline cracks 
89 Hairline cracks 
90 Corrosion eruption 
92 Blistering 
94 Blistering and hairline cracks 
95 Blistering and hairline cracks 
96 F..alf the film loosened 
97 Hairline cracks and blistering 

101 Half the film loosened and hairline cra.cks 
102 Paper ri?ll; surrounds a barnacle whi ch· 

~s dug ~nder the entire system-5 ml, barnacle. 
104 Blistering and corrosion eruptions 
105 ! listering 
106 .Blisterine; and corrosion eruptions 
107 Blistering and corrosion eruptions and hairline cracks 
109 Hairline cracks and corrosion erupt ions 
112 Hairline cracks, blistering, and corrosion eruptions 
114 Many purple spots on bottom half 
115 Hairline cracks 
117 Blistering 
118 Blistering 
119 Blistering 
120 Blistering 
121 Blistering 
122 Blistering 
l ?-~ Blistering 
124 Blistering and hairline cracks 
125 Blistering 
128 Blistering 
130 Blistering 
1~3 Blistering and corrosion eruptions 
134 H?..irline cre.cks--otherwise perfect 
1~5 Blisters 
136 Blisters 
137 Hairline cracks and blisters along edges 
138 Blisters 
139 Blisters 
141 Blisters 
142 Blisters 
144 Blisters 
145 hlisters 
146 H.a.irline cracks--othe.rwise -oerfect 
147 Blisters 
149 Anti-corrosive coe.t which shows is blistered 
150 Blisters 
151 Wrinkling, hairline cracks, and blisters 
152 BlistP.rS 
153 Blistars 
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TABLE IV ( continued) 

154 Hairline cracks 
155 Cracking along edge-trim 
156 Blisters and corrosion eruptions 
157 Hairline cracks--otherwise -perfect 
158 Hairline cracks 
159 Blisters and hairline cracks 
160 Blisters and hairline oracks 
161 Hairline cracks 
162 Blisters and corrosion eruntions 
16::1 Blisters and hairline cracks 
164 Hairline cracks and corrosion eruntions 
165 Black marks due to mud settling against ~anel 
169 Hairline cracks 
171 Several nurnle 8:t>Ots pn bottom half of nanel 
174 Blisters and hairline cracks 
176 Blisters , corrosion eru,,tions. and ~urple spots 

on bottom aalf of panel 
177 Blisters 
178 Cracking along edge- trim 
179 Blisters, corrosion ~ruptions and cracking 

along edge-trim • 
182 Blisters and cracking along edge-trim 
183 Blisters and cracking along edge-trim 
184 iYiany purple s-pots 
185 Blisters, hairline cracks. corrosion eruption 

and cracking along edge-trim 
185 Blisters and cracking along edge-trim 
189 Blisters, corrosion eru.ntions 
191 Corrosion eruptions and PUI'Ple snots 
192 Blisters and cracking along edge-trim 
193 Cracki~ along edge-tri~ 
194 Purnle spots and blisters 
197 Blisters 
200 Blisters 
201 Blisters 
202 Wrinkling and corrosion eruptions 
204 Blisters and corrosion eru.ntions and wrinkling 
206 Blisters and hairline cracks 
209 Corrosion eruntions 
210 Blisters 
212 Blisters 
215 Blisters 
217 Blisters 
218 Blisters 
219 Blisters 
221 Blisters 
223 Blisters 
224 Blisters 
225 Blisters 
226 Blisters 
2?7 Blisters 
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T.aBLE IV ( continued) 

228 Hairline cracks 
229 Blisters and hairline cracks 
230 Blisters 
231 Blisters 
232 Blisters and hairline cracks 
234 Cracking alonr, edge-trim 
238 Blisters 
239 Blisters and hairlifie cracks 
241 Blisters and hairline cracks 

242 Blisters and hairline cracks 
244 Blisters 
245 Blisters, hairline cracks ~nd tube worm 
246 Blisters 
329 ~'Ir inkling 
~31 One corrosion eruntion--othenrise e~cellent 
~~? Corrosion eruntions 
:½O Blisters and hairline cracks 
~41 Blisters and hai~line cracks 
:¾2 Wrinkling an~ cracking alon~ edge- t rim 
34~ ~rinklin~. hairline cracks, and cracking 

along ed,<;e- trim 
~4? Wrinklin~, cracking alon?; ed.ge-trim--othenlise excf',llent 

