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ABSTRACT

A number of high-build vinyl anti-fouling shipbottom coatings,

formulated both for airless hot spray and conventional spray application,

have been evaluated in the laboratory and on service vessels. The main

objective of the investigation was to find an underwater coating system with

equivalent performance to the Maritime Forces' specified vinyl system, but one

requiring fewer coats of paint and therefore lower labor costs and a shorter

application time.

In this evaluation, the formulations for hot spray and airless

hot-spray application proved better than those formulated for high-build

application with conventional spray equipment. A four-coat system consisting

of one coat of vinyl wash primer applied by conventional spray, followed by a

high-build aluminum-vinyl primer, an intermediate high-build vinyl-aluminum

anti-corrosive coat, and a coat of 1-GP-123 vinyl cuprous oxide anti-fouling,

all applied by hot spray, achieved the required ten mil minimum total

thickness and, on the basis of the laboratory and ship trial performance, can

be considered for general use.
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INTRODUCTION

The standard aluminum vinyl system* has performed excellently on

the cathodically protected bottoms of ships of the Canadian Armed Forces. 1

Its main disadvantage has been the low dry-film thickness achieved per coat r

of paint applied, about one mil for the anti-corrosive and two to two and

one-half mils for the anti-fouling. With increasing labour costs, it is

desirable to get a greater thickness per coat in order to prevent the cost

of painting a ship's bottom from accelerating drastically. This report

describes work done in formulating and evaluating vinyl bottom paints which

can be applied in greater dry-film thickness per coat.

PAINT FORMULATION

The formulations used to produce high-build vinyl paints for

evaluation are given in Tables I and II. The high-build anti-corrosives were

formulated by the author. The experimental anti-foulings were modifications

of formulations by Ginsberg and Stevens.
2

The approach to the formulation of the high-build anti-corrosive

was based on the assumption that any such coating would adhere best when used

over a vinyl wash metal pretreatment primer (CGSB I-GP-121), the latter being

applied by conventional spray. Two basic types of anti-corrosive high-build

coatings were formulated: a prime-coat for maximum adhesion to the vinyl

wash primer, and a second coat for maximum thickness buildup.

The primer coatings (suffix 1 in identification code, see Table I),

were formulated with the vinyl resins VAGH, VAGD or combinations of these two

resins. These resins are copolymers of vinyl chloride, vinyl acetate and

vinyl alcohol. The hydroxyl groups of the vinyl alcohol enhance the adhesion

to wash primer because the latter also contains hydroxyl groups. The resin

VAGD has a lower molecular weight and yields a resin solution of lower vis-

cosity. VAGH films are stronger, but thinner than the VAGD type.

*1 coat CGSB 1-GP-121 vinyl wash primer

5 mils (min) (normally 4-5 coats) CGSB 1-GP-122 Type 3 vinyl aluminum

anti-corrosive

5 mils (min) (normally 2 coats) CGSB 1-GP-123 cuprous oxide vinyl

anti-fouling.

-h. .lJ 
' w ' '

... - ....



-2-

The second-coat anti-corrosives formulated for the greatest

thicknes, (suffix 2 in identification code), were made with vinyl resins

VYHH, VYLF or both. These resins, which are copolymers of vinyl chloride

and vinyl acetate, are similar, except that the VYLF has the lower molecular

weight. Since these resins lack hydroxyl groups, they do not adhere to wash

primer as well as coatings made from the VAGH or VAGD type. However, the

VYHH and VYLF resins have a lower viscosity for a given concentration, and

therefore can be formulated to yield films of greater dry thickness.

If one tries to apply thicker than normal coats of paint with con-
ventional air atomization equipment, two main problems arise. The first

difficulty is with delayed solvent evaporation, which can cause porosity,

and poor adhesion and cohesion. The delayed evaporation results from too

rapid surface drying or "skinning". This "skinning" problem can be minimized

by the substitution of part of the solvent mix with a higher boiling fraction.

In the case of the vinyls, part of the MIBK and toluene solvents can be re-

placed with a higher boiling fraction such as cellosolve acetate or cyclo-

hexanone.

The other main problem with applying thicker coats of paints which

have been formulated for conventional sprays, is their tendency to "run" and

"sag", which wastes paint, increases solvent retention problems, is unsightly,

and in the case of hull bottom paints, causes extra frictional drag. In-

creasing the viscosity of the paint reduces these problems.

