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ABSTRACT

Recent experience with systems for the protection of
underwater surfaces of ships has indicated poor performance
due te loss of adhesion. This report describes an investi-
gation of the primers designed for direct application to
steel over which anti-fouling paints are applied. A number
of primers were vrepared in which the pigment-volume ratic
was varied as well as the tvpe of nigment. The composition
of the primer matrix was varied between 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, JAuthorigzatio

1, This investigation was authorized by Bureau of Ships letter
$19-1-(2) (%7%6) 60153 dated 23 September 1944, to which Panel Service
Test No. 6 was sppended as part of Enclosure (C). :

B, Statement of Proeblem

2, The details of the problem are adeguately set forth in Apoendix 4,
which consists of the original outline of the subject study. Some of

the techniques of preparation have deen chanred due to incompatebilities
among ingredient materials which could not be foreseen without experiment,
The immediate objective of the subjeet 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
4ppendix 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 aleng with an optimum pigment-volume
ratio between 20% and 309, With reference to the study of vehicle
quality, experiments were designed in which it was hoped to show the
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 incorpcrating
varying amounts of manganese lineoleate into the formulas. Inasmuch as
meny of the most effective plastic anti-fouling paints are relatively
soft, the possibility was explored of adding toughness to the formulation
by the incorporation of small proportioms of pliclite.

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

C. EKnown Facts Bearing on the Problem

S. This report desecribes the evperimental work performed by this
laboratory in the study of primers to be used with standard cold plastic
antl-fouling paint undertaken according to an outline develoved by Code 333
of the Bureau of Shivs, as a means of studying paint formulations statis-
ticelly. The fundamental considerations invelved in such a study are
classified under three major factors: (a) Pigment quality; (b) Vehicle
quality; (c) Pigment quantity, The study reported herein yields conclu-
sive evidence as to the performance of one type of pigment over another
and points strongly to an optimum pigment-volume ratio which apovears

mere efficient than others investigated. Howsver, the evidence as to
vehicle quality is 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 ships 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. Sometimes 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 follows, therefore, that by improving the performance of the
undercoat the adequacy of the over-all system could be maintained at a
sufficiently high level to gusrantee immroved performance throughout the
life of the system, that is, between docking periods, Experience with
anti-corrosive coatings for shins' bottoms has indicated a prefersnce for
thick flexible films rather than thin hard matrices which are commonly
used under enamels or topside paints. This has been found necessary due
to the inadequacy of cleaning methods applicable to the conditioning of
the metal comorising hull bottoms over which the paint must be applied,

In order to produce thick heavy films, resort has been made to the use of
materials such as ester gum, rosin, metallic soaps, and waxes, plasticized
with vegetable oils or their acids. The current study describes exmeri~
ments using all of the above-mentioned ingredients in a wide variety of
pronortions., Figments have been varied along with vigment-volume ratios,
It is believed that the data contained herein lends support to theories
already in existence as to optimum P/V ratios which will bde of value in
the revision of current practices,

METHODS
A, lMaterials

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 0il fatty acids
(3) Ester gum

(4) Ww. W, Rosin

(5) Manganese lineolate

The pliclite used in these experiments was obtained from the Goodyear Tire
and Rubber Company.

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

B, ZExperimental

S. An effort to prepare a series of base vaints containing twoc standard
pigments dispersed in each of the raw materials listed in paragraph 7
was abandoned inasmuch as some of the vehicles used alone were incompatible

1—2-



with the specified vigments, for example, noc base paint could be nrepared
using equal parts of zinc oxide and mica in linseed oil fatty acids
solution. Such a combination reacts ranidly to form a gel, commonly known
as "livering". Furthermore, mangsnese lineolate is only poorly soluble in
coal tar naphtha and does not permit a solution of sufficiently high solids
content to be handled feasibly in blending snd grinding operations, There-
fore, each combtination of raw materials shown in Table I was prepared
indevendently and was pigmented by grinding separately with pigment combi-
nations 4 and B a2s follows:

A B
50% Zinc Chromate 50% Zinc Oxide
50% Mica 50% Mica

In a2ddition to cormosition Table I indicates the circumstances peculiar
to the preparation of individual batches.

10, The vrocedure used in the preparation of vehicle combinations 1 through
41 was as follows. The ingredient materials were heated together in the
s0lid form until they were theoroughly melted and fused together, forming a
homogeneous mixture., In most instances about 10 minutes heating was re-
quired between 150 and 200° C. Upoen cooling the batches were thinned with
an amount of coal tar naphtha calculated to nroduce a grinding viscosity
at room temveratures. Such a procedure made it nossible to disperse the
mangsnese lincleate aquite easily in solvent while at an eleveted tempera=
ture, and no incompatability was noticed with the other materials unon
cooling. The oils, acids, and resins evidently performed as fluxing
agents in dispersing the mangznese lineleate in solution to perform a
stable vehicle. The ocuantity of solvent required to produce vehicles of
grinding viscosity varied from O to 52%. It was significant that those
materials containing free carbovyl grouos such as linseed oil fatty acids
and rosin anpeared to dismerse the manganese linoleate much more readily
than those void of such active groums. It was mossible to prepare
vehicles of all the combinations listed excent those containing 1009
mangznese lineleate.

11. A slightly modified procedure was adopted for the preparation of

the vehicles No. 42 through 82 containing 209 nliolite. The pliolite
could not be heated together with the other ingredients but was cold

cut by agitation with a portion of the solvent, The remaining ingredients
were heated and thinned as described above and the pliolite solution
added after cooling. Considerable difficulty was emcountered in attempts
to use chlorinzted rubber which was found to be incompatidble with bodied
linsesd oil and linseed fatty acid combinations. Preliminary exveriments
indicated pliclite to be compatible and all forrulstions were prepared
with this material.

12, The vehicles listed in Table I were migmented at 20% and 30% pigment-

volume with the pigment combinations listed in varagraph ¢, consisting of
mica and zinc oxide and mica and zinc chromate. The batches were given

-3 -



two passes on a 3-roller mill, In a number of instances where high
percentages of linseed oil fatty acids were present, incompatibility
resulted where large percentages of 2inc orxide were included in the
formulation.

13, Exposure vpanels were prepared from each primer by application to
small steel panels which had been sand blasted nreviously., & uniform
film thickness as measured by a GE thickness meter from 2.5 - 2,0 mils
was maintained throughout. A single coat of anti-fouling maint formula
143E was applied to all panels at film thicknesses of 1.5 - 2.0 mils
within 24 hours after application of the fingl primer coat. After drying,
the coated panels were edged with Ceresin wax to hold edge effects at a
minimum. An attempt to wax the edges before the application of the anti-
fouling paint was unsuccessful inssmuch as poor adhesion of the top coat
was obtained zlong the edzes, The finished panels were shipped to the
Woods Hole Oceanographic Institution where they were submerged in the sea
for a period of 7 months. Monthly inspections were made which became
most significant as the panels began to deteriorate. FPhotosranhs were
prevared in 35 millimeter kodachrome at the end of each month's exmosure.
The monthly reports along with a visual examinstion of the photographs
formed the besis for the data on the performance of these materials.

