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PREFAI LURE EVALUATI ON TECHNI QUES
FOR MARI NE COATI NGS

FOREWORD

This report is the end product of one of the many research projects
being performed under the National Shipbuilding Research Program The program
is a cooperative, cost shared, effort between the Mritine Admnistration’s
O fice of Advanced Ship Devel opment and the shipbuilding industry. The objec-
tive, as conceived by the Ship Production Conmttee of the Society of Naval
Architects and Marine Engineers, “enphasizes inproved productivity and therefore
reduced shipbuilding costs to meet the |ower Construction Differential Subsidy
rate goals of the Merchant Marine Act of 1970.

The studies have been undertaken with this goal in mind and have
followed closely the project outline SP-2-10 as published by the SNAME Ship
Production Committee.

Ve wish to acknow edge the assistance of M. David T. Bloodgood of
Bet hl ehem Sparrow s Point Shipyard in the evaluation of proposals which resulted
in the selection of Battelle Colunbus Laboratories to do the preponderance of the
research work. The full report is in Section A The research was done under
the direction of M. L. J. Nowacki and M. Richard Dick.

The award to New York University for the Establishment of Hand Operated
Met hods for Paint Thickness Measurenents over Git Blasted Surfaces was nade as
the result of an unsolicited proposal. The report of this study which was directed
by Dr. Max Kronsteinis in Section B.

M. Wlder Mffatt, General Dynamics Quincy Shipbuilding Division, was
the Program Manager, assisted by M. George A Rudlowski, Coating Chem st.

Speci al acknow edgenent-is due also to the following for their construc-
tive criticismof the manual in its draft form

Avondal e Shi pyards, Inc.

Bath Iron Wrks Corporation

Battelle Colunbus Laboratories

Bet hl ehem Steel Corporation

Society of Naval Architects and Marine Engineers
Todd Shi pyards Corporation - Galveston Division
Todd Shipyards Corporation - Seattle Division
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PREFAI LURE EVALUATI ON TECHNI QUES
FOR MARI NE COATI NGS

EXECUTI VE SUMMARY

Two studies were made as noted in the Foreword on page 1, and the
conplete reports follow. The nunber of tests available to control quality of
product, surface preparation, application and cure are too nunerous to use
in their entirety in shipyard painting. Further, there are today very few
tests which can determine the probability of failure of a coating systemwth
any degree of reliability after application. The success of a coating system
is dependent on many things from surface condition to weather at time of
application. The only assurance of the quality of a coating system comes
from monitoring and controlling the surface preparation, paint quality and
application. A few post application tests can be nade to obtain limted
assurance that the coating system w |l perform satisfactorily. The probable
m ni mum practical tests and controls are

Surface Preparation (Abrasive blasting)

Establish requirenent based on standards such as the Steel Structures
Pai nting Council, the Swedish Surface Preparation Standards or the Society of
Naval Architects and Marine Engineers Bulletin 4-9, Abrasive Blasting Guide
for cleanliness and profile.

Establ i sh process to obtain specified standards including abrasive m x.
Test surface profile at intervals
Make sieve analysis of abrasive at intervals

(bserve surface prior to coating to identify deterioration since
preparation:

Cl eanl i ness
Rusti ng
Mbi st ure

Pai nt

Establish specifications (or obtain them from vendor) and nake
Bufficient tests to insure that product is within specifications, such as

Condition in can, viscosity, weight per gallon, non-volatile
content, drying time, flash point, fineness of grind, color,
gl oss, sagging, levelling, specific gravity, application
characteristics.



Appl i cation
Establish standards and limts and test for conpliance.
Temperature, humdity, thinning, wet filmthickness,
ventilation, equipnent condition, time between coats
appl i cation techniques.

Post APPlication

Establish standards and linits and test the applicable attributes
for conpliance.

Dry filmthickness (each coat)
Adhesi on

Abr asi on

| npact

Continuity

Col or

G oss

Wi le the above list is considered to be a reasonable mninum there
are many nore tests and controls included in the manual which mght be used to
enhance the probability of success. W leave this to the individual shipyard
to determine the extent of their program

Certain of the tests can be used best as controls which are performe
by the operators thenselves. Exanples of these are:

Surface preparation can be checked by the blaster against Kean
Tater sanpl es.

Wet filmthickness can be checked by the painter using a sinple
durable wet film thickness gage

Humidity is one of the worst enemes of good adhesion of nost paints.
The tests are sinple but are not considered to be practical of acconplishment
at the workman level. It is possible that humdity checks coul d be made at the
foreman | evel but certainly at the quality control level to determ ne whether
pai nting should proceed or not.

The remai nder of the checks |isted above shoul d be nade either by
quality control or |aboratory personnel

Al t hough many people would like to see a "little black box" which can
be hel d against a coated surface that will "tell all", such a device is not
available nor is it expected to be available at any time in the near future.

Al though after application tests can help to discover errors which can be
reworked to prevent premature failure, the nost cost effective nethod is to

apply properly conceived and controlled specifications, products and processes
t hroughout the construction period.

Ful'| discourse of the study findings and recommendations are included
in the main body of the report.



Coati ngs Departnent Personnel

Qualified technical personnel should direct the coatings Departnent.
Coatings have graduated froman art to a science and qualified coatings personnel
are required to get full utilization fromtoday's sophisticated coatigs.

Educati on Progr ans

Training prograns are desireable to devel op satisfactory operators
and to provide notivation. They should include coatings technology relatable

to the individual's involvenent in the coating program

Summary
From the shipyard' s standpoint the best way to obtain a quality coating
systemis still to:
1.  Carefully specify what is required
Do as nuch preparation and painting as possible indoors.
Carry out good application processes.

Use practical product and in process checks and controls.

Avoid preparation and painting when weather conditions are
beyond the linmts for success.

Potenti al New Tests

One new approach to testing of adhesion that shows some pronise was
devel oped during this project. This consists of applying a high pressure to a
coated surface for a period of tine and then suddenly releasing the pressure.
Further investigation would be needed to correlate this process to long term
tests and to devel op equiprment for use outside the |aboratory.

Anot her test that was explored with some degree of success uses the
attenuation decay pattern of oscilloscope signals as a neasure of coating-surface
characteristics. To make this a useful test method would require considerably
more res earth and correlation and equi pment devel oprent .
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| NTRODUCTI ON

Section A of this docunment, in four parts, "Prefailure Evaluation
Techni ques for Marine Coatings", covers specific aspects of the program
Part | discusses ship painting problens with reference to present practices
and trends for the future, as indicated by on-site visits to shipyards,
pai nt suppliers, etc. Part Il is a manual of testing procedures for appraising
quality, and performance potential of ship coatings. Part |ll describes a
literature review of methods for evaluating coatings, and Part |V describes
a laboratory study of sone new test nethod. This information was assenbl ed
for the U S. shipyards.

The objective of this program has been to define appropriate |abora-
tory tests to evaluate the probability of premature failure of ship coating
systens. This was acconplished by exploring existing coating tests and exam n-
ing the possibility of devising new tests which, in conjunction with each other,
will assure the shipbuilder whether or not premature failure of coatings or
coating systems will occur. Fromthis a test manual was prepared for use in
the shipyards and by the paint conpanies and ship owners (Part Il of this docu-
ment). It includes not only the techniques for appraising the quality of the
coating system applied in the yards, but also the techniques for appraising the
performance potential of new coating system

PH LOSOPHY OF PAI NT TESTI NG

The number of test nethods for evaluating the quality and performnce
potential of organic coatings is quite |arge because the types of coatings and
their uses are so extensive. Many of the test methods are described in Asmm
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Procedures, Government Specifications, technical publications, trade bulletins,
etc. However, there are also many unpublished tests which have been designed b
producers and users of coatings in the attenpt to obtain better unity between

| aboratory test results and the performance potential of a coating in a specifit
end use.

Tests for coatings are designed for use in maintaining quality control
and al so appraising the potential of the coating for a given end use. For qual-
ity control, it is necessary that the tests be perforned very quickly. Mre tir
is allowable for appraisal of performance potential of a new or unknown coating
but here again the search is always for quicker methods.

In some cases it is possible to performquick tests which give positiy
indication of the suitability of a coating for a given use. However, where the
end use requirement includes |ong-termperformance in a difficult environnent,
correlation with short-term |aboratory tests becones difficult

It is conmmon practice in the laboratory to design the test for greater
severity in sone key conditions so that the coating will fail in substantially
less time than in actual service. For exanple, tenperature nay be higher or
fluctuated over a wider range, W light may be nore intense or continuous, humc
ity may be higher and nore continuous, chemcals may be of higher concentrations
voltages may be higher, etc. The difficulty lies in correlating the early failtl
with actual performance because failure nechani sns may not be the sanme under the
nore severe, accelerated test conditions as they are in actual senice. To helg
solve this problem coatings of unknown perfornance are generally tested siml-
taneously with the coatings of known performance. [f the unknown performs bette
in all the accelerated tests, it is assuned to be better than the control. Ever
so, it is very unusual to place a new coating into service based solely on | ab-
oratory tests. Some field testing is nearly always perforned before adopting a
new coating

The selection of laboratory accelerated tests requires a great deal of
judgment. The inexperienced sonetinmes select tests which have little or no re-
| ationship to the end use requirenments, and disqualify a good coating on the
basis of a meaningless test; or they may over-estinmate performance potential on
the basis of good test results. Some highly experienced coatings formulators
or users of coatings may, on the other hand, have a tendency to dispute the
useful ness of any accelerated test. Nevertheless, the accelerated tests have
great value if properly selected and used

METHODOLOGY | N PREPAWT ON
OF PAINT TESTI NG MANUAL

The study of testing procedures for coatings systens fell into two
segments: (1) testing for quality control within the shipyard and (2) testing
to appraise the performance potential of a new and untried coating system



A-3

Vhile sone of the same tests may fit each category, there are also differences
in objectives and procedures which result in different requirenments for test
nethods in order to meet the objectives.

Wien testing for quality control in the shipyard, it may be assuned
that the coating system has already been selected on the basis of its known
performance. Testing is, thus, done to insure that everything is as it should
be. O necessity, only quick testing procedures can be used.

Wien testing to determne the performance potential of a new or un-
known coating, nore involved and time-consumng methods are both necessary and
al l owabl e. Measuring such properties as viscosity, weight per gallon, percent
nonvol atile, flash point, etc, while neaningful in quality control, is of little
value in predicting service life of unknown materials.

It has been necessary to rely heavily upon the existing test methods
in setting up the procedures for both quality control and prediction of service
life. However, |aboratory appraisals were made of sone new or little used
methods to help appraise their potential as new coatings evaluation procedures.

Visits were made to a number of carefully selected shipyards to dis-
cuss testing procedures for netal surfaces, coating materials, and the applied
coating system At the same time, information was obtained regarding limta-
tions inposed on coatings evaluation under shipyard conditions. Information
was al so gathered on coatings test methods by visits to the major suppliers of
marine coatings in the Wted States. The suppliers were questioned about their
qual ity control procedures and the nethods used for appraising performance poten-
tial of new coatings. They were al so asked to describe the coatings application
condi tions which should be controlled in the yards, and what tests could be used
to determine if these controls have been satisfactorily enployed. Their sugges-
tions for testing the nmetal surfaces to insure the best perfornmance potential of
the coatings were also sought.

In addition, interviews were held with recognized marine coatings ex-
perts not enployed by the yards or paint conpanies, such as Government enployees
and ship owners. They, too, were questioned about testing procedures for marine
coat i ngs.

A review of the technical literature pertaining specifically to naval
and ship coatings was included in the program This was paralleled by a survey
of methods currently being used by shipbuilders, marine architects, marine paint
suppliers, ship operators, and US. Navy installations. This survey helped to
disclose the nore significant nethods of evaluating expected service life of
ship coatings. These nmethods were then critically examined in light of the
broad experience of the project personnel in this area. Particular attention was
given to procedures that could be used for either of three purposes; (1) sur-
veillance of the evaluation of a new coating material for possible use in ship
applications, (2) the quality of applications procedures, and (3) evaluation of
the present state of deterioration of a coating in service
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DESCRI PTI ON OF PROBLEM

Some aspects of the ship paint problem appear very conplex. Problens
differ between new construction and repair situations, and the many different
areas of a ship represent totally different painting situations. In addition,

a host of factors can conplicate painting such as poor climte or weather condi-
tions, cost cutting, inadequate yard facilities, an unsuitable attitude toward
painting, and owner’s goals and attitudes not conmensurate with quality coatings.

Painting, itself, has only recently energed froman art to a science
However, not all shipyards have kept pace with this transition. The problens of
ship painting may be viewed differently from the standpoint of the three main
parties involved in new construction; the owner, the yard, and the coating Sup-
plier. Therefore, all of the know edge acquired concerning coatings technol ogy
and application nust be examned from the perspective of these three parties and
the specific problems which each of them face.

To address the problem of ship painting, it was felt that a conplete
under standi ng of present shipyard practice was an absolute necessity. This was
acconmplished by an anbitious series of on-site visits to obtain present practice
i nformation.

Wth this "present practice" foundation in hand, it was possible to
comment objectively on the roles of the ship owner, the shipyard, and the paint
supplier. These conments are ained at devel oping a nost necessary understanding
and interrelationship between these three parties so that a better end product
will result fromthis rapport.

ONSITE MISITS

An effort was made to visit nost major U S. shipyards and also obtain
a good sanpling of visits with coating suppliers, ship owners, and mscellaneous
peopl e involved in shipyard painting. Forty-two contacts were made during this
on-site visit program consisting of 16 shipyards, 13 coating suppliers, and 13
m scel | aneous contacts ranging from ship owners to organizations having a broad
interest in marine matters. A list of these contacts is given in Appendix |-A-1.
It should be fornmally noted that all persons contacted were eager to enter into
the spirit of the program and were conpletely open in offering all information
requested. This spirit of cooperation can only be interpreted as an encouraging
sign for future progress in the shipbuilding industry.
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| nformati on obtained fromthese visits fornmed the basis for the dis-
cussion of Present Practices, which follows.

PRESENT PRACTI CES

Present practices in ship painting are discussed bel ow fromthe some-
what critical viewpoint of a coatings chem st, as devel oped fromthe experiences
of on-site visits. Each part of the coating systemincluding application pro-
cedures are discussed separately.

Steel Surface Preparation

Preparation of the steel plate for painting varies considerably accord
ing to the capabilities of the yard and attitudes of the people involved. [In ne
construction, the objective is generally to blast to near-white netal. In doing
this, it is inmportant to obtain the desired blast profile, and then apply the
prime coat inmediately before the steel can rust. It is generally accepted that
there can be no conpronmise in surface treatment if the full potential of nodern
coatings is to be realized

A common practice in the yards today is to closely follow the surface
preparation with an application of primer. Automatic grit or shotblasting is
often used in front of an automatic paint spray facility. This is an attractive
approach in yards where there is much precutting and stockpiling of plate. It
is also desirable in wet climtes, especially where all storage is outside.

Anot her approach to surface preparation favored by sonme yards starts
with renoval of mill scale before the plate is stored in the yard. The light
rust layer which forms during yard storage supposedly tenpers the steel and can
be removed by an additional blasting operation after construction of subassenbli ¢

At this point, the procedure varies with climate. In wet and high humdity clim
ates, the subassenblies nmay be placed in a blast chanber where the ricocheting
action of steel shot provides the desired blast profile to all surfaces. In the

humd Qul f area, Ingalls-Litton uses a 56 x 56-foot chanmber which can acconmodat
100-ton subassenblies. On the wet, Northeast coast, General Dynamics operates a
simlar multiple abrader facility which can accormpdate 80-ton assenblies. Some
yards, such as Bethl ehem Sparrow s Point, in addition to their automatic blastin
and primng facility, have constructed closed sheds which allow manual bl asting

of some subassenblies,

However, in the balny, dry climate of the Pacific Southwest, yard per-
sonnel feel that there is no need for this elaborate engineering. Wthin the
bounds of EPA requirenments, subassenblies are sinply blasted and painted outdoor:



In some snmaller yards, materials are purchased already blasted and
shop-primed. This is a satisfactory procedure if used in combination wth
adequate attention to quality-upon-receipt and to repair of rust-danaged areas
at tine of use..

Most yards, regardl ess of size, are aware of the necessity for proper
surface preparation of the steel plate. However, in practice, few controls may
be enployed on an hour-to-hour, or even a day-to-day basis to insure that the
surface profile is within the desired range, the abrasive is within the. desired
size range, the blasting dust and residue is remved fromthe metal surface, and
the thickness of primer is within the desired range. Generally, heavy reliance
is placed on visual observations.

Wien operated properly, automotic blasting consistently produces accep-
tabl e products in both cleanness and profile. However, as previously nentioned
i nspections are often delinquent in both frequency and quality. Mnual blasting,
on the other hand, is always at the nmercy of the worker’s experience and capa-
bility, his understanding of the task, his production quota, and the yard s pro-
duction schedul e. A conmon and serious inadequacy is tine delay between bl ast
and prinma coating, which may result from circunmstances ranging from equi pnent
breakdown to |unch breaks.

Some yards use sand and are unaware of the resultant blast profile or
of the potential health hazard. Mst yards are aware of the relationship of sand
or grit size distribution to blast profile, but seldomcontrol the size range of
the abrasive. Regular sieve analysis of the abrasive would result in the control
of the blast profile. Better education and notivation of the worker could add
sone additional measure of quality control

Coatings Application

Pai nt application is often abused in the shipyard. Mst yards possess
and use nodern equipment such as airless spray. However, in some yards it is
apparent that only a few men per crew have been instructed in proper use of the
equi pment.  The bulk of the painters are interested only in obtaining the quick-
est possible coverage. Painting nay be jeopardized by a worker’s msguided con-
scientiousness in applying many tines the desired film thickness.

The average worker on a paint crew does not appear to have a thorough
understanding of how his own adjustnent of paint to spray viscosity will influ-
ence the difference between wet and dry film thicknesses. Thus, all viscosity
adj ust nent should be done in the paint shop; not by painters themselves. The
painters also |ack understanding of the proper use of nopst application equipnent,
and how to use wet and dry film thickness gages. Obviously, coating suppliers
and equi pment manufacturers should be instrunental in spearheading a continuing
education program for the man who will actually use the brush, roller, or spray
gun.



Often-heard comments regarding painters reflect the poor quality of
the avail abl e | abor pool and the low priority assigned to the painters within
the transient |abor pool. Mreover, fewmen are willing or are even capable
of working on a paint crew for an extended period of time. The obvious answers
to these charges would seemto lie in better wages to attract better quality
wor kers plus inmproved safety and working conditions to elimnate existing
heal th hazards.

Prinm ng

Agreenent seens to be universal regarding the tremendously inportant
role which priners have in quality of the coating system Responsible personnel
in many yards feel that shop primng is the best way to protect steel in the yar
and subsequently provide the basis for a high-quality coating system Qthers
feel that shop primng results in unnecessary problens centering around the
yard’ s approach to welding. [If a yard can successfully weld over a shop primner,
then little criticismis usually heard. However, some yards feel that the prim
must be blasted off the plate before welding; for exanple, before joining stiff-
eners onto plate. This situation nust be resolved by a weld-coating education
program or by adopting an effective blast just prior to painting the subassenibly

The phase of the MARAD program addressing itself to weld prinmers is
under way at another |aboratory at the tine of this witing. This study wll
undoubt edly shed nmuch light on fornulation and handling requirenments for precon-
struction primers.

Sonme yards are now applying an epoxy-pol yam de systemwhich nmeets the
new U.S. Navy Specification ML-P-24441. Comments are heard that this system
does not require a priner because the first or prime coat is formulated over the
same epoxy-pol yam de conposition. However, good practice demands that the first
coat be treated as a prinmer.

Al paint suppliers recognize the necessity of selecting a primer whic
will be conpatible with the entire paint system for exanple, with the anticorrc
sive mdcoat, and decorative or functional topcoat. Therefore, conbinations of
untried materials should never be applied in the shipyard. It generally falls
to the owner to approve the coating systemwhich will neet his needs. It is
his choice to either select an inexpensive priner for expected short-term use,
or a premum naterial for quality performance. However he is al so dependent
on the coating supplier and the yard, both for advice and proper execution of
his directives. Unfortunately, there are times when the ship owner nay appear
to be unconcerned, and the yard representatives may not take the responsibility
for a high-quality priner application.

Pai nting

Factors which affect painting quality generally overlap with previous
remarks concerning coatings application and quality control. However, one aspec
of the painting problemappears to be of serious magnitude for all yards and, tc
date, remnins unresolved. This is the need for facilities for controlled atnos-

phere painting. As noted before, the Pacific Southwest can probably be excl udec
from these remarks because of favorable climte
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There is no facility in the United States which can conduct inside
painting on a daily full production basis. Mst nmajor yards can accommodate
limted painting inside and many nmore now routinely paint in sheds.

In the personal interviews, there was al nost universal agreenent
that weather is one of the nost [imting factors in obtaining consistently high-
quality coatings on ships. The inadequacies of shed painting in a high humdity
at nosphere are obvious. Limted facilities now available for inside painting
represent only a meager effort at resolting a nmajor shipyard painting problem
No comments are necessary on the justification for not possessing facilities
for controlled-atnmosphere painting because costs of such facilities are very
high. Facilities which tolerate time delay between blasting and painting and
t hose which require outside transport between work areas cannot be considered
desirabl e.

A val uabl e study on the above nentioned problenms was performed
under The National Shipbuilding R es earth Program Its title is "Cost Effective-
nesss Study of Weather Protection for Shipbuilding Operations. *‘ It consists of
2 volunes and was published by the Todd Shipyards Corporation in April 1974. (00)

Some foreign yards are ahead of the U S. yards in providing facilities
for paintig indoors. Consequently, these yards now offer higher quality ship
painting than is attainable in some U S. yards.

Quality Control Procedures

Quality control procedures are presently as diverse as the yards who
enploy them On one hand, there are yards which perfoim essentially no quality
control testing of any part of the paint system These yards may depend upon
the ship owner or paint manufacturer to have a paint man in the yard to oversee
what ever quality control can be enployed. On the other hand, there are sone
U S. yards which are quality control conscious, and who have independent QA
(Quality Assurance ) personnel in addition to the paint crew, owner IS representative,
and paint supplier’s representative. These yards may al so have an active
| aboratory program of evaluating the various coatings offered to themto determne
their performance potential before they are even approved for use in the yard.

A maj or problemencountered in present practice is the poor inage
suffered by the paint QA man. In bad tines, he ny be one of the first men to
| eave; and anong the last to get rehired when things inprove. Usually, these
duties are then absorbed by another QA man who has no firsthand know edge of
coatings. There is an unfortunate attitude in sone yards to the effect that tine
delays and extra noney required to maintain an adequate QA force are prohibitive.
Omners have not insisted in a substantial coatings quality control programin the
yards and the paint suppliers may prefer to remain silent in this respect.

The owner should be aware of potential problems which can exist even
in situations where the QA man and paint crew work in harnony. Al nmpst without
exception, trenendous enphasis is placed on naintaining construction schedul es
If construction is behind schedule, painting usually suffers, with or without a
QA force.
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Interrel ati onship of Ship Owner-Yard-Coating SupPlier

A high-quality ship coating job is of great concern to the ship owner
construction yard, and coating supplier. The owner is concerned with the |ower-
ing of costs of ship operation by extending tinme between drydocking for paint.
The yard is concerned about overall quality of construction froma conpetitive
vi ewpoi nt. The coating supplier is also concerned about quality from a conpeti -
tive viewpoint for he wishes his coatings to be selected in preference to anot he
suppliers.

In spite of this great concern, too little attention has been paid in
the past to making the special efforts necessary to obtain the highest quality
coating job on new nerchant ships. Indeed, the three interested parties may
not even have net at the beginning of a contract to determine the type of paint
job desired or to conmonly define the role of each party involved in obtaining
t he highest quality coatings application. Meetings of this type are bound to
result in higher quality ship painting. Such neetings should result in a better
understanding of initial costs versus long-term costs, and tlie possible advan-
tages to be gained by sone increase in the initial painting costs where neces-
sary to decrease subsequent costs of maintenance.

Comments on the roles of each of these three parties, as noted bel ow,
shoul d assist in obtaining this essential bond of common understanding.

Rol e of the Ship Oaner

A prinme concern of the owner is construction of the specified vessel
by a specific date at an acceptable and specified cost. In this respect, his
i medi ate objective is to retain the proper naval architect and yard to design
and build the ship.

The owner may not be fully aware of the role of mpbdern marine coatings
in meeting his long-term objectives. Wth the larger vessels, the function of
modern protective coatings in extending periods between drydocking becomes crit-
ical and it behooves the owner to be as coatings know edgeabl e as possi bl e.

The prime requisite of the owner is to understand and plan for the in-
creased inportance of paint in ship construction. Once this is truly understood
it will be easy to comunicate this thinking to the yard. The "cost versus per-
formance" concept nust be understood, to ease the fears of both the yard and the
owner for the increased costs of performng ship painting properly in the yards.

In the initial, preconstruction neeting of the three concerned parties
it is the responsibility of the owner to define his needs to the satisfaction of
the other two parties. That is, allowances nust be made for the geography and
type of service, anticipated drydocking schedul es, and desired service life of
all coating systens.
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Retaining an owner’s paint representative in the yard who understands
the inportance of "quality coating systens of proven performance properly applied"
is essential. Conversely, it is not acceptable to retain a yard representative .
who, although an expert engineer and know edgeable in coatings, mght subordinate
painting to construction schedul es.

Sel ecting a shipyard which does not place mjor inportance on painting
is detrimental to the interests of the owner. A yard s coating technol ogist
shoul d have shutdown authority sinilar to the heads of any other construction
depart nent.

The ship owners nust becone aware of the great influence they possess
in being able to insist upon a strong coating application specification in each
contract. However, the owner must also be willing to pay for the added cost.
Enphasis must be placed on the use of coating systenms of proven service for each
ship area with no concession being made for interchanging conponents (prinmers,
anticorrosive mdcoats, topcoats). Coating systenms of proven performance which
meet the needs of the owner should be specified for all parts of the ship.

It should be noted that many specifications are drafted today which,
an paper, would meet the above criteria. However, enforcing these specifications
at the present time may be nearly inpossible. [If a "no painting under unfavorable
weat her conditions" clause is to be inserted, many yards would be unable to take
the contract unless the ship owner. is willing to accept the delays and pay the
increased costs. However, the ship owner is in an excellent position to apply
pressures for upgrading shipyard facilities to include more painting of sub-
assenbl i es indoors.

Rol e of the Shipyard

The role of the shipyard is to provide the highest quality ship coat-
ing (materials and application) comensurate with the needs of the ship owner
and the facilities and capabilities of the yard. At present, the facilities
and capabilities of the US. yards vary considerably. Sone yards have a modern
outl ook, while others have changed little in painting procedures and understand-
ing for many years.

The yards with the nmost up-to-date attitude toward ship painting have
carefully planned and executed procedures for maintaining quality control. This
includes carefully selected methods for testing the coating materials, and for
checking their application in the yard. Sone also have their own active testing
progranms designed to conpare the performance of paint systens offered to them by
the paint conpanies for the various parts of the ship. These yards nmake a great
effort to discourage ship owners from specifying paint systenms that the yard has
beenunable to qualify according to their own demanding requirements. If the
ship owner can be brought to realize the tremendous inportance of painting, it
will be expedient to maintain as efficient a paint departnment in the yard as
possi bl e.
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_ In preference to listing, shortcom ngs commly encountered in present
practice, it should be nmore nmeaningful to nention several changes which could

help to make all yards conpetitive in the future. This includes

(1) Elevation of paint department to major department status

(2) Hring of college graduate coatings technologists to
adm ni ster paint department

(3) Maintaining an on-going education programfor painters

(4) Elevation of |abor status of painters to obtain nore
capabl e personnel

(5) Provision for atlequate inspection of each phase of the
coatings operation

(6) Provision for facilities necessary to insure good coatings
t echni que t hroughout the year

(7) Maintenance of at |east a mnimumlaboratory effort,
Each of these seven points bears further elaboration.

Pai nt _Departnent Status. Pai nt departnent status nmay be the"key to
many of today's problems. Even in the circunstance where all phases of yard
painting conform to good coatings practice, a consistent premiumjob can best
be guranteed if painting is elevated to its proper status. Painting should
have status equal to other construction departnents in the yard.

Coat i ngs__Technol ogi st. Speci al technical personnel nust direct the
coatings” department. Every yard is well supplied with graduate engineers, but
graduate chemists with special coatings experience are a rare exception. How
ever, the graduate coatings chem sts are needed to effectively utilize today’s
sophi sticated coatings technol ogy, head up a quality control |aboratory, and
provide a conmon |evel for interdepartnental conmunication

Education Progranms. Educational programs are desired not only to
obtain satisfactory |abor, but are equally inportant in providing worker noti-
vation. Many conpani es have found an educational programto be highly effective
in devel oping worker notivation or incentive. The educational program shoul d
i nclude coatings technology relatable to the individual’s involvenent in the
painting program

Labor Status of Painters. The labor status of painters is a large
concern in obtaining the highest quality ship painting program Consideration
shoul d be given to special incentives to attract skilled painters, and to help
themon the job
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Quality Assurance. Met hods for quality assurance of ship painting
shoul d be defined by each individual yard. However, when the ship owner becomes
know edgeabl e concerning selection and application of materials, and the coating
supplier reinforces this information, there will be little tolerance for anything
| ess than a high-quality ship painting programin the yard. At that point in tinmne,
a coatings quality assurance program will become a necessity in all vyards.

Facility Upgrading. Facility upgrading is necessary in nany yards to
acconplish the best paint possible. The rate at which this will cone about de-
pends upon the effort expended by each yard to nodernize their painting procedures..
Today, an inportant consideration for every yard is "controlled atnosphere paint-
ing", as discussed below under Future Trends.

Lab Facilities. Laboratory facilities do not have to be elaborate
but must be sufficient to insure that all suppliers maintain strict control over
their products and not stray fromtheir Quality Conformance Tests. Paint sanples
must also be checked to insure that they have not degraded during storage and to
assure that no mstakes have been made in manufacture, labeling, thinning for
application, etc. |If qualified coatings technologists are aboard, little effort
will be required to provide for the necessary routine evaluations. However, the
more progressive yards may also prefer to carry out their own.coatings qualifi-
cation testing prograns.

I ncorporation of the above procedures into a yard s operations should
enable the yard to conpete strongly in the world shipbuilding conmunity insofar
as ship painting quality is concerned. However, it wll still be of the utnost
inportance to initially define the needs of the owner; and then work in concert
with the other two concerned parties--the ship owner and the coatings supplier

Role of the Coating Supplier

The role of the coating"supplier starts with the proper evaluation of
his materials. Test methods and conplete data, should be available to potentia
custoners.  Sales representatives should be aware of the |ong-term consequences
of over-enthusiastic enbellishments of data sheets.

At the initial meeting betmen owner, yard, and coating supplier, an
i nval uabl e service can be perforned by recommending several coating systens
which bracket the established needs of the owners. An equally invaluable service
can be made by insisting on use of the conplete system on which test data are
available in preference in recommending; for exanple, just topcoats for already-
purchased anticorrosives.