I .
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TABLE I

Formulations for Vinyl Anti-corrosive Paint

Component Percent by Weight

1-CP-122 AH-1 CH-1 EC-1 BH-2 DH-2 FC-2Type 3
Aluminum Powder 9.05 10.20 10.75 7.42 19.43 20.62 6.70

Bentine 27 .92 .97 .79 .84

Cabosil 4.15 3.75

VAGH resin 17.90 9.25 14.60

VAGD " 9.25 19.43

VYHH " 11.06

VYLF " 11.06 23.41 22.85

Dioctyl phthalate 1.85 1.99 2.09 1.50 2.23 2.34 1.35

Butyl acetate 9.44 7.49

Cellosolve acetate 36.49 50.60 28.85 45.72

Methyl isobutyl Ketone 35.60 33.99 6.96 7.22 31.65 5.52 6.52

Toluene 35.60 30.39 13.41 7.95 20.30 10.58 7.18

Xylene 5.10 4.61

Cyclohexanone 3.58 3.16

Epichlorohydrin .13 .14 .10 .11

Methanol* .30 .32 .22 .24

V.M&P Naphtha 1.46 1.32

*Methanol contained about 5% water

4 .
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TABLE II

Formulations for Vinyl Anti-fouling Paints

CompnentPercent by Weight

1-GP-123a G H I

Bentone 27 .44

Cuprous oxide 70.28 65.30 4j.87

Kaolin 1.*79

Titanium dioxide 1.19

Carbon black 6.43

Tributyl tin 11.14 9.50
fluoride

Cabosil 1.39 1.23 1.87

VYHH resin 2.68 2.49 4.68 3.35

WWN rosin 10.50 9.75 18.64 13.10

Dioctyl phthalate 2.44 2.27 4.33 3.05

Cellosolve acetate 13.15 29.89 17.67

Methyl isobutyl 8.05 1.88 8.07 2.53
ketone

Toluene 5.61 2.07 7.09 2.78

Xylene 1.32 4.67 1.77

V M and P Naphtha .38 .85 .51
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To make a viscous paint more readily sprayable, (other than by

adding more solvent), its viscosity can be temporarily reduced by heating it

(hot spray), or by adding a thixotropic agent such as finely divIded silica

("Cabosil"). The heated or thixotropic paints gel very quickly on reaching

the surface being coated and therefore the tendency for sagging or run-

ning is much reduced.

Test Paint Application

In both the laboratory and ship trials, all the test coatings were

applied to a thickness just short of sagging on vertical surfaces. Atomizing

pressure for both the conventional and hot spray was 50-85 psig with a pot

pressure of 15-20 psig. For the hot spray, the paint was maintained at about

65*C at the outlet of the heat exchanger. In the laboratory tests, panel-to-

gun distances were maintained at 6 inches. For the ship application, gun

distance was 12 to 18 inches.

The average dry-film thicknesses achieved in the laboratory and

ship trials are listed in Tables III, IV and V.

Evaluation Procedures

In the laboratory, the high build systems were evaluated using the

"Resistance to cathodic protection requirement" of the standard "DREP

Laboratory Procedure for Qualifying Ship Bottom Coatings". 3 Under this re-

quirement, the paint system qualifies if there is no loss of adhesion, other

than blistering, within k inch of the scribe marks after immersion for 100

days in sea water at a cathodic potential of -1.0 volt vs Ag/AgC1.

In the above evaluation the anti-corrosive paint is part of a com-

plete system including an anti-fouling paint. While the actual anti-fouling

properties have to be evaluated in other ways, it is useful to have the

anti-fouling paint included so that any tendencies for intercoat blistering

or loss of adhesion between it and the anti-corrosive are shown up.
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TABLE III

AVERAGE THICKNESS PER COAT OF EXPERIMENTAL

HIGH-BUILD AND STANDARD VINY BOTTOM COATINGS .