14, At the end of 7 months' exposure the vast majority of all systems
had deteriorated to a moint at which the tests were discontinued and the
panels returned to the laboratory.

DATA CBTAINED

15, The monthly reports of the WHCI are contained in Appendix B,

Tables I through VI of Appendix B list the commlete data of the condition
of each panel at monthly inspection meriods. Due to the voluminous

nature of the data obtained, supplementary tables have been prepared 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 subsequently.

16. A quantitative method for accurate evaluation of the performance of
exposure nanels is obviously lacking. The adonted method consists of
giving a perfect panel a rating of 10, with gradations down to O for a
specimen which hags failed completely. Over a vmeriod of 7 months, the

nanel having a nerfect rating throughout would receive a final value of

70 and systems failing rapidly would show 2 low value depending on the
extent and rate at which they failed. The data of the Tables of 4Anpendix B
have been considered in arriving at these vslues along with the examina-
tion of colored vhotographs.

17. In an effort to determine chsracteristics peculiar to the panels
shewing verfect performance throughout the exposure veriod of 7 months,
a list vas made of those posgessine a perfect rating at the end of the
exvosure period. These panels are listed in Table II and represent a
relatively small nercentage from the total number included initially.

-~ 4 -



18, In an effort to include a more renresentative number of the better
nerforming combinations, the formulas were listed in Table III which
maintained 2 performance rating of 10 through 6 months and were rated
no lower than 8 at the final evaluation., The dsta of Tables II and III
represent the most acceotable of the combinztions examined.

19, ihile the data relative to the type of pigments and the ovotimum pig-
ment-volume ratios apvears to be rather sienificant from the data of
Tables II and ITI, no clear-cut conclusions could be drawn relative to
vehicle quality. Since so many failures occurred within a few months,
Table IV was compiled to list those combinations showing a performence
rating below 5 at the end of 3 months' exposure, Here again information
relative to the type of pisments is guite conclusive,but no clear lines
may be drawn relative to optimum vehicle combination.

20. While the detailed exposure data appears too voluminous for consid-
eration in this discussion, a summary of performance of each system has
been made and is set forth in Table V, The data apvearing under the
heading Summary of Monthly Ratings (Table V) was obtained by adding the
monthly ratings, This was considered as giving a good index to 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 thought that certain trends might be
obvious as graded v:riatioms occur in veshicle compositions.

DISCUSSION OF RESULTS
A. Pigment Qualit

21, Since one of the primary objectives of ,this study was to determine
the relative value of zinc chromate and zinc oride in corrosion inhibition,
a strong argument in favor of zinc oxide used in combination with mica
apvears obvious from the data of Tables II through V, Tsble II listing
the systems of perfect performance throughout exvosure meriods contains
only one system using zine chromate, whereas no system containing zinc
chromate appears in the data of Table III, On the other hand, of the
systems vhich failed most rapidly, as indiceted in Table IV, only two
contained zinc oxide and the failures were found to be most rapid with

the zinc chromate vigments in combination with mica.

B, Pigment Wuantity

22. The determination of the optimum pigment-volume ratio does not
appear so clearly defined as for the type of pigment; however, an insvec-
tion of the data of Table IV indicates that a vast riajority of the early
failures were pigmented at a ratic of 20%,. When considering the best
systems, Tables II and III, it is obvious that P/V ratios are pretty well
distributed and neither pigmentation aomears outstending; therefore, on
the basis of the evidence aveilable it is difficult to conclude that one
pigmentation ratio is superior to the other. '



C. Yehicle i

23. From a study of Table V, it is imvossidle to make any generalizations
as to the efficacy of one type vehicle relative to another. For example,
based on nerformance ratings, there seems to be little difference whether
linseed oil or linseed o0il fatty acids are used in combination with ester
gun or rosin in providing vehicles of eoual integrity. In an effort to
classify the vehicle ingredients according to superior performance, Table
VI was comoiled from the monthly inspection data in a similar manner as
described for Table V. Here again it apvears imvossible to select a
vehicle composition which shows superior verformance to the others. One
fact is emphasized, however, that a larger number of systems containing

ne pliolite appeared to have final performance ratings above 55 than those
containing pliolite, This would indicate that no advantage is to be
gained by this addition to the formulation. This observation is further
substantiated by the data of Tables II and III which show a majority of
the better formulations free of nliolite. On the other hand a small
majority of the poorly performing materials (Table IV) contain none,

24. On the basis of the data obtained it appears impossible to determine
the relative value of linseed fatty acids and linseed oil. Iikewise, neo
particular case may be made for adding maneanese linoleate to the formulation.
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TABLE I
PANEL SERVICE TEST Ne. 6
Amount of Material Used in Grams

Bodied Linseed

L

LF:
1€

23

24

25
3t

27

Linseed Fatty Ester LA Manganese Specific
0il Aeid Gum Rosin Linoleate FPliolite Solids Gravity HRemrarks
1000 o (4] [4] a [e] 1008 .994 Hio neating or thinning necessary.
500 500 s} s} s} (o] 1008 .953 Heated together at 1007 until well dispersed in each
other, §o thinner necsssary.
500 0 500 0 o 0 100% 1.047 Eeated at 150°C until ester gum went in solution, was
liquid when cool. Ho thinner necessary.
500 Q 0 500 1] 1] 100% 1.032 Heated at 150°C until rosin went inte solution, was
liguid when cool. Ne thinner necessary.
o 1000 e} 0 o [s] 1006 .912 lo heating or thinning negessary. was liguid.
ls] 500 500 4] 4] 4] 1008 1.006 Heated at 150°C until ester pum dissolved. das liguid
when cool. No thipner necessary.
aQ 300 ] 500 ] 100% 991 Ditto.
o o] 1000 (4] o o L0% 1.10 Heated at 150% until ester gum all melted, Thinned
with ceal tar naphtha.
0 0 500 500 [s} o E0f 1.0R Eeated at 150°C until all melted and dissolved together,
Thinned with cosl tar naphtha.
0 o} [¢] 1000 o 4] 60% 1.07 Heated =t 150°C until 211 melted. Thinned with coal
tar naphtha.
o (4] 1000 - 1.023 Would not go into selvent., Left out.
250 o] o o 750 a 49,55 1.051 Heated at 150-2009C until homogeneous. Thinned while
warm with cold tar naphtha. Very heavy body.
500 0 0 0 500 0 59.5% 1.008 Ditto. Easier o thin.
750 ¢} 0 o 250 o g4 1.008 Ditto. Easjer to thin.
125 125 Q a 750 i) £ 1.04 Ditto. Very heavy body.
250 250 0 0 500 0 1008 .589 Heated together at 150%C until all dispersed. Vas
smooth liquid when cool. Ho thinner necessary.
375 375 [¢] a 250 a 1007 -970 Ditto.
125 fs] 125 750 08 1.029 Heated at 150°C until 211 melted and homogsneous.
Thinned while warm with coal tar naphtha.
250 o] 250 0 500 ¢} S48 1.036 Ditto.
375 o 375 o 250 o 71.65 1.040 Ditta.
125 0 0 125 750 0 55% 1.026 Ditto. Dispersed very easily. Feirly thin body.
250 0 0 250 500 [:} 71.5% 1.028 Ditto.
375 ] o 375 250 v 1008 1.030 Beated at 1509C until all melted and homogenecus. Was
liguid when eocol. Mo thinner necessary.
Q 250 Q o 750 Q 0% 992 Heated at 150-200°C until all melted and homogenecus.
Thinned with warm coal tar naphtha. Fairly thin,
0 500 o 500 o 788 967 Ditto.
) 750 O 250 e} 1008 939 Beated at 150-200°C until all melted and homogeneous.
Was liguid when cool. Heo thinner necessary.
4] 125 128 0 750 [+] sof 1.01¢ Heated at 150-200°C until all melted and homogeneous.
Tt‘:énned while warm with coal tar naphtha., Fairly heavy
y.
a 250 250 0 500 0 59% 1.015 Ditte. Fairly thin.
9] 375 375 fs] 250 Q 1005 1.007 Heated to 150-200°C until #ll melted and hemopeneous.
Was ligquid when coel. No thinner necessary.
o] 125 0 ‘125 750 a 508 1.010 Heated to 150-200°C until all melted and homopeneocus.
Thinned while warm with coal tar naphtha. Fairly heavy.
o 250 o 250 500 778 1.008 Ditto. Fairly thin,
0 378 0 375 250 B3R +999 Ditto.
o o 250 Q 750 aQ 52.3% 1.043 Ditto.