If the initial agreement allows for the supplier’s representative to
be present in the yard, he should direct his efforts toward hel ping maintain
good marine coatings practices. The conbination of the owner’s coatings repre-
sentative, the yard's QA force, and the supplier’s representative should provide
the expertise and inspection potential for near flaw ess work.
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Few yards have | aboratories capable of running even routine checks on
incoming materials. Consequently, it is presently left to the supplier to main-
tain batch-to-batch QA and even to oversee the coatings application in the yard.
The major suppliers are conscientious in this respect,, but the burden of quality
control should not be borne by the supplier alone

Initially, all three parties nust be agreed that a coating system con-
forms to the required qualification tests. Individual batch sanples should be
subnmitted to the yard along with sufficient batch data to naintain quality con-
trol. The quality control tests are discussed in Part |l of this docunent

TRENDS FOR THE FUTURE

Wthin the scope of present practice there is no universal "best way"
to approach ship painting. Today, each part of each job in each yard nust be
considered separately, and painting adapted to the existing |ocalized conditions

It is visualized that a drastic change will be acconplished by doing
al most all painting indoors in the shops where subassenblies are prepared. This
is nowa reality in sonme European yards and a worl dwi de trend appears to be
materializing in this direction. Donestic yards will probably find that they
will have to followthis trend to remain conpetitive in the quality of their
ship painting. As controlled-atnosphere painting becones commonplace, it wll
be possible to obtain maxi mum potential for any selected coating systemand a
"best way"w Il quickly follow

Al ongside this devel opment, the shipbuilding industry will see the
area of painting raised fromtoday' s role of stepchild and given major status
in the yard. Oaners and yards will recognize the extreme inportance of
"quality-tested, prem um coatings systenms which are applied properly" and the
special significance this bears to econonmics of ship operation. Recognized
coatings technologists will head the painting efforts in all yards. The inpor-
tance of their position will allowthemto act with authority simlar to the
heads of other yard departnents.

In the very near future, there may be new pressures felt from ecol o-
gi sts who advocate removal of organic solvents and "toxic" or "hazardous”
materials from all paints. Sandblasting and the amount and kind of materials
spray-released into the atnmosphere are already under attack in some areas.
Therefore, Paint materials will undoubtedly change and present application
nmethods will be nodified to accommodate thé new conpositions. Coating suppliers
and government prograns are actively seeking answers to these problems, and their
solutions will be absorbed into tomorrow s painting practices. |In any event,
these changes will be nore readily adapted if painting is done indoors.
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The performance potential of marine coatings systems has inproved
dramatically in the past couple of decades. However, inadequate application
procedures have often held them back fromrealizing their full potential.

The life of paints on nodern ships will inprove as these prem um
materials are applied under optimm conditions. This wll encourage regula-
tory bodies to further extend times between drydockings for inspection and
repair, and thereby provide the economic justification for these changes.
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LIST OF ONSITE VISITS

Shi pyar ds
Avondal e Shi pyards, Inc.
New Ol eans, Louisiana

Bet hl ehem Shi pbui | di ng
Hoboken Yard
Hoboken, New Jersey

Bet hl ehem Sparrow s Poi nt
Sparrow s Point, Mryland

Shi pyar d

Her Majesty’ s Dockyard
Esquimalt, British Col unbia
Canada

Ingalls-Litton Shipyard
Pascogoul a, M ssi ssippi

Lockheed Shipbuil ding

Seattle, Washington
Harbor Island Facility
West Bank Facility
West Bank Repair Yard
Mare |sland Naval Shipyard
Vallejo, California
National Steel and Shipbuilding Conpany
San Diego, California

Per sonnel Cont act ed

Wyne Snyt he
Coat i ngs Coor di nat or

John Marra of Sea-Land Service, Inc.

David Bl oodgood

LCDR Ceci |
Arthur |ves

Baker

Ben S. Fultz, Coatings Manager

Neal Dickens, Paint Cheni st

G Al exander, QA

R Zitner, Chief, Engineering

C. L. Rector, Paint Superintendent

Russell.1 J. Cook, Asst. to Pres.
D. O Macduff, WMaterials Chief

Ral ph Smith, Director, QA

Paul Wentink, Chief Wld Engineer
David F. Smth, Industrial Prods. Div.
A. O Anderson

Robert Forbell, Manager

John Saroyan, Head, Paint Lab

Jesse Neal, Ship Eval uations and
Speci fications Section

Hang Deer, Head, Dev. Section

Matt Fountain, Head, Research Section

J. J. MQuaide, Plant Manager
H C "hoc" Castle, Painting and
Sandbl asting Superintendent

B. MIler, Health and Safety Advisor
C. Mlton, Engineer
R Law, Chief, QA



Shi pyar ds

Newport News Shi pbuil ding and Drydock
Conpany
Newport News, Virginia

Nor f ol k Shi pbui | di ng and Drydock Conpany
Norfolk, Virginia

Puget Sound Naval Shipyard
Bremerton, WAshington

Todd Shi pyards Corporation
Gal veston Divi sion
Gal veston, Texas

Todd Shi pyards Corporation
Los Angel es Division
San Pedro, California

Todd Shi pyards Corporation
Seattle Division
Seattle, Washington

Pai nt Conpani es

Amer on
Corrosi on Control
Brea, California

Di vi si on

Car bol i ne Corporation
St. Louis, Mssouri

Devoe & Reynol ds
Division of Celanese
Newar k, New Jersey

Du Pent Conpany
Phi | adel phia, Pennsylvani a

Enjay Specialties Lab
Houst on, Texas

2

Per sonnel Cont act ed

W I liam Briggs, Mrine Coatings

Speci al i st

J. R Herndon

R Mknight, QA Division
W Wlson, QA Division
J. Potter, Supt., Paint Departnent

Ral ph Ansel m, General Manager
Roy Reilly, Paint Foreman

Frank Coss, Asst. Paint Forenman
Tony Conde, Sal es Representative

Herb Chatterton, Chief Engineer
Bill Lester, Chief Engineer, Wlding

Robert L. Smith, Paint Superintendent

Per sonnel Cont act ed

Di rector of
Devel opnent

Daniel H Gelfer,
Research and Conmer ci al

John Montle, Director of Research
Daniel R Leritz, Testing Departnment
John D. Wte, Research Director

Monro Wl ley, Research Chem st

A, Sprout, National Product Manager,
Transportation Finishes

R S. Heisler, Tech. Serv. Rep.,
Transportation Finishes

Dr. Ron Beers

Dr. E Curtis

E. F. Goup, Jr.



Pai nt__Conpani es
Cont i nued

Pai nt
New Jersey

[ nt ernati onal
Uni on,

Conmpany

[ nternational Paint

Company
South San Franci sco,

California

Mobay Chemi cal
Pittsburgh, Pennsylvania

Mobi | Chemi cal
Edi son, New Jersey

PPG | ndustries
Pittsburgh, Pennsylvania

PPG I ndustries
Houst on, Texas

Porter Coatings
Division of Porter Paint
Eneryville, California

Conmpany

St andard Pai nt
Har vey,

and Varni sh Conpany
Loui si ana

Todd Chem cal s,
Seattl e,

I nc.
Washi ngt on

Per sonnel Cont act ed

James M Drubel,
Robert W/ ki nson,
Howar d Ri char dson,

Pl ant Manager
Resear ch
Mar ket i ng

G ant Johnson, Exec. Vice Pres.

Charl es Hi xenbaugh, Marine Coatings

Herb Barry, Goup Leader,
Mai nt enance & Marine Laboratory

WIliam Ravenda

Gil Repko

John B. Heynes, Technical Director
Dwi ght Col e, Field Service Engineer
Pat Lilley, Marine Coating Sales

Fred C. Kinsler,
\Wyne Snyt he,

Techni cal Director
Coat i ngs Coor di nat or

Jutson Todd
Verne Todd



M scel | aneous

Def ence Research

Establ i shment Pacific

Her Maj esty’ s Canadi an
Dockyard

Esquimalt, B. C., Canada

LI oyd’ s Regi ster of Shipping

Lockheed Cceanics Division
San Diego, California

LTV Advanced Technol ogy
Cent er
Dal | as, Texas

Ni ckum and Spaul di ng
Seattle, Washington

Nom cos Shi ppi ng

London, Engl and

(contact in Todd Gal veston
yar d)

R W Little Conpany
San Diego, California

Scripps Institution of
Oceanogr aphy
La Jolla, California

Sea-Land Service, Inc.

Standard Q1 Conpany
of California
Ri chmond, California

U S. Naval Gvil Engi-
neering Laboratory

Materials Science Division
Port Huenenme, California

U S. Navy Devel opment and
Training Center

Materials Yard

San Diego, California

Zapata O fshore/Zapata Marine
Houston, Texas

| -A-4

Associ ation

Research Laboratory

Mari ne Assurance

Al l'i ed Shipbuilding
Probl ens

General Marine |nterest

Ship Omer’s Repre-
sentative

Shi p Oaner

Surface Preparation
(sandbl ast i ng)

CGeneral Cceanographic
Interests

Shi p Owner

Shi p Owner

Mari ne Coati ngs

General Marine

Ship and O fshore
Drilling Rig Oaner

Per sonnel Cont act ed

Ral ph Barer, Section
Head

W Art Anderton

Richard Sewel |

Jack Carson

C O Smth

Pet er Benson

Dr. F. W Fenter

Merlin L. Needles
Marine Surveyor

Kei th Earvey
Private Consul t ant

R W Little

Prof. Dennis Fox

John Marra

Joel E. Davis
Material s Technol ogi st
Coatings Speciali st

Dr. Robert L. Al unbauc
Seni or Project Scient

Dr. David Bruce
Marine Coatings
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PREFATLURE EVALUATI ON TECHNI QUES
FOR MARI NE COATI NGS

PART Il - MANUAL OF TESTI NG PROCEDURES
FOR MARI NE COATI NGS

SEGQVENT | - TESTING FOR QUALITY CONTROL
N _THE SHI PYARDS

Quality control tests are desirable for each part of each finishing
system for each area of the ship. The parts of the finishing systems are netal
surface preparation, anticorrosive coatings, other internediate coatings and
topcoats (including antifouling paints). Mreover, such factors as intercoat
adhesi on and coatings application ‘technique are extrenely inportant to perfor-
mance of the paint systemand are, thus, considered a part of the system It
is desirable to measure netal surface contour (after blasting) and cleanliness
(detection of rust, scale, blasting residue, and other soil). Measurenent of
the anount of moisture on the surface is also inportant for some coatings.

For quality control of coatings materials, it is desirable to neasure
such properties as flow characteristics (viscosity or rheology), weight per
gallon, nonvolatile content, drying tine, flash point, (pignment dispersion)
fineness of grind, color, gloss, and others.

To measure quality of coatings application, it is desirable to apply
appropriate tests to the painted parts of the ship (bottom boottop, topside
decks, l|adders, bulkheads, etc). It is also desirable to neasure coating thick-
ness, continuity, adhesion, and other properties relatable to the performnce
requirements for these various areas. However, procedures enployed nmust fit
within the realm of practicability. Quality control testing procedures nust be
acconplishable in short time, and be capable of perfornmance in the shipyard.

Wiile it mght be desirable to standardize quality control procedures
inall the yards, it is highly unlikely that this could be acconplished. |nstead,
each yard nust decide what nethods of quality control can be best enployed to
fill its individual needs. This manual is offered as a guide to the yards in
establishing their quality control procedures.

It must be reiterated that quick, quality-control test procedures are
not adequate for appraising the performance potential of a new or unknown coat-
ing. Mre extensive, and longer-termtesting is necessary to qualify a coating

for use, as described in Segment 2 of this manual. Quality control testing (as
described in Segnent 1) is done to assure that the coating materials used in the

yard are up to standard, and that steps in the coatings application are done
properly.



Metal Surface Condition - Quality Control

Testing methods nmust assure that the metal surface preparation is up
to the desired, or specified quality. It is well recognized by corrosion and
coatings experts that proper nmetal surface preparation is critical to marine
coatings performance. Best results are obtained when the netal surface is com
pletely clean, and free of scale, rust, and soil. The suitability of |esser
preparation for any given coating system nust be established through experience
gained in actual use of the coating system or by enploying carefully selected,
long-term | aboratory testing.

Wthin the shipyard, visual inspection of the blasted surface by a
hi ghl y- experi enced corrosion-control, or coatings expert is probably the best
nmet hod of quality control on a frequent basis. However, his visual inspection
shoul d be supported by pictorial standards, and instrumental measurenent of
surface contour, as discussed in Method 1-1 (Appendix I1-A). Qut in the yard,
it will be expedient to use the Keane-Tator Conparator described in Method 1-1.
In the shop, a nore accurate measurenent of surface contour can be obtained
using the Profilometer or Talysurf instrunents described in Method 1-1.

The surface roughness should be neasured on a frequent basis to con-
trol the blasting operation; and maintain roughness within the specified range
for the coating systemin use. Excessive roughness is difficult to cover and
may actually produce voids or pinholes in the coating.

Quality of the surface preparation can also be naintained (once the
desired procedure has been established) by controlling the blasting operation
to assure that everything is done uniformy at all times. This is especially
applicable with automatic machine blasting in the shop. Careful control nust
be maintai ned over the kind and size of abrasive used, blasting speed, and al
other conditions of the blasting operation

Pictorial standards for steel surface preparation have been prepared
by the Swedish IVA Corrosion Committee, and jointly approved by SSPC (Steel
Structures Painting Council), ASTM (American Society for Testing and Materials),
and the Swedi sh Standards Association. Oher standards are "SNAME" Abrasive

Bl asting Guide for Aged or Coated Steel Surfaces. (See Method 1-2 in Appendix'l|

Wienever questions exist about the suitability of weather conditions
for painting, measurements should be made of relative humdity in the area using
a hygrometer. Calcul ations should then be made of the dew point using the pro-
cedure described in Method 1-3 (Appendix [1-Al). The tenperature of the neta
surface should be neasured using a sinple dial thernometer. |f the metal tem
perature is within a few degrees of the dew point, it will be advisable to halt
the painting. A nore detailed discussion of weather suitability for painting
is also given in Method 1-3 (Appendix I1-Al).
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Coating Materials - Quality Contro

The quality control testing of coating materials should be sufficient
to insure that the materials are of the specified (or usual) standard, that the
correct materials have been received, and that no mstakes have been made by the
coatings supplier during manufactures packaging, or labeling. By this quality
assurance testing, the yard can determine if the coating is likely to perform
the sanme as it has in the past.

The testing should al so include exam nation of the materials when
ready for application.. This should be done to insure that the naterials are
still up to standard, and have not changed during long storage. The tests
shoul d al so show whether or not the materials have been properly stirred
thinned, and otherw se prepared for application.

The test methods discussed bel ow are useful in quality assurance of
coating materials. However, each of the properties of the coating as nmeasured
by the tests nust have been previously defined for a batch of coating which was
proven to be suitable for its intended service. Proving the coating for service
involves long-termtesting, as described in Segnment 2 of this manual.

The following tests as described in Appendix Il1-A2 are suggested for
wet sanples of coating materials for quality control
1) Wt Paint Sampling - Method 2-1 (Appendix |Z-A2)
2) Condition in Container - Method 2-2
3) Weight per Gallon - Method 2-3
Viscosity (Consistency) - Method 2-4
) Fineness of Gind (Pignent Dispersion) - Method 2-5
Flash Point - Method 2-6
Reducibility and Dilution Stability - Method 2-7
Drying (or Cure) Tine - Method 2-8
Pot Life (Catalyzed Materials) - Method 2-9
( 0) Application Characteristics - Method 2-10
(11) Nonvol atile Content (by weight) - Method 2-11
(12) Pignent and Filler Content (by weight) - Method 2-12
Quality control of solvents nmay be naintained by running the followng
tests:
0 Flash Point - Method 2-15 (Appendix Il A-2)
O Conpatibility with Coating Material - Method 2-7



O Distillation Range - Method 2-16
0 Evaporation Rate - Method 2-17
0 Specific Gavity - Method 2-18
0 Refractive Index - Method 2-19

Toxicity of the coating materials and reducing solvents is of vita
concern to the shipyard. However, toxicity of these materials cannot be readily
deternined by the yard; therefore, manufacturers’ certification statenents regar«
ing toxicity should be requested for each material used in the yard.

The wet coating material should be reduced as indicated by the supplie
and spray-applied to test panels using Method 6-1 (Appendix 11-A6). The dried

or cured, coating should be given the follow ng tests as described in Appendix
11-A3

(1) color - Method 3-1

(2) doss - Method 3-2 (where applicable)
(3) Hardness - Method 3-3

(4)

Appearance - Must appear sinmilar to same kind of coating

from a previously acceptable batch. Standard panels
shoul d be retained for this purpose.

The tests acttilly selected fromthe above list for checking quality
of a given coating will depend upon the kind of coating being exam ned and ot her
factors, such as the need to settle dispute. For exanple, tests for color and
gloss may be elimnated for primers or undercoats because these are appearance
factors which are uninportant in this type of material. However, judgnents
based on experience are necessary because even here a large difference in color
or gloss could indicate error in batch preparation

Since the coating manufacturers nornally do not check nonvolatile con-
tent, pigment content, and percent binder on all their batches of marine coatings
the yard may also prefer to skip these neasurenments. However, whenever there ar¢
any questions regarding material quality, these tests are very hel pful as addi-
tional checks. Therefore, it is necessary to establish values in these tests
for each marine coating that is approved for use in the yard so that subsequent

bat ches can be checked for conparison as a quality control procedure whenever
desired.

The minimumlist of tests for any wet sanple of marine coating materia
used in the yard should include the follow ng:

(1) Condition in can - Method 2-2
(2) Weight per gallon - Method 2-3
(3) Viscosity - Method 2-4
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Drying tine - Method 2-8

Application characteristics - Mthod 2-10
Flash point - Method 2-6

Har dness of applied coating - Method 3-3

Appear ance of dried coating Py a visual inspection
(conpared to a standard retained panel).

—~ N A~ /S
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Qoviously, using nore tests on a marine paint results in a higher
degree of quality control, and less chance for an error in materials which
could inpair performance. Excessive testing, on the other hand, adds to costs.

Coatings Application - Quality Control

Proper application is extrenely inportant to the performance of a coat-
ing system However, this is an area where sinple testing cannot be enpl oyed
sufficiently to assure coatings performance. Heavy reliance nust be placed on
good practices, which generally depend upon experience, judgnment, and conscien-
tiousness, rather than testing after the fact. Scne tests, such as wet film
t hi ckness measurenents, Method 3-4 (Appendix I1-A3), canbe used to very good
advantage, and are a nust in quality control during coatings application.

Tests can al so be enployed to determine if materials have been m xed
and thinned properly. Weight per gallon and viscosity of the material as ready
for spray will help in this respect. Methods for measuring these properties
have al ready been nentioned and are described in Appendixll|-A2. However, poor
equi prent mai nt enance, dry spraying, inproper overcoating (either too soon or
too long after the previous coat), and other poor practices are not controllable
by testing after the fact.

| nproper scaffolding and poor lighting can result in poor coatings
application with perhaps wide variations in thickness fromarea to area. Wile
thi ckness variations can be neasured, the damaging effects of the poor applica-
tion may be inpractical or inpossible to correct afterward. Consequently, it
cannot be stressed too strongly that coatings application be carefully supervised
by trained coatings technologists. The actual application should be carried out

by skilled applicators who are properly trained in spray application and mainte-
nance of equipment.

Awareness by all concerned that painting is an extremely inportant Part
of ship construction is Paramount to good painting Practices. The quality of the

paint job has great bearing on future maintenance costs, and does effect the ef-
ficiency of ship operation.




The Applied (Finished) Coating System

Some of those interested in ship painting have suggested fromtine to
time that the great need is for a "black box" test which can be quickly applied
to the finished paint system ldeally, the test would indicate inmediately
whet her or not the paint systemis up to quality, and will perform as expected.

No "black box" test exists for neasuring imrediately the performance
potential of an applied coating system Even gross deficiencies in procedures,
such as application over a poorly prepared surface, can be very difficult to spot
with existing test nethods. None of the coatings specialists interviewed during
this program coul d suggest an approach to the devel opment of a "black box" test.

It is interesting to consider the possible advantages to be gained if
a suitable "black box" test could be realized. The advantages would seemto lie
in the area of fixing blane. Determning after the fact that the applied paint
is not up to quality will do nothing to change the quality of that paint unless
the paint is removed and the area repainted. Consequently, it is apparent that
the control be enployed earlier if the quality of the paint systemis to be
assured.

Wet filmthickness measurenments nade frequently while the paintin% is
in progress can be very helpful in quality control. Methods for neasuring both
wet and dry film thickness are given in Method 3-4 in Appendix |1-A3. By noni-
toring wet filmthickness, adjustnents in application conditions can be made to
correct any deviations fromthe desired thickness. Obviously, the standard for
any given coating must have been established previously by |aboratory eval uations
or prior experience gained fromactual usage of the paint on ships. GCenerally,
the coatings manufacturer has predetermned the amount of dry coating needed,

and has specified the mninmumthicknesses acceptable. Thus, it is necessary
only to relate wet filmto dry filmthickness for the given naterial

Dry filmthickness neasurements are useful in determning if the job
has been done correctly. The nethods for measuring wet and dry filmthickness
are described in Appehdix II-A3.

However, dry filmthickness measurenents nmade |ong after the painting
is done suffer fromthe same deficiency as the "black box" test. Paint thick-
ness neasurenments nmust be made at frequent intervals while the painting is in
progress so that adjustnents can be made as the work proceeds. The neasurenent
of inadequate thickness after the job is finished is helpful only if another
coat of paint can be worked into the construction schedule. Even then, it may
not be possible to make amends if intercoat adhesion is inpaired by overcoating
a material which has cured too long to obtain a good bond between coats. If
this condition exists, it is wise to use a light "brush blast" before overcoat -

ing.
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SEGMENT 2 - TESTING TO PREDI CT PERFORMANCE OF NEW
COATI NGS_OR _COATI NGS _OF UNKNOAN _POTENTI AL

New and unproven coating systems need to be tested to (1) determne
their adaptability to shipyard methods and conditions, and (2) predict their
serviceability in the intended use.

Tests are needed to rel ate measurabl e properties of coating materials
to their suitability for application in the yards. It is necessary to consider
such properties as viscosity (for spray, roll, or brush application) and rheol ogy-
solids relationships for filmbuild without sagging. Qher factors to consider
include flash points, toxicity, hiding, color, etc. Like quality control tests,
the nethods used to determine suitability of a coating for shipyard application
conditions should be quick and relatively sinple.

The prediction of service life from short-term |aboratory tests pre-
sents the nost difficult part of the coating evaluation program

The present state of the art indicates that the use of controlled ac-
celerated nethods to acconplish failure can give valuable information regarding
the durability of coating filns. However, the data so obtained should be used
as gui deposts, and the results should be confirmed by actual exposure to the
expected service conditions.

Coatings film failure can be of four general types; (1) chenmical, (2)
physical, (3) nmechanical, or (4) electrical. Frequently, the deterioration is
a combination of two or nore of these general types. Interrelations are such
that synergism often occurs, giving increased failure beyond that normally
expect ed.

The relative inmportance of the different nethods of failure is depen-
dent upon the specific use of the paint. For exanple, autonotive finishes nust
retain good appearance, whereas ship paints nust maintain protection. In fact
in certain applications, such as antifouling paints, a controlled sloughing is
frequently desired in order to expose fresh surfaces that are toxic or discour-
aging to marine organisms; and devel opment of poor appearance in these paints
is of little consequence

Recent research studies in the field of organic coating deterioration
have been in the direction of analyzing data using the Arrhenius relationshinp,
which says that a deteriorating force has an exponential relationship to the
rate of deterioration. This is true where only one force and only one failure
pattern is involved.

This means that, if one can isolate a single force, and nunerically
designate the rate of failure, a log plot of tinme versus force can allow a
graphical prediction of service life for that particular force. However, when
more than one force, or more than one failure node occurs, the problem becones
conplex and the log relationship is no longer linear. It is, therefore,
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apparent that heavy reliance will need to be placed on eval uation procedures
al ready available, and which have a denonstrated utility. This does not nean,
however, that new techniques are to be ignored. Actually, |aboratory methods
geared to the use of any new technique which has the potential of shortening
the evaluation time are to be encouraged.

The coatings nmanufacturer perfornms |aboratory and field testing to
prove his new naterials suitable for intended service. This is a critical part
of his coatings formulation program Sone fleet operators may al so perform
their own testing of new and untried coatings offered to them by the paint
companies. Certainly, their actual experiences with marine coatings on ships
shoul d be used advantageously in future selection of coating systens.

Those yards which wish to maintain the very highest standards of coat-
ings performance will also wish to do their own testing to determ ne which coat-
ings shall be approved for use in the yard. Wile doing this, they will estab-
lish the values for the properties of the coating, which will be neasured in the
quick quality control tests on each subsequent batch of coating. These tests
must be designed to fit the individual needs and requirenents of coatings for
each part of the ship.

Quick. Prelimnary Testing to Predict Perfornmance
of New and Unproven Coatings.

Yard testing of a new and unproven coating should first take account
of the quick tests that can be used to determ ne adaptability of the materia
to shipyard nethods and conditions. These tests may include the follow ng:

(1) Application Characteristics - Mthod 2-10
(Appendi x I1-A2)

(2) Drying or Curing Time - Method 2-8
(3) Flash Point - Method 2-6
(4) Toxicity (certification supplied by nmanufacturer).

Procedures to be used in performng these tests were di scussed prev-
iously under "Coating Materials Quality Control". Because toxicity tests are
difficult to perform the yard will probably rely on assurance given by the
manuf act urer.

It is also wise to test each new coating carefully to determine if it
meets the specifications established by the manufacturer, The same quick tests
di scussed in Segment 1 (for quality control) are applicable. [If the sanple sup-
plied does not neet the manufacturer’s own specifications, there is little point
in subjecting it to long-termtesting to determne its performance potential.



From the above discussions, it is obvious that the first step in test-

ing any marine coating for purposes of predicting its performance potential is
to subject it to quick tests simlar to those used in quality control. suffi-
cient tests should be used to insure that the coating neets the specifications

supplied by its nanufacturers gwernment specifications where applicable, or
standards supplied by the ship owner. The following list of tests is applicable:

1) Weight per gallon - Method 2-3 (Appendix 11-A2)
2) Viscosity - Method 2-4

3) Fineness of Gind - Mthod 2-5

4) Flash Point - Method 2-6 .

5 Condition in Container - Mthod 2-2

6) Drying or Curing Tine - Method 2-8

7) Pot Life (if applicable) - Method 2-9

8) Application Characteristics - Method 2-10
9) Nonvolatile Content - Method 2-11

( 0) Pigment and Filler Content- Method 2-12
1) Reducibility - Method 2-7

(12) Color and Goss of Dried Coating (where applicable)
Met hods 3-1 and 3-2

(13) Hardness of Coating Film - Method 3-3
(14) Storage Stability - Method 6-6 (Appendix II-A6)

Environnental Sinulation Testing
to Predict Performance of New Coatings

Laboratory testing of new coatings in order to predict performance in
actual service requires the use of test conditions which sinulate some of the
nost inportant features of in-service conditions. It is not possible to incor-
porate all environnental factors into the laboratory testing of marine coatings.
Many of the tests used are not as severe as actual service conditions. At the
same the, there is an obvious desire to obtain results as quickly as possible.
Therefore, some test conditions may be added which are actually foreign to the
in-service use. For exanple, sone conpanies use hot-water inmersion as a screen-
ing test for bottom and boottop paints; or topside paints may be tested by con-
tinuous imersion which is not an actual in-service condition.

\What ever procedure is used for testing a new coating, it is nost inpor-
tant to test it alongside a coating of known performance. Only by conparison of
performance of the new coatings with known coatings is it Possible to nake nean-
ingful _extrapolation of |aboratory results to in-service Perfornance.
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Preconstructi on Priners

Ordinarily, prinmers should be evaluated as a part of the paint systems
for which they are designed. The evaluation of paint systens for various parts
of a ship are described el sewhere. However, for preconstruction priners, an
addi tional procedure is necessary. The preconstruction primer needs also to be
evaluated for its own protective nmerits, and its suitability for overpainting
after prolonged outdoor exposure. [t nust also be tested to determine its

effect on welding.

The priner-first needs to be evaluated for application properties com
nmensurate with shipyard use. The following tests should be nade

(1) Viscosity and/or Flow- Method 2-4 (Appendix I1-A2)

(2) Spraying Characteristics - Mthod 2-10

(3) Drying Time - Method 2-8

(4) Flash Point - Method 2-6

(5) Toxicity (certification should be supplied by manufacturer).

Qther tests are desirable to deternine if the primer sanples supplied
are inline with the manufacturer’s specifications. These tests should include

(1) Weight per gallon - Method 2-3
(2) Percent Nonvolatile - Method 2-11

Still another test is highly inportant for preconstruction prinmers.
This is a test for weldability - Mthod 3-8 (Appendix I1I-A3)

If the above tests are satisfactory, the primer should then be sub-
jected to the long-termtesting necessary to deternmine its performance potentia
This should include storage stability - Method 6-6 (Appendix I1-A6). The prine
shoul d al so be applied to steel test specinmens prepared as described in Method
6-1 (Appendix II1-A6). After drying for at |east the minimumtime specified by
the supplier, prinmer panels should be overcoated with each of the marine paint

systems of interest to the shipyard (for all the parts of the ship). Each of
these marine paint systems should then be subjected to the tests available for
paints for that part of the ship, as described el sewhere in this nanual.

Anot her set of prined panels (not painted) should be tested as
follows:

Qut door Exposure - Method 4-1 (Appendix |1-A4)

This can be done on exposure racks suitably located within the yard or at other
appropriate marine exposure sites. The panels should be exposed for a m nimum
of 6 months, or if time permts, for the maximumtime that primed steel may be
exposed in the yard before painting. These panels should then be overcoated
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with the various marine paint systemof interest to the yard. This is to simu-
Late conditions wherein only the primer protects the plate during ship construc-
tion and before the various marine coatings are applied.

Bef ore overcoating, the prinmed panels should be examined as follows:

Corrosion Resistance - Method 5-1 (Appendix I1-AS)
Adhesion - Method 3-5 (Appendix I1-A3)
General Appearance - Method 5-3 (Appendix |1-A5)

After overcoating, the specimens should be subjected to the tests appro-
priate for the particular part of the ship for which the coating systemis designed.

These nethods are described el sewhere in this nanual.

An accel erated evaluation of the primers may be desirable for screening
a large nunber of candidates to a workable nunber for the longer-term sinulated
service testing. Tests useful for this purpose are

(1) Salt Fog Testing - Method 4-3 (Appendix I|1-Ad)

(2) Ceveland Condensing Cabinet - Method 4-5

(3) Accelerated Wathering - Wather-Onmeter - Method 4-2.

The panels subjected to the above tests should be examined at the inter-
vals indicated for each test method. They should be exami ned for corrosion resis-

tance, adhesion, and general appearance using the nethods |isted above for panels
expresed outdoors.

Exterior Hull Coatings--Underwater

Each coating nmaterial that nakes up the underwater hull coating system
should first be evaluated for application properties commensurate wth shipyard
use. The followi ng tests shoul d-be used:

) Spraying Characteristics - Method 2-10 (Appendix I1I-A2)

) Drying Tine - Method 2-8

) Flash Point - Method 2-6

) Toxicity (certification should” be supplied by manufacturer).