349 Wrinkling-- otherwise 'OerfP,ct 
350 ·.1rinkliDP., four hairline cracks--otherwise perfect 

355 ifrinkling and cracldn,g along edge-t rim 
~58 Blisters and hairline cracks 
362 Wrinkling and hairline cracks 
063 Hairline cracks, cracki~ along edg~-trim 

and blisters 
364 BlistP,rS 
365 Wrinkling and hairline cracks 
366 wrinkling end hairline cracks 
36? 1:rinklin~ and checking 
368 Hairline cracks 
369 Hairline cr~cks and blisters 
~71 Hairline cracks and wrinkling 
3?2 Cracking along edge- trim • 
373 E2irline cracks 
~75 Bl isters and hairline cracks 
3?6 Hairline cracks 
~?? Blisters 
378 Wrinkling s.nd blisters 
379 Fading-otherwise perfect 
381 Blisters 
~83 :Blisters and hairline cre.cks 
?84 Blisters 
~85 Blisters 
~86 Blisters and hairline cr~cks 
38? Blisters 
~88 :Blisters 
389 Blisters and hairline cracks 
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TABLE IV (continued) 

390 Blisters and hairline cre.cks 
391 Blisters 
~92 Hairline cracks 
393 Hair.line cr"l.cks--otherwi se nerfect 
~96 Blisters 
397 Blisters 
398 Blisters a.~a hairline cracks 
399 Blisters 
400 Blisters 
401 Hairline crA.cks 
402 Blisters 
403 Blisters and hairline cracks 
405 Blisters 
406 Blisters 
407 Hairline cracks 
408 Blisters 
410 Hairline cracks 
411 Hairline cracks and blisters 
413 Hairline cracks 
414 Hairline cracks 
416 Hairline cracks and blisters 
417 Eairline cracks 
419 Hairline cracks 
420 Hairline cracks 
422 Hairline cracks 
423 :Blisters and hairline cracks 
424 Blisters 
425 Fading--other,-ri se nerfect 
429 Hairline cracks 
430 Blisters 
4!31 Ra.irline cracks 
432 Blisters and hairline cre.cks 
43~ Blisters 
437 Blisters 
440 Blisters and hairline cracks 
~45 Blisters 
447 l31isters and hairline cracks 
449 Blisters and hairline cracks 
450 Blisters and hairline cracks 
451 Hairline cracks 
452 Elisters and hairline cracks 
453 Blisters and hairline cracks 
454 Blisters 
455 Blisters and hairline cracks 
456 Blisters and hair line cracks 
4,157 Blisters and hRirline cracks 
458 Blisters and hairline cracks 
459 Blisters 
460 Hairline cracks 
463 :Blisters and hair line cracks 
465 Blisters and hairline cracks 
468 Blisters 
4.69 Blisters and hairline cracks 
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T.ABW IV (coniinued) 

470 :Blisters 
471 Hairline cracks 
472 Blisters 
473 Blisters 
474 Hairline cracks 
475 Blisters 
47§ Blisters 
480 Hairline cn_cks 
481 :Blisters 
486 Hai:rline cracks 
487 Blisters 
490 Ha.irline cracks 
491 H"irline cracks and blisters 
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TABLE V ., SIX1I·R MON'l:RLY rnsPI:C·.:>ION 

l, Blisters 
5 Blisters 
7 Blisters 
8 Cracked along the edge-trim 
3 Blisters 
0 Wrinkling 
l Wrinkling 
2 ]listers 
5 Entire film loose 
6 Blisters 
18 Blisters 
)4 • Blisters 
)5 Blisters 
)6 Blisters 
)7 BlistArs 
)9 Blisters 
12 Blisters 
13 Blisters 
14 Blisters - nurple spots 
15 .Blisters 
.16 :Blisters 
.17 Blisters 
.18 Blisters 
,19 .Blisters 
_21 Blisters 
L22 :Blisters 
L23 :Blisters 
L25 Blisters 
127 Blisters 
128 Blisters 
PO Blisters 
131 Blisters 
1~4 BlisterR - checking 
135 Blisters 
1~7 Cracks alon~ edge-trim 

otherwi. se -perfect 
138 Blisters 
142 Blisters - cracks along edge-trim 
l4L1, Blisters 
145 :Blisters 
146 Cracked and blistered :::long 

edge-trim 
141 Blisters 
150 Blisters - corrosion eruntions 
151 Blisters 
152 Blisters 
153 Blisters 
1~4 Blisters 
156 Blisters 
157 Bl.isters 

158 1 Blister near ed~e-trim 
160 Blisters 
161 Corrosion eru~tions 
162 Blisters 
163 Blisters 
166 :Blisters 
171 Corrosion eruptions 
172 Wrinkling 
173 1'lrinkling 
174 Blisters 
176 Blisters - corrosion eruptions 
182 Blisters 
186 Blisters 
188 1 small blister along edg~-trim. 