Table I (Continued)
PRUBL SERVICE TEST Ho. &

({Conti)
Podied Linsead
Linseed Fatty Ester W.%w. Hanganese Snecific

Mo.  _ 04} = _Aeid Lum Rosin  Linoleate Pliolite  Holids  Grawity, Hemarks

34 o Q B00 [s] 300 o SE% 1.061 Hezted to 150-200°C until all melted and homopeneovs.
Thinned winile warm with coal tar naphtna, Fairly thin,

55 a 0 750 o 250 0 555 1.081 Ditto.

36 0 o 125 125 750 a 555 1.039 Ditto.

a7 0 0 250 250 500 a GOR 1.055 Ditte.

3a 0 o 27T 37 250 0 625 1.070 Ditto.

39 o o o] 250 750 Q 58,44 1.034 Ditto,

40 L} 0 (5] 500 500 o 154 1.046 Ditto,

41 e} 0 2 750 250 o 61.5% 1.058 Ditta.

42 200 e} 3 4] (s} 200 62,65 .95 Added portion of eonl tar raghtha to linses?® oil, cold
cut pliclite into ecoal tar naphtha, blended together.

43 ann 400 0 Q o] 200 62,65 .92 Ditto.

44 400 o 400 4] o 200 .62.65 .99 Heated oil and resin at 1509C until melted topether,
s Himviod s together, T o e

45 400 [s} o 407 Q 200 62,65 .98 Ditto.

48 a Boo 0 o s} 200 507 . Ditto.

a7 0 400 400 0 o 200 505 .56 Ditto.

48 0 400 0 200 o 200 507 .95 Bitto.

g [s] a &00 o] +] 200 508 1.04 Ditto.

50 s} 0 400 400 o 200 50% . 1.02 Ditte.

51 [i] o o 800 4] 200 =08 1.01 Ditto.

52 b} o 5} o 800 200 - .97 Out.

L] 200 0 0 o 600 200 506 = Same procedure as in F44,

54 400 ] 0 o 400 201 Eo_% .96 Ditto.

55 £00 0 o 0 200 200 G0 W96 Ditto.

56 100 100 0 s} 600 200 s08 .96 Ditto.

57 200 200 0 0 400 200 594 04 Ditto.

56 300 300 0 0 200 200 60% +93 Ditto.

59 100 o 100 o 600 200 50% .98 Ditte,

60 200 o 200 [s} 400 200 50% .99 Ditto.

61 100 0 100 0 200 200 50% .99 Ditto.

62 100 0 0 100 500 200 50% .98 Ditto.

63 200 0 5} 200 400 200 508 .98 Ditto.

64 300 o o 300 200 200 9% .98 Ditta.

65 0 200 0 0 500 200 506 .95 Ditta.

66 0 400 s} 0 400 200 598 .93 Ditte.

a7 0 &0n [+ 0 200 209 £2,5% .91 Ditto,

&8 0 100 100 o} 600 200 50% .97 Ditto.

69 0 200 200 0 400 200 50% .97 Ditto.

70 o 300 300 [s} 200 200 62.5% .97 Ditto.

71 a 100 0 100 600 200 508 .97 Ditto

72 1] 200 0 200 400 200 53.6% .96 Ditto

73 o] 300 o 300 200 200 62% .95 Ditto

74 o] o 200 0 600 200 505 9% Ditto

75 o o 400 o 400 200 508 1.00 Ditto

76 0 ] 600 o 200 200 508 1.02 Ditto

77 4] 8] 100 = 100 600 200 508 -9 Ditto

78 0 a 200 200 200 200 508 1.00 Ditto

79 <] o 300 300 200 200 67% 1.0L Ditte

B0 0 0 0 200 600 200 508 .98 Ditto

81 o o 0 400 400 200 59% .99 Ditto

82 o o o 6500 200 200 62,68 1.00 Ditto ;



TABLE II

Panels with Perfect Ratines (10) Through Seven konths' Exposure

Composition

Panel Linseed Bster Mn. Bodled W, W, Pigmentation

_No.  F.é.acids _Oum lLinoleate Linseed Rosin RCL_PW
191 12.5%  12.5% 75 20 A
349 75 12.5 12.5 20 B
250 50 25 25 20 B
422 75 25 30 B
425 12.5 75 12.5 30 B
446 12.5 75 12.5 30 B
395 60 20 20 20 B
401 30 20 20 20 20 B
407 30 20 20 20 20 B
477 60 20 20 30 B
483 30 20 30 30 B

*
P
1]

50% Mica, 50% Zinc Chromate

ov)
|

= 50% Mica, 50% Zinc Oxide

(s ]



TABIE III
Panel Service Test #6

Panels with Perfect Ratings (10) Throush Six lionth
Patines of 8 Through ngeg Months

F giti
Panel Bodied Linseed ZEster W. W. = Mn, P/V
Ne. Linseed _F. A. _Gum_ Rosin ILinoleste RC1 Ratio Type”

371 40 40 - 20 20 B
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 20 B
461 80 20 30 B
478 10 10 60 20 30 B
482 20 20 40 20 30 3
329 100 20 3
347 25 25 50 20 3
355 12,56 12.5 50 20 B
360 a7.5 37.5 25 20 B
363 75 25 20 B
417 50 50 30 B
- 420 100 30 B
429 25 50 30 B
431 12.5 12.5 75 30 B