(1
(2
(3
(4

O her tests are desirable to determne if the coating sanples supplied
are in line with the manufacturer’s specifications. These tests should include

(1) Viscosity - Method 2-4
(2) Weight per gallon - Method 2-3
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(3) Percent Nonvolatile - Method 2-11

(4) Color - Mthod 3-1 (Appendix II-A3)

(5) doss - Method 3-2

(6) Fineness of Gind (pigment dispersion) - Mthod 2-5

If the above tests are satisfactory, the coatings should be exam ned
for storage stability according to Method 6-6 (Appendix I1-A6). The coating
shoul d al so be applied to test panels according to the manufacturer’s instruc-
tions regarding coating thickness, number of coats, drying tine between coats,
etc. A guide for preparation of test panels is given in Method 6-1 (Appendix
['1-A6) .

titer drying the final coat for the specified time, the coating systen
(on test panels) nmay be subjected to |aboratory testing for convenience. Again,
the new coating of unknown perfornmance potential should be teseed al ongside a
control coating systemof known performance. The follow ng |abora~ory tests are
appl i cabl e:

(1) Hardness - Method 3-3 (Appendix 11-A3)

(2) Abrasion Resistance - Method 3-7

(3) Adhesion - Method 3-5

(4) Sinulated Seawater |mmersion - Method 4-7 (Appendix I1-Ad)
(5) develand Condensing Cabinet - Mthad 4-5

(6) Salt Fog Testing - Method 4-3.

Qther laboratory tests may be added to this |ist to obtain more com
pari sons of coatings performance. These additional tests will add to the
reliability of the performance conparisons between the new coatings and a con-
trol coating of known performnce:

"(7) Cyclic Testing O eveland Condensing Cabinet and
Freezing - Method 4-6

(8) Spinning Disk - Seawater - Sand SlurrY - Method 415
The panels fromthe i mersion shoul d be exam ned periodically accord-

ing to the schedule indicated for the test method. The follow ng observations
shoul d be nade (as described in the Appendices):

(1) Corrosion Resistance - Method 5-1 (Appendix II-AS)
(2) Adhesion - Method 3-5 (Appendix 11-A3)

(3] Hardness - Method 3-3 (usually only at end of test)
(4) General Appearance - Method 5-3 (Appendix 11-A5)
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Wi le the above tests are useful in predicting service life of a new
coating, the tests only approximte actual service on ship bottons. Moreover,
they give no indication of fouling resistance of the bottom coating system
Therefore, the yard may prefer to go inmediately to imersion test; in; actual
seawater. The following tests are useful in this respect:

(1) Seawater Immersion Raft Tests - Method 4-8 (Appendix I1-Ad)
(2) Test Panels on Rotor Apparatus - Method 4-10

(3) Synthetic Seawater |mmersion of Panels in a Hydrodynanic
Doubl e Chanbered Tank - Method 4-11

(4) Test Panels Attached to Ship Hull - Method4-13
(5) Patch Tests on Ship - Method 4-12.

Agai n, the panels or patches should be exam ned periodically as de-
scri bed above. However, fouling by nmarine organisns is to-be added to the |ist
of exam nations. Rating of fouling accunulation is discussed in Test Method
6-10 of Appendix I1I-A6.

Coating to be used in conjunction with cathodic protection should al so
be eval uated according to Test Method 4-15 in Appendix I1-A4.

Coating to be used for the boottop area should follow the same eval ua-
tion procedure described above with the follow ng exceptions:

(1) Accelerated Weathering - Method 4-2 (Appendix |I-A4)
should be added to the |aboratory tests--or Method 4-4
whi ch cycles panels fromthe Wather-Oreter to Salt Fog.

(2) Panels imersed in seawater should be tested according
to Method 4-9, Discontinuous Seawater |nmmersion, wherein
they are removed periodically fromthe water and exposed
to sunlight for a few days, and returned to the seawater.

Exterior Hull Coatings - Topside and Deck Coatings

Each coating material that nakes up the topside paint system(or is to
be used on decks) should first be evaluated for application properties conmensu-
rate with shipyard use. The follow ng tests described in the Appendices shoul d
be used:

(1) Spraying Characteristics - Method 2-10 (Appendix I1-A2)
(2) Drying Time - Method 2-8

(3) Flash Point - Method 2-6

(4) Toxicity (certification to be givenby supplier).
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O her tests are desirable to determne if the coating sanples supplied
are in line with the manufacturers' specifications. These tests (described in

t he Appendi ces) should include

(1) Viscosity - Method 2-4 (Appendix |I-A2)

(2) Weight per gallon - Method 2-3

(3) Percent Nonvolatile - Method 2-11

(4) Color - Method 3-1

(5) doss - Method 3-2

(6) Fineness of Gind (pignment dispersion) - Method 2-5.

If the above tests are satisfactory, the coatings should be applied to
test panels according to the manufacturers’ instructions regarding coating thick-
ness, number of coats, drying time between coats, etc. A guide for preparation
of test panels is given in Method 6-1 (Appendix Il-A6).

After drying the final coat for the specified time, the coating system
(on test panels) nmay be subjected to |laboratory testing. Again, the new coating
of unknown performance should be tested al ongside a control coating system of
known performance. The follow ng |aboratory tests are suggested:

(1) Hardness - Method 3-3 (Appendix I1-A3)
(2) Abrasion Resistance - Mthod 3-7

(3) Adhesion - Method 3-5

(4) Salt Fog - Method 4-3 (Appendix II-A4)
(5) Accel erated Weathering- Method 4-2

(6) Ceveland Condensing Cabinet - Mthod 4-5.

Qther laboratory tests may be added to obtain nmore conparisons of coat-
ing performance. These additional tests will add to the reliability of the per-
formance conparisons between the new coatings and a control coating of known
per f or mance.

(7) Cyclic Testing between C evel and Cabinet and Freezing -
Met hod 4-6

(8) Cyclic Testing between Accel erated Weat hering and Sal t
Fog Exposure - Method 4-4.

The panel s shoul d be exam ned periodically according to the schedule
indicated for the test method. The follow ng observations shoul d be made:
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(9) General Appearance - Method 5-3 (Appendix I1-A5)

(10) Adhesion - Method 3-5 (Appendix I1-A3)

(11) Protective Qualities: Corrosion - Method 5-1.
Longer-termtesting will involve outdoor exposure in a marine environ-

ment: Method 4-1 (Appendix 11-A4). Spot or patch tests on selected parts of

the topside or superstructure of ships are also helpful: Method 4-1-1. Again,
the panels or patches should be exam ned periodically as described in the given
test methods, making the observations |isted above.

Interior Coatings

Coatings. for ship interiors, like all other ship coatings, should be
exam ned for application properties comensurate with shipyard use. The follow
ing tests described in the Appendices should be used:

) Spraying Characteristics - Mthod 2-10 (Appendix [1-A2)
) Drying Tine - Method 2-8
) Flash Point - Method 2-6

(1
(2
(3
(4) Toxicity (certification to be given by supplier).

Qther tests are desirable to determne if the coating sanples supplied
are in line with the manufacturer’s specifications. These tests described in
t he Appendices shoul d include

(1) Viscosity - Method 2-4

(2) Weight per gallon - Method 2-3

(3) Percent Nonvolatile - Method 2-11

(4) Color - Mthod 3-1 (Appendix II-A3)

(5) doss - Mthod 3-2

(6) Fineness of Gind (pigment dispersion) - Method 2-5.

If the above tests are satisfactory, the coating should be applied to
test panels according to the manufacturer’s instructions regarding coating thick-
ness, number of coats, drying tine between coats, etc. A guide for preparation
of test panels is given in Method 6-1 (Appendix 11 A6) of this nmanual.

After drying the final coat for the specified the, the coating system

(on test panels) maybe subjected to special |aboratory testing, depending upon
the area of use in the ship.
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For living spaces, a great deal of inportance should be placed on
appearance factors and cl eanability. The following tests will be applicable:

(1) Color Change - Fading - Method 6-3 (Appendix I1I-Ag)
(2) Washability or Scrub Testing - Method 6-4.

For engine roons, it may be desirable to test for the follow ng:

(1) Resistance to G| and Gease - Mthod "6-7
(2) Washability or Scrub Testing - Mthod 6-4.

Qther special tests may be enployed to neet special requirenments of
interior coatings such as

(1) Fire Resistance (flammability) - Method 6-5.

Tank Coatings (Lininas)

Tank linings, like all other ship coatings, should be exanined first
for application properties commensurate with shipyard use. The following tests
described in the Appendices should be used:

(1) Spraying Characteristics - Method 2-10 (Appendix II-A 2)
(2) Drying Tine (or cure time) - Method 2-8

(3) Flash Point - Method 2-6

(4) Toxicity (certification to be givenby supplier).

Qther tests are desirable to determine if the coating sanples supplie
are inline with the manufacturer’s specifications. These tests (described in
the Appendices) should include:

) Viscosity - Method 2-4
) Weight per gallon - Method 2-3
) Percent Nonvolatile - Mthod 2-11
) Fineness of Gind (pignment dispersion) - Method 2-5.
If the above tests are satisfactory, the coating should be applied to
test panels according to the manufacturer’s instructions regarding thickness,

nunber of coats, drying time between coats, etc. A guide for preparation of
test panels is given in Method 6-1 of Appendix I1-A6 of this manual.

After drying the final coat for the specified time, the coating syste
(on test panels) should be subjected to |aboratory testing according to Method
4-14 in Appendix |1-Ad.
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The immersion testing described in Method 4-14 involves cycles of
exposure to salt water, aromatic fuel, hot seawater, and hot seawater spray
(to simulate tank cleaning). Qher applicable tests relate to patching of
damaged areas in coating

If aircraft fuel, chemicals, or other liquids are to be carried in
the tank, separate imersion tests should be nmade for each product as described
in Method 4-14. It is highly desirable that control coatings of known perfor-
mance be tested al ongside the new coatings if suitable controls are avail able.
Exposure periods in the products should be at least 6 nmonths, and preferably
1 year. After exposure, the panels should be exam ned as foll ows:

(1) General Appearance - Method 5-3 (Appendix I1-A5)

and evi dence of fluid contam nation as indicated
in Method 4-14

(2) Corrosion Mthod 5-1 (Appendix I1-A5).
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TESTS TO BE APPLIED TO METAL SURFACES
JO DETERM NE SUITABILITY FOR PA] NTI NG

Method 1-1. Profile or Surface Contour (Roughness)
Method 1-2. Standards for O eanliness

Method 1-3. Suitability for Painting: \Weather Factors, Tenperatures
and Humdity
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Profile or Surface Contour (Roughness)
Met hod 1-1

A convenient method for estimating surface profile after blasting is
to use the Keane-Tator Conmparator. The conplete conparator unit,.consists of a
reference disc and a 5X illum nated magnifier with a magnetic disc holder. The
disc is conmposed of five sections wth nomnal anchor pattern depth of 0.5, 1,
2, 3, and 4 roils. It may be used as either a visual or tactile reference.

The instrument is placed on the metal surface. Visual conparison is
made between the netal surface and reference surfaces (of known roughness)
within the viewing field. By meking the best visual match, a good approxina-
tion can be made of surface contour. This approximation is good enough for
most shipyard purposes.

An alternate nethod for neasuring height of profile of the anchor
pattern is described by SSPC(l). In this nethod, a flat spot is ground on the
bl asted surface until the bottoms of the pits are alnost reached. The height
may then be measured with a microneter depth gage graduated to read 0.001 inch,
and with a base having a bearing length of 2 inches and neasuring rod of 3/32-
inch dianeter.

Surface roughness maval so be neasured accurately by instruments such
as different profilometers(’) (3)(4) or the Talysurf (5). These instrunents are

desiPned to measure and record surface contours. When using the Talysurf with a Hg

Resol'ution Pickup (which has a special sharp dianond stylus and reduced stylus
pressure), neasurements can be made of very fine surfaces, such as gage bl ocks.
This instrument is capable of neasuring surface roughness from 0.00002 inch to
about 1/4 inch.

The instruments produce plots of surface contour of the type shown

bel ow (Figure 1) as the stylus travels over the netal surface.
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FICURE 1. SAWPLE PLOT OF SURFAGE CONTOUR:
PLOT PRODUCED BY PRCFI LOVETER

(1) Steel Structures Painting Manual, Volume | (Revised 1966), page 116
published by Steel Structures Painting Council.

(2) Physics Research Conpany, Ann Arbor, M chigan

(3) BSRAProfil ometer

(4) Monotester R

(5) Manufactured by Tayl or-Hobson Division of the Rank Organization, Leicester,
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Metal Surface Standards for O eanliness
Met hod 1-2

Pictorial standards for steel surface preparation have been prepared
and issued in 1967 by Swedish IVA Corrosion Conmittee and jointly approved by

0 Steel Structures Painting Council

0 American Society for Testing and Materials, and

0 Swedish Standards Associ ati on.

Pictorial surface preparation standards consist of a series of color
prints. They represent various conditions of ferrous surfaces prior to painting.

The standards show the following initial surface conditions before surface prep-
aration

(1) Steel surface covered conpletely with adherent m Il scale,
but little or no rust

(2) Steel surface which has begun to rust with mll scale
beginning to flake

(3) Steel surface fromwhich the mll scale has rusted away
with pitting visible

(4) Steel surface fromwhich the mll scale has rusted away
with little or no pitting visible

The various grades of thoroughness of surface preparation are also
represented as follows:

(5) Manual cleaning, |ight

(6) Manual cleaning, thorough

(7) Manual cleaning, very thorough
(8) Blast cleaning, Iight

(9) Blast cleaning, thorough

(10) Blast cleaning, very thorough.

The actual photographs and details of the applicable definitions
appear in the test of the photographic reference standards publications book
SSPC-Vis 1-63T, available from Steel Structures Painting Council

Specifications established by the Steel Structures Painting Council
are helpful in defining the condition of a blasted steel surface. The follow ng
specifications are applicable:
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0 SSPC-SP5-63 - Wite Mtal Blast Ceaning. This describes a
surface conpletely free of rust,.mll scale, and foreign
matter or contamnants. If initially agreed upon, SSPC-Vis
| -63T or other visual references may be used to suppl ement
this specification.

0 SSPC-SP 10-63 - Near-\Wite Blast C eaning. Describes a
blasted surface which is essentially free of rust and scale,
but fromwhich the last traces of shadows, streaks, or
di scol oration have not been renoved

0 SSPC-SP 6-63 - Commercial Blast  eaning. Describes a high
degree of cleaning expected to give long life with practi-
cally any paint system but where cleaning is not as thorough
as described above. This specification permts the optiona
-use of a visual standard such as SSPC Vis I|-63T.

0 SSPC-SP 7-63 - Brush-Of Blast C eaning. Describes a | ow
cost blast cleaning which only removes |oose mll scale,
| oose rust, and |oose paint. This nethod permts the use
of SSPC-Vis 1-63T or other visual reference

A further devel opnent are pictorial standards for steel surface pre-
paration prepared and issued in 1969 by The Society of Naval Architects and
Marine Engineers and the U S. Navy and approved by

O Steel Structures Painting Council, and
0 National Association of Corrosion Engineers

Pictorial surface preparation standards consist of a series of
color plates bound into one handy field manual, SNAME Bulletin 4-9 "Abrasive
Bl asting CGuide for Aged or Coated Steel Surfaces." "A number of differnt types
of shipbuilding steel in various as-is condition as obtained fromthe mll, storage
yard or coated on ships were sequentially sectionally masked and blast cleaned
to show their appearance in accordance with Steel Structures Painting Council
specifications of Brush-Off, Comercial, Near-VWite and Wiite Metal Bl ast d eaned.
By holding the color plate near the ship or steel surface to be evaluated of a
particular steel a quick visual conparison nmay be obtained
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Suitability for Painting: \Wather Factors,
Tenperature. and Humidity
Met hod 1-3

The control of quality of a marine paint is highly dependent upon
weat her conditions at the time of painting. The instructions of the paint
supplier should be followed carefully regarding limts in tenperature and
humi dity conditions for applying each particular product used in the yard.

H gh tenperature at time of application can cause thinning of the
pai nt, fast evaporation of solvent between gun and metal surface resulting
in dry spray, and poor wetting of the metal surface.

Low tenperatures can cause thickening of paint, difficulty in spray-
ing, slow drying, and slow curing (of catalyzed systems). Long retention of
solvent may al so cause the applied coating to sag.

There are tenperature limtations beyond which the coating should
not be applied. Oher variations in tenperature should be conpensated for by
adj ustnents in reducing solvents; faster evaporating solvents for |ower tenpera-
tures and slower evaporating solvents for higher tenperatures. The paint nmanu-
facturer’s instructions should be followed in adjusting to these conditions.

Hum dity and moisture on the metal surfaces also affect coatings
quality. Wen condensation is visible on the metal surface, painting should
be termnated until conditions are again right. However, excessive noisture
is not always so readily distinguisable. A fairly safe rule to followis
"do not paint when metal surface tenperature is within 1 degree of the dew
poi nt".

The metal tenperature can be neasured with any surface (contact-type)
thermometer. One such instrument is supplied by WAR United Corporation(l).
The entire metal back of the instrument is sensitive to tenperature and is held
inintimte contact with the surface to be tested with a nagnet clanp.

Hum dity should be measured with a sling psychrometer. . This instru-
ment is also available from WR United Corporation and other suppliers of
scientific equipment. The instrument contains two gl ass-stem thernoneters
mounted in a mechanismfor whirling rapidly by hand. One thermoneter is dry
(dry bulb) and the other has the bulb covered with a noistened wick (wet bulb).
ASTM E- 337-62 nmay be used as a guide in measuring humdity.

The percent relative humdity is determned fromthe wet and dry bulb
reading nade after whirling the psychroneter. The hum dity can be directly
determ ned from psychrometer charts, using the wet and dry bulb readings. Sone
instruments include a slide rule-type calculator of relative humdity. However,
the wet bulb tenperature is the dew point, which is the inportant tenperature
to compare with the metal surface tenperature.

(1) Regional offices in many cities.
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Too low humdity can affect cure of certain inorganic zinc silicate
priners. These prinrs depend upon noisture to hydrolyze the alkyl silicate
they contain and form the silica binders |iberating alcohol which evaporates.
Again, the manufacturers’ suggestions should be followed regarding |imtations
in tenmperature and humdity at time of application.
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QUI CK OR SHORT- TERM TESTS FOR USE ON
WET SAMPLES OF COATI NG MATERIALS

Met hod 2-1. Vet Paint Sanpling

Met hod 2- 2. Condition in Container

Met hod 2- 3. Vi ght per Gallon (Density)

Met hod 2-4. Viscosity or Consistency

Met hod 2-5. Fineness of Gind (Pignment Dispersion)
Met hod 2- 6. Flash Point of Coatings

Met hod 2-7. Reducibility - Dilution Stability
Met hod 2- 8. Drying (or Curing) Tine

Met hod 2-9. Pot Life

Method 2-10. Application Characteristics

Met hod 2-11. Nonvolatile Content

Method 2-12. Pignent and Filler Content

Met hod 2-13. Binder Content (Nonvolatile Vehicle)

Method 2-14. Pignent-Binder Ratio

Sol vent s

Met hod 2-15. Flash Point of Solvents

Met hod 2-7. Conpatibility with Coatings (see Reducibility above)
Method 2-16. Distillation Range

Met hod 2-17. Evaporation Rate

Method 2-18. Specific Gavity

Met hod 2-19. Refractive |ndex
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Wt Pai nt Sanpling
Method 2-1

F.T.M Std. No. 141a-2021 and ASTM Special Technical Publication 500 (Gardner/
Sward) may be used as a guide.

(bi ective

To provide representative quantities fromeach lot, so that it may be
ascertained if the material meets the requirements of the covering product speci-
fication, and to determine uniformty within a batch that has been packaged prior
to inspection.

Pr ocedur e

Sanpl es shall be taken by or under the inmediate supervision of a
person of judgment, skill, and previous experience in sanmpling

All containers shall be marked with the production batch nunmber, and
care taken so that at least one sanple is taken from each batch.

Wth |arge containers such as tanks or tank cars, three separate
| -quart sanples shall be taken, one from the top, one from the bottom and one
froman internediate point, and then forwarded to the l|aboratory w thout m xing

Precautions must be taken to assure that sanples are neither contam -
nated with, nor altered by any material not representative of the batch being
sanpl ed.

\Whenever possible, original unopened containers shall be sent to the
| aboratory. \Wen this is not done, an inspector shall first deternine whether
the material nmeets the requirements regarding caking in the container,. then
thoroughly mix the contents and draw a sanple. This sanple shall be placed in
a suitable container, identified and sent to the laboratory for testing with
the inspector’s report on caking
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Condi tion in Container
Method 2-2

Settling of Pignent

F.T.M Std. 141a-4208 or ASTM D869-48 may be used as a guide

Gb_jective

To evaluate the degree of pigment settling and ease of remxing of a
shel f-aged or stored sanmple of paint.

Pr ocedur e

An undi sturbed representative container of coating material shall be
selected for exam nation. This to be done for new |ots of coating materia
received at the yard, and also before using materials that have been stored in
the yard. The container shall be opened w thout agitation, and exam ned w thout
renoval of the supernatant vehicle. A spatula or stirring paddl e shall be used
to determne the extent and character of separation during storage. If a portio
of the pignent has separated to forma firmcake on the bottom of the container
efforts will be made by hand-stirring to reincorporate the pigment to forma
honmogeneous paint. If the sanple is rated "O' according to the specifi-cation,
it is not to be used. A zero rating states "Very firm cake which cannot be
reincorporated with the liquid to forma smoth paint by stirring manual ly”.

Coarse Particles and Skins

F.T.M Std. 141a-4091 or ASTM D185-45 may be used as a guide

Ohi ective

To determ ne the anmount of skins and aggl onerated material in oil-
base paints.

Procedur e

Normal Iy, a sinple visual examnation of skinning of oil-based mate-
rials in the can should suffice to determine if" the materials are still usable.
However, if there is dispute regarding the anount of skinning, the followng
procedure may be used.
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A No. 325 sieve having a dianmeter of 3- inches shall be thoroughly
cleaned and dried-in an oven at 105 C + 2 C. Cool the sieve in a desiccator
and weigh it to the nearest ny. Veéigh to the nearest ng a sanple containing
approximately 10 g of pigment into a 250-m beaker. Add 50 nml of kerosene and
thoroughly mix, breaking up, but not grinding, all lunps with a stirring rod
Wt the sieve with kerosene and slowy pour the contents into the sieve. Wen
the bottom becomes covered, work the liquid through the sieve by gently brush-
ing through the liquid. Rinse all pignent particles fromthe stirring rod and
beaker into the sieve. After the liquid has passed through the sieve, place
the sieve in an 8-inch porcelain dish containing 250 ml of kerosene; the sieve
shoul d be inmersed to a depth of about 1/2 inch. Mve the pignent on the sieve
by brushing, then raise the sieve and let the liquid run through. Cean the
di sh, add a new portion of kerosene and repeat the operation until the kerosene
passing through the sieve is clear and free of solid particles. Wash the pig-
ment particles fromthe brush into the sieve with a stream of extraction m xture*.
Finally, wash the kerosene fromthe sieve with extraction mxture and dry the
sieve for 1 hour at 105 + 2 C.  Cool the sieve in a desiccator, weigh and cal cu-
| ate the percentage of coarse particles and skins.

*

Extraction mxture: 10 volunes ethyl ether; 6 volumes benzene; 4 volumes
met hyl al cohol; 1 volune acetone
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Wi ght Per Gallon or Density
Met hod 2-3

References: F.T.M Std. No. 141a-4184.1 and ASTM D- 1475

Ohi ective:

To provide a method for the measurenent of density of paints, varnishes
and lacquers. Density of coating varies according to the kinds and anounts
ingredients used and thus is indicative of holding to correct conposition.

Procedure

The wei ght per gallon cup is available from Gardner Laboratory, Inc.*.
Thoroughly clean the cup with a nonresidual solvent and tare it on a bal ance
capabl e of weighing to the nearest 0.1 gram Pour the well-nixed paint, prev-
iously adjusted to 23 C, into the cup until it is nearly full, place the cover
firmy in place, and wi pe off the excess paint which exudes through the hole in
the cover. Determine the weight of the paint in the cup in grans, then divide
this figure by 10 to obtain the density of the paint in pounds per gallon.

The alternate method, ASTM D- 1475, provides for determining density
using any size container from20 to 100 cu cm This is a general nethod and
i nvol ves accurate calibration of the cup and nore involved cal culations to
achi eve a higher degree of accuracy than is normally possible with the recom
nended procedure. However, this is done with some sacrifice in convenience.

* P, O. Box 5728, Bethesda, Maryland 20014.
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Viscosity or Consistency
Met hod 2-4

(1) "Brookfield Viscometer" (preferred nethod in |aboratory)
Ref erences: ASTM D2196-68 and F.T.M Std. No. 14la-4287

(2) Ford Cup (alternate method in |aboratory)
References: F.T.M Std. No. 14la-Method 4282 and
ASTM D1200- 58

(3) Zahn Cup (preferred method in paint roomor out in yard)

Ref erence: ASTM Speci al Technical Publication 500
(Gar dner/ Swar d)

Qbi ective
To provide a nethod for characterizing the flow of a liquid coating

material, which may be designated by any of several terns--consistency, body,
flowability, or viscosity.

Brookfield D scussion

The "Brookfield Viscometer” is particularly suited for use with coat-
ings that display thixotropic characteristics. Materials having this character-
istic tend to "thin out" and flow nore readily under an applied force. Thus
they "thin out" when passing through the spray gun and "thicken" on the substrate
to which they have been applied.

The cylinder or disk of the Brookfield is rotated in the test liquid
and the torque necessary to overcone the viscous resistance is indicated by a
pointer on the instrument dial. The pointer deflection is proportional to the
viscosity. Tenperature nmust be controlled carefully during the entire process
because viscosity is tenperature related. Generally, the neasurenents are made
at a standard tenperature of 77 F (25 C). The Brookfield visconeter is available
from Brookfield Engineering Laboratories, Inc., Stoughton, Massachusetts

Pr ocedur e

Lower slowy the affixed spindle until it is immersed to the proper
depth. Start the viscometer and take readings at four or more increasing speeds,
then again at those speeds decreasing to the starting speed. Shut the viscometer
off and allow the sanple to stand undisturbed for 2 mnutes. Start the visconeter
and take a final reading. Report the apparent viscosity in poises in the order
in which the readings were taken
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Ford Cup Di scussion

The Ford viscosity cup is an orifice efflux type visconmeter used in
the laboratory for quality control of paints of known flow characteristics.

Pr ocedur e

Fill the cup level full with the coating to be tested; then the tine
required to drain is measured in seconds. Besults are reported in seconds for
the “Ford” cup used (three cups are available with different orifice sizes).
Tenperature nust be controlled carefully during the process because viscosity
is tenperature related. The neasurenents are generally made at 77 F (25 Q).
Ford cups are available from Gardner Laboratory, Inc.*.

Zahn Cuwp Di scussi on

The Zahn cup is filled sinply by dipping it inthe liquid to be tested.

Consequently, it is sinple to use in the yard. The cup finds w despread use in

industry, particularly at the paint application site. The Zahn cup is available
from Gardner Laboratory, Inc.*.

Pr ocedur e

Dip the instrument into the material to be tested. Wthdraw the cup
and time the interval in seconds fromw thdrawal until the stream of nmaterial
flowing fromthe cup breaks. This is the consistency in Zahn seconds. There
are five orifice sizes. Again, measurements nust be made at the specified
tenperature (usually 77 F or 25 C) because viscosity is temperature related.

* P. O Box 5728, Bethesda, Maryland 20014.
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Fineness of Gind (Pignment Dispersion)
Met hod 2-5

Ref er ences: F.T.M Std. No. 141a-4411.1 and ASTM D-1210-64

Ohi ective

To neasure the degree of dispersion or “fineness of grind” of pigment
as dispersed in liquid paint vehicles.

Description

Fi neness gages of several arbitrary scales are comonly used by industry;
however, nost are physically the sane. The gage is a hardened steel block approx-
imately 7 inches long, 2-1/2 inches wide, and 1/2 inch thick. The top surface is
ground smooth and flat, and contains a groove 5-1/4 inches long and 1/2 inch w de.
The groove is uniformy tapered in depth lengthwise from4 mle. at one end to zero
depth at the other. Calibrated graduations are in accordance with depth. A double
wedge steel blade is provided as a scraper.

Pr ocedur e

Place the clean gage on a |level nonslippery surface. The Hegman gage
is widely used in the paint industry and is available from Gardner Laboratory,
Inc.*. Place the material to be tested (free of entrapped air) in the deep end
of the groove so that it overflows the groove slightly. Hold the blade perpen-
dicular to the block and draw the material down the Iength of the groove with a
uni form motion. Imrediately determne the fineness by viewi ng the gage fromthe
side in such a manner that the paint along the groove where the material first
shows a predom nately speckled appearance is observed. Note the scale graduation
that nost nearly corresponds to the paint; report this nunber as the fineness of
grind. Repeat the test for a nore accurate reading which is to be made within
10 seconds el apsed tinme.

* P. O Box 5728, Bethesda, Maryland 20014
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Fl ash Poi nt of Coati ngs
Met hod 2-6

References:’ F.T.M Std. No. 14l1a-4293 and ASTM D-93-71

Ohi ective

To determine the flash point of coating materials by use of the
Pensky-Martens C osed Cup Tester. Refer to above standards for apparatus
speci fications.

Pr ocedur e

Thoroughly clean and dry the cup before starting the test. The Pensky-

Martens Closed Cup is available from Fisher Scientific Conpany. Charge sanple
into the cup up to the filling mark. Place the lid on the cup and set the cup

in the stove. Insert the proper thernometer and light the test flane. Heat at
such a rate that the tenmperature increases from1.8 to 2.2 F per mnute for
materials flashing below 220 F and from9 to 11 F per mnute for materials .
flashing above 220 F. Miintain the stirrer at 250 + 10 rpm The first appli-
cation of the test flame shall be made at a tenperature of at |east 30 F bel ow
the expected actual flash point. Successive application of the test flane shal
be made at specified tenperature intervals until the flame application causes a
distinct flash in the interior of the cup.. The tenperature at which flash occurs
is recorded as the flash point. The barometric pressure is recorded, but no
corrections shall be made except in case of dispute.

A newer instrunent (not covered by above specification) “Sets-Gardner
Combustibility Tester” * is available for measuring the conmbustibility of paints
and coating materials. It is an opencup tester reported to be capable of paking
a test in just one mnute. The instrunment can be used for quality control when
specification procedures are not called for,

* p. N Gardner Conpany, Ft. Lauderdale, Florida.
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Reduci bility and Dilution Stability
Met hod 2-7

Reference: F.T.M Std. No. 141a-4203.|

bi ective:

To determine the reducibility of a coating material with the recom
mended solvent for that material.

Pr ocedur e

Dilute the material with the amount of the solvent required in.the
product specification, The material shall nmix readily and easily w thout excess
stirring or shaking. Pour the diluted material into a 100-m stoppered graduated
cylinder and let stand for 4 hours. At the end of the standing period, observe
for the following defects: curdling, precipitation, or separation. If doubt
exists as to the condition of the naterial, after the standing period,flow a
portion of the material onto a glass panel; defects nentioned above will then
be observabl e.
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Drving (or Curing) Tine of Coatings’
Met hod 2-8

Ref erences: ASTM D-1640-69 and F.T.M Std. No. 141a-4061.]I

Objective:

To determne the various stages and rates of filmformation in the
drying or curing of coatings normally used under ambient conditions.

Pr ocedur e

The referenced nethods cover procedures for determining the follow ng
stages in the drying process: Set-To-Touch, Dust-Free,Tack-Free, Dry-To-Touch,
Dry-Hard, Dry-Through, Dry-To-Recoat, and Print-Free. The determnation of
length of time to reach each of these stages in the drying process may find use
in the overall painting operation. However, the Dry-Through time and the Dry-
To-Recoat tine should be of most use to the yard. The nethods used to determ ne
each of these two stages are as foll ows:

Test specinmens are to be prepared in duplicate by one operator properly
skilled in the nethods to be used. The coating to be tested shall be applied on
clean steel panels in accordance with product specifications. The coated panels
are to be placed in a horizontal position free fromdirect sunlight. Care nust
be exercised to apply a wet filmof sufficient thickness to give the recomended
dry filmthickness expected under actual usage conditions.