otherwise perfect 
189 :Blisters 
191 Perfect 
193 Overboard 
194 Blisters 
197 Blisters 
198 Blisters 
199 Wrinkling 
200 Blisters 
201 :Blisters 
202 '.lrinkling 
203 ,-Jrinkling 
205 Wrinkling 
210 Blisters 
211 Blisters 
212 :Blisters 
::>14 Blisters 
215 Blisters 
221 Blisters 
2?,3 Blisters 
224 Blisters 
?,?,5 Blisters 
2~6 Blisters 
227 Blisters 
228 Checking other,,rise 1Jerfect 
229 Blisters 
230 Blisters 
231 Blisters 
232 Blisters 
2~4 Blisters 
236 Perfect 
238 Blisters 
239 Blisters 
241 Small blisters 
242 Blisters 
244 Blisters 
245 Blisters 
246 BUst ers 
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T~LE V ( continued) 

9 W"rink.ling 
8 :Blisters 
0 
1 
:2 
:7 
,9 

:Blisters 
:Blisters 
llrinkling 
Wrinkling otherwise -perfect 
Wrinkling other,,_rise nerfect 

;o Wr1nklinf:, one check, otherwise 
nerfect 

if- Two blisters at edge-trim 
58 :Blist ers 
30 Wrinkling 
52 ~'lrin.1<:linp.-
53 l3listers, 
64 Blisters 

and che cl".ing 
and checking 
checking 

65 
66 
67 
70 
•71 
i'73 
;74 
175 
S76 
378 
~79 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
!395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
~05 
406 
407 
408 
409 
410 
411 
413 

1/rinkling, 
':lrinkling, 
WrinJ,,:lin~, 
Blisters 

checki ng 
checki ng 
checki ng, l blister 

WrinklinP,, blisters 
checking 
Blisters 
Blisters 
:Blisters 
:Blisters 
:Blisters 
Blisters 
Blisters 
:Blisters 
:Blisters 
:Blisters 
:Blister s 
:Blisters 
tlisters 
:Blisters 
Checking otherwi se nerfect 
Checki ng otherwise nerfect 
lllisters 
Perfect 
:Blisters 
:Bliste r s 
Blisters 
Blisters; 
Blisters 
Perfect 
Blisters 
Blisters 
Corrosion eru~tions 
Blisters 
Blisters 
Checking otherwise nerfect 
Blisters 
Whole film loose 
Checking otherwise perfect 
:Blisters 
Checking otherwise perfect 

414 
416 
417 
419 
420 
422 

423 
424 
425 
429 
430 
4~1 
432 
433 
437 
440 
445 
446 

4-",7 
449 
4f,0 
451 
452 
4fi3 
4B4 
455 
456 
457 
458 
461 
463 
4 64 
465 
466 
2!68 
470 
471 
47? 
47!3 
474 
475 
476 
477 
478 
479 
480 
481 
482 
48!, 
488 
490 
491 
492 

Checking otherwise perfect 
Blisters 
Checking otherwise perfect 
Blisters 
Checking otherwise perfect 
One blister along edge-trim, 
otherwise perfect 

Blisters 
:Blisters 
Checking, otherwise perfect 
l Blister along edge- t rim 
Blisters • 
One Bli-ster 
Blisters 
Blisters 
l31isters 
Entire film loose 
Blisters 
One bl is t er besi de edge-trim 

ot herwise perfect 
Blisters 
:Blisters 
]listers 
Checking otherwise perfect 
Blisters 
Blisters 
:Blisters 
Blister s 
Blisters 
Blisters 
Blisters 
1/4 film loose 
Blisters 
Blisters 
Blisters 
Blisters 
Blisters 
:Blisters 
Blister s 
:Blisters 
Blisters 
Blister s 
Blister"S 
Blister s 
Perfect 
Small b listers 
Blisters 
Blisters 
Blisters 
Blisters 
Perfect 
~ l isters along edge-trim 
Blister s 
Blisters 
Checking otherwise perfect 
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88 
89 
90 
91 
96 

106 
112 
114 
116 
121 
122 
123 
126 
127 
129 
131 
102 
134 
137 
143 
146 
154 
1!)5 
158 
165 
167 
168 
170 
171 
172 
173 
184 
],87 
188 
191 
193 
198 
199 
201 
202 
203 
204 
205 
207 
208 
209 
211 
213 
214 
216 
228 