* A = 50% Mica, 50% Zinc Chromate

= 50% Mica, 50% Zinc Oxide

- 10~



TABLE IV

Panel Service Test #6

Panels of ILow Rating = Below 5 after Three Months

_Resinou Pri
Panel Bodied Linseed Hster W. W,  Mn. P i%e. ntation
e Linseed _F. A, _Gum_  Rosin Linoleste ERC1 E/ Type*
83 100 : 20 A
84 g0 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 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 20 A
168 50 50 30 A
190 . ¥ 25 30 A
197 25 75 30 A
136 40 40 20 20 A
138 10 10 60 20 20 E:S
148 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 B
466 10 10 60 20 30 B

- Y



TABLE V
Panel Service Test No, 6

SUMMARY OF PANEL RATINGS AFTER 7 MONTHS' EXFOSURE

Summary of Monthly Ratings

Vehicle Vehicle Composition % 0% RC1 20% RC1

4 o _ Mn Lino-" Linseed Linseed Ester W. W, Pigmentation PB_Pigmentation A Pigmentation B Pigmentation

OFRC1I 207 RC1 _leate 011 F, &, Gum_ Rosin é@jp?g 2iv 30%P/V gogifz 30%P/V
1 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 94 57 - 52 53 55 45 57
7 48 50 55 55 - 69 41 43 65 55
8 49 100 50 58 50 63 59 €5 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 Incompatible

12 53 75 25 45 36 48 57 35 36 37 5
13 54 50 50 46 35 62 56 24 39 27 41
14 55 25 5 56 42 52 70 57 41 46 36
15 56 75 12,5 12.5 40 45 a7 70 33 41 46 36
16 57 50 25.0 25.0 38 - - 30 30 38 34
17 58 25 7.5 37.5 21 21 - - 28 47 -
18 59 (i 12,5 12.5 28 38 - 33 36 44 41
19 60 S0 25.0 25,0 19 42 69 69 18 4 46 49
20 61 29 37.9 37.5 14 48 - 55 - 4 46 69
21 62 75 12,5 12.5 30 44 70 69 - 39 33 63 43
22 63 50 25.0 25,0 36 38 70 o9 40 42 a5 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 79 22 14 - s 19 34 70 70
27 68 75 18,5 185 58 70 &8 54 37 37 46 68
28 69 50 25.0 25,0 34 44 - = 42 - 53 43
29 70 25 37.9 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 a4 - - - 49 70 46 68
32 73 25 3745 375 47 » 68 = 61 - 70 70
33 74 75 25 25 24 64 - 37 36 45 -
34 75 50 50 44 5 68 - 44 50 43 -
35 76 25 75 59 63 53 58 60 52 61. 64
35 77 ) 1z2. 12.5 37 47 55 70 36 43 4 41
37 7€ 50 2;.3 25.0 32 44 65 58 39 41 4% &7
38 79 25 > 37.5 37.5 48 53 65 55 57 55 70 7
9 80 75 25 51 62 54 52 35 52 46 - 62
20 81 50 50 51 43 58 57 30 e 46 °5

4 a2 5 7e 44 60 61 65 51 60 66 65



Lis

Panel
No.

F

Linseed
0il

TABLE VI

n ith

Linseed
FA

132
134
155
158
207

208
209
213
214
228

235
236
246
371
373

374
376
279
390
392

393
394
395
401
404

407
410
460
461
471

474
477
478
480
482
488

490
492
89
96
109

450
451

40

58

30

58

8

8868

12.5

Abovw
Ester W, W,
JBum = Resip
40 40
30
80
40
40
80
40 40
30
10
20
60
40
40
80
10
30
20
60
30 30
60
40 40
80
30
30
10
20
20
20 20
20
60
50
12,5
50
75

8888

20

558888

25
™

80
25



117
165
169
170
171

172
173
168
191
193

198
199
201
202
206

329
321
3328
341
347

349
350
351
3565
358

360
362
363
364
365

366
368
369
413
414

417
418
419
420
422

423
424
425
423
430

431

446
447

100

100
50
25
12,5

25
37.5

25
&0
75
12,5
37.5

12.5

TABLE VI {continued)

100
50
50

25
12.5
37,5

12.5
12,5

37.5

12.5

75

50

37.5

50
100

25

12.5

50
75
12.5
25

37.5

50

100
&0

25
37.5

75
i2.,5

3%.5

50

50

25
37.5
75

37.5
£0
75
50

50

100

12.5

12.5
25
37.5

25

75
75
25

26

25
25

33

25
75
75

75

75

25

25

75
50

75

76
25
75



CONCLUSIONS AND RECOMMEINDATIONS

A, Conclusions

25, Wnhile the data resulting from this study nroves somewhat dis-
appointing in vroviding 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 that pliolite does not add materially to the
life of an snti-corrosive nrimer,

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

B. Recommendations

28, 1t is recommended that additional studies be authorized to further
establish the merits of zinc oxide relrstive to zinc chromate as an
ingredient in under-water primers to be used under anti-fouling paint.
This study might include the use of additional toughening agents in lieu
of pliolite.

29. Adequate interpretation of results obtained from small panels in
considerable guantity does not avvear to be satisfactory as a means of
conducting a study of this nature. In future investigations it is
recormended that the variables be limited and duplicate panels prepared
on a larger scale in order to afford a more accurate dasis for evaluation.

S
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APPENDIX 4

Panel Service Test No. 6

Objective: To evaluate the effect of fatty acids
and soaps in contributing to the ad-
hesion of nrotective coatings to steel
in complete seawater immersion.

Vehicle Quality

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

(2) Determine the effect of adding manzanese lino-
leate, a metzllic soan, to the glycerides and
acids. :

(3) Determine the effect of toughenine the above
combinations by the addition of a small provor-
tion of chlorinated rubber, preferably synthe-
tic rubber.

Pigment Quality

(1) Determine the difference between zinc chromzte
and zinc oxide in corrosion inhibition.

Pigment Quantity

(1) Determine the effect of varying the quantity of
pigment from 10% to 30% P.7V.