For Dry-Through or Dry-To-Handle, the test panel should be placed in
the horizontal position such that the operator’s armw || be vertically positioned
when the thunb is placed on the coating film Bear down on the filmwth the
t humb exerting maxi mum pressure and at the sane tine turn the thunb through an
angl e of 90 degrees in the plane of the film The filmis considered Dry-To-
Handl e when no distortion of the filmoccurs. A filmis considered Dry-For-
Recoating when a second coat or specified topcoat can be applied w thout the
devel opnent of any filmirregularities, and the dry time of the second coat
does not exceed the maxinmum specified.

For laboratory determination of drying time of coatings on flat panels
instruments are avail able which can be used to elimnate sone of the subjectivity
fromthe test. One such instrunent is the Gardner Drying Tinme Recorder*

* Available from Gardner Laboratory, Inc., P. O Box 5728, Bethesda, Maryland
20014,
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Pot Life of Catalyzed Coatings
Met hod 2-9

No federal., ASTM test, or other standard nethods were found in the
literature specifically designed to neasure the pot life of catalyzed coatings.
However, M litary Specification ML-P-23236 (Ships) includes a brief description
of a method for determining pot life as follows:

“The coatings of the coating system shall be mixed fromthe
components, in accordance with the supplier’s instructions>
in a suitable container so as to result in approximtely one
quart of finished material. For routine testing, anbient
condi tions above 70 F and 50 percent relative hunmidity shal
be satisfactory. For referee tests, 70 F+ 5 F and 80 + 10
percent relative humdity shall prevail. The time between

m xi ng and the | oss of adequate brushing and spraying proper-
ties shall be determned. Report up to a 48-hour period the
actual tenperature, humidity, and the tinme of |oss of adequate
brushing and spraying properties”.
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Application Characteristics
Met hod 2-10

Spravi ng_Properties

References;: F.T.M Std. No. 141a-4331.I

Qbi ective;

To provide a nethod for checking the spraying properties of coating
materials.

Procedur e

This method is subjective and should be performed only by an individ-
ual skilled in using a spray gun. A steel panel 4 by 12 inches shall be cleaned
with solvent and the coating to be tested reduced according to product specifi-
cations. Wile spraying, the gun shall be held perpendicular to the panel and
moved in a straight [ine across the face of the panel. The product specification
shal| state the distance fromthe test panel to the gun; usually 6 to 8 inches
for quick drying materials and 8 to 10 inches for slower drying materials. After

spraying, imnmediately place the panel in a nearly vertical position and observe
the wt filmfor the following: running, sagging, or fogging. The dried film

shall be free of the follow ng defects

(1) dusting (7) pinholing
(2) floating (8) cratering
(3) mottling (9) orange pee
(4) bubbling (10) bl ushing
(5) winkling (11) bl oom ng
(6), streaking (12) silking

Sag_Resi stance (Baker Method)

Ref er ence: F.T.M Std. No. 141a-4493

hi ective:

To determne the sagging properties of a surface coating. This method
may be used for “on the job” testing.
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Procedur e

The test nmaterial shall be applied according to product specifications
on the vertical surface to be coated. The test nust be run within 2 minutes
after application unless otherwise specified. Draw two sets of 8-inch horizonta
lines with a sag liner (Figure 2) so that the contact points fall on a vertica
line. After a 16-hour aging period (or product specified period), the sagging
characteristics shall be rated as follows:

(1) *No sag”- There is no evidence of paint novement about
the sag |ines.

(2) “Very slight sag” - Paint may run part way across either
sag |ine.

(3) “Slight sag” (unsatisfactory) - ?aint runs across the
narrower sag line at some point but only part way across
the broader sag |ine.

(4) “Sag” (failure) - Some portion of the paint runs across
both sag lines.

o *-dia. red

FIGURE 2. SAG LINER
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Sag Test (Miltinotch Bl ade)

Reference: F. T.M Std. No. 141a-4494

bl ecti ve:

To provide a procedure for determning the sag characteristics of
surface coatings. This is primarily a |aboratory method.

Pr ocedur e

A nultinotch applicator simlar to Figure 3 shall be used to lay down
at least light strips of coating of graduated thickness. The drawdown shall be
made in one continuous movenment on a test chart containing both black and white
areas. The conpleted drawdown shall then be immediately placed in a vertica
position, with the stripes horizontal, the thinnest strip being at the top
The coating shall be left in this position until dry. ne strip which sags
sufficiently to cross into the next thicker strip below it shall be considered
the strip thickness at which failure occurs.

MILs .
2 109 87 6 5 43 °

_/—\I_-—V\nrw—ﬁ—
. ,':;’—l———"" j -

FIGURE 3. MJILTI NOTCH
APPLI CATOR




I'l-A2-15

Level i ng Properties

Ref erence: ASTM D-2801-69

Qbj ective

To deternine the relative leveling characteristics of liquid coatings
This nethod is not applicable to unpignented products.

Procedure

The coating to be tested is applied to a hiding-power chart by neans
of a special leveling test blade* designed to lay down the coating in parallel
pairs of stripes of varying film thickness. Place the blade on the hiding-power
chart and add sufficient coating for a conplete drawdown in a puddle i mediately
in front of the doctor blade. Conplete the drawdown and allow it to dry in a
hori zontal position. Report leveling ability on a scale of “0” to “10" based
upon the nunber of pairs of parallel stripes that have flowed together as
illustrated in the photographic standards in ASTM D-2801-69

* New york Society for paint Technology Leveling Test Blade; available from
Precision Gage and Tool Company, Dayton, OChio.
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Nonvol atil e Content of Paint

and Paint Materials
Method 2-11

Ref erences: ASTM D-2369-68 and D-214-68, and F.T.M Std. No. 141a-4041. |

bj ecti ve:

To determ ne the nonvolatile content by weight of solvent-type coatings.

Procedur e

Wi gh accurately from0.4 to 0.6 gramof the sanple into a tared alum -
num foi |l dish into which has previously been added 2 m of toluene. A unminum
di shes suitable for this use are available from Fisher Scientific Conpany.
Gently shake the dish while the sanple is being added to disperse the sample in
toluene. Heat the dish for 20 minutes in a forced draft oven at 110 + 2 C.
Renove the sanples fromthe oven, cool in a desiccator, and weigh. Cal cul ate

the percentage of nonvolatile matter in the paint: Residue (w after heating
| Sanple (wt before heating) x 100.

Coatings which contain very volatile solvents cannot be accurately
wei ghed while in an open di sh because wei ght keeps changing as sol vent evapo-
rates. Coatings of this type should be placed in a syringe, and the syringe
wei ghed before and after charging a sanple of coating fromthe syringe into
the dish. The weight of coating in the dish is equal to this difference in
wei ght of syringe.
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Pignent and Fill er Content
Method 2- 12

References: F.T.M Std. No. 14l1a-4021.1 and ASTM Methods D-2371 and D- 2698

Obf ecti ve;

To provide a procedure for the quantitative separation and deternina-
tion of weight percent pigment content of solvent-based paints and |acquers.

Procedur e

Mx the sanple to be analyzed until it is honbgeneous, then weigh
accurately approximtely 10 grams of the sanple into a weighed centrifuge tube.
Add 30 to 60 nmilliliters (m) of extraction mixture*; mx thoroughly with a
glass rod, then wash the rod clean with a streamof extraction mixture into
the tube. Place the tube in the container of a centrifuge and counterbal ance
the container of the opposite arm @h a sinilar tube. Centrifuge until the
pignent is clearly separated, then decant the clear supernatant |iquid.

Repeat the extraction twice with approximately 40 m of extraction mxture.
Decant the liquid, then heat (gently at first) over a steambath to drive off
the extraction mxture. The pignent cake shoul d be dislodged fromthe bottom
of the glass tube by tapping on a cloth pad on a benchtop. Dry the tube at

105 to 110 C for 2 hours. cool, weigh, and calculate the percentage of pignent:
Residue (wt after heating) / Oiginal Sanple x loo.

* Extraction Mxture: Mx 10 volumes of ethyl ether, 6 volumes of benzene,

4 volunes of methyl alcohol, and 1 volune of acetone. Ot her extraction
m xtures are listed under F.7.M Std. No.141a-4021.1, Reagents.
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Bi nder Cont ent
Met hod 2-13

The binder (or nonvolatile vehicle) content of a coating can be deter-

mned by difference between (1) total nonvolatile and (2) pignent and filler
content. The tota

nonvol atile content of the coating is determ ned by Method
2-11. The pignment and filler content is determned by Method 2-12. Subtracting
the weight of pignent fromthe total weight of nonvolatile content in the coat-
ing gives the weight of binder solids.

he percent binder is then cal cul ated
as weight binder / total weight original coating x 100.
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Pi gnent - Bi nder Ratio
Met hod 2-14

The pigment - binder ratio (by weight) is determ ned by using pigment
content (weight) as determned by Method 2-12 over the binder content (night)
as determned by Method 2-13.
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Fl ash Poi nt Reduci ng Sol vents
(Tag C osed Tester)
Met hod 2-15

References: F.T.M Std. No. 141a-4291 and ASTM D-56-70 and ASTM D- 1310
Qi ective: To determne the flash point of volatile thinners.

Procedur e

(beain a Tag Closed Flash Tester* neeting specifications described in
the above references. Place the apparatus on a steady table and shield for pro-
tection fromdrafts and strong light. Test the apparatus for proper operation
by determning the flash point of paraxylene (flash point check grade)** prior
to making the initial sanple determ nation

Place 50 m. of sanple into the test cup. The tenperature of the
sampl e shall. be such that, when thermal equilibrium has been established, the
reading of the sanple cup thermoneter is at least 16 F bel ow the expected flash
point. Attach the cover lid to the bath collar and insert the thernmoneter.
Record the equilibria tenperature of the sanple and the baroneter pressure
Light and adjust the size of the test flanme. Apply heat to the bath so that
the tenperature of the sanple rises at a rate of 1.8 * 0.2 F per mnute. \Wen
the sanple tenperature reaches 9 F bel ow Ehe expected flash point, introduce the
test flame into the cup and immediately bring it up again. Record the tine and
tenperature of the first introduction of the test flame. Repeat the application
of the test flame after each 1 F rise in tenperature until a distinct flash is
observed. Record the time and the tenperature of the sanple when the flash point
is reached. Repeat the test with a fresh sanple according to the test procedure
as described, except the test flane shall be introduced for the first time when
the sanple tenperature is 10 F bel ow the flash point of the initial test.
Average the test results and correct for baronetric pressure if necessary.

A newer instrunment, “Setaflash Flash Point Tester"*** is available
which can neke flash point tests in 2 mnutes. This new mni-sanple. “Go/No-Go"
met hod has been adopted as a proposed 1P Method of test in the 1972 edition of
the 1P Standards for Petroleumand Its Products. This is an alternate nethod
thﬁr gan be used for quality control when the usual specifications are not
called for.

* A Tag O osed Flash Point Tester may be” obtained from Fisher Scientific
Conpany.

$* Paraxyl ene may be obtained as Flash Point Check Fluid from Special Products
Di vision, Phillips Petrol eum Conpany, Bartlesville, Cklahona.

*** pPaul N. Gardner Conpany, Ft. Lauderdale, Florida
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Distillation Range Reducing Sol vents
Met hod 2- 16

Ref er ences: F.T.M Std. No. 141a-4301.1 and ASTM D-1078-70

Ohi ective

To provide a nmethod for determning the distillation range of organic
sol vents having boiling ranges between 30 and 250 C(86 and 482 F).

Pr ocedur e

The distillation apparatus* shall conformto the specifications
described in the above F.T.M reference. Essentially, the apparatus consists
of a 200-m distilling flask, a condenser, a gas burners a 100-m cylinder
graduated in I -m subdivisions, and partial immersion thernoneters.

Using the graduated cylinder, nmeasure 100 + 0.5 nl of the sanple.

Transfer the sanple to the flask, allowing the graduate to drain for 15 to 20
seconds. Connect the flask to the condenser and insert the proper thernometer
Place the cylinder at the outlet of the condenser tube such that the condenser
tube extends into the graduate at |east 25 mmbut not below the 100 m mark.

If the initial boiling point of the sanple is below 70 C (158 F), the cylinder
is to be placed in a transparent bath and maintained at a tenperature of 10 to
20 C (50 to 68 F). Place a flat cover on the top of the graduate to prevent
condensed noisture from entering the graduate

Apply heat to the flask so that the first drop of liquid is collected o
within 5 to 10 minutes. Record the tenmperature at which the first drop falls
fromthe end of the condenser as the initial boiling point. Adjust the heat so
that the distillation proceeds at a rate of 4 to 5 ml per mnute, and nove the
graduate cylinder so that the condenser now touches the side of the cylinder.
Record the tenperatures at which 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, and
95 m of distillate are collected. Continue distilling beyond the 95 percent
poi nt without changing the heating rate, but for no longer than 5 mnutes.
Record the temperature at any one of the followi ng occurrences: the dry point
is reached; there is active deconposition; or there is |liquid residue present
at the end of the 5-ninute heating period. |f residue is present, pour into a
smal | graduated cylinder; measure and record the volume as residue. Read the
total volume of distillate and record as recovery. Record the difference
between | CJO and the sior of the residue plus recovery as distillation |oss.

Read and record the baronetric pressure. Correct the tenperature readings
for deviation of the barometric pressure fromnornal (see tables listed in
both references).

* An apparatus suitable for this purpose is available from Precision Scientific
Conpany, Chicago, Illinois.
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Report the results in a manner sinmilar to the specifications of the
mat eri al tested, or report the corrected tenperatures at each observed vol ume
and the percentages of residues, recovery, and distillation |oss.
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Evaporati on Rate Reduci ng Sol vents
Met hod 2-17

References: F.T.M Std. No. 14la-4492
ASTM Speci al Technical Publication 500 (Gardner/Sward)

Obi ective: To determne the conparative evaporation rate of any solvent.

Pr ocedur e

The Federal Test Method reconmends toluene as the conparative standard,;
however, it should be noted that n-butyl acetate has found wi de acceptance as a
reference standard. Refer to the product specification for the appropriate ref-
erence solvent.

Using a syringe, place 1 gramof sanple into a flat bottom straight-
sided, quarter-pint friction-top can lid placed cn an anal ytical bal ance.
Measure the | oss due to evaporation by weighing the pan and its contents at
equal |y spaced time intervals. Repeat this determination with the reference
sol vent under identical conditions. Plot curves for both materials using
wei ght |oss against tine. Conpare the curves.

The evaporation rate may be assigned a nunerical value by using the
foll owing equation:

Evaporation Rate = %

wher e

A= the time for 90 percent weight loss of the
reference solvent, and

B=the time for 90 percent weight loss of the
sanpl e.

Anot her very sinple technique to use as a quality control method is
to conpare the sanple of solvent in question with a retained sanple of the sane
kind of solvent using the follow ng method

Cut two strips of paper fromthe same sheet (bond witing paper is
satisfactory). The strips should be 1 x 12 inches. Dip one strip into the
unknown sanple, and the other to the sanme depth in the retained sanple (control).
Wthdraw both at the same time, hold side-by-side, and observe the drying rate
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Specific Gravity of Reduci ng Sol vents
Met hod 2-18

Ref er ences: F.T.M Std. No. 141a-4183 and ASTM D-891-59

oj ective: To provide a nethod for determning the specific gravity of
solvents and thinners

Procedure

The references list four procedures for determining the specific gravity
of a solvent. There is one method for each of the follow ng types of equipnent:
a specific gravity balances a hydrometers a pycnoneter, and a vacuum pycnoneter.
The procedure for determning the specific gravity by means of a hydrometer is
perhaps nmost appropriate for quality assurance deterninations in the shipyard
and is as follows.

otain the followi ng equipment: (1) a hydrometer, (2) a thernoneter,
(3) a water bath capable of maintaining a tenperature of 15.56 & 0.05 C
(60.0 + 0.1 F), and (4) a clear glass hydrometer cylinder. The hydroneter
cylinder shall have an inside dianeter of at least 1 inch greater than the out-
side diameter of the hydroneter, and be of such height that when in use the
hydroneter will be at least 1 inch fromthe bottom of the cylinder

Cool the sanple in the original container (or in a closed sanple con-

tainer) to approximately 14 C (57 F). Rinse each piece of equipnent with a
portion of the sanple. Pour the sanple into the hydroneter cylinder so as to
avoi d bubble formation. Place the cylinder in the water bath and gently stir
the contents. \Wen the tenperature of the sanple is 15.3 C (59.5 F), slowy

| ower the hydrometer into the sanple to a level two snallest scale divisions
below that at which it will float, and then release. Wien the tenperature is
15.65 C (60.0 F) and the hydronmeter is at rest away fromthe cylinder walls,
determ ne the specific gravity by observing the surface of the liquid at such
an angle that it becomes a straight line cutting the hydrometer scale.

Not es:

(1) Specific gravity hydroneters are discussed in detail in F.T.M Std. No.
141a-4183, 2.2.1 and shall conformto the essential requirenents |isted
in Crcular No. 16 of the National Bureau of Standards.

(2) Thernoneter. An ASTM gravity thernmoneter having a range of -20 to +102 C
(-4 to 216 F) and conformng to the requirenents for thermoneter 12 C -49
is prescribed in ASTM El

(3) A tenperature of 15.56 C (60 F) is standard. However, if the product
specific gravity is specified at another tenperature, test at that
tenperature and use instrunents calibrated and standardi zed at that
t enperat ure.
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Refractive |ndex Reducing Sol vents
Met hod 2-19

Reference: ASTM Special Technical Publication 500 (Gardner/Sward)

Di scussi on

Because refractive index IS very sensitive to differences in solvent
conposition, it can be very useful in determining product quality. The measur e-
ments can be made quickly and with the degree of precision necessary for routine
exam nation. Several refractoneters are available fromthe Fisher Scientific
Company which will neet the needs Of @ quality assurance laboratory. The method
of testing depends upon the instrunent selected.
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APPENDI X |1-A3

QU CK TESTS FOR USE ON COATI NG FI LMS

Method 3-1. Col or

Method 3-2. @ oss

Method 3-3.  Hardness”

Method 3-4. Coating Thickness Measurement

(a) Wt Film
(b) Dy Film

Method 3-5.  Adhesion

Method 3-6. Inpact Resistance

Method 3-7. Abrasion Resistance

Method 3-8. \Weldability (Preconstruction Primers” (Only)

Method 3-9. Coating Continuity
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g

| or

Met hod 3-1

=

References: F.T.M Std. No. 141a-4250; ASTM D-1729 and D- 2244

Qbi ective: To provide a nethod for the visual conparison of the color of a
dried pignent organic coating with that of a color reference

Pr ocedur e

The sanpl e under test shall be applied to test panels in accordance
with product specifications. Visually conpare the color of the dried test film
with that of the reference film (standard panel frompreviously accepted |ot)
under an illumnation substantially equal to that of a fairly iight overcast
northern sky. Exposed and wather coatings may be simlarly conpared with a
speci nen that has not been exposed.

Arrange the test panel and the color reference beside each other on a
table in front of a north light so that the illumnation centers on an angle of
about 45 degrees and the viewing.is nearly normal to the surface. Exclude
adj acent colors from view by placing a piece of neutral”"paper with a square
section cut from the center over the specinens, such that one-half of the
square will be over the test panel and the other half over the color reference
If there is doubt about the color match, refer to alternate ASTM nethods.
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d oss
Method 3-2

Ref erences: ASTM D-523-67 and F.T.M Std. No. 141a-6101

Qoi ective: To determine the specular gloss of nonmetallic organic coatings

Pr ocedur e

Coat and dry test panels with the material to be tested according to
product specifications. Calibrate the 60-degree glossmeter* at the start and
conmpl etion of each test period on the working standard** whose assigned val ue
most nearly approximates the gloss of the specinen to be nmeasured. Measure at
| east three portions of the specimen surface to obtain an indication of uni-
formty. Report the average specular gloss reading

* Alist of manufacturers of glossneters can be obtained from ASTM Headquarters,

1916 Race Street, Philadel phia, Pennsylvania 19103.

** GJoss standards are available fromthe Gardner Laboratory, P. O Box 5728
Bet hesda, Maryland 20014, and the Hunter Associates Laboratory, 9529 Lee
H ghway, Fairfax, Virginia 22030.
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Penci| Hardness
Met hod 3-3

References: Paint Testing Manual, Gardner/SWard
ASTM Special Technical Publication 5CI0, 5.1.2.16

Obi ective: To rate the relative hardness of an organic finish according to
the hardness of a lead pencil that will penetrate the surface

Pr ocedur e

Apply the coating to test panels and allow to dry for specified tine
Use a set of pencils* obtained from one manufacturer, ranging from the hardest,
9H, to the softest, 6B, pencil. Prepare the pencils by carefully renoving the
wood fromthe lead for a distance of approximately 1/4 inch w thout chipping
the lead. Square the end of the exposed lead by agentle rotary notion against
No. 400 carbide abrasive papers Select a pencil and hold it at approximately
45 degrees to the paint surface; push forward against the surface using pressure
short of breaking the lead. The finish is considered to have failed when a
penci| removes chips, flakes, scales, or shears the finish fromthe substrate
Repeat the test several tinmes on different areas of the test panel to determ ne
reproducibility. Report the hardness as the grade of the next softer pencil.

* The pencils referred to are standard drafting pencils. They are available
fromnost drafting and engineering material dealers. One supplier is:
J. S. Stoedtler, Inc., Departnment 66, P. O Box 68, Mntville, New Jersey
07045.
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Coati ng Thi ckness Measur enents
Met hod 3-4

(a) Vet Film Thickness

Ref erences: ASTM D-1212-54 and ASTM Speci al Technical Publication 500
(Gar dner/ Swar d)

Qi ective: To measure the wet filmthickness of paints and related products.

| nmont Wt Fil m Gage

An “Inmont Wet Film Gage”* is a recomended procedure for neasuring
wet filmthickness of marine paints. The gage is essentially a pair of wheels
and a ring of shorter radius nounted eccentrically between them so that on one
radius. the wheels and the ring are tangent. Two symmetrical scales on one face
of the gage show the clearance of the ring at any point on the circunference.

Place the gage on the wet filmso that the smallest reading is at the
top. Roll the gage over the filmone-half revolution toward the m ni mum marki ng
on the gage. The thickness is read at the point a: which the paint makes contact
with the eccentric wheel.

Tooth (age

The tooth gage is a small square or rectangle c nmetal with “teeth”
of graduated clearances cut in the edges. Measurenments are made by placing
the gage against the painted surface in firmcontact with the substrate, then
wi t hdrawi ng the gage and noting which teeth have been wet by the film

By design, these gages neasure the thickness of the coating above the
peaks on a blasted surface. |If calculations are to be made of the amount of
primer to be purchased to produce a given wet film neasurement on a rough surface
al | owance nust be made for the material that will be adsorbed into the surface
irregularities. This cannot be neasured accurately but can be estimted if
degree of roughness is known.

* This gage is available from Gardner Laboratory, Inc., Bethesda, Maryland.
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(b) Dry Film Thickness

Ceneral Di scussion

Measurenent of dry film thickness of paintsover rough surfaces con-
tinues to be a problem for the reasons discussed bel ow

Magnetic gages are nost practical of the various nethods for use in
the shipyard. The common gages fall into two types

(1) Pull-of f gages which neasure force required to pull a
magnet fromthe paint surface. Comon gages of this

type include
(a) Mkrotest - Elektro Physik (Col ogne)
(b) Tinsley Pencil Gage - Evershed & Vignoles (London)
(c) Elcometer Pull-Of Gage - Elcometer Instruments, Ltd
(d) Inspector - Elconeter Instrunments, Ltd

(2) Gages that neasure changes in magnetic flux within the
probe or instrunent itself, such as

(a) General Electric Type B Thickness Gage
(b) El cometer
(c) Mnitector - Elconeter Instruments, Ltd.

Wth these instrunents, the proxinmity of the steel substrate to the
probe or contact point of the gage affects either, (.1) the force of attraction
bet ween the nagnet and the steel substrate (pull of gage) or (2) the magnetic
flux within the gage (gages based on nmagnetic flux). The gages actually neasure
space between the probe and the magnetic surface of the steel. |f the stee
under the coating is snooth and free of contamination such as scale, the reading
is actually the coating thickness. However, if scale or rust is present, the
instrunent neasures that thickness along with the thickness of the paint film

The situation is further conplicated on lough (blasted) surfaces. In
this case, the magnetic surface seen by the instrunent fails sonewhere wthin
the transition zone; between the deepest valley and the highest peak.
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Fi |l m Thi ckness Measur e-
nents in Laboratory

For |aboratory use in the shipyard, the General Electric* or simlar
gage is suggested for ease of use and accuracy. This is one of several gages
whi ch use nmagnetic flux to determine proximty to a ferrous substrate. It con-
sists of a probe, electrically connected to a control unit which is connected
to a power supply. “The neter of the control unit indicates thickness in roils.

To standardize the instrunment, place the standard shim (usually sup-
plied with the instrunent) on an uncoated snooth steel surface, and with the
instrument probe “on the shim calibrate the instrument. Coating thickness can
then be neasured by placing the probe on the surface and noting the reading on
the meter. Shim stock should be approximately equal to thickness of coating
to be neasured.

The Magne-gage** is another useful instrument for faboratory measur e-
ments. Its use is covered by F.T.M Std. No. 14la-6181 and ASTM D- 1186

The apparatus consists of a small bar nmagnet freely suspended from a
hori zontal lever arm The latter is actuated by a spiral spring which is coiled
by turning a graduated dial.

The instrument shall be firmy positioned on a level table or bench
and calibrated with the reference thickness standard supplied with the instru-
ment. To measure coating thickness, center the test panel under the plastic
magnet guard and |lower the carriage until the magnet guard rests gently on the
panel. Slowy rotate the dial counterclockw se until the stop is reached
bringing the magnet in contact with the panel. Now rotate the dial clockw se
with a“ slow, uniform novenent until the nagnet is detached. The attractive
force between the magnet and the film substrate is indicated on the dial, and
the filmthickness is obtained froma calibration curve relating thickness to
dial readings.

Fi | m Thi ckness Measur e-
nents in Shipyard

For use out in the shipyard at the paint application site, |ess cunber-
some gages are desirable. Any one «of the followi ng can be used:

(1) Elconeter (3) Mnitector

(2) Elconeter Pull-Off (4) Tinsley Pencil Gage

This and other simlar gages are available from Gardner Laboratory, Inc.,
Bet hesda, Maryl and.

The Magne-gage i s available fromthe Anerican Instrunent Conpany
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Adhesi on
Met hod 3-5

Ref erences: ASTM D-2197-68 and F.T.M Std. No. 14la-6303. ]|

Obj ective: To determne the “scrape” adhesion of organic coatings such as
pai nt, varnish, and | acquer when applied to smoth, flat pane
surfaces.

Procedure

Several methods are available for obtaining indication of adhesion
or bonding of a coating, but none are conpletely satisfactory. One nethod is
to use a bal anced- beam scrape-adhesion tester*. The apparatus shall consi st
of a balanced beamto which is secured a platformfor supporting the weights,
and a rod at an angle of 45 degrees which holds the scraping |loop. Apply and
dry the coatings to be tested on steel panels according to product specifica-
tions. It should be noted that roughness of the panel will make this test
difficult to perform so it nmay be desirable to apply the coating to a rel a-
tively smooth surface

Either nmask the panel or renpbve material after application, so that
1/2 inch at one end of the panel is uncoated. Position the apparatus so that
the weight holder is pointing toward the operator; then | evel the base plate.
Rai se the beam and place the test panel on the sliding platformso that the
speci nen may be noved away fromthe operator and tke uncoated portion is toward
the main beam support. Select a weight and place it on the support and care-
fully lower the loop onto the uncoated portion of the test panel. Slowy push
the sliding platformaway fromthe operator for a distance of at |east 3 inches.
Continue testing on different areas until the mninumload necessary to renove
the coating is deternmined. This load is considered. to be the adhesion end
poi nt .

* The tester is available from Gardner Laboratory, Inc., Bethesda, Maryland.
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Adhesi on (Subjective Test)

Ref erence: ASTM Speci al Technical Publication 500 (Gardner/ SWard)

hiective: To determne the relative adhesion or bonding of an organic
coating to a rigid substrate by a “cross hatch” adhesion test.

Procedure

Coat and dry the material to be tested on steel test panels according
to product specifications. Place the test panel on a rigid table and with a
sharp instrument nmeke el even parallel cuts through the coating in one direction
and a second series at right angles to the first; this will firm 100 squares.
A device for doing this can be constructed from single-edge razor blades clanped
together (with spacers) in a special holder which nust be made for this purpose.
The cuts should be uniformy apart, usually from1/32 to 1/16 inch. Firmy
pl ace adhesive tape over the “cross hatch” area. Renove the tape with one
qui ck motion and examine the area for coating renmoval. Retain the tape el se-
where on the panel for future reference. An estimate of adhesive failure may
be nade by determ ning percentage of filmrenoval. This test is generally
easier to performon thinner coatings in the range of 2 to 3 roils than on the
thicker, 6 to 8-ml coatings

Adhesion “( Subj ective Test)

Ref er ence: F.T.M Std. No. 14la-6304. |

Oblective: To test a paint filmfor adhesion, brittleness, toughness, and
tendency to ribbon with a knife.

Procedure

Apply and dry the coating to be tested a:: specified in the product
specification. Test for adhesion, brittleness, toughness, and tendency to
ribbon by cutting a narrow ribbon”of the coating fromthe test panel with a
standard knife* while holding the blade at an angle of approximtely 30 degrees
to the panel. This .test should be performed only by someone of |ong experience
intesting coatings of a simlar natuze, and is nost useful when direct conpar-
i sons are made between unknown and known coati ngs.

*A craftman’s knife with a curved blade such as is illustrated in the Stores
Stock Catal og, Federal Supply Service, as Item 5110-596-8098
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| npact Resi st ance
Met hod 3-6

Ref erence: ASTM D-2794-69

Qhi ective: 70 determine the ability of a coating to resist shattering, crack-
“ing, or chipping when the film and surface are subjected to inpact.

Procedure

Prepare and coat test panels in accordance wth product specifications.
Place the test panel in the inpact tester* with the coated side up. Raise the
wei ght up the tube to a height where it is expected that no failure will occur.
‘Rel ease the weight so that it drops onto the,indenter. Renove the test pane
and observe the inpact area for cracks in the coating. “If no cracks are evident,
repeat the procedure on different spots at increasingly greater heights unti
visible cracks are observed. Report the maxi num nunber of inch-pounds withstood
by the coating wthout evidence of cracking

*I mpact tester. Available from Gardner Laboratory, Inc., P. O Box 5728,
Bet hesda, Maryland 20014. The apparatus consists of the follow ng:
a vertically nounted guide tube with calibration marks and a slot cut
| engt hwi se on one side, a cylindrical weight made to fit inside the tube
and an indenter mounted on a steel block beneath the weight. A pinis
fitted to the weight through the slot in the guide tube and is used to
raise and rel ease the weight.



- A3-10

Abr asi on Resi stance
Met hod 3-7

References: F.T.M Std. No. 14l1a-6191, 6192, and 6793
ASTM D-968-51 and D-658-44

Fal ling Sand Met hod

Qhi ective: To determne the resistance of organic coating to abrasion by
falling sand.