Class Formulation Method Av Dry Film
of Thickness

Applic. Per Coat
(mils)

Anti- W01422 Type 3 Aluminum vinyl Cony. 1.0

Corrosives Standard Anticorrosive

AHI Hot 2.4

CH1 Hot 2.8

ECL Cony 1.7

BHZ Hot 4.1

DH2 Hot 5

FC2 Cony 3.2

Anti- IGP-123a Cuprous oxide standard Cony 2.3
Foulings Antifouling

IGP.123a Cuprous oxide standard Hot 5.0
Antifouling (unthinned)

G(Cuprous oxide) Cony 5.0

H (TBTF-Black) Cony 4.0

I (TBTF-Cu2O) Cony 5.9
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RESULTS

Anti-Corrosive Paints

Laboratory Trials

As can be seen in Table IV, of the three first-coat aluminum

primers (Suffix - 1) formulated for adhesion to wash primer, only the AHI

formula for hot spray, at an average thickness of 2.4 mils, consistently

passed the laboratory evaluation. The CH1 formulation failed the cathodic

protection resistance requirement in one of two tests, and also suffered

cohesion failure. The ECI formulation failed the cathodic protection

resistance requirement.

In the laboratory trials, all of the high-build second coat anti-

corrosives appeared to perform satisfactorily. However, only the BH2 formula

has been service tested.

Service Trials

Table V gives the results of the service trials. The AM1 first

coat high-build anti-corrosive performed very well in the 26 month tug trial.

In the 38 month ship trial, a coat of the conventional 1-CP-122 Type 3

aluminum pigmented vinyl anti-corrosive was used as the first coat because

of non-availability of the AH1 material. In both cases the BH2 high-build

second coat formulation worked well, with the combined anti-corrosive systems

giving equal performance to the conventional multi-coat I-GP-122 Type 3

system.

Anti-Fouling Paints

Of the three experimental anti-fouling formulations, the "H"

material with the TBTF (tributyltin fluoride) toxin can be rejected because

it did not achieve the minimum 5 mils thickness in one coat and because it

did not adhere well to the anti-corrosive. The 'G' anti-fouling formulation

failed because of the intercoat blistering from the FC2 anti-corrosive.

The "I" formulation with its combined cuprous-oxide - TBTF toxin,

maintained its integrity and adhesion, and could be considered for a ship

trial after its anti-fouling capability has been determined.

At the moment, the standard unthinned I-GP-123a vinyl anti-fouling

with its cuprous oxide toxin, appears to be the moat practical high-build



anti-fouling paint for general use. It has the advantage that it is already

in the supply system and in the unthinned condition can be sprayed with air-

less hot spray at about 5 mils per coat. While the anti-fouling properties

of the hot-applied material have not yet been confirmed, it is reasonable to

assume that they will not differ significantly from those obtained at present

with the same formula thinned and applied by conventional spray.

CONCLUSIONS

1. The experimental high-build aluminum vinyl anti-corrosive system

consisting of 1 coat of each of formulae AHI and BH2, when applied by the hot

spray technique, easily achieves the specified minimum total underwater hull

anti-corrosive thickness of 5 mils. In both laboratory and ship trials this

system has been shown to be equivalent in performance to 5 mils of the multi-

coat standard aluminum-vinyl anti-corrosive (1-GP-122 Type 3).

2. With the hot spray technique, the unthinned standard 1-GP-123a

vinyl cuprous oxide anti-fouling paint can be applied in one coat to achieve

the 5 mil minimum thickness specified for the vinyl anti-fouling for ship

bottoms.

3. Considerable savings could be achieved by the use of high-build

vinyl bottom coatings applied by hot spray. The total number of coats for a

new bottom system would be reduced from six or seven (in addition to wash

primer) for the conventional coatings and spraying techniques, to three coats

with the high-build vinyls applied by hot spray. Painting time for a ship's

bottom could be reduced to a minimum of three days from five.

RECOMMENDATION

On the basis of the above trials, a reconmended high-build system

would be:

I coat of vinyl wash primer (1-GP-121) 5 mil

1 coat of AHI aluminum vinyl A/C first coat minimum
total thickness

1 coat of BH2 aluminum vinyl A/C I

1 coat of unthinned cuprous oxide vinyl A/F 5 mil
(1-GP- 123a)J minimum

thickness
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The wash primer coat would be applied by conventional spray, the

other three coats by hot spray.

ACKWLEDGEMENTS

The author wishes to express his appreciation to J. A. Maxwell

who prepared these special paints, and W. S. House, who meticulously carried I.
out the experimental part of the evaluation and co-ordinated the service

trials. He is also grateful to the Staffs of the Naval Engineering Unit

Pacific and the Ship Repair Unit Pacific for their co-operation with the

service trials, and to the International Paint Company for supplying the

high-build vinyl for the ship trials.