1I, Vehicle Combinations

Bodied Linseed
Linseed Fatty Ester . W, Manganese Chlorinated
0il Acids Gum Rosin Linoleate Ruybber
(1) 100 0 0 0 0 0
(2) 50 50 0 0 0 0
(3) 50 0 50 0 0 0
(2) 50 0 0 50 0 0
(5) 0 100 C 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
(1) 50 0 0 ) 50 0
(14) 75 0 0 0 25 0
(15) LS 12.5 0 0 75 0
(16) 25 25 0 0 50 0
(17) " 37.5 7.5 0 0 25. 0
(18) 12.5 0 12,5 0 75 0
(19) 25 0 25 0 50 0
(20} z7.5 0 7.5 0 25 0
(21) 12,5 0 0 12.5 75 0
(22) 25 0 0 25 50 0
(23) 27,5 0 0 27,5 25 0
(24) 0 25 0 0 75 0
(25) 0 50 0 0 50 0
(26) 0 75 0 0 25 0
(27) 0 12.5 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
(1) 0 25 0 25 50 0
(22) 0 7.5 0 37,5 25 0
(33) 0 0 25 0 75 o
(34) 0 0 50 0 50 5)
(35) 0 0 75 0 25 0
(38) 0 0 12.5 12,5 75 o}
(37) 9] 0 25 25 50 0
(28) 0 0 Sy A 7.5 25 0
(79) 0 0 0 25 75 0
(40) 0 0 0 50 50 0
(41) 0 0 0 75 25 0
(42) 80 0 0 0 0 20
(43) 40 40 0 0 0 20
(44) 40 0 40 0 0 20
(45) 40 0 0 10 0 20
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Bodied Linseed

Linseed Fatty Ester W. W Mangznese Chlorinated

0il Acids Gum_ Rosin Linoleate Rubber
(46) 0 80 0 o} 0 20
{47) 0 40 40 0 ) 20
(48) 0 40 0 40 0 20
(29) 0 0 80 0 ) 20
(50) 0 0 40 40 0 20
(51) 0 0 0 80 0 20
(E2) 0 0 0 0 80 20
(52) 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 20 0 20 20
(62) 10 0 0 10 60 20
(62) 20 0 0 20 40 20
(64) 20 0 0 20 20 20
(65) 0 20 o} 0 60 20
(66) 0 40 0 0 40 20
(87) 0 80 0 0 20 20
{68) 0 10 10 0 60 20
(69) 0 20 20 0 40 20
(70) 0 30 a0 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 80 0 20 20
(77) 0 0 10 10 60 20
{78) 0 0 20 20 40 20
(79) 0 0 20 20 20 20
(80) 0 0 0 20 80 20
(81) 0 0 0 40 40 20
(82) 0 0 0 80 20 20
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111, Pigmentations (Parts by wt.)

A B
Zinc Chromate 50
Zinc Oxide 50
Mica 50

1¥, Preparation of Base Paints at 30% P.V.

a. Pigmentation A in Bodied Linseed Oil sclutionm
b, Pigmentation B in Bodied Linseed 0il solution
¢. Pipgmentation & in Linseed Fatty Acids solution
d. Pigmentation B in Linseed Fatty Acids solution
e, Pigmentation 4 in Ester Gum solution

f. Pigmentation B in Ester Gum solution

g, Pigmentation A in W. W, Rosin solution

h. Pigmentation B in W, 7. Rosin sclution _
i. -Pigmentation A in Mengsnese linoleate solution
j. Pigmentation B in lianganese Lincleate solution
k. Pigm~ntation A& in Chlorinated Rubber solution
1. Pigmentation B in Chlorinsted Rubber solution

V. Prevaration of Test Paints

Mix base paints with unpigmented vehicles in pronortions
to obtain the combinations listed in Table VI,
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VI. Table of Test Paints - Panel Numbers

20% 20% 20% 30%
Vehicle Pigment Vol. Pigment Vol. : Vehicle Pigment Vol. Pigment Vol.
Combina~ Pigments Pigments : Combina- Pigments Pigments
tions _A B A B t tions _A B _A B
(1) 83 329 165 411 (42) 124 370 206 452
(2) B4 330 166 412 (43) 125 371 207 453
(3) 85 331 167 413 (24) 126 272 208 454
(4) 86 332 168 414 (45) 127 3 209 455
(5) 87 333 169 415 (48) 128 374 210 456
(8) 88 234 170 416 (¢7) 129 375 211 457
(7) 89 z35 171 417 (48) 130 376 212 458
(8) 90 336 172 218 (49) 131 e seded 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 (57) 135 381 217 463
(12) 95 341 177 423 (54) 136 382 218 464
(14) 96 342 178 424 (55) 137 383 219 465
(15) 97 343 179 425 (586) 138 384 220 466
(16) g8 344 180 426 (57) 139 385 221 467
(17) 99 345 181 427 (58) 140 366 222 468
(18) 100 348 182 428 (59) 141 387 223 469
(19) 101 247 183 429 (60) 142 368 224 470
(20) 102 348 184 430 (61) 143 389 225 471
(21) 103 349 185 431 (62) 144 320 226 472
(22) 104 350 186 432 (632) 145 391 227 473
(23) 105 - 351 187 433 (64) 146 392 228 474
(24) 106 252 188 az4 {65) 147 393 229 . 475
(25) 107 353 189 435 (66) 148 394 230 476
(26) 108 354 190 436 (67) 149 395 231 4
(27) 109 355 191 477 (68) 150 396 232 478
(28) 110 358 192 478 (69) 151 397 233 479
(29) 111 357 197 439 (70) 152 398 234 430
(70) 112 358 194 440 (71) 153 329 235 431
(31) 113 359 195 441 (72) 154 400 . 236 482
(32) 114 260 196 442 (72) 155 401 237 483
(332) 115 361 197 4473 (74) 156 402 278 484
(za) 116 262 198 444 (75) 157 403 239 485
(25) 117 363 199 445 (76) 158 404 240 486
(26) 118 264 200 446 (77) 159 405 241 487
(37) 119 365 201 447 (78) 160 406 242 488
(=8) 120 366 202 448 (79) 161 407 243 489
(29) 121 367 203 449 (8a) 162 408 244 490
(40) 122 268 204 450 (81) 163 409 245 491
(41) 123 369 205 451 (82) 164 - 410 246 492
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ViI. ZExposure of Test Paints

Apply to small steel nanels at approximately equal film
thicknesses. Drying time should not exceed twenty-four
hours before application of AF coat. 4Apply thin films

of Formula 143 to all panels at spprovimately equal film
thicknesses. Coat panel edges with ceresin was, preferably
before application of AF paint. Duplicate pamels are not
necessary in this test.

Arrenge with Woods Hole Oceanographic Institution for
exposure by comolete immersion at Woods Hole.

Inspeet and photograph in 35 mm, Kodechrome after each
month of ewpesure.
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APPENDIX B

The comments of the Woods Hole Oceanogrephic Imstitution's
investigation on the condition of the vanels at each insvection
ere 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 reading. = considerable
rumber of panels had failed almost completely (ratings of 3 or
jess}. They were removed after six (6) months and are thus
omitted from Table VI.



TABLE I

SECOND MONTHLY INSPECTION

The backs of these vpanels are fouling with hydroids and

streamers

of these hydroids may have lain across the face of

some of the panels. The AF surfaces are completely unfouled.
Blisters were noticed on the following panels:

and spots

104 174 229 465
107 176 231 466
110 182 232 468
111 210 241 469
147 221 405
162 223 449

of paraffin dropned on the following panels

219 232 235 238 4l
23l 234 237 236 406

have resulted in bright red spots which will show 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 MONTELY INSPECTION

Panel 143 was lost overboard during the first monthly photographing.
This month, panel 144 was accidentally set above number 143 of the identi-
fying numbers, and panel 145 appears ebove identifying number 144, Panel
145 then reapvears above its proper number in the next picture.