Ti!.BLE VI 

SEVE~H MONTHLY I NSPECTION 

Cracked along edge-trim 
Blistered along edge~trim 
Wrinkling, corrosion eruptions, 1 blister 
1 blister 
Chipping, cracking, blistering 
:Blisters 
Blisters, cracked along edge-trim 
Blisters 
Wrink+ing, cracking, corrosion eruptions 
Blisters 
Blisters, ~rrinklin~. corrosion eru~tions 
Blisters, corrosion eruntions 
Corrosion eruptions 

. 1/3 film loose 
Checking, otherwise nerfect 
1 small blister 
Blisters 
Blisters 
Chinped by rock along edge- trim, otherwise perfect 
Lost ,,,hile consolidating a-l"ter re,·,oving panels on 9/24/45 
4/5 film loose 
Chipping, blistering 
Blisters 
:Blisters 
Checking, otherwise nerf~ct 
Checking, othervise -perfect 
Checking. otherwise 7)erfect 
Checking, other<,rise nerfect 
Corros1on eruptions 
Mottled, chi~uing 
Corr·osion eruntions 
Corrosion eruptions, cracked along edge-trim 
Blisters 
3 i3listers, otherwise pe:rfect 
Ero1•,n snots at t op, otherwise per fect 
Lost 
Blisters 
Corrosion eruptions 
Wrinkling, blisters 
Corrosion eruptions 
~irinkling 
Blisters 
Corrosion eruptions 
1/2 film loose 
Blisters 
1/3 film loose, corrosion eruntions 
Blistered at bottom 
Checkine, otherwise ~erfeet 
Cra.cking 
Checking. otherwise perfect 
Checking, otherwise perfect 
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234 
235 
236 
237 
239 
241 
245 
246 
329 
331 
332 
iS36 
337 
3,'7,8 
341 
343 
347 
;:i:,:.g 
350 
351 
355 
358 
360 
362 
363 
364 
:<65 
~67 
069 
370 
~71 
'.37~ 
374 
;,:75 
'.1.78 
~79 
386 
390 
391 
392 
393 
394 
395 
397 
398 
400 
401 
404 
407 
411 
413 
416 

TABLE YI ( continued) 

Blisters 
Lost while photo~auhing 
Perfect 
Lost while consolidating after removal of ~anels on 9 /24/45 
Blisters 
Blisters 
Blisters 
11rinkling, Blisters 
2 cracks along edge- trim 
Checking, other,.rlse perfect 
Corrosion eru-ptions 
Corrosion eru:ntions 
Corrosion eruptions 
1 blister 
Blisters 
Blisters 
Peeliµg 
1.lrinkling, otherwise perfect 
Wrinkling, otherwise perfect 
3 blisters along edge-trim 
Peeling 
Blisters 
Checking, otherwise perfect 
\'lrinkling, other•·,ise perfect 
Blist.ers 
Blisters 
1.lrinklin?, other,,Iise nerfect 
Cracking 
Corrosion eruptions 
Blisters 
Blisters 
Checking, other••rise -perfect 
Blisters 
Blisters 
Corrosion eruntions 
Blisters 
Blisters 
Blisters 
:Blisters 
Checkin;;, other,,,ri se uerfect 
Perfect 
Blisters 
l corrosion e:ruption, othenrise TJE!rfect 
Blisters 
Blisters 
:Blisters 
Blisters 
.Blisters 
Checking, otherwise -oerfect 
Blisters 
Checking, otherwise nerfect 
:Blisters 
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Tti.BLE VI ( continued) 

417 Wearing, otherwise perfect 
419 J31iste1·s 
4?2 Checking, otherwise nerfect 
423 Blisters 
424 Blisters 
425 P-,rfect 
42Cl :Blisters 
4,30 :Blisters 
431 :Blisters 
4-<~2 :Blisters 
43~ Blisters 
437 :Blisters 
445 Blisters 
446 Blisters 
44.7 Blisters 
448 Corrosion eruptions 
449 Blisters 
4.h'.o Blisters 
451 Blisters 
457 Blisters 
458 Blisters 
459 Cracking 
460 Checking, otherwise uerfect 
461 Blisters 
463 Blisters 
468 :Blisters 
469 Blister-s 
470 Blisters 
471 Cbecl-.:ing, other'ise uerfect 
474 Blisters 
475 Blisters 
476 Blisters 
477 w~aring, otherwise perfect 
478 Blisters 
480 Blisters 
482 :Blisters 
483 Checking, otherwis~ perfect 
486 Checking, otherwise uerfec t 
488 :Blisters 
490 Blisters 
491 Bliste!'S 
492 Checking, otherwise t>erfect 
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