Procedure

This test shall be performed with a falling sand abrasion tester*
whi ch consists primarily of a funnel for |oading sand, a vertical guide tube,
a 45-degree test panel nount, and a sand collector. The apparatus shall be
adjusted so that the inner concentrated core of sand falling fromthe | ower
end of. the guide tube falls in the center of the flow The efflux time for
2 liters of sand shall be 22 + 1 second.

The coating to be tested shall be applied to clean steel panels at a
uni form thi ckness according to product specifications. After proper curing,
the coated panel shall be secured in the tester. Standard sand, neasured
volumetrically in a graduate, shall be poured into the funnel until a 5/32-inch
dianeter area of the base panel is exposed. The thickness of the coating around
the wear pattern shall be determined. At least three determ nations shall be
made on each panel. Calculate the abrasion coefficient as follows:

Abrasion Coefficient, liters per ml = ¥

wher e

V= volunme of sand used in liters, and
T = thickness of coating in roils.

Report the abrasion coefficient as the average value for the three deterninations.

* An abrasion tester nmeeting the necessary requirenents is available from
Gardner Laboratory, Inc., P. O Box 5728, Bethesda,Maryland 20014

** Standard sand neeting test requirements may be obtained fromthe Otawa
Silica Conpany, Qttawa, Illinois.
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Taber Abraser

Objective: To deternine the abrasion resistance of films of organic coatings
using the Taber Abraser*.

Procedure

The apparatus shall consist of a Taber Abraser; it is essentially an

apparatus .with a-turntable on which test panels are nounted, then abraded with
abrasive wheels under a specified |oad.

Apply-the coating to be tested on several 4 x 4-inch steel test plates
with I/4-inch center holes. Dry or cure the coating according to product speci-
fications. Wigh the test specinens to the nearest 0.1 nmilligramand record
their respective weights. Measure the thickness of each test filmalong the
path to be abraded and record the results. Munt the abrasive wheels and adj ust
the loading to the specified wheel pressure. Fasten the specimen on the turn-
table and | ower the abrading heads carefully onto the test film Place the
vacuum pi ckup nozzle in position and start vacuum pickup. Start the abraser
motor and continue the abrasion until the specified nunber of wear cycles have
been conpleted or the filmhas worn through to the substrate. Record the nunber
of wear cycles and repeat the operation on each of the remaining test specinens.
Report the average result by whichever of the following ways is required in the
product specification:

War | ndex. Cal cul ate the weight lost in mlligrans per 1,000 -
cycl es of abrasion.

Wear Cycles. Determine the nunber of cycles of abrasion required
to wear the filmof specified thickness through to
the test plate.

The Spinning Disk: Seawater-Sand Slurry Test is another nethod for
measuring abrasion resistance of coatings, and is especially useful for bottom
coatings and boottop paints. It is described in Mthod 4-15 in Appendix 11-Ad

* An abrasion tester neeting the necessary requirements is available from
Gardner Laboratory, Inc., P. O Box 5728, Bethesda, Maryland 20014.
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Test for Weldability
Met hod 3-8

Ref erence: There is no applicable specification.
Some advice is given in report(0)

The fillet weld test customarily used to evaluate weld quality can
al so be used to exanmine the effect of the primer on weldability. This test
consists of welding sinultaneously both sides of a fillet over a m ninmm
length of 10 inches. A visual inspection of porosity, contour, size, and
possi bl e undercut is made. The fillet is then broken open so that the weld
interior can be inspected. The fractured surface should be free from harnful
defects such as cracks, lack of fusion, or unacceptably high porosity. This
test shoul d be conducted under wel ding conditions and procedures identica
to those of interest to the shipyard sothat the results will be meaningful
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Coating Continuity
Met hod 3-9

Coating continuity (absence of voids, pinholes, etc.) can be checked
with a high-frequency spark tester (jeep test). One instrument of this type
is the UVRAL* Spark Tester. It is available with a number of probes including
a brush-type detector. \Were there are voids in the coating, a spark will junp
fromthe detector to the netal, and an alarm wll sound.

Anot her technique is to use an Elconmeter Pin Hole Detector*. This
instrument is nost effective when used on coatings of thicknesses up to 12 roils.
The handl e of the instrunent houses a 9-volt battery at one end and a solid
state circuit at the other. The metal rod probe has a sponge attached at the
end. Wen water fromthe sponge penetrates a void in the coating, contact is
made with the metal substrates which conpletes a circuit and produces a signal
Because voltage is low there is no damage to the coating

* Distributed by Allen P. Webb, 24 Stone Street, New York Gity.
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PROLONGED AND SI MULATED SERVI CE
TESTI NG OF COATI NG FI LMS




APPENDI X 11- A4

PROLONGED AND S| MULATED SERVI CE
TESTI NG OF COATI NG FI LMS

Met hod 4-1. Qut door Exposure - Atnospheric

Met hod 4- 2. Accel erated Weathering - \Wat her-Oneter

Met hod 4- 3. Salt Fog Exposure

Met hod 4-4. Cyclic Testing. Accelerated Weathering - Salt Fog Exposure
Met hod 4-5. C evel and Condensi ng Cabi net

Met hod 4-6. Cyclic Testing. Ceveland Condensing Cabinet - Freezing
Met hod 4-7. Sinul at ed Seawat er |mmersion (Laboratory Tanks)

Met hod 4-8. Seawater Immersion - Raft Tests

Met hod 4-9. Di scontinuous Seawater | nmersion

Met hod 4-10. Seawater |mmersion Moving Panels (Rotors)

Method 4-11. Synthetic Seawater Immersion of Panels in a Hydrodynam c Doubl e
Chanbered Tank.

Method 4-12. Patch Tests on Ships

Met hod 4-13. Test Panels Attached to Ships

Met hod 4-14. hnersion Testing Ship Tank Linings

Met hod 4-15. Seawater |mmersion Under Cathodic Protection

Method 4-16. Spinning Disk: Seawater - Sand Slurrv
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Qut door _Exposure - At nospheric
Met hod 4-1

Reference: F.T.M Std. No. 14l1a-6160 or ASTM D- 1014

Objective;: To determine relative service of exterior paints when applied to
metal s exposed outdoors in a nmarine environment.

Procedure

The specifications shoul d be used as guides. The base nmetal used for
test specimens is to be of hot-rolled steel conparable to ship plate. The
preparation of test specimens is described el sewhere in the Appendix. The
pai nt shall be applied by the”procedure commensurate with the nmanufacturer’s
suggestions and the yard practices. The specinens shall be nounted in an
exposure rack so that none contact each other, or cast shadows on others
Run-of f from panel s should not flow over others. It is suggested that the
racks be in a marine environnment, preferably very near salt water with panels
facing south. The panel holders should insulate the- panels fromthe rack and
from each other, and not damage the panels. Angle of exposure can fit the
i ndi vidual needs of the yard, but if only one exposure angle is used, the
angl e suggested is 45 degrees.

The shipyard may find it nore convenient to expose panels at a
comercial exposure site rather than carry out the exposures in the yard.

The panel s shoul d be exam ned periodically (some prefer nmonthly
i nspections while others use less frequent exam nation). The panels shoul d
be graded for the follow ng:

Corrosion - Method 5-1 (Appendix 11-A5)

Adhesion - Method 5-2 (usually only at end of test)

General Appearance - Method 5-30
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Accel erat ed \\at heri ng
Met hod 4-2

References: F.T.M Std. No. 14la-6152
ASTM E- 42- 65 (Carbon-Arc Type)
ASTM E- 239- 64T (Wat er-Cool ed Xenon-Arc Type)

oj ective: To expose coatings to W light and water spray to give early
(accel erated) indication of potential performance outdoors

Pr ocedur e:

The specifications are to be used as guides, but the shipyard may
sel ect the type weathering device and exposure cycle to fit individual conven-
iences. The Weather-Qmeters ® are available in several nodels. Each operates
on the principle of exposing coatings to intense W light with cycles of water
spray. A popular cycle for the twin-arc type is 102 mnutes of U light only
and 18 nminutes of light and water spray. A xenon-arc nodel has the advantage
of nore continuous operation without the maintenance required in the twin arc,
whi ch requires changing the carbon el ectrodes each day. A humdity-controlled
Sunshi ne nodel has the advantage of cycles which include darkness with a chilled
water spray on the backs of panels to cause condensation on the coating. This
model produces nore rapid failure in many coatings than is caused by the other
node 1s.

Accel erated weathering results cannot be correlated directly with
| ength of service outdoors. Nevertheless, the test provides an excellent
method for judging relative nerits of different coatings. Therefore, contro

coatings of known performance should al ways be exposed at the same time as the
new and unproven coati ngs.

At various periods of exposure (usually each 100 hours) the panels
are graded for the follow ng:

Corrosion - Method 5-1 (Appendix 11-A5)
Adhesion - Method 5-2 (usually only at end of test)
Ceneral Appearance - Mthod 5-3.

* Atlas Electric Devices Conpany, 4114 N. Ravenswood Avenue, Chicago, Illinois
60613.
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Salt Fog Exposure
Met hod 4-3

References: ASTM D-117-64 and F.T.M Std. No. 141a-6061
Qbj ective: To hel p apprai se perfornmance potential of marine coatings.

Condi ti ons

A detailed description of standard salt-spray cabinet requirenents is
given in the ASTM designation D-117-64. The cabinet* consists essentially of
the following: a fog chanber, a salt solution reservoir, a supply of suitably
conditioned conpressed airs one or nore atomzing nozzles, specimen supports,
and provision for heating the chanber. The follow ng operating requirenents
are to be net:

(a) Salt solution. The salt solution shall be prepared by
dissolving 5 parts by weight of sodiumchloride in 95
parts of distilled water or water containing not nore
than 200 ppm of total solids. The pH of the solution
shal | be such that when atonmized at 95 F the collected
sanple will have a pH of 6.5 to 7.2.

(h) Ar supply. The air supply for atomizing the salt
solution shall be free of dirt and oil and mai ntai ned
between 10 and 25 psi. In addition, the air shall be
so humidified that upon release into the chanber it
will have a relative humdity between 95 and 98 percent.

(c) Tenperature. The exposure zone of the cabinet shall be
maintained at 95 F plus 2 or minus 3 F. Record the tem
perature of the exposure zone at |east twice a day at
approximately a 7-hour interval

(d) Quantity of fog. Two or nore fog collectors shall be
placed within the exposure zone in the proxinmity of the
test specinmens. The fog shall be such that for each
80 cnfof horizontal collection area there will be col-
lected from 1.0 to 2.0 m of salt solution per hour when
based on a 16-hour run.

* Salt Fog Cabinets are available through Gardner Laboratory, Inc., Bethesda
Maryl and.
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(e) Position of specimen. The specimens shall be supported
with the dom nant test surface between 15 and 30 degrees
fromthe vertical. Arrange the specinmens so that they
do not contact each other or any netallic material or
any material capable of acting as a wick. Condensate
shall not fall from one specimen upon anot her

Since position of the panel within the cabinet can have effect on test results,
it is suggested that at |east two speci nens be exposed; in different positions
within the cabinet. A control coating of known performance potential should

al ways be exposed al ongsi de the unknown coatings for direct conparison.
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Cyclic Testing
Accel erated Weathering - Salt Fog
Met hod 4-4

Ref erences: Method 4-2, Accelerated Wathering, and
Met hod 4-3, .Salt Fog Exposure.

A val uabl e I aboratory test procedure for marine paints used above the
waterline is alternate exposure to accel erated weathering and salt fog. T here
is no standard time cycle for these exposures. However, Newfield, et al(l)
found that alternate exposure to Weather-QOreter and Salt Fog was a pronising
accel erated screening test, and that a cycle of 20 hours Wather-tieter (Twin
Arc) and 4 hours salt fog was nost accelerated of the cycles tried. Watever
cycle is chosen, it will probably be expedient to exam ne the test specimens
at the end of each cycle. The panels are to be exam ned according to Methods
5-1, 5-2, and 5-3 (Appendix 11-A5).

(1) Reference 264, Appendix Il -A
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Cl evel and Condensi ng Cabi net
Met hod 4-5

Ref erence: Publications (1) by the Oeveland Society for Paint Technol ogy

The Cevel and Condensing Cabinet(’) is designed to expose test panels
to 100 percent humdity with continuous condensation on the coated face of the
test panel. The coated panels are laid in racks at the top of the cabinet.

The backs of the panels are exposed to anmbient (roon) tenperature. The tenpera-
ture of the water in the pan bel ow the test specinens can be varied up to 180 F.
A suggested operating procedure is to maintain the water at 120 F and the anbient
(room) tenperature at about 72 F.

The continuous water condensation can cause nore rapid blistering of a
marine coating than is experienced with continuous saltwater inmrersion. Thus ,
the O evel and Cabinet can be used for accelerated testing of marine coatings.
The coatings of unknown potential should be exposed al ongside coatings of known
per f or mance. In this wayjudgment of the relative nmerits of the unknown coatings
can be nade even though the time-to-failure in the test cannot be correl ated
directly with actual service life in the marine environnment.

Panel s should be examined daily for the first week and twi ce weekly
thereafter until failure occurs by blistering, peeling, or corrosion. Panels
shoul d be exami ned as foll ows:

(a) Corrosion - Method 5-1 (Appendix 11-A5)
(b) Adhesion - Method 5-2 (usually only at end of test)

(c) Ceneral Appearance - Method 3-5.

(1) Official Digest, Dec. 1963, ~ (467), p 1318-1.327.
O ficial Digest, Nov. 1965, 37 (490)

(2) Manufactured by Q Panel Conpany, 15610 Industrial Parkway, C eveland,
Ohio 44135.
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Cyclic Testing
Cl evel and Condensi ng Cabi net - Freezing
Met hod 4-6

A cyclic test can be conducted using aprocedure simlar to that
described in Method 4-5, except that the test panel is exposed 22 hours on
the C evel and Condensing Cabinet followed by 1 hour in a freezer at Oto
10 F and then 1 hour at room tenmperature. The cycle is repeated until visual
failure occurs. Exam nation should be made as foll ows:

Corrosion - Method 5,1 (Appendix 11-A5)
General Appearance - Method 5-3

Adhesion (at end of test period) - Mthod 5-2.
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Laboratory Tanks
Met hod 4-7

Test panels should be prepared as described in Method 6-1. Sinulated
seawat er should be prepared as described in Mthod 6-8.

Corrosion-resistant |aboratory tanks should be constructed | arge enough
to hold a nunber of the 6 x 12-inch test panels spaced at |east 1 inch apart
(di stance between panel faces). A convenient tank size is about 12 x 12 x 30

inches, which is the approximte size of an el ongated 20-gallon, glass aquarium
avai |l abl e from sone hobby stores

The panel s shoul d be sugﬁorted froma rod P!aced above the tank, using
insul ated, nonmetallic hangers. e tank shoul d be filled Co a convenient |evel

with synthetic seawater

Bubbling of air through the water will produce a MOré corrosive envir-
onnent. However. care nust.be exercised to distribute the @ T unifornty between
the faces of the test panels. This can be done by laying a plastic tube along
the bottom of the tank with very small holes in the tube spaced at the sane
interval as the distance between panels. The tube can be connected to any con-
veni ent source of conpressed air.

The photograph in Figure 4 shows a typical seawater inmersion test
setup simlar to that described above

The panels imersed in synthetic seawater should be exa@hned atlsuit-
able intervals, usually no less frequently than once Per rnonth, € panels
shoul d be rated as described in Test Methods 5-1, 5-2, and 5-3.

FIGURE 4. SI MULATED SEAWATER | MVERSI ON
TESTI NG I N LABORATORY
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Seawater |mmersion - Raft Tests
Met hod 4-8

‘Seawat er inmmersion of test panels suspended from rafts has been used
for many years as a nethod toeval uate boottop and ship bottom paints, including
antifouling coatings. There is no standard procedure for carrying out these
tests and techniques vary from one exposure station to another. Sonme suspend
panels fromfloating rafts so that depth of panel is always the same regardl ess
of tide. Qthers suspend panels frompiers in such a way that depth varies with
tide. In sone cases, the panels are suspended frompiers so that all or part of
the panel is above water at lowtides and the panel is entirely under water at
high tide. This method may be used for boottop paints.

The place selected for seawater inmersion tests is very inportant.
There should be a good c-unity of marine fouling organisms present, including
both hard fouling and grasses. The area should also be protected from storns
and wave action; for exanples an inlet or sheltered harbor area. The follow ng
description of procedures is offered as a guide

The raft or dock should be constructed with wal kways separating open
areas where the test panel racks can be suspended. The racks may be constructed
fromwood and protected with a high-quality antifouling paint. The racks should
be of such size as to hold six or eight of the 6 x 12-inch steel panels described
in Method 6-1, Preparation of Test Panels. The racks can be suspended from the
doclc by suitable lines, such as nylon.

I nspections of panels should be on a monthly basis. The panels shoul d
be exam ned for protective properties and film defects, using Method 5-1 and
5-3 as a guide. They should also be rated for fouling according to Method 6-10
When noti ceabl e changes occur, it is very helpful to take color photographs to
retain as records of condition

The photograph in Figure 5 shows an exposure dock at a marine exposure
site. The photograph in Figure 6 shows a,test rack renoved fromthe water for
exam nation of test panels.



FIGURE 5. MARINE EXPOSURE DOCK

FIGURE 6. TEST RACK REMOVED FROM
SEAWATER FOR EXAM NATI ON
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Di sconti nuous Seawater | nmersion
Met hod 4-9

Di scontinuous Seawater Imersion is useful for testing boottop paints.
The alternate wetting and drying of Some paints, along with part-tinme exposure
to sunlight can be much nore destructive than continuous inmersion.

The panel s nmaybe inmersed as described in Method 4-8. Periodically,
they should be lifted fromthe water and the rack suspended in air and facing
south so that sunlight may strike the faces of the panels. There is no standard
tine cycle for doing this. However, a suggested schedule is 11 days imrersion
folloned by 3 days above water. The panels shoul d be exam ned on a nonthly
basis using the follow ng nethods as a guide: Mthods 5-1, 5-3, and 6-10..
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Seawat er | nmersi on Myvi ng Panel s (Rotors)
Met hod 4-10

There are advantages in testing boottop and ship bottom paints in
notion to simulate ship novement. The rapid flow of water over a paint surface
produces differences in coatings deterioration, and especially nore rapid |oss
of toxicant than fromantifouling paints tested stationary. The test should be
made with panels under notion part of the time and stationary part of the tine
to allow attachment of nmarine fouling. There is no standard cycle established,
but a suggested procedure is 2 nmonths in notion and 1 nonth stationary.

titers are difficult to operate and expensive to maintain. Therefore,
the shipyard may prefer to use rotors available at various marine exposure
stations. The follow ng stations are now operating rotors, or have operated
rotors in the past:

(1) Ccean City Research Corporation, Ccean City, New Jersey

(2) Mam Research Inc., Mam, Florida

(3) Florida Marine Research Facility of Battelle-Col unbus

Laboratories, Daytona Beach, Florida.

The foll owing schematic of a rotary wheel is for one used at F.MR F.
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FIGURE 7.  SCHEMATI C OF ROTOR APPARATUS
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Each rotary wheel is essentially a 6-inch segnment of a 36-inch-dianeter
cylinder nounted on a vertical shaft so thatthe cuter circunference of the wheel
is a vertical surface, to which eighteen 6 x G-inch panels can be nount ed

The cylinder segment is polyeter fiber glass and is nmounted onto the
center steel shaft by means of a |/4-inch acrylic plastic disk. The center shaft
is connected to a 10-hp electric motor through a pulley-belt assenmbly which reduces
the 1760 rpm speed of the notor to approximately 200 rpm for the wheel. Two speeds
are currently being used: 18 knots and 22 knots. The 6 x 6-inch steel panels are
preformed to a 36-inch-dianeter radius of curvature and are nmounted on the whee
by neans of two nylon bolts.

Panel s exposed on the rotor should be exam ned nonthly using the foll ow
ing as a guide: Method 5-1, 5-3, and 6-10.
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Synt hetic Seawater |mmersion of Panels in a Hydyrodynanic
Doubl e Chanbered Tank.
Met hod 4-11

For testing top coat compatibility of different primers wth
different top coat systems as well as for testing boottop and ship bottom
paint systens hydrodynam c conditions are inportant.

The testpanels are secured in the upper portion of the double
chanbered tank. The tank can be filled with fresh water or synthetic sea
water. The water is circulated at approximtely 18 knots.

A doubl e chanmbered tank was built under the Maritine Adm nistration
ProjecE SF 1-6 “Inmproved Fabrication Primer for Protection of Steel”. It
is operated at Avondal e Shipyards, Inc., Avondale, LA

FI GURE 7A, HYDRODYNAM C DOUBLE
CHAMBERED TANK
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Pat ch Tests on Shi ps
Met hod 4-12

Patch tests on ships are an effective way to eval uate coatings under
actual service conditions. However, examination of bottom coatings may be
difficult and nuch valuable information nmy be lost if exanminations of the
paints cannot be made at the proper times. Patch tests topside may be unde-
sirabl e because of differences in appearance of the paints ~der exami nation.
However, topside paints can be placed where they will be easy to exam ne

When conparing different paints by patch tests, great care nust be
taken to assure that each paint is subjected to the same conditions. This can
be done with bottom paints by dividing the bottomarea into quarters with one
pai nt applied portside forward and starboard aft, and the other starboard for-
ward and portside aft. |f patches of several paints are to be tested on the
sane ship, it is wise to test each paint in nore the one |ocationgand plan
the patch tests to subject each paint to as simlar conditions as possible.

The paints should be exam ned using the follow ng as a guide:
Met hods 5-1, 5-3, and 6-10.
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Test Panels Attached to Ships
Met hod 4-13

Test panels may be prepared as described in Method 6-1. The coated
panel s can then be attached to ships for exposure under actual service conditions.
General ly, this procedure has been USed for ship bottom paints, but could be used
for other-kinds of paints, with panels exposed at the appropriate |ocations on the
ship. A convenient place to attach panels for testing ship bottompaints is at
the bilge keel.

After exposure, the panel should be exanmined using the follow ng as
a guide: Methods 5-1, 5-3, and 6-10.
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| mrersion Testing Ship-Tank Linings
Met hod 4-14

Ref erence: Mlitary Specification ML-P-23236 (Ships)

Test Panel s may be prepared as described in Method 6-1. The coated
panel s shall be subjected to 20 cycles (or to prior failure) with each cycle
made up of the follow ng four operations

(1) Irmmersion in salt water for one week at a tenperature
of 80 F + 10 F. The salt solution contains 3.0 percent
of comon table salt dissolved in distilled water.

(2) Imersion in aromatic fuel for one week at 80 F + 10 F
(following the saltwater immersion). The aromatic
synthetic gasoline “to be used for the test is a blend
containing 60 volunes of aliphatic petrol eum naphtha
(TT-N-95), 20 volunes toluene (TT-T-548), 15 vol unmes
xyl ene (TT-X-916), and 5 volumes benzene (WL-231).

(3) inmmersion in hot synthetic seawater for 2 hours at
175 F; to simulate tank cleaning

(4) Hot seawater spray for 10 seconds with water tenperature
at 175 F. Each panel is to be placed in a suitable closed
‘container and opposite a 3/16-inch spray nozzle set at a
distance of 2-1/2 feet fromthe panel face. The nozzle
pressure shoul d be 25 pounds per square inch.

The panel s shoul d be exam ned careful ly-after the 20 cycles; Mthods
5-1 and 5-3 are to be used as a guide. If coating is still satisfactory, wipe
lightly with a soft cloth and fresh water, allow 48 hours to thoroughly dry,
and recoat the central upper third of one side of each panel, masking the portion
fromthe edge to 1/2 inch inward (to sinulate patching). Allow one week drying
time and conplete the testing with five additional cycles as described above

The effect of-the coating on fuel degradation shall be neasured by
conparison of test results obtained on fuel in contact with the coating system
with unexposed fuel of the same aga. The procedures are involved and are
spelled out in ML-P-23236 (Ships).

If other products are to be carried in the tanks, separate immersion
tests should be carried out with each product. The tests should be at anbient
tenperature (75 to 80 F) and at 120 F (accelerated condition). The panels should
be exam ned using Methods 5-1 and 5-3 as a guide. Product should be exam ned for
change in color, odor, and other noticeable change. For critical products, analysis
of purity should be made by a commercial testing |aboratory.
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If it is necessary to neet the requirements of Specification M L-P-
23236 (Ships) with a tank lining, the procedure spelled out in the specification
shoul d be followed to the letter.
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Seawat er | mersi on Under
Cathodi c Protection
Met hod 4-15

In cases where bottom coating systens are to be used in conjunction
wi th cathodic protection, they should be tested in seawater under an applied
potential. The test panels should be prepared as described in Method 6-1.
However, before the panels are blasted and coated, a steel wire should be
attached by welding. The coating should be applied part way up the wre.
This wire can then serve both as a hanger and to attach the lead wire for
appl ying the potenti al.

The panels can be imersed as described in Method 4-7. The bare

portion of the hanger and lead wire, however, should not be inmersed. A
sinplified schematic for applying the potential is shown bel ow
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FI GURE 8. SCHEMATI C FOR APPLI ED POTENTI AL TEST

Note: Transformers and rectifiers can be used as the source of D.C. potential
instead of the batteries shown in Figure 8.
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The panels under test should be exam ned periodically (at |east once
per month) according to Method 5-3. However, nonitoring with a neter can give
indication of early failure.
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Spi nni ng Di sk
Seawater - Sand Slurry
Met hod 4-16

The spinning disk method is used to determine relative resistance of
various ship bottomand boottop paint systems to a rasion. The test is based
on a procedure described by Orgonas and Del ahunt". The disk is attached to
the end of a shaft which is turned by an electric motor, such as a drill-press
motor. The carbon steel disks are 5 inches in diameter (other sizes up to
about 12 inches could also be used, but adjustment in motor speed would be
necessary to conpensate). The disks are turned at a rotational speed needed
to give a peripheral speed of 20 to 22 knots at the edge of the test panel
For a 5-inch-dianeter wheel this would be about 1700 rpm

The disk is to be coated with the paint to be tested follow ng the
manuf acturer’s specifications. The disk is inmersed in a container of synthetic

seawater (Method 6-8) and enough Qttawa sand added to maintain a sand |evel 1
inch above the disk. The panels are then spun for 1 hour.

Orgonas and Del ahunt found that reproducible results could be obtained
if two conditions were net:

(1) Prior to testing, a bare steel disk be rotated for
1 hour in the sand-water slurry, and

(2) Only 4 hours of testing be done before the sand is
repl aced,otherwise the sand |oses its abrasive
action.

The anmount of wear back, or coating renoval from the edge of the panel
gives indication of the abrasion resistance of the coating. The procedure is to
be used only for conparing one coating with another because correlation with actua
ship use has not been established.

(1) Reference 307, Appendix Ill-A  “Protective Coatings for Hulls”, R R
Orgonas and J. F. Delahunt, Paint and Varnish production, 55, June, 1965,
p 61-70.
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EXAM NATI ON OF COATI NGS AFTER
PROLONGED  EXPOSURES

Method 5-1. Corrosion (Rusting)

Met hod 5-2. Adhesion Retention at End of Test
(See Method 3-5 for neasuring adhesion)

Met hod 5-3. General Appearance

(a) Color (or Color Retention)
(Use Method 3-1- Appendix 11-23)

(b) doss (Use Method 3-2)
(c) Blistering

(d) Chal king

(e) Checking

(f) Cracking
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Corrosion (Rusting)
Met hod 5-1

Ref erences: ASTM D-610-68 and F.T.M Std. No. 141la-6451

Qbi ective: Toevaluate the degree of rusting on painted steel surfaces.

Pr ocedur e

Bl ack and white photographic reference standards are printed in each
of the two references |isted above. The nunerical rust grade scales are based
on an exponential function of the area of rust so that slight anounts of first
rusting have the greatest effect on lowering the rust grade. Colored photo-
graphic reference standards are available at a nominal cost from ASTM Headquarters,
1916 Race Street, Philadel phia, Pennsylvania 19103
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Adhesi on Retention
Met hod 5-2

Refer to Method 3-5 for neasuring adhesion after exposure and conpare with the
results obtained for the same coating system not exposed to the deteriorating
envi ronment .
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Ceneral Appearance After Exposure
Met hod 5-3

(a) Color

Color retention is inportant for topside paints. Color after exposure
shoul d be conpared with original color. See Method 3-1 for color neasurement.

(b) d.oss

Glossretention can be inportant for topside paints. See Mthod 3-2
for nmeasuring gl oss.

(c) Blistering
Ref erences: ASTM D-714-56 and F.T.M Std. No. 14la-6461
Qi ective: To evaluate the degree of blistering on painted surfaces.

Pr ocedur e

Phot ographi ¢ reference standards “are printed in both of the above
references. These reference standards represent the two characteristics of
blistering: size of blister and frequency of blister. Four size grades are
presented at four |evels of frequency.

(d) Chalking
References: F.T.M Std. No. 141a-6411 and ASTM D-559-44
oj ective: To evaluate the degree of chalking of exterior paints.

Pr ocedur e

Chal king is that condition in paint films manifested by the presence
of | oose removable powder evolved fromthe filmitself, at or just beneath the
surface. The degree of chalking is determ ned by wapping a wool felt (either
black or white, determined for maxi numcontrast to the painted surface) around
the index finger and with nedium pressure to the film stroke across the surface
for a length of 4 inches. Repeat the test on an adjacent area of the felt and
on a different area of the paint film Conpare the spots so obtained with the
phot ographi ¢ reference standards printed in the above references. Record the
nunber associated with the degree of chalking.
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(e) Checking
Ref erences: ASTM D-660-44 aud F.T.M Std. No. 14la-6421

Qi ective: To evaluate the degree of checking of exterior paints.

Procedure

Checking is that phenomenon nanifested in paint films by slight breaks
inthe filmthat do not penetrate to the underlying surface. Photographic refer-
ence standards are printed in each of the above references. Conpare the test
surface under exami nation to the photographic references to determ ne the degree
of checking. Record the number associated with the degree of checking

(f) Cracking
Ref erences: ASTM D-661-44 and F.T.M Std. No. 141a-6471

ol ective: To deternine the degree of cracking of exterior paints.

Procedure

Cracking is that condition in paint filnms nanifested by a break extend-
ing through the filmto the substrate surface. The photographic reference stan-
dards printed in each of the above references are representative of degrees of
cracking. The painted surface under exam nation is to be conpared with the
phot ogr aphi ¢ references and the nunber of the reference matching the appearance
of the painted surface recorded as the degree of cracking.
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Preparati on of Test Panel s
Met hod 6-1

Ref erence: ASTM D-2200 - Preparation of Steel Panels

One type of steel panel having excellent merit for the testing of
marine coatings is 6 x 12 inches in size, and cut froml/8-inch-thick, hot-
rolled stock sinilar to the steel used for ship plate. All edges of the panel
shoul d be rounded to provide easier coverage. The panels should be blasted to
the sane SSPC rating and surface profile normally obtained in the yard, but not
| ess than a near-white netal rating; SSPC-SP 10-63 (unless effects of |esser
treatnents are under investigation).

Each part of each finishing system should be applied by spraying under
carefully controlled conditions follow ng exactly the procedures outlined by the
coating supplier (or an applicable specification). Each part of the system should
be applied to the thickness reconmended using the nunber of spray coats specified;
unl ess such is not conpatible with yard procedures in which case the yard procedure
will take precedence. Methods for neasuring coating thickness are described el se-
where in this manual (Method 3-4). Drying tinme specified for the particular
material wll be allowed between coats, and after the last coat (before beginning
the testing). Special care should be taken to assure that the back of each test
panel is at least as well protected as the front. Edges nust be well covered, so
it is generally helpful to add additional top coat by dipping the edges into a
shal | ow pan of coating material. This can be done as soon as the final spray
coat is dry to touch.