Blisters which may not have photographed were observed on panels:

84 119 150 210- 237 338 464
87 120 161 212 238 397 465
98 123 153 217 241 399 466
99 133 156 219 244 400 469
100 135 159 221 364 402 472
104 138 162 P22 A72 403 473
108 138 163 223 a7 405 475
110 139 174 226 381 411 476
111 141 176 227 283 440 - 479
112 142 197 229 384 449 481
114 144 200 231 386 455 487
115 145 206 232 389 463 491

Spots of paraffin (most of them very small) on the AF surfaces will
probably show bright red in the nhotographs. They were observed on panels:

206 232 238 392 298 401 459
219 234 245 793 399 433 461
231 236 341 394 400 437 488

Panel 172 had hydroids growing on paraffin spots on its AT surface.
Fading of the entire AF surface to a tan color was noted on panels:

133 206 215 363 238 402 449
173 208 351 391 399 403 472
174 213 258 704 400 404 473
191 214 280 297 401 410 492

Cracking which may not show in the photograohs, was present on panels:
108 133 173 174 217 221 389

Corrosion eruptions, vhich nrobably will not he visible in the Kode-
colors, were present on panels 106, 190, and 297,

The paint film of pénel 90 was still intact, but was loosensd from
the steel except under the varaffin edge-trim,
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TABLE II (Continued)

Purple granules the color of potessium permanganate crystals were
found in zbundance on panel 190 and a single spot of the same color
was found near the bottom of panel 404,

Panel 102 hes evtensive damage to the &F film and undercoats which
was caused by adherence to the waxed paper in which it was shipped.
When it was unwrepped, considerable areas of the paint were removed on
the peper. Many of the panels show black marks on their sides and/or
bottom edges where they rub on the racks.
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TABLE III

FOQURTH MONTHLY INSPECTION

84 Blisters

86 Blisters

87 Blisters

83 Fading

90 Wrinkling

92 Blisters, fading

94 AF surface fouled with hydroids

95 AF surface fouled with hydrolds

96 AF surface fouled with hydroids

g7 Hairline cracks

101 Fouled by hydroids

102 Fouled by hydroids

104 Blistering, chipping

105 Blistering
106 Blistering, cracking

107 Hairline cracks

108 Blisters

109 Hairline cracks

110 Hairline cracks, blisters

112 Blisters .

114 Fouled by hydroids

116 Fouled by hydroids

121 Wrinkling, blistering

122 Fouled by hydroids

123 Fouled by hydroids

124 Fouled by hydroids, blisters

1285 Fouled by hydroids, blisters

126 Fouled by hydroids

127 Fouled by hydroids

128 Fouled by hydroids, blisters, fading
129 Fouled by hydroids

130 Fouled by hydroids

121 Fouled by hydroids, fading

132 Pouled by hydroids, fading

133 Blisters, fading

124 Fouled by hydroids

135 Touled by hydroids, blisters, hairline cracks
1736 Hairline cracks

138 Fouled by hydroids

139 Fouled by hydroids, blisters, hairline cracks
141 Fouled by hydroids, blisters, cracking
142 Fouled by hydroids, half surfesce loosened from vansl
144 Fouled by hydroids, blisters

145 Fouled by hydroids, bdlisters

146 Touled by hydroids

147 Blisters, hairline cracks

150 Blisters, fouled by hydroids, cracking
151 Blisters, fouled by hydroids

152 Fouled by hydroids

Avvendix B - Page 4



TABLE III (continued)

211 Fading

212 Fading, fouled by hydroids, blisters
213 Fading, fouled by hydroids

214 Fading, fouled by hydroids

215 Pading, fouled by hydrcids

216 Fading, fouled by hydroids

217 Fouled dy hydroids

218 Fouled by hydroids, blisters

219 Fouled by hydroids, blisters, cracking along edge-trim
221 Blisters, hairline cracks

224 Hairline cracks

225 Hairline cracks

226 Blisters

227 Blisters, hairline cracks

228 Fouled by hydroids, hairline cracks
229 Elisters, hairline cracks

230 Corrosion eruntions

231 Elisters

232 Blisters

236 Fading

237 Fading, blisters, lost after nhotographing
238 Blisters

239 Blisters

244 Blisters

331 Fouled by hydroids

342 Wrinkling

243 Hairline cracks

247 Fouled by hydroids

749 Fouled by hydroids, wrinkling

2 srinkling

351 Fading

355 Pading, allizatoring

258 Fading

360 Fading

362 Wrinkling

363 Wrinkling, fading, fouled by hydrolds
364 Blistering, fading

365 Wrinkling, fading

367 Wrinkling, fadings, alllgatoring
371 Hairline cracks

373 Hairline cracks

774 Fading

375 Blisters, hairline cracks, fading
378 Wrinkling

281 Hairline cracks, blisters, fadine
2873 Hairlins cracks

784 Blisters

785 Hairline cracks

386 Hairline cracks

87 Hairline cracks, blisters
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288
289
391
393
236
299
400
402
403
405
408
409
411
413
416
417
424
420
432
4%y
440
445
426
a7
449
AFQ
451
452
453
454
455
456
457
258
459
460
463
464
465
466
488
469
470
471
272
a73
474
475
476

Bairline
Hairline
Blisters
Hairline
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters,
Blisters,
RBlisters,
Alisters
Hairline
Plisters
Blisters
Blisters
Blistere
Elisters

Blisters, nurnle smots near bottom

Eairline
Eairline
Eairline
Hairline
Hairline
Hairline
Hairline
Blisters
Blisters,
Heirline
Hairline
Hsirline
Eairline
Heirline
Heirline
Rairline
Hairline
nairline
Heirline
Hairline
Bairline
Hairline
Hairline
Hairline
Hairline
Heirline
Hairline

TaBLZ III (contimnued)

eracks
cracks

cracks

Pading
fading

fadine, hairline cracks

cracks

cracks
cracks
cracks
cracks
cracks

cracks, fading, blisters

cracks

hairline cracks

cracks

cracks

cracks,
cracks,
cracks

eracks,
cracks,
cracks,
cracks,
cracks,
cracks,
eracks,
cracks

cracks,
cracks,
cracks

cracks,
cracis,

blisters
blisters

blisters
blisters
blisters
blisters
blisters
blisters
blisters

blisters
blisters

blisters
hlisters
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477
479
480
481
486
487
450
491
492

Hairline
Hairline
Hairline
Blisters
Hazirline
Blisters
Hairline
Hairline
Blisters

TABLE III (continusd)

craclks
cracks, blisters
cracks

cracks

cracks
cracks, blisters
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TABLE IV