REFERENCES

1. W. A. Anderton, "Aluminum Vinyl for Ships' Bottoms", J.O.C.C.A.,

53, 951, 1970.

2. T. Ginsberg and J. J. Stevens, "High Build Vinyls for Marine

Coatings", Paint and Varnish Production, 64, No.3, 1974.

3. W. A. Anderton and J. R. Brown, "Evaluation Procedure for Marine

Underwater Paint Systems", J.O.C.C.A, 49, 375, 1966

_______ a



DISTRIBUTION

Report No. DREP Materials Report 79-C

Title: High-Build Vinyl Coatings for Use on
the Cathodically Protected Bottom of
Ships

Author: W. A. Anderton

Dated: December 1979

Security Grading: Unclassified

2- DSIS Circ. CRAD
CRAD Attn: DSTOV-2

Plus Distribution 2 - CDRA (Paris)
I - DSIS Report Collection 2 - CDLS/L CDR
I - Documnt Section (microfiche) 2 - CDLS/W CDR
I - DREA I - DTA(M) BRITAIN
2 - DREA/DL 1 - DTA(L) 5 - DRIC

-DREV -DTA(A)I - Dir of Mat Res (Navy)

1 - CEN 1 - DGLEM 2 - AMTE, Sec. RN Corr. Comm.
1 - DGNEM 5 - DLMSE4 1 - Central Dockyard Lab., Portsmouth
2 - DMEM 4 - DMES 1 - DG Ships HOD Foxhill, Bath
1 - DMCS 3 - DGQA 2 - AMTE, Holton Heath, Poole
1 - DMEE 1 - NETE 1 - BDLS (Navy)

1 - DGAEM 3 - QETE UNITED STATES
9 - Documentation Center

2 - NRC Bldg Res Div suggested distribution
2 - CANNARCOM 2 - NSDRC, Annapolis
I - MARCOMHQ/COS MAT 2 - NSRDC, Carderock
3 - CANMARPAC; I-SSO/SSR I-FMG 1 - NSSC Research Directorate
4 - SRUP; 2 PRODO 1 - NRL Eng. Mat Div.
2 - CFFS Esquimalt 2 - Naval Ship Eng'ring Center,
2 - CO NEUP I-NAV ARCH Hyattsville, Md.
2 - CO SRUA Codes 6101C & 6101D
I - NEUA I - Naval Ship Eng'ring Center

Philadelphia

4 - Secretary, RAN Corrosion Committee, Navy Office
Canberra, Australia

2 - Defence Standards Laboratory, Melbourne, Australia

4 - Secretary, Royal New Zealand Navy Committee on Corrosion
and Fouling, Defence HQ, Wellington, N.Z.



I;

0



UNCLASSIFIED
Security Classificatioan

[Security classification of title, body of abstract and indexing annotation must be entered when the overall document is classified)

1. ORIGINATING ACTIVITY 2a. DOCUMENT SECURITY CLASSIFICATION
Defence Research Establishment Pacific UnclassifiedFMD Victoria, B.C. 2b. GROUP !

VOS 1-__

3. DOCUMENT TITLE
High Build Vinyl Coatings for Use on the
Cathodically Protected Bottoms of Ships. V

4. DESCRIPTIVE NOTES (Type of report and inclusive dates) I
Materials Report

5. AUTHOR(S) (Last name, first name, middle initial)

W. A. Anderton

6. DOCUMENT DATE 7a. TOTAL NO. OF PAGES I 7b. NO OF REFS

December 1979 12 3

Ba. PROJECT OR GRANT NO. 9a. ORIGINATOR'S DOCUMENT NUMBER(S)

26B01 79-C /

8b. CONTRACT NO. 9b. OTHER DOCUMENT NO(S) (Any other numbers that may be

assigned this document)

10. DISTRIBUTION STATEMENT

Qualified requesters may obtain copies of this document
from their defence documentation center.

11. SUPPLEMENTARY NOTES 12. SPONSORING ACTIVITY

CRAD-NDHQ

13. ABSTRACT A number of high-build vinyl anti-fouling shipbottom coatings, formulated

both for airless hot spray and conventional spray application, have been evaluated

in the laboratory and on service vessels. The main objective of the investigation

was to find an underwater coating system with equivalent performance to the Maritime

Forced specified vinyl system, but one requiring fewer coats of paint and therefore

lower labour costs and a shorter application time.