In sone testing it is desirable to observe coatings performance al ong
scribe marks; to simulate coatings damage or inconplete coverage. The scribe
marks may be made with any sharp blade or tool, except care nust be taken to
prevent chipping of the coating along the scribe marks.

Qt her size panels nay be prepared as described above for various tests
whi ch require panels of specific size to fit the test apparatus. For accelerated
weat hering, panel size should be 3 x 9 inches to fit either the Sunshine or Xenon
units or 2-3/4 x 5-7/8 inches to fit the Twin Arc machine. For the Oeveland
Condensi ng Cabinet, the panels should be 4 x 8 inches.

Still other tests require a different kind of test panel having a
snmooth surface. Smooth panels are of advantage when testing relative adhesion
of different coatings, and for Taber Abraser testing. \Were smooth panels are
desired, it will be convenient to use Q Panels(R)* because of their high degree
of uniformty.

* Q@ panel Cnpany, 15610 Industrial Parkway, Ceveland, Chio 44135
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Fadi ng - Col or Change
Met hod 6-3

No_applicabl e specification

Various resin binders and color pignents may be sensitive to uv |ight,
and thus change in color and/or gloss during exposure indoors. 10 check the
color and gloss stability of indoor paints, a sinple procedure of indoor exposure
in a room having only north lighting can be used. Panel's prepared as described
in Method 6-1 may be placed in racks suspended from the ceiling. The racks
shoul d be placed so that each panel being tested will receive about the sane
anount of light. Cover a portion of the panel with alumnumfoil, and after a
suitabl e exposure period of at |east one year, remove the foil and conpare
visual ly the covered and uncovered areas of the panel
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Coati ngs Application Over Danp
or Contam nated Surfaces
Met hod 6-2

This method is to be used when studying tolerance of coatings to
moi sture, and/or netal surface contam nation. The procedure to be followed in
panel preparation and coatings application is described in Method 6-1; with
the exception of surface preparation. Instead, the test panel is to be pre-
conditioned” to simulate the netal surface condition to be studied.

To eval uate coatings performance over rust, the panels may be allowed
to rust simply by leaving themin a high-humdity area after blasting.

To eval uate coatings performance over surface noisture, the panels
should be placed in a freezer, and then brought out for coating. Water can be
al lowed to condense on the surface before the paint is applied. The amount of
condensation may be controlled to some extent through repeated trials of differ-
ent time in the freezer.

The paint should be applied over the contanminated surface as described
in Method 6-1.
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Fire Resistance - Flanmbility
Met hod 6-5

Ref erence: ASTM D-1360 and D- 1361

Qbjective: To conpare flammbility of different paints for living spaces
in ships.

Pr ocedur e

Both testsare difficult to performif the specifications are to be
folloned exactly. D-1360 is a cabinet nethod of fire testing, and D-1361 is a
stick and wick nethod. The stick and w ck method woul d be easier for the yard

to use because it does Ynot require construction of the special fire chanber.

The coating is applied to a 1 x 1 x 16-inch white sugar pine panel.
A wick is made froma 6-inch length of gage conpress by folding tw ce |ength-
wise. The wick is wapped around the painted stick, wet with al cohol, and
ignited. After 100 seconds, the flanme is extinguished by carbon dioxide.
C&nFarisons are nade of flame spread, char, and weight |oss between painted
stacks and unpai nted sticks. The exactprocedure is described in ASTM D-1361.
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Washabi lity of Paints
Met hod 6-4

Ref er ence: F.T.M Std. No. 14l1a, Method 6141

objective; To determine ease of renoving soil fromthe surface of an
interior paint.

Procedure

The specification should be used as a guide, but is perhaps too
detailed for the shipyard to follow to the letter. The procedure calls for
the use of a special apparatus of the type available from Gardner Laboratory*.
It consists essentially of an electric notor mounted on a flat metal plate and
a mechani sm t hrough which the motor will inpart a reciprocating nmotion to a
sponge (held in a netal box) |engthwi se across a test panel clanped to the plate.
The test panel specified is a glass plate, but steel panels can be used. Pre-
pare the test panel as described in Method 6-1. Place it in the instrument.
Soil the panel with the follow ng mxture:

Raw Umber 35 grams
Wi te petrol atum - 6 grams
M neral spirits - 40 mlliliters.

Wt the sponge in distilled water and rub with cake grit soap as
directed. Start the machine and after 25 cycles (50 separate strokes), renove
the sponge, clean in running water_ rub with cake grit soap as before, and run
another 10 cycles (20 strokes). Renove the panel, rinse wth running water and
a clean sponge, allow to dry, and exam ne for change in color or gloss.

% Bethesda, Maryland.
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Resistance to Ol and G ease
Met hod 6-7

Reference: F.T.M Std. No. 141a, Method 6081

(btective: To determine resistance of coating to oils and greases of the type
used in engine roomns.

Procedure

Prepare test panels as described in Method 6-1. Wth the panels in
a horizontal positions place spots of each oil and grease in at |east two or
three places over the surface of the paint. Mrk the spots in a suitable
manner. After a suitable exposure period (at |east 24 hours), renove nost of
the material with a soft cloth, followed by a light wipe with a cloth or tissue
wet with a suitable solvents such as mineral spirits. The solvent chosen nust
be noninjurious to the coating. The panel may then be rinsed under a gentle
stream of cool water while wusing a soft cloth or a tissue. Wpe dry, and

inspect for visual defects such as change in color, change in gloss, blistering
etc.,
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tin tabilit rin t or
Met hod 6-6

Reference: F.T.M Std. No. 141a, Method 3022

In exam ning a new coating for possible use in the yard, it is inpor-
tant to know if it can be stored satisfactorily. ‘lbhis is especially inportant
where the nmaterials may not be used for many nmonths. This test involves a sinple
procedure of taking a sanple froma carefully stirred container of newy received
material, storing the sanple for several nonths, and then exam ning the condition
of the sanple. Method 2-2 should be followed, as well as the procedures outlined
in F.T.M Std. 144a, Method 3022, in making the inspection.

A conveni ent nethod of observing pigment settling of a coating in the
| aboratory is to fill a 100-m graduated glass cylinder wi~h the material and
secitasi de for observation. Periodically, the amount of separation of clear
liquid, which becones visible, can be recorded. At the end of the test, hard-
ness of cake and ease of redispersion can be checked with a probe
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Vol ume of Nonvol atile Miterial in Coating
Met hod 6-9

Ref erence: ASTM D- 2697- 68
Objective: To determine the volune nonvolatile matter in solvent-type coatings

Pr ocedur e

(a) Dry filmwet filmthickness ratio. This nethod naybe used to
estimate the expected coverage of a paint, or for routine quality assurance
testing. Apply the coating to a flat nonporous substrate using a drawn-down
bl ade. Inmediately determne the wet film thickness by one of the methods
outlined in Method 3-4(a). Allowthe coating to dry according to product
specifications. Determine the dry film thickness as described in Method 3-4(b).
Divide the dry filmthickness by the wet filmthickness, multiply by 100, and
record the result as apparent volune percent nonvolatile.

(b) Standard ASTM et hod. This nethod is based on Archinmedes buoy-
ancy effect and is subject to error because void spaces may or nmay not be wet
out by the immersion media. However, when determnations are nmade by one
| aboratory, sufficient accuracy should be achieved to permt the accurate
cal cul ation and conparison of coverage rates of various conpeting products.

A stainless steel disk (6.0 cmin diameter and 22-gage thickness) is
to be prepared for suspension in liquid by attaching a fine wire through a hole
near the circunference of the disk. Dry the disk in an oven at 105 C for 10
mnutes, then allow to cool. Using an analytical balance, weigh the disk in air,
then in the liquid selected for imrersion. During inmersion, the liquid should
be at least 3/4 inch above the disk and subsequent weighings should be to the
sane depth. Record the tenperature of the liquid; then obtain the specific
gravity of the liquid at that tenperature.

Cal cul ate the volunme of the disk as follows:

G= AB
wher e
G = the disk volume in mlliliters
A= weight of the disk in air,
B = weight ofthe disk in liquid, and
S = specific gravity of the liquid at test

t enperat ure.
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Synt hetic Seawater, Preparation of
Met hod 6-8

Ref erence: ASTM D-1141-52, Fornula A

The dry salt to be used in preparation of synthetic seawater is
obtai nable from Lake.Products Conpany*. The dry salt is to be mxed with
dei oni zed water, distilled water, or tap water containing |ess than 500
parts per nmillion of total dissolved solids. The following ratios are to
be used: 41.953 grams salt per liter of water or 5-1/2 ounces per gallon

of water.

* 1254 Grover Road, St. Louis, Mssouri 63125.
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Rating of Panels According to Accumulation
of Marine Fouling Organisns
Method 6-10

The rating of shipbottom paints according to accunul ation of marine
fouling organisms requires a trained observer. therefore, commercial, marine
exposure stations are generally engaged for exposure of test panels so that
fouling observations can be nade by skilled technol ogi sts. However, even an
i nexperienced observer can distinguish the difference between a clean and a
badly fouled test panel

It is commn practice to give an arbitrary overall rating of fouling
based on the observer’s experience. The rating may be on a 100 to Oor a 10 to
O scale with the high nunber designating no fouling, and the Orating referring
to conplete fouling. Oher ratings are nade between these extrenes based on the
total foul ing accurmulation. In addition, the observer generally gives ratings
for the kinds and anounts of marine fouling; both hard (barnacles, nollusks,
annel i ds, bryozoa, hydroids, etc) and soft (algae and scum). Besides the rating
of fouling, the observer usually notes coating condition; with a description of
any visible film failure (eroding, chalkings checking, cracking, peeling, or
blistering) or corrosion of the steel substrate. The examination of panels is
usually on a frequent, possibly once-a-nonth, basis. Photographs are taken to
maintain a pictorial record of coating performance
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Det erm ne the weight nonvolatile content of the liquid coating mate-
rial as described in Method 2-110 Calculate the specific gravity (g/m) of the
coating material fromthe weight per gallon determ nation as described in Method
2-3. Dipthe disk in the liquid coating material such that 1/4 to 1/2 inch of
the wire is coated. Allow the coating to drain properly and blot the bottom
edgs of the disk so that beads do not dry. Dry the coated disk using the sane
drying schedul e as used for the weight nonvolatile determination. Cool the disk.
Weigh the coated disk in air, then in the selected liquid nediumin the same
manner as for the uncoated disk. Record the inmersion liquid tenperature.

Cal culate the volune of the coated disk as follows:

g=CD
S

wher e

H= the coated disk volune inmlliliters

C =weight of the coated disk in air,

D = weight of the coated disk in liquid, and

S = specific gravity of the liquid at test tenperature-

Cal cul ate the volune of the dried coating, F, inmlliliters, as

fol | ows:

F=HG

Calculate the volune of the wet coating applied to the disk as follows:

V: C‘A
WXP
wher e
V= the wet coating volume in mlliliters,
w = grams of nonvolatile matter in 1 gram of wet
ccating, and
P= specific gravity of the total coacing naterial
Cal cul ate the percent volune nonvolatile in the liquid coating as
follows:

E x 100,
A"/

Report with the percent volune nonvol atile, the displacenent |iquid,
and the method of drying the film
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Rati ng of Panels According to Accunul ation
of Marine Fouling O ganisns
Met hod 6-10

The rating of shipbottom paints according to accunulation of marine
fouling organisms requires a trained observer. Therefore, conmercial, marine
exposure stations are generally engaged for exposure of test panels so that
fouling observations can be nade by skilled technol ogi sts. However, even an
i nexperienced observer can distinguish the difference between a clean and a
badly foul ed test panel

It is comon practice to give an arbitrary overall rating of fouling
based on the observer’s experience. The rating nay be on a 100 to Oor a 10 to
O scale with the high nunber designating no fouling, and the O rating referring
to conplete fouling. Oher ratings are made between these extremes based on the
total fouling accunulation. In addition, the observer generally gives ratings
for the kinds and anmounts of nmarine fouling; both hard (barnacles, nollusks,
annel i ds, bryozoa, hydroids, etc) and soft (algae and scum). Besides the rating
of fouling, the observer usually notes coating condition; with a description of
any visible film failure (eroding, chalking, checking, cracking, peeling, or
blistering) or corrosion of the steel substrate. The exanination of panels is
usual ly on a frequent, possibly once-a-nonth, basis. Photographs are taken to
maintain a pictorial record of coating performnce
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Leachi ng of Toxicants from
Antifouling Paints ~
Met hod 6-11

In cases where the minimumleaching race of toxicant needed to prevent
marine fouling has been established, the shipyard may wish to deternine the
| eaching rate froma new coating as a relatively quick nethod of estimating its
ef fectiveness. For exanple, mninmumleaching rate of copper has been establishe
as between 7 and 10 micrograns per square centineter per day. Lower rate is
i ndi cative of ineffectiveness and higher rate is wasteful of toxicant.

The nethod described by Fountain(!) is useful for this purpose. In
brief, a.sandblasted glass panel, 7.5 x 10 x 0.3 cm is painted on both sides
with the antifouling paint. The panel is inmersed in 1500 nml of clean seawater,
previously wel |l aerated by bubbling, adjusted to a pH of 8.10 + 0.05 and a
chlorinity of 17 parts per thousand and maintained at 25 + 1 C (77 & 2 F).

The panel is rotated at 100 rpm about its |ongest axis of symmetry for 1 to 4
hours. The anount of copper in solution is then analyzed by the method describe
and the rate of leaching calcul ated therefrom

It is wise to again test for |eaching rate after the panel has been
exposed in a large volune of seawater for an extended period of time (1 to 2
mont hs) .

(1) Reference 243,. Appendi x I1l1-A Fountain, M K., Screening Antifouling Paint
for Sustained Leaching Rates, Symposium Natl. Assoc. of Ccrrosicn Engrs.
Cctober 5-7, 1966.
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Di scussi on

Test procedures for the eval uation of organic coatings and coating
materials are of considerable nunber. Many of the established procedures are
found in a relatively few reference-type books, Wwhich are described below.
However, a very large nunber of additional tests are scattered throughout the
technical literature.

The procedures,found in the major reference books are of the well-
aut henti cated, highly dependabl e nature, that have attained this status by
|l ong, involved investigations and w despread use by many different industries..
These reference books are briefly described and discussed as follows.

Federal Test Method
Standard No. 141

The Federal Test Method Standard 141 is an approved publication by
t he Conmi ssioner, Federal Supply Service, General Services Administration, for
the use of all Federal agencies. It contains approximately 300 test nethods
acceptable for use in conjunction with Federal purchase specifications. Mbst
of the nethods duplicate or refer to ASTM standard nethods.

The Standard is available from the Superintendent of Docunents,
U S. Government, Washington, D. C. The price is $3.75 per copy.

ASTM Annual St andar ds

ASTM St andard Met hods are basically established as referee nethods to
use in case of dispute between buyer and seller. Hence, enphasis is on accuracy,
reliability, and reproducibility. Two volumes of the Standards relate to the
probl em of testing organic coatings. Part 20 concerns paint and paint naterials,
specifications and tests, including naval stores and aromatic hydrocarbons.

Part 21 covers paint tests for fornulated products and applied coatings films.
Eoth parts may be purchased separately from Anerican Society for Testing and
Materials, 1916 Race Street, Philadel phia, Pennsylvania 19103.
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Pai nt Testi ng Manual

The Paint Testing Minual by Gardner and Sward, is largely a descriptic
of test methods in a general way, in an attenpt to aid in the selection of the
optinmum net hod conpatible with the material being tested, and the intended servi
application. The descriptions cf the test nethods are quite general, and are no
intended to be cookbook procedures for conducting the tests. The Manual is of
great help in deciding what tests should be run, but procedural directions for
conducting the test must be obtained el sewhere. It is also available from ASTM
1916 Race Street, Philadel phia, Pennsylvania 19103.

Steel Structures Painting Manual

The Steel Structures Painting Manual is published in two vol unes.
Volume 1 - Good Painting Practice - is especially valuable as a guide to the

complex field of the preparation of metal surfaces for receiving paint, and
Che techniques used for the application of paint to conmplex structures.

volume 2 - Systens and Specifications - contains valuable data on the sel ection
and application of paint systems for use in a wi de range of service conditions.
These volunmes are available fromthe Steel- Structures Pajnting Council, 4400

fifth Avenue, Pittsburgh, Pennsylvania 15213.

General Comments on the
Technical. Literature

The literature survey conducted in this present study was drawn nainly
fromtechnical publications reported in Chem cal Abstracts, Oficial Digest,
The | oan journal _of Paint Technology, Corrosion, and Materials
Protection. The papers studied were published in the period from 1960 through
1972.

The technical literature, in general, can be relied on to indicate
areas of extrenme interest and intensive exploration. Howeever, it nust be enpha-
sied that the technical literature is not a satisfactory source of approved or
reproduci ble test procedures. By far, the greatest mgjority of test nethods
reported have been devel oped for special purposes, and frequently suffer in any
attenpts to expand their use to other applications wthout involved study.

Maj or interest appears to be in the area of exterior and accel erated
exposures.  The consensus of nost witers is that accelerated tests can give
val uabl e conparative information, but in nost cases cannot be directly corre-
lated with an expected service |life. Mny people have expressed the desire for
on inproved nethod for the early determ nation of an expected service life. It

appears that. this is generally a difficult task, since performance varies wth
penetrate case, its surface preparation, the technique used for coatings appli-
-a Jon, and the renditions to which the filmwll be subjected. In short, the
d~ design of a “black box” to predict paint durability appears very unlikely in
the foreseat to future.
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The mlitary provide extensive-specifications for protective coatings
according to intended use. Many practical testing procedures_can be found by
sinply examining a specification. For exanple, ML,-P-23236(374)* is concerned
with qualifying coatings for steel ship tanks for fuel, and saltwater ballast,
Methods are given for dry tinme, gloss, appearance, recoatability, adhesion
flexibility, and imersion resistances to boiling water, aviation fuel, salt
water, hot seawater, and hot seawater spray.

Simlarly, specific tests devel oped, evaluated, and standardized by

ASTM are a prime source of reliable procedures, and are referenced herein by
ASTM Met hod Nunber.

Pai nt Properties Measured by Special Tests

Abr asi on Resi st ance

Abrasion or wear resistance tests are proposed by many workers as a
prime _art of any paint” evaluation program Included are studies by Cheever
et al (" 2), Ashtod( *) Devoluy, et al(204), Goebler, et al(°47), Boller(336),
and Orgonas, et al(307).

Averchenko, et a1 (66) claimed that 100 to 200 y quartz sand in slurry
form gave good indication of erosion resistance of enanel coatings. Fenaroli({bO)
showed that spraying powdered quartz on varnish surfaces caused a |oss of gloss
which was proportional to the abrasion resistance. Ogonas and Del ahunt(33°)
described a nethod of evaluating hull coatings on spinning disks in seawater-
Saild slurry

Apparently, it is accepted that abrasion tests are desirable, but
test details are still a major point of discussion.

Accel erated Deterioration
Coating Tests

Since time is an extremely valuable comodity, interest has been high
in attenpting to conpress the time factor by studying accelerated tests. An
indication of the degree of interest in the subject is the number of literature
reviews and “state-of-the-art” studies that have been published. Chronol ogically,
these include publications by Nowacki(*), Richardson(417), Harvey2383 Hear st
(346 ,322) , Talen(358) , sakura et z (270), Preuss (184), Brand, et al (161~

Kuenstler, et al(178), Hamer '*~*), Kanevskaya~'9), Von Fraunhofer(*~, and
Gay(13),

* References appear in Appendix III-A,
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Tal en(*) has discussed the conditions required to predict paint
performance. He concludes that testing prograns nust take into account

(1) the intended use

(2) the conditions inposed

(3) the nature of the substrate

(4) the application nethod

(5) the curing conditions

(6) the paint filmconposition, and
(7) the type and thickness of the film

In an earlier paper (395), th,same witer pointed out that tensile

tests, stress-strain relationships, elongation, and nmodul us coul d be used to
correlate with expected service life of organic coatings.

Yakubovi t ch. et aI(408) have al so pointed out that elasticity is an

important factor in the devel opnent of cracking in paint filns.

(2;3) have used stress-strain measurenents to predict exterior durability of
value filns.

Canmpbel | (*) and Deterding, et al(**) have used permeability neasure
ments to predict service life. Carapbell*s work appears to be related to the
O evel and Condensing Cabinet. Mblinski(*) has related filmporosity to corro-
sion resistance, and showed that a change in filmdensity occurs just preceding
the start of visible surface deterioration. Naunova(261 studied electrical
conductivity-and vapor perneability as a means of neasuring filmdurability.

Ni coberg (390) used passivation to study protective ability of coating films.
Phil I'i ps(407) explored the physics ‘of paint filns and found a relationship
between durability, adhesion, tensile strength, and critical pignment volume
concentration. Babel (¥) used electrical pulses to nmeasure resistance-time
curves as an, indication of blister resistance. Hearst(9°) showed that changes
in electrical properties of imersed coatings correlated with durability data.
Cesterle et al (504) found that infinitesiml changes in film hardness correlate

with durability walter(195) = Helnen(™ ™) , 7and E ey, et aI$166) have
each correl ated hardness changes with durability data. Ri'tter(”) found that
erosion rate did not correlate with gloss retention or chal ki ng.

Skov, et al“” found both nitric acid resistance and salt fog expo-
sares to be valuable screening tests for corrosion-resistant coatings.
Supel, et al™ accelerated the evaluation of coating filns by using
very thin coatings. Jedlicka, et al (™) studied the acceleration of durability
face by using very thin metal substrates which would show early corrosion visib
:rvs the Lack of the steel panel.
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Svoboda, et al“" propose alternate hunid an dr cycling wth xenon

| anp radiation as an accel erated procedure. Lion, et al 1211Y propose a wet test
chanber as being superior to either humdity or salt fog tests.

M croscopi ¢ evaluation for early detection of failure patternshas been
proposed by Lindquist, et al(387) and Glch(™).

Many workers in the field of marine paint systems have pointed out, that
meani ngful test rocedures nust reflect the peculiar condit”on_ found in senice.
Field, et al(*¥ Devoluy,et al(*™*), and Dick, et al 797have proposed
that velocity is inportant, and have used a rotating wheel to sinulate ship -
mot i on.

Field, et al(*) and Brown(377) insist that heat and cold,,and high
and low humdities should be included as test factors.

Al'ternate exposure to fresh and salt water has been used by Konokotin,
et al (™), Smth, et al(277), N, (262) , and Dear(‘3") to denonstrate the’
“punmpi ng” effect of varying osmotic pressure.

Bacon, et al (™) used electrolytic resistance to shorten time-to-
failure criteria. Savacchio, et al (™) used sonic pulses to accelerate film
degradation. MQothlin, et al(®) designed a special environmental room to
sinul ate tenperature changes, rain, etc.

C ondensation of noisture on paint film surfaces has been used by”
Hi ggi ns(*) to design the Ceveland Condensing Cabinet. Jones(412) changed
the design slightly, and showed ‘it to be equally valuable. in metal corrosion
studies. Hennige, et al (™) added |ow tenperature, ice and frost formation
as critical elenments. Putscher(°20) added UV radiation and oxidizing atnos-
pheres. Koretskaya, et al (™) included thermal and optical shock (rapid
cycling). Gauguli, et al(™) showed that tenperatures of 25 C gave faster
deterioration than at 40 C, which actually required nore time to acconplish.
deterioration than did normal outdoor exposures.

O her variations of the accelerated durability evaluation equipnent,
have included strong ultraviolet exposure, explored b Estrada(381), a tropical
cabi net designed by Hendey(°9"), the EMVA, by Caryl (33),’and the EMVAQUA,
reported by Caryl, et al(369) and PaPillo(181). Elser, et al(167) have ,explored
the use of a mercury-doped xenon lanp, and cla”inmed that it increased the rate of
film deterioration. The ‘)dewc cle” Wather-Oreter, as devel oped by Steig(™),
has been studied by Stanton(°22~, Northwstem Society for Paint Technol ogy ~
(216 , 102), and S,Ki (190) .  This instrument is clained to be very ’'valuable’in
determining early indications of chalking and loss of gloss, but is |ess valuable
for determning general durability.

The Weather-Ometer and the various nodifications thereof have been the
subject of many studies to determine the degree of correlation with service life
experience. The followi ng tabulation presents a chronological list of severa
of these studies and the findings.



Wor ker

Rischbieth, et al
Cody

Nowacki
Harris

Anon
Schel | enber g
Brown, et al
Ful lard

Ali, et al
Neal

Eppl e.

Papenroth, et al
Tabata, et al
Mtton, et al
van Laar
Papenroth, et a
Asht on

Azan

Kanevskaya, et a
Lorenz, et al
Harrison
Papenr ot h
Fitzgerald, et al
Viktorova, et al
Cerveny, et al
Cosma, et al
Hof f man

Mtten
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TABULATI ON OF VEATHER- OVETER EVALUATI ONS

Correlation
wi th Qutdoor
Ref erence Exposure
392 No
378 No
370, 288 No
373 No
314 No
310 Yes
232 Yes
244 Yes
226 No
263 No
241 Uncertain
266 No
223 Yes
214 Yes
224 No
218 No
115 No
116 Yes
138 Yes
141 No
134 No
105 Yes
85 Yes
111 Yes
40 No
41 ?
47 Yes
55 ?

Comment s

Not good for primers

Surface and application inport
Varies with coating type
Shoul d i ncl ude condensation
Sone do, sone don’t

Xenon arc preferred

For al kyd-am no resins

Xenon are preferred

Rel ative failure is misleading
| nconcl usi ve

Correlates with Florida, not
wi th Norway

Many inportant factors neglect
Correlates with 3 years in J
For Fade-chalk only

Does not include corrosive gas
Too many critical factors
Requires other tests also

For Structural Steel in Louisit
Has devel oped conversion factor
Predictions unreliable

Nust be tailored to each use
Wth certain problens

$ days = 6 nonths

Wth Magadan exposures

Cimatic changes not included
Agrees with coantry_not urba:~
Ccnstant reproducibility
Reliability can be inproved
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Correl ation
with Qutdoor
Wor ker Ref erence Exposure Conment s
Cakl ey 57 Yes Correct relative order
Bl achowi cz, et al 2 Yes If conmpared with proper controls
Annovi . 1 Yes Hi gh- pressure xenon | anp better

From the above tabulation, it can be seen that the majority of investigators feel
that the results obtained in a Wather-oneter are not reliable. However, many
workers feel that the reliability can be inproved by attention to certain details.
For the mpst part, however, the instrument appears to be a valuable tool for
screening purposes. Final decisions regarding projected service |life, however,
should await actual end-use service experience

Adhesi on

The adhesion of organic coatings to their substrates is probably one
of the most critical determnants in the durability of organic coating filns
and, ironically, one of the nost difficult properties to neasure. The technica
literature contains many review and state-of-the-art gagers, such as those ub-
1ished by Ueki(281) Smirnov{276) Hata(zs0 Mullen( Lewis, et al(l g
Harris(133), Zor11(113), Oesterlel59s 25), Rles(62) and Minami (2 ).

A large number of investigators have been concerned with a definition
of adhesion and its relationships with other paint film properties. For exanple,
Thel en(“*) has denonstrated that surface contamination, oxide films, passivation
surface energies, rheology, surface roughness, trapped air, and chem sorptive
forces are all involved in adhesion. The | oss of adhesion can be the result of
many factors influencing any of the above conponents. Zubov, et al ™ have
shown that adhesive bonds are tine-dependent and are a function of interna
stresses in the resin conponent.

Johnst on™ states that adhesion is primarily a surface matter,
dependi ng on the chenical conp03|t|on of the first few nolecular |ayers of each
surface. Bullett, et al“ have confirmed Johnston's (above) findings, and
have enphasi zed t he inportance of surface cleanliness. Wl ker “” showed that
moi sture plays an inportant part in adhesive bonds. Diffusion of water into the
bond weakens it. Drying out the bond area causes a recovery of bond strength.
de Vlieger™ and Neumann“”* have confirned Wal ker's (above) findings and
have related blistering to osmotic pressure plus the bond weakening by water
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136

| rtuganova, et al “*” have fornulated an equation showing the relatio
ship between paint filmdurability, tine to saturate coating with a corrosive
sol utions adhesion, inhibition and rate of accunulation of the corrosive mediun

Corcoran(™) denonstrated that the stresses present in organic filns
is a major determnant in adhesion, and has suggested nethods of cal culating
t hese stresses using beamtheory.

Heertjes, et al “’ described adhesion of paint films in terns of two
paraneters--the viscous behavior and the strain necessary to break a bond betwee
the filmand the substrate. The approach was used to explain the effect of nois
ture on adhesive bonds. Kuksin, et al used quasi-equilibriumenergy to
characterize intermolecular interactions occurring at a paint filmnetal inter-
face with good results.

Asbeck”™ has denonstrated that both adhesion and cohesion are in-
volved in the retention of paint films on any surface.

It is apparent fromthe literature that the process of adhesion is not
wel | understood; consequently, its neasurenment is proving to be very difficult.
This is reflected in the many nethods of neasurement that are described in the
literature.

Wat anabe, et al ™ have used ultrasonic vibrations to study interface
and intercoat bond strengths. Reddy, et al® Hoffmann“?, Phillips(407),
Anen(334) | Bullett(338), zor11(284) | and Anon(230) have all used "pull-off"
tests which utilize objects cemented together with the paint in question, or

obj ects cemented to the surface of the paint filmusing a high-strength adhesive

331

Takahashi, et al ™ used inpact wedge bending tests and cup punching
tests (both involve a high degree of deformation) to apply high strains to the
paint-metal interface

Drisko, et al'® used steel panels bonded together by the paint
system being studied, and cured. The force necessary to separate the panels
was equated to adhesive forces.

Tooke, et al“ claimthat actual neasurenment of adhesion nmay never
be attainable. He suggests a dinensionless "adherence nunber"” obtained by using
a sinple angul ar scribe-stripping technique, which correlates well with the
qualitative results obtained by the knife test.

Brantl ey ™ has rel ated Adheronmeter results to work functions, and
cal cul ates "work of hesion" which appears to correlate with practical tests

such as the knife test.

146

Peel tests have been used by Sherlock, et al "™ and Kupfova™

with apparently good results.
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| (200)

Al ei ni kova, et a have used a pneunatic adhesi onmeter for neasur-
ing the adhesion of epoxy resin to steel surfaces, with good correlation wth
other test data.

Hof f mann, et al “* neasured the pressure necessary to |ift a paint
filmfromits substrate. Anon*” has described a method for measuring adhesion
by using inpact resistance

Dunkl ey, et al ™, Rossini“”, and Newell“ claim that cross-
hatch testing gives good results, although Newell“ prefers torque testing

of a bolt head imersed in an uncured film and the system allowed to cure.

| (380)

(253)

Kronst ei n"™ has used a conbination of sonic vibration and sal twater
imrersion to evaluate adhesion of marine paints to steel substrates. Mers, et
al “ has used a similar technique but enploying ultrasonic vibrations.

Ki ngcome “® and Scbmi dt “” have both used water jets to test the

adhesion of paint filns to steel, and the suitability of the coating for nava
appl i cations.