84 Blistering

85 Blistering

86 Blistering

87 Blisteringz and hairline cracks

89 Hairline cracks

90 Corrosion eruption

92 Blistering

94 Blistering and hairline cracks

95 Blistering and hairline cracks

96 Hglf the film loosened

a7 Heirline cracks and blistering

101 Half the film loosened and hairline cracks

102 Peper ring surrounds a barnacle which'
has dug under the entire system-5 ml. barnacle,

104 Blistering and corrosion eruptions

105 Blistering

108 Blistering and corrosion eruptions

107 Blistering and corrosion eruptions and hairline cracks

109 Hsirline cracks and corrosion eruptions

112 Hairline cracks, dlistering, and corrosion eruptions

114 Many purple spots on bottom half

115 Fairline cracks

137 Blistering

118 Blistering

119 Blistering

120 Blistering

121 Blistering

122 Blistering

123 Blistering

124 Blistering and hairline cracks

125 Blistering

128 Blistering

130 Blistering

123 Blistering and corrosion eruptions

134 Hairline cracks--otherwise perfect

125 Blisters

136 Blisters

137 Hairline cracks and blisters aleng edges

138 Blisters '

129 Blisters

141 Blisters

142 Blisters

144 Bligters

145 Blisters

146 Hairline cracks--otherwise oerfect

147 Blisters

149 Anti-corrosive cozt which shows is blistered

150 Blisters _

151 Wrinkling, hairline cracks, and blisters

152 Blisters

1563 Blisters
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154
155
156
157
158
169
160
161
162
163
164
165
169
171
174
176

177
178
179

182
183
184
185

186
189
1891
192
193
194
197
200
201
202
204
206
208
210
212
215
217
218
219
221
223
224
225
226
227

Hairline
Cracking
Blisters
Hairline
Hairline
Blisters
Blisters
Hairline
Blisters
Blisters
Hairline

TABLE IV (contimued)

cracks

along edge-trim

and corrosicn eruptions
cracks--otherwise perfect
cracks

and hairline cracks

and hairline cracks
cracks

and corrosion eruntions
and hairline cracks
cracks and corrosion eruptions

Black marks due to mud settling against panel

Hairline

cracks

Several nurnle spots on bottom half of manel

Blisters

and hairline cracks

Blisters, corrosion eruntions, and nurple spots
on bottom half of panel

Blisters
Cracking

along edge~-trim

Blisters, corrosion eruptions and crackinz
along edge-trim

Blisters
Blisters

and cracking along edge-trim
and cracking along edge-trim

lMany purple spots

Blisters,

hairline cracks, corrosion eruption

and cracking along edge-trim

Blisters

Blisters,

and cracking along edge-trim
corrosion eruntions

Corrosion eruptions and purnle spots

Blisters
Cracking

and cracking along edge-trim
along edge-trim

Purple spots and blisters

Blisters
Blisters
Blisters

Wrinkling and corrosion eruntions

Blisters
Blisters

and corrosion eruntions and wrinkling
and hairline cracks

Corrosion eruntions

Blisters
Blisters
Blisters
Blisters
Elisters
Blisters
Blisters
Elisters
Blisters
Blisters
Blisters
Blisters

Appendi~ B - Page 10



TaBLE IV (contimmed)

228 Hairline eracks

229 Blisters and hairline cracks

230 Blisters

231 Blisters

232 Blisters and hairline cracks

234 Cracking along edge-trim

238 Blisters

239 Blisters and hairline cracks

241 Blisters and hairline cracks

242 Biisters and hairline cracks

244 Blisters ,

245 Blisters, hairline cracks =nd tube worm

246 Blisters

329 Wrinkling

731 One corrosion eruption--otherwise excellent

237 Corrosion eruntions

240 Blisters and hairline cracks

Z41 Blisters and hairline cracks

43 Wrinkling and cracking along edge-trim

3473 Wrinkline, hsirline cracks, end cracking
along edge-trim

347 Wrinkline, cracking along edge-trim--otherwise excellent

349 Wrinkling--otherwise nerfect

350 Jrinkline, four hairline cracks=-otherwise nerfect

365 Uprinkling and cracking along edge-trim

758 Blisters and hairline cracks

362 Wrinkling and hairline cracks

363 Hairline cracks, crackinz along edge~trim
and blisters

364 Blisters

365 Wrinkling and hairline cracks

266 Wrinkling =nd hairline cracks

367 Wrinkling and checking

268 Hairline cracks

369 Hairline crzcks and blisters

<71 Hairline cracks and wrinkling

372 Cracking along edge-trim

373 Hairline eracks

25 Blisters and hairlins cracks

376 Hairline cracks

297 BElisters

378 Wrinkling snd blisters

279 Fading-~otherwise perfect

381 Blisters

83 Blisters and hairline crecks

784 Blisters

385 Blisters

%86 Blisters and hairline crscks

387 Blisters

z38 Blisters

389 Blisters and hairline cracks
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390
291
792
%93
396
397
398
399
400
401
402
403
405
406
407
408
410
411
413
414
416
417
419
420
422
423
424
425
429
430
433
432
432
437
440
445
447
449
450
451
452
4563
454
455
456
457
458
459
460
463
465
468
469

Blisters
Blisters
Hairline
Hairline
Blisters
Blisters
Blisters
Blisters
Blisters
Hzirline
Blisters
Blisters
Blisters
Blisters
Hairline
Blisters
Hzirline
Hzirline
Hairline
Hairline
Hairline
Bairline
Hairline
Hairline
Hairline
Elisters
Blisters

TABLE IV (continued)

and hairline

cracks

eracks~-otherwise perfect

and hairline

cracks

and hairline

cracks

cracks

eracks

cracks

cracks

cracks and blisters

cracks
cracks

cracks and blisters

cracks
cracks
cracks
cracks
and hairline

cracks

Fading--otherwise perfect

Hairline
Blisters
Hairline
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Hairline
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Bligters
Blisters
Hairline
Blisters
Blisters
Blisters
Blisters

cracks

¢racks
and hairline

and hairline

end hairline
and hairline
and hairline
¢racks

and hairline
and hairline

and hairline
and hairline
znd hairline
znd hairline

cracks
and hairline
and hairline

and hairline

cracks

cracks

cracks
cracks
eracks

cracks
cracks

cracks
cracks
cracks
cracks

cracks
cracks

¢cracks
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470
471
472
473
474
475
479
480
481
486
487
490
491

Blisters
Eairline
Blisters
Blisters
Hairline
Blisters
Blisters
Eairline
Blisters
Hairline
Blisters
Hairline
Heirline

TABLZ IV (coniinued)

cracks

eracks

cre=cks
¢racks

cracks
eracks and blisters
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138