In this evaluation, the formulations for hot spray and airless hot-spray

application proved better than those formulated for high-build application with con-

ventional spray equipment. A four-coat system consisting of one coat of vinyl wash

primer applied by conventional spray, followed by a high-build aluminum-vinyl primer,

an intermediate high-build vinyl-aluminum anti-corrosive coat, and a coat of 1-GP-123

vinyl cuprous oxide anti-fouling, all applied by hot spray, achieved the required ten

mil minimum total thickness and, on the basis of the laboratory and ship trial per-

formance, can be considered for general use.

,ai
1SlS?@

- -.. . +. + .. , .;: a ;



UNCLASSIFIED
Seurtry C lasslfleatlon

KEY WORDS

CATHODIC PROTECTION

HIGH-BUILD

UNDERWATER COATINGS

ANTI-CDRROS IVE COATING

ANTI-FOULING COATING

VINYL

HOT AIRLESS SPRAY

INSTRUCTIONS

1. ORIGINATING ACTIVITY. Enter the name and address of the 9b. OTHER DOCUMENT NUMBER(SI: If the document has been
organization issuing the document, assigned any other document numbers (either by the orgi nator

or by the sponsor), also enter this number(s).
24. DOCUMENT SECURITY CLASSIFICATION: Enter the overall

security classification of the document including special warning 10. DISTRIBUTION STATEMENT: Enter any limitations on
terms whenever applicable, further dissemination of the document, other than those imposd

by security classification, using standard statements such as
2b. GROUP: Enter security reclassification group number. The three

groups are defined in Appendix 'M'of the DRB Security Regulations. (1) "Qualified requesters may obtain copies of this
document from their defence documentation center'"

3. DOCUMENT TITLE: Enter the complete document title in all

capital letters. Titles in all cases should be unclassified. If a (2) "Announcement and dissemination of this document
sufficiently descriptive title cannot be selected without classifi- is not authorized without prior approval from
cation, show title classification with the usual one-cap tal-letter originating activity."
abbreviation in parentheses immediately following the title.

11. SUPPLEMENTARY NOTES Use for additional explanatory
4. DESCRIPTIVE NOTES: Enter the category of document, e.g. notes.

technical report, technical note or technical letter. If appropi-
ate, enter the type of document, e.g. interim, progress. 12. SPONSORING ACTIVITY Enter the name of the departmental
summary, annual or final. Give the inclusive dates when a protect office or laboratory sponsoring the reseich and
specific reporting period is covered. development. Include address.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on or 13. ABSTRACT Enter an abstract giving a brief end factual
in the document. Enter last name, first name, middle initial, summary of the document, even though it may also apper
If military, show rank. The name of the principal author is an elsewhere in the body of the document itself. It is highly
absolute minimum requirement. desirable that the abstract of classified documents be unclassi

tied. Each paragraph of the abstract shall end with an
6. DOCUMENT DATE: Enter the date (month, year) of indication of the security classification of the information

Establishment approval for publication of the document, in the paragraph lunless the document itself is unclassifiedl
represented as ITS), (S). (CI, (R). or (U).

7s. TOTAL NUMBER OF PAGES: The total page count should
follow normal pagination procedures, i.e., enter the number The length of the abstract should be limited to 20 single-speced
of pges containing information, standard typewritten lines. 714 inches long.

7b. NUMBER OF REFERENCES: Enter the total number of 14. KEY WORDS: Key words are technically meaningful terms or
references cited in the document. short phrases that characterize a document end could be helpful

in cataloging the document. Key words should be selected so
On. PROJECT OR GRANT NUMBER: If appropriate, enter the that no security classification is required. Identifiers. such as

appllacable reseerch and development project or grant number eqipment model designation, trade name, military protect code
under which the document was written, name, geographic location, may be used as key words but will

be followed by an indication of technical context.
8b. CONTRACT NUMBER If appropriate, enter the applicable

number under which the document was written.

gl. ORIGINATOR'S DOCUMENT NUMBER(S) Enter the
official document number by which the document will be
identified and controlled by the oigintating activity. This
numb. must be unique to this document