In summary, many nethods for exploring adhesion have been studied
The results obtained appear to indicate that no really outstanding procedure
has yet been devised. This is probably due to the fact that it is extrenely
difficult to divorce adhesion from cohesion, filmintegrity, surface conditions,
etc, enough to be sure of what is really being neasured

Antifouling Tests for
Bott om Coati ng Systens

Antifouling coatings are highly specialized materials and, to determne
their effectiveness, require additional testing over and above that enployed for
otthM narine coﬂ;ngs Standard coatings test procedures are used by Devoluy, et
al Lauri e and Partington®™ to deternine film integrity. Intercoat
adhesion of the antifouling topcoat to the anticorrosive mdcoat is a |arge con-
sideration and routine coatings tests are always performed on the entire paint
system in addition to each conponent coating. A new test is synthetic sea water
i mersion of panels in a hydrodynam ¢ doubl e chanbered tank (o). Al'so, fouling
and corrosion bear directly upon each other and studies have been nade by Van
Londen “* Hol man, et al“’, Anon “*, Anon “*, and Mink, et al "%
which elucidate this interaction. Because of the heavy reliance of marine engineers
upon cathodic protection as a tool to fight corrosion, testing prograns for examning
bettom paints by Lohr, et al “, Anderton, et al “*, and Anderton “ have
included a study of the compatibility with cathodic protection. The requirenents

for cathodic protection outlined by the U S. Navy are covered in Chapter 9190,
Preservation of Ships in Service
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Once it has been established that an acceptable paint system has

been obtaimned, the effectiveness of the antifouling topcoat becomes of primary
concern. Antifouling paints depend upon the timed-release of a water-soluble
material which is toxic to fouling organisms. To examine their effectiveness,
studies have been sugge%te which examine each parameter of this mechanism,

The Woods Hole treatise remains relevant as the most comprehensive referen

available in spite o% its age. Many current artlcles by Lohr, et a1(2 0), Dick
Dolgopolskaya, et al 80 s Van Londen (1 9) Bult (12 ), and Anon 365) present a
brief and general overv1ew noting the state of the art of antifouling evaluatio

The conventional static, raft-type immersion test has long been used
as an accepted method for evaluating the Qerformance of antlfoullng, as noted b:
the following investigators: WbodforkoUl, Dick{7%), van Londen(109, LD&)
Guillen, et a1(131), Alumbaugh, et al( ), Laurle(3§5) Van Londen, et a1<333)
de Wolf, et al{J“Ul Partlngton\JJ*l Birkenhead, et aL(UFI and &1ngcome\*14)
" Immersion conditions vary as typified by Banks(6é report of studies conducted
in brackish water, sheltered sea, and in open sea. Dolgopolskaya, et a1(8L)
consider that exposures in a tropical enviromment are sufficiently severe to

...... S Ad Sed ~F PO P8 M
preseut au accelerated index of performance. Many accelerated test precedur

have been published which range from biological to mechanical, _Suggested bio

1ood val nracsadurae amnlaov cuch orcanisme as cunnies Wé1an1ﬁ(112 snails,

ahgklew(§79) Da hnla: Dolgopolskaa(sz)' “and Antemia salina, Mawatari(97),

A study of the effect of copper on diatoms by Kucherovall//) indicated that an
accelerated index of toxic1ty was obtained in the laboratory as compared to dat:
from similar studies in actual seawater. Mechanical accelerated devices range
from szimple rotors, Dick, et al 79 , to elaborate devices. This was the subjec

of an entirs NACE conference 249) in 1966.

Many simulated service tests are suggested by Dick, et a1(9,79) and

- (9 L))
u=vo1uy, et aL‘““*’“"" and the most common are rotor discs and cyLlnaers as

suggested by Partingtom 354) and various rotor apparatuses wh%ch sgln a series

S | $bed by Dick. et 51
Dy UillK, €cC
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of test paneLs in acituas seawrter,
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4 final check of zntifouling performance is usually made by patch or
quarter tests; that is, by actually applying the experimental coating system_to
a patch nr m ;fter of a vessel as discussed by Birnbaum, et el(403); Laurie (325)

1
and Brecun (4 410

Laboratory programs are reported by Lohr, et al(zo) Driscoll, et a1 (¢
Van Londen{152), Rucherova(l77), Cherardi, et al(296), and Partlngton(354) whict
examine the toxic material (toxlcant), and the following investigator:s examined
the leaching rate of the toxicant: Lohr, et al(20), Dick, et al§79), Mawatari!®
Fountain{2%43), Ghanem, et a1(2%5), Mlller(3 7), Partington(354), zad Zanson, it
a1(426), Several common methods of studylng the leaching rate of copper toxic::
ir tha laboratory are described: (1) c1ne method by Do;gopolakay“‘ozz, Bishe
et & 119)9 Pillai, et al 82) 75 MErson 2 , and nounteﬁn(243>; (2) acid-
alxall method by Founta1ni445)' (3) bodlum dlethyldlthlocarbamate by Ghanem, et
a1(2 45)& (4) porous plate method by Miller(389); and (5) spinmning disc by Van

JE V-4 N
Loadeni o ri
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Fountain(243) reports on the comparative effectiveness of the glycine
2ed 2addeallnld mathade A study by Brouillates(s) of £+ A Aed e r oLa_
[N dbL Gik81.1 WMETNCGS, 2 ULy Wy LVGL L LS & > OL IT0zen SeCcridus Ofrf VL yL
antifouli ng p aint revealed that compositions with <17, 17-34, and >40 volume

wrnmbo ~AF Q toxicant loadine showed no, partial - g, PN PR RS
I = S U ~ o WA e LYY WWe- vy ru&b&“b’ QI.LH \.utuyi.cn.c i =1 3.

1

&L

eported an improved leaching method, and Hanson, et
, nland stations,

eaching tests which mav be uged in

ol 1 1in 13y ug productl
326), These are ‘based on observing optical density
ng r‘r

repo:ted the obse ation
of dithizone to identify copper in microbiological specimens on the pain
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to appraise antifouling effectiveness of the paint film.

Beyond studics of leaching rate and its etffects, many test procedures
are reported which may be characterized as either analytical or biological.
Biovassay of fouling communities is a commonly-emplo{ed tool and is discussed by
Mawatrari, et al(98), Dolgopolskaya(82), Mawatari(9 Cologer, et al(237)_ and
Freiberger, et a1(321), Bioanalytical approaches are reported by Wéisfeld(llz)
and the rearing of laboratory organisms for lab study of a coating's antifoulina
pnron*ial is mentioned b Kallas et al1(l74 ), Cologer, et 31(237), Freiberger,
29 "3~1), and Laurie(3

Many analytical techniques are suggested :in ngl%iterature. These
include the following: chemical methods by Partingion\Z2%/; microscopic tech-
niques by De Holf (16 ); color1mctr¥ by Chromy, ct a}{73); observation of film
cross sections by Dl&HOE& et al\-®/; spectrography by Chromy, et aL(73I'
polography by McCallum( ;3 X-ray fluorescence by Miniussu, et 1(5 ) X-ray
spectrnscopy by De Wolf(155 3 clectron mlcroscopy by Lohr, et al 20 3 scanning
elecrron microscopy by Bishop, ct a1(36, 19) and photometrlc analyses by

Yoo bl T BOQX
e LSAECK ™ T
[ o PSSR oTis wads 1 alasinnm do masey wvmanmsem Aandecenl msrarent mmn mmen ol S o Y o L
UUllll)dL ERY LD ULl LaUULdLULY VOLOUS AQliludli OSULVILILD CUHULLLUILID LidVE DECIl
(177) (293) (125) : :
made by Kucherova and De Wolf . Conger\t4-) has derived mathematical
£ nm T2 AT s den blin wmsin Cmarmmaean 2 e T Tanny b e Ced 1t mslemomn
formulas appirilapnit CO tie pLtridlmanie Ox antii Ourliig COQLLIUES. oLLLr OLICIS
have devised a special apparatus, such as the Admiralty Water Jet Apparatus by
Dn'lﬂ."lv\'v.'ﬂ-\(_354) A mAaanwma n onant £F9A nveAnaréey AfC hAattnm rnantdens awalam
dasvaniieun s LI/ HICAOULY Q OpULdldidlw pPLUVpoLoey Vi u [SAS A Sy S 9113 \-UGI—J.U.B D]Dl‘blu.
Because of the recent1§ recognized problem of soft or algae fouling, Hueck, et
a1€135) gng Rathsack(309) have directed their effor g sclely to this ares.

Blistering

The relatively important failure mode of blistering has received com-
paratively little attention. Blistering is, of course, accompanied by loss in
bonding to the surface. One literaturc review prepared by Grubitsch(207) includes
a discussinn of blistering along with several other failure modes. Lowrey, et

a1(296) reviewed the literaturc of moisture permeability with respect to glass
transition temperature of the polymeric content of the film, temperature, pigmen-
tation, and other factors. They concluded that new test procedures were neceded,
and supggested a serles of methods.
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DeVries™™ showed that blistering was caused by a tenperature
gradi ent across a paint film resulting in thernoosnosis, and causing interna
pressure buil dup.

Babel “” i nduced blister formation on coated netal panels by applying
D.C. electrical pulses, nmaking the panel the anode in a pure, aerated water elec:
trolyte. Resistance-time curves were found useful in predicting the corrosion
mechanismand the life of the film

Boetius'™ has denpnstrated a rel ationship between paint filmblister-
ing and the presence of water-soluble material in the resin.

S b d (151,191) . ) ) .
voboda as enphasized the role of osnosis in blister fornma-

tion, and clainms accelerated methods fail by not including osnosis in both fresh
and sal twater exposures.

254

Kusano, et al “’ show that film thickness is the nost inportant
determnant in blister formation, and pretreatnents of the netal have little
or no effect on blister formation

240

de Vlieger™ has shown that thick films blister by the same diffu-
sion process as thin coatings, and states that osmotic pressure is the ngjor
nfluence, being a relationship between ions, metal surfaces, and water.

Harris ““has found that blistering is primarily a function of degree

of pignentation, and stated that blistering is mniml at or near the critica
pi gment volune concentration. He also clains that water imrersion does not

correlate with service durability, and recomends cyclical moisture condensation.

Phillips“ has conducted a detailed study of the relationships exist
ing between peremability, pignentation, blistering, adhesion, etc, and has devel

a theory regarding these relationships and nol ecul ar forces which he uses to exp
paint blistering.

It is not easy to understand why this inportant area of paint film
failure has received such linmted attention. Some of the investigations have
hel ped to shed |ight on the failure process. However, methods of eval uating
blistering tendencies have received practically no attention. Water inmmersion
and the C evel and Condensing Cabi net have been nost w dely used for netal panels.
Ot her nmethods such as blister boxes, blister houses, etc, are applicable only foi
other substrates such as wood, plaster, etc.

Capaci tance Cel |

See "Electrical Tests".

Cat hodi ¢ Protection

See "Electrical Tests".
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Cavitation

It is well known that studies of cavitation damage are going on in
various places. However, literature references are quite scarce. At least two
synposia are known to have been held on the subject. The National Association
of Corrosion Engineers™ " held one on cavitation corrosion Qctober 5-7,
1966. Several papers of general interest were presented. The Anerican Society
of Mechanical Engineers held a simlar symposium in 1964. The consensus of test
met hods discussed at these seminars appeared to be the spinning disc. Many
| aboratories are known to be using this type of apparatus.

Hobbs'**" has used a vibrating apparatus to study cavitation.
Most studies appear to be concerned with cavitation in metals. How
ever, it nust be noted that organic coating filns are subject to the same type

of danmge, particularly in areas in contact with noving water at high velocity,
such as on a ship's rudder.

Cheni cal Resi stance

The chemical resistance of organic paint filns is an inportant phase
of their performance in service life. Wth respect to marine coatings, the
chemical resistance requirenment is as diversified as the potential liquid
cargo being shipped.

Chenmical resistance tests may be carried out as spot tests or imrersion
tests, depending on the nature of the chem cal
"’ have reviewed nethods used in the USSR for coat-
ings evaluations. Seeber “® has devised a cell for deternining chenical resis-
tance. Wnnicki, et al ™ has used |abeled atoms to determine rate of penetra-
tion of corrosive chemicals. Meuthen” has reviewed methods used in Gernmany,
and Bloneyer” has sinilarly reviewed methods used in Italy. W | dschut “*
and Kaat z"™ have pointed out the inportance of chenical, seawater, and oil
resi stance for seagoing tankers.

Yakubovi ch, et al"

Very little research work was identified as dealing with inproved test
met hods for determining chemcal resistance

Cor r 0Si on

An excellent, concise treatnent of marine corrosion has been prepared
by Fink and Boyd““ Van Londen™ Hohman, et al“”; and two other inves-
tigators, Anon “““’ have observed the interaction between corrosio,and
fouling. In general, references to corrosion have been directed toward (1)
corrosion cell tests, (2) corrosion inspection nethods, and (3) coments on
filiformcorrosion. Each of these is noted as follows.
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Corrosion cell tests simlar to those used for chenmical resistance
tests have been used by many workers. By adding accessory equi pment for
el ectrical measurenents, it is possible to study galvanic effects. The sane
system has been used in the steel shipping container and the pipeline industry.

By suitable changes in procedure, electrical resistance, porosity,
and cathodic protection effects can be eval uat ed.
Work in this area has been reported by Van Wstrenen””, Van

(153)

Oeteren™, and Babel ©

Corrosion inspection nmethods are well-referenced and several good
sources are avail able containing reconmended met hods of inspection for determn-
ing the type and extent of corrosion. One of the best is the Marine Painting
Manual “*°. Good reference material is also available in the Steel Structures
Pai nting Manual and ASTM Standards, both of which were mentioned previously in
this review.

Abr anmchuk ™ has published a good review paper describing inspection
met hods.

Filiformcorrosion is a special, thread-1ike type of grow ng corrosion
that occurs under a paint film It occurs nostly on steel substrates, although
other netals have been known to corrode by this process. Although the subject
received considerable attention in the period from 1920 to 1950, very little
work has been reported in the period from 1960 to 1972, covered by this survey.
Barton has shown that filiformcorrosion is a function of film permeability.
For exanple, as a coating decreases in permeability by increasing-the pignmenta-
tions, filiform corrosion tendencies decrease until the critical pigment volume
concentration is reached. At this point, the filmbecomes nmore porous and
general under-film rusting occurs. He also denonstrated that netal pretreatnent
(phosphati zing, etc) help considerably in preventing filiform corrosion

The Detroit Society for Paint Technol ogy'” has prepared a series of

10 phot ographi ¢ standards for use in reporting degree of filiform corrosion when
using the standard ASTM Method D-2803 for developing filiform corrosion

Degree of Cure

It has been accepted practice to check the degree of cure of paint
systens by the degree of solvent resistance developed in the film The solvent
used depends on the type of coating being exan ned

W lson™ has studied this procedure and concluded that arbitrary
| evel s of solvent resistance or hardness are not good indications of degree of
cure, particularly for epoxy-amne adduct systems. He proposes several other
tests be included.
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Budrys, et al'® have recomended scuff resistance as a possible index
to degree of cure.

(323

H nden” has proposed a heated probe to measure indentation under a
specified pressure to determne cure. Howard® has devel oped an el ectri cal
met hod for measuring rate of cure. However, this requires suspending an electri-
cally conducting material in the paint film being studied. The effect of this
suspended material on changing the cure time, as well as the performance of the
coating being studied, is subject to question.

Density

The density of dried paint films has been determned in many ways.
Kanevskaya, et al “” have prepared a review of several of these methods,
including pycnoneter, titration, hydrostatic weighing, direct neasurenent
and cal culation from known conponent densities.

Khor oshaya, et al ™ have devel oped a titration procedure, involving
imrersing the sanple in KI solution and titrating with ethyl alcohol until the
sampl e sinks to the bottom The density is calculated from graphs of density

of KLl solution plus ethanol

Drvi ng Rates

Met hods of measuring the drying rate of organic coating filnms have
been well worked out for practically all types of coating materials. They are
wel | presented in the ASTM Standards, both Parts 20 and 21, referred to prev-
iously in this review

It is not surprising, therefore, that very few references were found
in the recent literature regarding neasuring drying rates. Monk"™® has designed
a new automatic paint drying time recorder, using a needle, sand, and the bandage
test sinultaneously.
Al geo, et al “ have proposed the need for new methods, including
such variables as tenperature, humidity, air circulation, film thickness, ultra-
violet light, etc. He has nodified existing equipnent to acconplish the above.

Durability

Durability is a general term used to designate the useful life of an
organic coating, regardl ess of the type of failure pattern. Evaluation of dura-
bility is usually estimated from selected tests or accelerated tests, which are
di scussed singly elsewhere in this review  However, certain workers have clained
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that some test procedures. give a genera L indication of durability. Van Londen,
et al " claimthat weathering exposure and seawater inmmersion tests on steel,
obsering rust formation, correlate well with general durability. Eppl e®”
claims that accelerated tests with |ow level, interrupted U exposure correlates
wel | with durability. Ritter“ has neasured erosion rate as an indication of
filmlife. Schurr, et al“ show that stress-strain measurenents can be used
to predict exterior durability, Finally, Katz"” has used Mnk nicroindentatic
to calculate the elastic factor versus tine, which correlates with general dura-
bility.

According to Brand™, durability determinations are far nore conpl
cated than is indicated here, and that nultiple tests that indicate response to
service |ife factors nust be integrated to obtain a final answer.

Eleccrical Tests

The use of sone formof electrical tests has been a popul ar study over
the years. A literature survey of electrical methods that mght be used for
foll owi ng changes occurring in paint films during their life span was prepared
by Battelle personnel about 18 years ago. At that tine, approximtely 450 tech-
ni cal papers dealing with the subject were discovered. Hearst ™’ has prepared
a much nore recent survey in 1965, covering the use of electrical nethods for
predicting paint performance. The sane author™ has prepared a general dis-
sertation on electrical properties of coatings as related to their performance.
He“ has al so published a paper on the changes in electrical properties and

the performance of organic coatings.

Electrical tests may be broken down into several groups accordigg to

the electrical property being neasured. For exanple, Wrnmwell, et al"
Bharucha™”, Koenecke™, Valentine™, Rodgers, et al®”, Chrony,
et al ™, and Dechaux'® have used the potential devel oped when coated panels

were imersed in an electrolyte such as salt (NaC) solution to follow film
failure and corrosion initiation.

The ohmic resistance inposed by the insulating coating film between
a netal panel and an electrolyte bath has been used to follow filmdeterioration
and to determne porosity by Bacon, et al“, Brown'™, Roller, et al),
Ni tsberg, et al ™, Orzhakhovskii, et al ™, Kutyanin®™, Gherardi, et

(64)

al ®, "Bureau™™, Rothwell ™, —and Spellnan

De, et al ' have used combined potential, resistance, and capaci-
tance neasurenents so follow paint filmperformance in both fresh and sale water

Pipera et al“ and Cobnosov. et al “” have used current intensity

measurements to foll ow coating performance. Obnosov®™ rel ates el ectrical per-
formance to passivation of the netal surface
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Okanoto, et al ™, Babich, et al ‘", Eey, et al“®  Gentles",
Serebryani kov, et al ™, Rozenfeld, et al“ Naunova et al“”, Morozuni,
et al®, Baczewski, et al“, Holtzman"“®, Fridman“”, and Mri, et al®®
have all studied capacitance and |oss factor neasuremenents for follow ng paint

film deterioration on imersion in water.

ward, et al®, Herman“”, and Kokoska, et al " have used electrica
measurements to determine porosity and locate holidays in paint films. Gey, et
al " have used the zeta neter to examine liquid paint sanples, using electro-
phoretic nobility as an indication of paint quality. Latter“ has devel oped
an eddy current neter for neasuring the thickness of paint filns on netals.

A conpletely separate field of investigation has been the inpression
of a potential on a coated metal panel imersed in an electrolyte such as salt
water, to accelerate coating failure. This test procedure appears to be
especially valuable in the exam nation of coatings to be used on catholically
protected surfaces. A good description of the general technique used in this
type of study is given in the_Paint Testing Munual by Gardner/Sward, referenced
earlier in this review Some of the recent studies in this area have been con-
ducted by Turnbull (311) Aizenfeld, et al™, Uno, et al“®, Pratt, et al‘®,
Ghamom et al “?, and Babel (33). This approach is based on the prenise that
test procedures nust indicate performance under service conditions.

El ectron M croscopy

El ectron mcroscopy, particularly the scanning electron nicroscope
(SEM, has proved to be an extrenely valuable tool in the exam nation of paint
film surfaces. The SEM has permtted the exami nation of the surface geonetry
of QOpaque substances, with a high degree of resolution and a depth of field
never before posstble.
Preuss™ has published a review of paint processes and equi pment
that describes many uses for the SEMin paint film studies. Oher valuable
background information of interest to the paint industry is also included

It is theorized that nost paint filmfailure processes are initiated
on the surface of the film Thus, a study of early changes in the surface
t opography shoul d devel op useful information relative to the node of failure of
that film Studies along these |ines have been conducted by Glch, et al“”
Li ndquist, et a “"*” Newton, et al“, Chrony “? Cheever, et al'?,
and Geymayor, et al'®.
Bi shop, et al “** have denonstrated that the scanning el ectron
m croscope can be an especially valuable tool for follow ng the |eaching
process in antifouling coatings. Both surface and cross-section studies were
val uabl e.

Zorl 1™ has used the scanning electron microscope to study the
mor phol ogy of the paint-substrate interface and its relation to adhesion. He
al so presents a good literature review of this field of study.
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Elongation

Elongation, extensibility, and stress-stirain relationships have been
studied by many investigators, since it is apparent these properties can influ-~

ence cracking, flaking, loss of adhesion, etc, during the exposure of a paint
film under service life conditions. This is especially true where the coeffi-

S nende [} 2N al A atmAn Af a T 1 -5
ciewt of thermal expansion of a ceoating differs wi 7idely from that of the substrat

Recent investigators in this field have included Schurr. et 31(273)
Popryadukhin, et al(183) Boers(160), and Suleimanova, et a1(149) ] The latter
have demonstrated that alternate immersion in seawater and drying can place

tremendous physical stresses on a paint film.

On the other hand, however, MacDonald!2%3) has pointed out that certai
paint films, such as red lead-vinyl compositions, become stronger on aging, thus
nreventing the use of stress-strain relationships to predict or follow paint fil
deccmposition.

It should be pointed out that elongation measurements are strictly for
(=] n

- R .
laboratory studies, sin 1ey require the use of free films, removed from any
subsirate,

Erosion

Observing the erosion rate during weathering of a paint film such as
an alikyd enamel is reported by Ritter(63) as an index of durability. Abrasive
and wear tests such as a 100-200 size quartz sand slurry at rates of 4$5-280 m/se
are used by Averchenko, et a1(66) for determining erosion resistance.

Cavitation-induced erosion has been studied over a wide range of ampli
tudes and frequencies of the indenter by Grozinskaya, et al(l%#), Gurevich(88)
2xposed coatings to a stream of water in a Venturi tube and reportéd (1) highest
cavitation-erosion resistance for epoxy-Thiokol modified vinyls and (2) decrease
resistance for systems containing a lacquer over tne anticorrosive coating.

methods employed to study erosion and cavita-
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Evaporaﬁion Rate Analysis

Anderson, et al(159) have used the evaporation rate of volatile, raaio

active tagged solvents from surfaces to study surface geometry, cl:=anliness, and
othe suriace pucuuuu:-m of both coating surfaces and substraces before painti‘né
that wmight be involved in determining paint f£ilm durability. The cecnnique has.
alsc been used to study changes in the surfaces of coatings during exposure.
The: 23uipment used for this study is now available commercially under the Etrade
naize '"Mezeran''.
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Exterior Exposure

Probably the nost wi dely used and nmost relied upon test nethod for
evaluating paint film durability is exposure of the films on suitable substrates
to the variable conditions of exterior weather. Since this nethod of evaluation
is lengthy (and early results are highly desirable), many people have studied
various accel erated nethods in the hope that they would correlate with outdoor
expcsure results. Many of these workers have been nentioned in the "Accel erated
Coating Tests" section of this review They will not be repeated here

Simlarly, evaluation procedures have been standardized to the point
where it is only necessary to refer to the proper portion of the ASTM St andards
to obtain a well-docunented, tine-proven procedure for conducting such studies.

On the other hands many workers have contributed additional infornmation
as the years have gone by. A large nunber of technical papers have appeared deal -
ing with the relative merits of various types of organic coatings as evaluated by
out door exposures. This subject is not considered a part of the present study,
and will not be reported here. Simlarly, an imense amount of work has been
aore om exterior durability of paint films on wood. These are also not included

7

ii tiw study, except where specific test procedures are concerned.
Brand, et al " have surveyed the state of the art of exterior ex-
posure testing, and included a survey of many paint manufacturers and raw
matey rals suppliers regarding special test procedurss,

Tal en™ has listed the conditions that nmust be included in a test
programto be able to reliably predict service life. Harris“ has delineated
the properties of a paint filmthat contribute to the protection of steel, and
has concluded that intermttent noisture condensation nust be a part of any test.

290

Conmpt on*” has extended this study of factors in exposures to the
specific field of corrosion prevention in marine atnospheres, and points out
the inportance of geographic |ocatian.

Cook, et al “ have devel oped a statistical procedure for analyzing
out door marine exposure results. Byrd™’ has shown that results from a series
of tests are nore reliable than those from any single procedure, and discusses
met hods of selection of the techniques for specific applications.

278

copy® has denmonstrated how coating failures can be traced back to
basi ¢ causes, and how remedi es can be designed

Macki e clains that corrosion testing of marine coatings is nuch
more reliable when conducted on shipboard, preferably during a voyage including
variabl e geographic factors. Banks'™ has clained that marine paints should be
exposed to fresh and brackish water as well as sheltered and open sea exposures,
particularly for buoy protection.
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Many studies have, of course, included the use of other techniques to
support the data obtained from outdoor exposure, such as the scanning el ectron
m croscope. These devel opments and techniques are discussed under their own
section, and will not be discussed further here.

Fil m Thi ckness

The coatings industry uses many magnetic and wet film thickness gages
and operator preference usually dictates the use of either Elcometer, M krotest
I nspector, G E. Type B Mnitector, or Tinsley Gage, etc. Keane and Shoenake
hava prepared an excellent report for SSPC on the neasurement of paint film
thi ckness on structural steel. This report discusses reference nmethods and
i ncl udes an eval uation of field instruments. Daniel ™ reports a nethod for
cal cul ating surface volume or an estimation of mninumfilmthickness on abrasiy
bl asted surfaces.

Both destructive and nondestructive gages are reported. The Tooke

Gage(359) requires a microscopic V groove through the film It is unique in
that it allows direct observation of a filmcross section and is not dependent
upon -neasurenent of a secondary property. Unusual nondestructive techniques
are reported which are based on (1) electron probe, Anon!390); (2) B-ray scatte:
iag, Zalslavskii, et ar’® ®'(3) eddy currents, Latter ™7 (4) capaci t ance
neasur enment s, Fridnan (5) X-ray fluorescence spectronetry, Driscoll, et al
(83); and (6 a meter for measuring nonmagnetic coatings on a magnetic base,
Sekowski(189),

Many investigators such as Ghanem “’ and Devoluy () have noted that
filmthickness is a major consideration in the performance of marine coatings.
Banks(68? obtained nore test situations in a tropical nmarine exposure program
sinply by varying film thickness.

Kuksin,et al () concluded that the energy required to renmove a coat-
ing was function of film thickness. In a study of film porosity, Herman(46)
showed that current intensity is indirectly proportional to filmthickness.
Kusanu“ studi ed blistering and concluded that filmthickness was nore inpor-
tant than pretreatment of the substrate. Deterding(292,339) noted that the
permability constant increases with film thickness, but thickness was not the
most inportant variable in his study.

Bi erner(*) recognizes that film thickness is a variable which nust
be controlled in any evaluation program and further evidence is presented by
Levy™ in a study of a rotating filnograph; Algeo(l14) in a study of dry
time recortdors; and Bureau(162) in an electrochenical exam nation of corrosion.

t he puropean Coil Coating Association standard tests included neasurement nethed
for filmthickness and are presented by Meuthen, et al(%).
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Flexibility

The flexibility of paint filnms is considered to be a major contribu-
ting factor in determning the durability of such filns. Well-designed and

time-tested procedures for evaluating paint filmflexibility are available in
ASTM St andar ds.

Meut hen, et al () have reviewed the methods being used in Europe, and
Ashton(115) has discussed preferred methods used in Canada

Serebrenni kov, et al (106) have devised a test procedure for flexibility

involving application of the paint to a strong, transparent film and then passing
the coated film back and forth under tension over tile edge of a steel block. The
nunber of passes to give cracking indicates the flexibility of the paint film

The lack of references on the subject of flexibility is suspected to

be due to the already well-established procedures which are available for flexi-
ility evaluation.

Gloss

A oss and particularly gloss retention have |long been considered as
early indications of the durability of paint filnms. It wll be recalled from
the discussion on electron mcroscopy that many workers hold the belief that
the paint filmsurface is the first portion of the filmto be affected in the
di sintegration process. Since gloss is a function of surface snoothness, any
changes represent norphological alterations that can often be extrapolated to
an expected perfornmance.

Hanser| " has shown that a relation does exist between surface, rough-
ness as deternined by pcofile neasurenents and gloss. Ceynayer, et al”, has
shown the same relationship, using the scanning electron microscope, and related
gl oss changes to surface degradation on exposure. Changes were detected as early
as one nmonthh after the start of weathering exposures.

Loss-of -gl oss has been used as an early indication of Paint film
changes by Schel | enberg(3*), Mtton, et al™, Mck, et al "™, E ser,
et at{l®7), Kiccer(®3), Oakley(57), and Blomeyer(3).

Hensel , et al “ have described a new type snall-spot gloss neter
which can measure the gloss of an area 1/4 inch x 3/16 inch.

Har nmann(402) has explored the relationship of illumnation to view
ing nagle and finds both values to be very critical to correlate with visua
observations. Braun” has conducted simlar stuiies and found present gloss
merers to be inadequate. He has designed a preferrsd instrument based on making

measurements at the angle of maxi mum polarization, which varies with the materia
bei ng exani ned.
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400

Fenaroli (™) has used | ess of gloss on abrasion as a neasure of

abrasi on resistance.

Har dness

The neasurement of hardness of Paint filns is probably the nost con-
troversial procedure other than adhesion neasurenent. Many factors are involved
For exanple, variations in humdity can cause |arge fluctuations in hardness,
dependi ng on the tendency of the paint filmto be plasticized by the presence
of noisture. Many other factors such as flexibility, tenperature, type of sub-
strate, etc, are major determinants in the neasurenent.

R es(”) and Meuthen, et al (22)have covered the nore popular test
met hods in review ng general paint filmtesting procedures.

Fi nk-Jensen(~68) has discussed the parameters involved in paint film
hardness, the nmathematics involved, and several theories of interrelations. A
new definition for hardness is given

cass(234) has claimed that the Sward Hardness Rocker does not neasure
hscdness, but the nodulus of elasticity.

Hor kay, et al“”, WIson™, and Van Hoydonck(™) have made studie
comparing various nethods of hardness measurenent, and attenpted to explain dis-
crepanci es.

Hel mren™ has investigated the relationship of filmhistory to
hardness results, and found a high degree of interdependence

Zor 1 "** has used pendul um hardness and inpact resistance to
cal cul ate definite mechanical properties of paint filns, which could be corre-
lated quantitatively with knwn effects of pigmentation.

s> - { > o - . -

naLz-17) nas used a FMonk microindentometer to arrive at an elascic
facter Lioiz the infzrcept of mass load and indentatiom curves. ¢oizelation

withk 2zing permitted an evaluation eof durability.

Water (195)has separated the factors involved in paint film hardness
into two (shssi<uts and relative) classes ot properties.