144
145
146

147
150
1561
152
153
154
156
157

Blisters
Blisters
Blisters

TADLE V - SIXTH MONTELY INSPECTION

Orzcked along the edge-trim

Blisters
¥rinkling
Wrinkling
Blisters
Entire fi
Blisters
Blisters

" Blisters

Blisters
Blisters
Blisters
Blisters
Blisters
Blisters

Im loose

Blisters - purple spots

Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters
Blisters

- checking

Cracks along edge-trim

Other'.&?i S
Blisters

Blisters - ecracks along edge-trim

Blisters
Blisters

e pnerfect

Cracked and blistered zlong

edge-tri
Blisters
blisters
Blisters
Bligsters
Blisters
Blisters
Blisters
Blisters

m

- corrosion eruntions

158
160
161
162
163
186
171
172
173
174
176
182
186
188

189
191
193
194
197
198
198
200
201
202
203
205
210
211
212
214
215
221
223
224
225
226
227
228
229
230
231
232
234
236
238
239
241
242
244
245
246

1 Blister near edge-trim

Blisters

Corrosion eruptions

Blisters

Blisters

Blisters

Corrosion eruptions
Wrinkling

Wrinkling

Blisters

Blisters - corrosion eruptions

Blisters

Blisters

1 emall blister along edge-trim,
otherwise perfect

Blisters

Perfect

Overboard

Blisters

Blisters

Blisters

Wrinkling

Blisters

Blisters

Urinkling
Urinkling
Wrinkling

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Checking otherwise merfect

Blisters

Blisters

Blisters

Blisters

Blisters

Perfect

Blisters

Blisters

Small blisters
Blisters

Blisters

Blisters

Blisters
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T4BLE V

Wrinkling

Blisters

Blisters

Blisters

Wrinkling

Yrinkling otherwise perfect
Wrinkling otherwise nerfect
Wrinkling, ome check, otherwlse
perfect

Two blisters at edge-trim
Blisters

Wrinkling and checking
Wrinkline and checking
Blisters, checking

Blisters
drinkling,
Urinkling,
Wrinkline,
Blisters
Wrinkling, Dblisters
checking

Blisters

Blisters

Blisters

Blisters

Blieters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Checking otherwise verfect
Checking otherwise pnerfect
Blisters

Perfect

Blisters

Blisters

Blisters

Blisters

Blisters

Perfect

Blisters

Blisters

Corrosion eruptions
Blisters

Blisters

Checking otherwise perfect
Blisters

Whole film loose

Checking otherwise perfect
Blisters

Checking otherwise perfect

checking
checking
checking, 1 blister

(continued)

414
416
417
419
420
422

423
424
425
429
430
431
432
433
437
440
445
4486

447
449
450
451
452
453
454
455
456
457
458
461
463
464
465
466
468
470
471
472
473
474
475
476
477
478
479
480
481
482
483
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
1 Blister along edge-trim

Blisters

One Blister

Blisters

Blisters

Blisters

Entire film loose

Blisters

One blister beside edge-trim
otherwise perfect

Blisters

Blisters

Blisters

Checking otherwise perfect

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

1/4 £ilm loose

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Perfect

Small blisters

Blisters

Blisters

Blisters

Plisters

Perfect

Blisters along edge~trim
Blisters

Blisters

Checking otherwise perfect
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TABLE VI

SZVEUTH MONTHLY IWSPECTIOR

88 Cracked zlong edge-trim

89 Blistered along edge~trim

90 Wrinkling, corrosion eruptions, 1 blister
91 1 blister

96 Chipping, cracking, blistering

106 Blisters

112 Blisters, cracked along edge-trim

114 Blisters

116 Wrinkling, cracking, corrosion eruptions
121 Blisters

122 Blisters, wrinkling, corrosion eruptions
123 Blisters, corrosion eruntions

126 Corrosion eruptions

127 1/2 £ilm loose

129 Checking, otherwise nerfect

131 1 small blister

172 Blisters

134 Blisters

137 Chipped by rock along edge-trim, otherwise perfect
143 Lost while consolidating after revoving panels on 9/24/45
146 4/5 £ilm loose

154 Chipping, blistering

155 Blisters

158 blisters

165 Checking, otherwise perfect

167 Checking, otherwise perfect

168 Checking, otherwise nerfect

170 Checkinz, otherwise nerfect

171 Corrosion eruptions

172 Mottled, chinving

173 Corrosion eruntions

184 Corrosion eruntions, cracked along edge-trim
187 Slisters

188 3 Blisters, otherwise perfect

191 Browvn snots at top, otherwise pmerfect
193 Lost

198 Blisters

199 Corrcsion eruptions

201 Wrinkling, blisters

202 Corrosion eruptions

203 Wrinkling

204 Blisters

205 Corrosion erustions

207 1/2 £ilm loase

208 Blisters

209 1/3 film loose, corrosion eruntions

211 . Blistered at bottom

213 Checkine, otherwise nerfect

214 Cracking

216 Checking, otherwise verfect

228 Checking, otherwise perfect
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TABLE VI (continued)

234 Blisters

235 Lost while photozravhing

236 Perfect

237 Lost while consolidating after removal ¢f panels on 9/24/45

239 Blisters

241 Blisters

245 Blisters

246 Wrinkling, Blisters

329 2 cracks along edge-trim

331 Checking, otherwise perfect

3322 Corrosion eruptions

326 Corrosion eruntions

337 Corrosion eruptions

3738 1 blister

341 Blisters

343 Blisters

347 Peeling

229 Wrinkling, otherwise perfect

350 Wrinkling, otherwise perfect

351 3 blisters along edge-trim

255 Peeling '

358 Blisters

360 Checking, otherwise perfect

362 Wrinkling, otherwise perfect

363 Blisters '

364 Blisters

765 Yrinkline, otherwise nerfect

87 Cracking

769 Corrosion eruntions

270 Blisters

271 Blisters

7R Checking, other-ise merfect

274 Blisters

276 Blisters

278 Corrosion eruntions

279 Blisters

386 Blisters

390 Blisters

391 Blisters

292 Checking, otherwise perfect
. 383 Perfect

394 Blisters

385 1l corrosion eruption, otherwise nerfect

297 Blisters

308 Blisters

400 Blisters

401 Blisters

404 Blisters

407 Checking, otherwise perfect

411 Blisters

413 Checlting, otherwvise nerfect

416 Blisters
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417
419
422
423
424
425
42¢
4730
471
432
437
437
445

448
447
448
449
450
451
457
458
459
460
461
463
468
489
470
z}."? 1
474
475
476
a7y
478
480
482
483
486
488
4390
421
492

TaBLE VI (continued)

Wearing, otherwise perfect
Blisters

Checking, otherwise merfect
Blisters

Blisters

Parfect

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Blisters

Corrosion eruptions
Blisters

Blisters

Blisters

Blisters

Blisters

Cracking :
Checking, otherwise verfec
Blisters

Blisters

Elisters

Blisters

Blisters

Checlting, other ise mperfect
Blisters

Blisters

Blisters

w2aring, otherwise perfect
Blisters

Blisters

Blisters

Checking, otherwise perfect
Checking, otherwise nerfect
Blisters

Blisters

Blisters

Checking, otherwise verfect
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