Cesterle, et al (™) has devel oped a procedure for neasucring "infints
tesimal hardress" changes and has used the procedure to detect early changes in
bot h outdoor and accel erated weat hering studies.

Van Iaar(”3 has used the Vickers pyranid to deternine indentation
hardness changes as a paint film weathers. Monk, et al (™) have devised a
puetuwmatic microindentatica 2rparatus for measuring paint film hardmess.
H nden® has designed a heated head indentation hardness apparatus. Hel men
(171) shows e%na= rhe Wallace microindenzation apparatus gives resulrs of value
in interpretimg expususs A=z,
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Schel | enberg( ™) has used the pendul m hardness tester to show that

the xenon arc Wather-Oneter corresponded nore nearly to outdoor exposure than
did the Fade-Oreter.

Hol i day Detection

The detection of holidays in paint films has received surprisingly
little attention in the technical literature. The only major technical paper

found isa review by Ward, et al (*) which discusses wi dely accepted industria
practices.

Background information available at Battelle's Colunmbus Laboratories
i ndicates that many pieces of equipnment are available on the comercial market,
most of which are specific to some particular phase of coatings applications.
For example, the pipeline industry has a preferred method for detecting holidays,
that is used only sparingly in other -industries. This is called "jeeping” and
Is an electrical spark test.

Hum dity Fffects

The effects of humdity on paint filnms have been discussed in relation
to accelerated test nethods, durability, flexibility, hardness, and exterior
exposure testing. Literature reviews on nethods of test, factors involved, and
equi pnent desi gn have been published by Gay"™, Newfield, et al ™, and
Von Fraunhofer .

Speci al equi pment has been designed by Jones (412) canpbel |
Cleveland Satiety for Paint Technol ogy™, MGothlin, et al™, Field

(242)

et al , and Lion, et al (™).

Many witers agree with Qtani, et al (™~ that a high degree of corre-
| ation exists between paint film deterioration and humdity, as well as under-
filmcorrosion and hunmidity. On the other hand, several witers, as typified
by Harrison'™” claimthat conventional humdity tests are of very doubtful
value in predicting service life of organic coatings.

Phillips(™) has denonstrated that corrosion protection by an organic
coating is best when the water perneability of the filmis the lowest. MBane
(96) shored that a correlation exists between the coating performance under hum d
conditions and the diffusion coefficient of the film

The Joint Corrosion Conmittee of the FSPI and the SSPC(™) has denon-
strated that the durability of paint systens varies with the application tenperas
ture, and therefore the tendency of moisture to condense on the unpainted surface
Under-film rusting was greatest when substrate tenperature was |owest.
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El ser, et al (™) has obtained evidence that hunidity accelerates W
degradation of paint filmsurfaces.

Guruvi ah(®) found that both oxygen and noisture perneabilities of
paint films must be considered in evaluating under-film corrosion. On the
other hand, Naumova, et al (*) claimthat diffusion of noisture through the
filmis not the decisive phase, but the retardation of the anode process is
more inportant.

Cerveny, et al () have shown that static humdity conditions are not
sufficient to simulate service life. Variable cycling of tenperature and hum d-
ity is necessary to duplicate natural exposures.

It is quite obvious that considerable differences of opinion stil
exi st regarding the best nethod of humdity testing, as well as the inportance
of the results. Although not directly referred to in the literature, a vita
component of durability testing is considered to be condensation of noisture
on the paint filmsurface. Due to the high osnotic pressures, the driving
force causing noisture penetration into the paint filmis greatest in pure,
freshly-condensed dew.

| mrer si on

Two basic types of inmmersion test procedures are reported. The first
type includes fundamental and survey studies which, forexanple, identify the
function of a pignment as described by Valentin®™, or the influence of thick
films as described by de WMieger(240). The second the is concerned mainly witl
performance-oriented test procedures which evaluate film breakdown under an
imersion situation. These latter procedures are of practical concern to the
eval uation of marine coating systenms and consist generally of sone nodification
of (1) sinple inrersion in a lab tank; (2) lab tank inmersion under nmore rigorot
conditions to accelerate breakdown; (3) immersion in the ocean under either norr
or accelerated conditions; or (4) a novel procedure or device designed to corre-
late with a specific parameter or intended use. Sinple immersion in a |ab tank
with visual inspection of coating performance is a comon procedure. Sone repor
solutions included (1) seawater“™, (2) demineralized water™", 6 (3) salt
sol ution®®*  (4) dilute hydrochloric acid*", (5) urea™, and (7)
anmoni um sul fate-nitrate conbination(*). Seawater inmersion conditions vary
from (1) small beakers“”; (2) overflow tanks to provide a continuous supply

(254,317)

of flow ng water ; to (3) aerated seawater( 7).

Electrical monitoring of coating performance is commonly d?sc ibed
but apparently little used for following breakdown. Gherardi, et a1f29 ) mentic
the nmonitoring of immersed panels by measuring ohmc resistance. Mrozum,

et al(56), Nowak, et al(306) and De, et al(379) discuss the use of capacitance
measurements.  Qther investigators(352~423~379) neasured potential, while Sate,
et al (418) neasured A C. inpedance, and Mori, et al(*) nmeasured dielectric

| oss .



I11-25

Many procedures have been enployed to accel erate coating breakdown in
i mmersion tests, These include accelerating one paranmeter such.as tenperature
(77,277 ,311,355 ,418) or cycling test conditions such as (1) fresh water wth

sea- wat er fron122@to 100 F(™); (2) brackish water and air with seawater and

distilled water™; (3) dry tines with imersion times(™); and (4) tap
water with seawater at panel speeds varying from 2 to 30 knots(242).

Nat ural exposure conditions in the ocean generally are used for static
raft-type immersion studies™"""®* ¥ Often, several exposure
sites are used, such as reported by Cannegieter(7~). Many investigators consider
tropical conditions of value because of the severity of the environnment(81~376).
Kucherova(177) reported efforts to conpare lab and raft exposure data

Bottom coating systems would nornally be subjected to the above type
of lab and actual immersion tests. In addition to these, boottops performin
a nore aggressive environment and have been examined in tidal (splash zone)
i mersion by Singleton(107) and Kaatz(301). Hartman, et al (") used aerated
seawat er, and Sul ei manova, et al " used wet and dry cycles. Tidal Immersion
is discussed in greater detail later in this report. Mrine coatings for weather
decks and exposed equi pnent have been examined in (1) immersion cycles of brine
with. nmineral water by Shigorin, et al(™); (2) 10 percent NaC inmersion ranging
from-6 to 20 F by Konokotin, et al(386); and (3) under prolonged exposure to
steam and hot water by Konokotin, et al(386). Immersion tests for tank coatings
goneral ly include resistance to all anticipated cargoes.

Several novel imersion procedures are cited such as (1) use of a radiu-
active indicator in conmbination with sweet and seawater cycles by Deterding, et
al ™; (2) measuring wai ght change after specific immersion conditions by
Mroznm, et al“; and (3) various druns and rotor apparati (103,99, 26,9) as
menai oned earlfer under Antlfouling Testing as well as synthetic sea water immersion
or panels in a hydrodynam ¢ double chanmbered tank (o). A procedure by Svobode
has denonstrated that blistering in paint films can be effected in the l|aboratory
by predipping test panels in NaC solution before painting and then allow ng water
to perneate the coating, join with the salt, and produce blistering.

The mlitary specification for tank coatings, ML-P-2S5~S6@], requires
20 cycles of exposure where each cycle includes (1) 1 week saltwater inmersion
(2) 1. week aromatic fuel inmersion; (3) 2 hours seawater imersion at 175 F; and
(4) 10 seconds exposure to hot seawater spray.

anfrared Specrrophotometry

Infrared anal yses of paints and paint materials have not received the
attention in the technical literature that it should, based on the kwown devel op
mants intje field. This nethod of analysis can be used for a wde range of
qual ity assurance applications, identification of materials, determning adults
evatioa, stc. A literature review and discussion along the above lines has been
publ i shed by Choate(~).
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Studies are reported which enploy infrared spectrophotonmetry for the
anal ysi s of binders in marine paints,, and, specifically for vehicles in
ship hull paints“”. Another study by Krejcar “” enploys the technique to
follow aging in paint filnms. Specific procedures are not mentioned in this

report since they vary nmarkedly for the type of study being made.

| pact Resi st ance

| npact resistance, as such, is not usually considered to be a part of
durability evaluations, although it is a very inportant factor in the overal
performance of a paint film under service conditions. Several accepted standarc
procedures are available for evaluating resistance to gravel inmpact, bullet
i npact, and bunp inpact.

| npact resistance is claimed by Hooper, et al‘404'to be a factor of
paint film adhesion. Oher investigators, such as Zorll(198,199), claimthat
hardness, flexibility, and other mechanical properties are involved.

Bender (*) has found that the glass transition tenperature of the resi
conponent is the controlling factors particularly for priner conpositions. |npe
resistance is clained to be the ngjor underlying factor in chip resistance of ar
pai nt systens.

lon Exchange Properties

The determnation of the ion exchange properties of paint filns is a
relatively new technique. The procedure involves imersing a clear filmof the
resin in an electrolyte solution of known pH at controlled tenperatures. The
l'iberated or exchanged ions are then titrated with standardized neutralizing
sol utions.

Khul lar, et al (") have shown that the ion exchange capacity has a
negative relationship with the corrosion protection efficiency of the binder.
That is, the binders with high ion exchange capacities show poor corrosion
protection and vice versa.

U fvarson, et al“ have found that ion exchange capacity correl ates
very well with salt spray test results

This relatively new technique could mean an additional methcd for
eval uation of the corrosion-prevention ability of coating systens.

Leaching Rate

See "Antifouling Tests for Bottom Coating Systems”.

Low Vol t age Test

See "Electrical Test".
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Li ght M croscope

Wth the introduction of the electron mcroscope, and the inproved
scanni ng el ectron n’icroscope, t he |Ight m Ccroscope has been rel egated to a

position of minor inportance by many workers. Howsver, it can still perform
many val uable tasks in the exanination of paint films, Either transmtted or
reflected light can be used. It can thus be used to examine either opaque or

transparent materials. Since it is an optical instrunment, color of the observed
surfaces can be observed.

Tooke™ has recently devised a paint inspection gage which enpl oys
a specially desiged tool to cut a mcroscopic V-groove in the painted surface.
Exam nation of the groove can reveal paint film thickness, thicknesses of each
coat of a multicoat systems and nany other physical features.

Modul us of Elasticity

There appears to be considerable confusion in the technical literature
concerning nodulus of elasticity, hardness, flexibility, indentation resistance
etc. Some witers use the above terms al nost synonymously. OQthers call atten-
tion to these definition discrepancies. It was noted previously that Cass™’
pointed out that the Sward Hardness Rocker actually measures nodul us of el as-

ciclty. Katz(") uses indentation resistance deternminations to arrive at an
"elastic factor” for coatings.

zorl | (™) uses pendul um hardness and inpact test results to deternine
el astic nmodulus. However, many workers use vibration techniques to arrive at
el astic nodul us values. Van Hoorn, et al (") calculate elastic nodulus from

resonant frequencies of a steel strip before and after_paintin?. Babich, et a
(117) calcul ate elestic nmodulus fromresonant frequencies of free films. In a

| ater paper“”’, they use alumnum foil and apply nmultiple coats of the paint
to obtain resonant- frequency data

Peeling

Mekijim, €t al(53) have studied the causes of paint peeling on struc-
tural steel They discuss the effects of water and water-based contam nants
chal king of priners, and reaction products formed at the interface of the paint
| ayers.

Penesrztion

T

See ""Havdness',
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Perneability Measurenents

A discussion of the relationship of humdity to perneability of paint
film by noisture was presented in the section on humdity. Enlargement on that
presentation shows that there are many ways of measuring permeability. Mst of
these are described in the Paint Testing Minual by Gardner/Sward, referenced
earlier in this report, and in the ASTM Standards.

val ker (™), Gubitsch(*), and Oesterle(®) have prepared litera-
ture reviews on the factors involved and nethods ot measuring perneability.
Cesterle(59) has prepared a literature review on the relation of paint film
structure to osnotic pressure, adhesion, and filmperneability.

MacDonal d(*) presents data indicating permeability of a paint film
to water and/or oxygen is not a controlling factor in corrosion prevention.
De Vlieger(240), on the other hand, shows a direct relationship between pernea-
bility, osmotic pressure, and blistering. Lowey, st al“® points out a need
for inproved test nethods, and indicates present theories of pernmeability are
outdated. Hay, et al (") show that noisture permeability and retention of both
primer and topcoat are related to meld growth and other methods of filmdeteri-
oration. Studies of sorption/desorption ratios are recomended. Funke~343)
shows that water uptake of filns constitutes a good measure of filmdurability.

Guruvi ah(89) proposed that the ratio of oxygen perneability to water
perneability is the major factor controlling corrosion prevention ability of
paint films. MBane™ clains that the relationship of hunidity resistance
to perneability is anonalous. The valid relationship of performance under
hum d conditions to the diffusion coefficient is the inportant one.

Phillips(39l) clains that corrosion protection is not a function of
resin permeability, but for a given resin it is best at |owest permeabili-~y.
Harris(373) has simlarly shown that no sinple relationship exists between
perneability and deterioration of panels during water inmmersion. Cycling
factors are much nore inportant.

Yaseen, et al ™ have studied the rel ationships exisc<ng between
pemmeabi lity, time, tenperature, filmthickness, etc, and have found an
Arrhenius-type equation to be valid.

265

Nitsberg, et al ™ have explored several of the possible ways of
measering perneability of paint films, and find them for the mobst parts in
good agreenent.

Hol t zman(48) has applied Bottcher's relationship and Fick's second
law to the devel opnent of an electrical capacitance method for measuring water
vapor transpoct in organic coatings applied to an impervious substratz. This
mech.d alse permirs &he calculation of swelling from small volume changes,
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Canpbel | “® has devel oped an "accel erated" procedure using a cabinet
simlar to the Oeveland Condensing Cabinet. Schneider(272) has developed a test
procedure for neasuring penneabilities of bulk materials such as liquid paints,
putties, caulking conpounds, etc.

Deterding, et al (**Y**) have used radioactive trace; techniques to
measure water perneability of paint films. In a later paper™, they point

out possible sources for errors in the technique.

Mur dock(*") has also used tracer techniques to measure perneation
penetration depth, total sorptions and other parameters. G ass, et al ™™
have explained the technique to study ion diffusion (such as sodium and chlorine)
into paint filns.

Ferosity

Testing paint films for porosity is alnost synonynous with holiday
detection discussed earlier. The outstanding difference is in the size of the
fault to be detected, Porosity detection methods should, therefore, be nore

sensitive and have better resolution.

Van Oeteren(153) has reviewed the origin of pores and their classifi-
cation and has discussed several pore-locatting techniques particularly using
electrical methods. G ubitsch® has reviewed general and el ectrocheni cal
methods for porosity detection as well as other related nethods.

Mol i nski, et al”, Woska, et al ("), and Herman(*) have all

devel oped test procedures for detecting porosity. The first two are electronic
instruments while the latter is a variation of the electroprint technique.

Potentionetric Tests

See "Electrical Tests",

Rait Tests

See "Antifouling Tests for Bottom Coating Systens".

See "Corrosion".
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Bagging

One literature reference to the study of paint saggi ng was encounterec
Maki shima. et al “ report a new method where exparinental data correlate well
with calculated values. The nethod issuited to the formulator in the |aborator
but not to the worker in the field. However, Federal Test Method 141-4493 and
- 4494 describe methods for rating the sagging of paint films.

Salt Spray

Because of the highly corrosive nature of salt sprays many variations
of chloride-containing water sprays are reported for examining the corrosion
resistance of materials. Material performance in salt spray atnospheres is re-
ported to be a useful tool in general screening__ studies for coatings(65,275,404,
for screeninz pigments in a given resin_gygt@@31?3}34); and for studyin specii
types of coatings such as steel priners(315,392,13), zinc rich coatings 342),
zinc dust primers(®), paints on zinc coated surfaces(™, wel dothvough
priners(263), zinc-rich topside coatings(262), narine steel priners™, and
ship topside paints(264). Salt spray procedures are inclucied In test progranms
exam ning the adhesion of polymers to nmetal (419) and of the water and oxygen
permebility of a paint filn(89). References conpare salt spray exposure data
with atnmospheric data“™™ and with data obtained from exposure in other
envivonmental test cabinets{4/),

Some investigators feel that salt spray is the best nmethod for rapid
corrosion testing(ll5,252,277) and that it offezs the nost cansistently correct
service prediction over various humdity and accel erated weathering tests
Qther investigators cite nmethods which are quicker ,such as (1) a new wet
chanmber, Lion exz a1€{21l1l); (2) a potentiostatic methed which is more imforwa-
tive, Clay{124); and 3) a method where 1 mimute of exposure squsals 2 wmeks
in a cabinets Cheever . Still other investigators report negative findings
with salt spray test methos such as the inability to draw valid performance
prediction, Van Laar “*, and the poor repeatab~lity of tese data Store

148)

Szaunter Immersion

See “Immersion®” and "“Antifouling Tests for Bottem CGoating Srscens'.

Service Life Prediction

See "Accelerated Deterioration. Coating Tests".
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Settling

Met hods for observing the settling of the pigment conponent of Faints
in the container have been used for many years. The procedures are usually sub-
jective, since it is generally necessary only to know whether or not the pignent
has settled and, if So, if it can be reincorporated with a minimmeffort. It
is therefore not surprising that very little work is reported in the recent
literature.

Papenroth, et al“ have devised a new techni que involving pressure
increase in a bubble tube when it hits a settled |ayer, and Veiel, et al “*
have used the apparatus to study various paint systemns.

Ship Trials

Wdely-differing views are expressed as to the value of ship trials in
predicting the service life of marine coating systens. Mackie(302) found that
the sea environment was unexpectedly nore severe than that of a lab situation.

Bi rnbaum et a”? successfully conducted service tests on 57 ship hulls.
Qthers Legort service tests in conpunction with raft and lab evaluations, ¥an
Toncen(109) ; and with lab and cathodic protection studies, Anderton, et al 285),
However, some investigators including Devoluy, et all4V2) and Van Londen, et
&:(233), report that service tests are too slow. These studies use service
tests only as a reference point for accelerated or inproved |aboratory tests.

Sol i ds Cont ent

The determnation of solids content of liquid paint systems is conpli-
cated by the fact that nmany special nethods have been devel oped for specific
materials. An exami nation of the technical literature has revealed that no
technical papers were published on the subject during the,period covered by
this study.

Several facts should be pointed out regarding the determnation of
paint solids. An exanination of the different procedures available as standard
met hods and as included in other standard methods and specifications of ASTM
made about 5 years ago show that about 75 different procedures have been made
avai | able for use. Mst nethods report the results in weight percentage

Since considerable confusion existed in the past relative to the
selection of the proper nethod for determning solid content of paints, ASTM
has devel oped Recommended Practice D2832-69, Determ ning Nonvol atile Content
of Paint and Paint Materials. This procedure is a guide to the selection of
the proper method for meking the determ nation, based on the type of paint or
paint material being exam ned.
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If volune nonvolatile matter is required, ASTM Method D2697-68
Vol ume Nonvol atile Matter in Clear or Pignented Coatings, is the preferred
procedure. This method uses the Archimedes buoyancy effect to determine the
filmspecific gravity in a nonsolvent [iquid.

Sur f ace Preparation

Many people feel that the success or failure of a paint systemapplie
to metal substrates depends largely on the way the surface has been treated to
receive the paint, This preponderance of feeling is reflected in the fact that
probably the greatest nunmber of references represent the greatest divergence of
opi ni ons, procedures, and techniques discovered during this survey.

Literature reviews and general discussions of tests, techniques
material s and effects have been publis.IZ bf R}es(ﬁz). Bullett(39) | Lone(2Ll),
Ellinger(l1) G uninger™, Sagaidak1%5:186) " preyss(184). Banfield( 286),
and Corre(319). Gay (™ and Barrillon(l18) have prepared reviews particularly
concerned with shipyards and shipbuilding practices. The U S. Navy outlines
their requirenents in Chapter 9190, Presentation of Ships in Service (Paints
and Cathodic Protection)(1d). The Marine Painting Munual (158) has a good
section covering surface preparation nethods, including an inspection and-
rating section. Simlarly, the Steel Structures Painting Mnual, referenced
previously, has an excellent section on netal preparation techniques.

Hel ms(383) has authored a NACE report of Committee T-6D.giving a
specification format for surface preparation for industrial painting.

Devol uy, et al“” has authored Technical and Research Bulletin
No. 4-9 of the Society of Naval Architects and Marine Engineers on an
"Abrasive Blasting Guide for Aged or Coated Steel Structures”.

Rermel ts( *) has prepared a report (94C) to the Netherlands Ship
Research Center on optimum conditions for blast cleaning of steel plate.
Becker “® has published a guide for the flame cleaning of iron and
steel before painting. Downing(294) has prepared a guide for naintenance paint-
ing for steel highway structures that contains a good section on netal prepara-
tion.
Fox“" has di scussed the Swedish pictorial standards for sandbl ast -
ing, which have been accepted by ASTM NACE, and SSPC. Reference to these
standards is also found in several ANSI procedures.

An anonymous writer(367) has discussed procedures for surface prepa-
ration by water-blasting. Shores(274) has discussed acid pickling and phosphat ¢
pretreatments.  An anonynous aut hor ™ has di scussed nethods and probl ens
involved in chemcal cleaning as a pretreatnent procedure.
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Keane( ") has described research prograns conducted by SSPC on st eel
surface preparation for painting

Mavne (#1%) has rel ated rusting of steel to the presence of FeS04 on
the surface, which is formed by the catalytic oxidation of S02 to SO,in the
presence of rust. Removal of sulfate can naterially inprove paint film dura-
bility.

Andersson, et al (™) have explored the effects-of various types of

iron oxides on steel surfaces on the durability of paint filnms applied over
them The presence of zinc chromate in the priner was shown to be a very

effective method of inproving paint film durability.

Chandl er et al (*) claimthat the presence of nill scale and rust
due to weathering accelerate paint filmfailure. The process is not reduced
by rust-inhibitive primers.

Bl achowi cz, et al (38) have found that the so-called chelating primers

are excellent on clean steel, but are relatively ineffective in preventing
further corrosion on rusty steel surfaces.

Bullett, et al (018) have denmonstrated that paint durability on steel

is a direct function of the surface cleanliness, since contam nants act to
i njure adhesi on.

M1 (™) has found that wash priners are extremely helpful in marine
coating systens, but they must be matched to the surface pretreatment for best
results. In some cases, wash primers were found to accel erate corrosion.

Herpol, et al (*) have enphasized that surface preparation of stee
should not result in an excessive roughness, as this can be a detrinent to
coating durability.

Dani el (¥) has worked out a system for correlating subst ate roughness
with paint film thickness for optinum performance. Bullett, et af(™) have
worked out a simlar system and have devel oped an instrument for neasuring
surface roughness using the rate of air escape under a gasket applied to the
surface. A-cleanliness neter was also developed. The SSPC*® has descri bed
a surface profile conmparator for judging the degree of sandblasting of steel

Cody“™ has shown that paint films on structural steel perform
according to the type and degree of surface preparation.

W dschut (*) has shown that surface preparation is a prime determi-
nant in the durability of amine-cured epoxy paints used in shipbuilding

Bl achowi cz, et al (") found that sanding of steel surfaces gave better
performance than wire brushing. Still better results were obtained from phos-
phoric acid treatment followed by "burning" or heat treatmnent.
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Frank, et al (128) developed a paste phosphate treatnent that inproved
paint filmdurability on steel

Reeves, et al (™) developed a fluoridated chromate treatment which
wor ks well for alum num surfaces and m ght be expected to work on other netals.

173

| chi oka, et al“™ have found chromate treatnents to work well on
zinc and gal vani zed surfaces before coating.
Kronst ei n*? has enphasi zed that interaction between coats should
be avoi ded. He recomrends a conplex system including surface preparation,
removal of entrapped air, application of primers and topcoats using certain
precautions, and crosslinking the conplete system

316

Barton™ has shown that netal pretreatments are effective in
reducing filiformcorrosion, while etch prinmers (containing HPO4) are not.

Cupr., et al (320) have reviewed the literature on phosphate, chronate
and al kaline pretreatnents.

Negreev, et al (*) have shown phosphoric acid to be equally effectiv
as sandblasting for marine finishes.

Cul shaw( ™) showed that freshly pickled steel gave inferior perfor-
mance to as-rolled plates. Git-blasted plates gave the best paint film dura-
bility.

Vazirani (™) has described a new process for surface treatnent of
steel that gives superior salt spray and humidity resistance.

Subbotina( ™) has devel oped a single apparatus for simultaneous
degreasing, painting; and curing in a continuous atnosphere of trichloro-
et hyl ene vapor.

Krutikov. et al (™) have described an apparatus for decreasin%,
e

etching, and phosphating of metal parts. The new nmethod is claimed to
superior to sandblasting.

Sunshi ne \Wat heri ng

CarYl ® and Caryl, et al (*) have described a device for weather-
ing paint films which uses mirrors to focus the sunlight of the Arizona desert
to about 150, 000 | angl eys per nonth conpared to about 16,000 in nornmal exposure
at 45 degrees facing south. The equipnent is called EMVA (Equatorial Munt wt
Mrrors for Acceleration) and EMVAQUA (EMVA + water spray, 10 minutes, 7 tines
per day). Good correlation with normal outdoor exposure results are clained
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Von Fraunhofer(”) has used a sinilar setup in England wth good
results.

Annovi (') has devel oped a xenon |anp clainmed to give equival ent
results to EMA

Swel 1ing

Al'though it has received relatively little attention in the technical

literature, the swelling of paint films is considered to be a very inportant
factor in the deterioration of paint filns.

G ubitsch(*) has included swelling in his review of testing methods
for paint films.

Cesterle, et al(104) have measured filmsmling by follow ng infini-
tesi mal hardness changes. \Wahlin, et al(282) have used an immersion nethod to
follow volune changes. Electrical resistance and pH changes can be followed
si nul t aneousl y.

Tensile Measurenents

Many investigators recognize the direct relationship between a coat-
ing's adhesion and its performance. Thus, adhesion is often neasured by tensile
shear as reported by Gusman(372) and Thel en®. Changes in adhesion as a
function of time can be followed with tensile nmeasurements on the Instron Tester
as reported by Phillips(391). Marine paint performance has been eval uated in
this manner by MacDonal d(388).

Schurr, et al“reported tensile-strength versus exposure tine to
be a nmeasure of a coating’s durability. The nmethod has been used generally to
follow the rate of deterioration by Gutfreund(*), and to study the effects on
a coating of radiation, humdity, and atmospheric conditions by Talen(395).

One study by Filson, et al (™) reports that tensile neasurements show that W
radiation is nore severe than tenperature changes or rain in contributing to
deterioration.

Filson, et al(*) have studied coating application methods and have
shown by tensile strength changes in a coating that. stresses during drying
affect later breakdown. The Hounsfield ensometer has been used by Phillips(4°7)

to study the physics of paint films and thereby provide Insight for studying
fundamental properties of filns.
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Ti dal | nmersion

Tidal inmrersion studies are conducted by nounting coated panels in
the tide zone so that they receive alternate periods of wet, splash, and,
possibly, dry tinmes. This set of extrenely aggressive breakdown conditions
is simlar to those encountered by boottop coatings on a vessel and splash
zone coatings on pillngs.

Typi cal prograns using tidal inmersion studies have been designed to
(1) conpare the performance of various paint vehicles, Kaatz(301); (2) detefin
the effect of PVC resin system and effect of number of coats on coating per-
formance, Yingst™; and (3) aid in the selection of surface treatnent, prime
and anticorrosive barrier coating needed for a specific application such as buo
Banks'™; steel piling, Al unbaugh, et al’; and. coastal hydrotechnical inst;

(352)

| ation, Negreev ™.

Prograns generally study tidal inmersion along with other inmersion
procedures, such as total or semistatic immersion, Singleton(107).

U trasonic Testing

The use of sonic and ultrasonic vibrations to study modul us of el as-
ticity was discussed earlier in this survey. Utrasonics have been used by
Wat anabe, et al ®to study intercoat adhesion failure. Mers, et al(*)
have used ultrasonics to nonitor changes in the mechanical properties of paint
film as they age, and find sone correlation with adhesion failure.

Vibration of an indenter has been used by Gozinskaya, et al (") to
eval uate wear resistance of coating filns.

U traviolet Lanps

The subject of ultraviolet exposure was covered in earlier discussion:
particularly on accelerated test methods. By and |arge, UV exposure alone is
much less harnful than W plus noisture. The choice of W lanps has tended to
be in the direction of sinulation of the noonday sun spectrum since this condi
tion has been found to be nost injurious.

Wt er Vapor Testing

The interrelation of water vapor, perneability, constant condensation,
and paint filmdurability was discussed earlier under several subjects. Exposul
to water vapor in the formof humd atnospheres is a critical part of any paint
film durability evaluation procedure.

Test nethods are well recorded in the Paint Testing Manual by Gardner/
Sward and ASTM St andar ds books, both referenced earlier in this review.
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G ubitsch(®™) has prepared a review of test methods that includes
wat er vapor tests.

Kronstein, et al ("), Nitsberg, et al“), and Yaseen, et al (™)
have devel oped special procedures for noisture vapor testing.

\Wear Resistance Tests

Practically all the work on wear resistance tests has been discussed
earlier under Abrasion Resistance. Evaluation nethods are quite similar, indi-
cating the two properties are either synonynous or very closely related.

375

Van Laar* has used falling nuts to evaluate wear resistance. A
stream of quartz sand has been used by Averchenko, et al“. Zubov, et al“®
and Grozinskaya, et al (") have used vibrating tools, varying frequency, and
anplitude of the tool as the variable conponent.

Berger, et al (™) have reviewed a series of wear test procedures.

\\eat her - Oret er  Eval uati on

See "Accelerated Deterioration, Coating Tests".

X- Ray Fl uorescence

X-ray fluorescence (XRF) spectronmetry is reported as- an effective tool
for determining the level of heavy metal inorganic or organonetallic toxicants
in antifouling coatings by Driscoll, et al(s3) Mniussu, et al(*) report that
the presence of copper causes higher readings of mercury. In addition to short-
range prediction of antifouling performance, XRF is suggested as a tool for
conmpetitive nonitoring, quality control, and determnation of film thickness
by. Driscoll, et al™.
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PART 1V - LABORATORY EXAM NATI ON OF
SELECTED NEW TEST METHODS

In making the on-site visits to shipyards, coating manufacturers, etc
and while examning the published literature, special attention was given to any
new and unproven test nethods for speeding uw the qualification of new ship coat-
ing systens. A major requirement is that the test procedure give indication of
performance potential in a relatively short time. This nmeans that either the
test condition be increased in severity to accelerate failure, or sone technique
be used to give indication of beginning failure before it is evident in visua
i nspection of the coating system

Coating Thi ckness Versus Tine of Fail ure-

One new technique selected for study is based on the know edge t hat
thin coatings fail nore rapidly in seawater imersion than thicker ones. The re-
fore, it was postulated that it mght be possible to expose a marine paint system
at various thicknesses observe failure time at each thickness, plot failure tine
versus coating thickness and then project this plot to find the service life for
a reconmended thickness of the paint system The log plot of failure time versus
t hi ckness of a coating would be roughly simlar to an Arrhenius relationship which
has been used to project failure of coatings in some other uses.

Two paint systens were selected for |aboratory study of this nethod:

(1) Alkyl Zinc Silicate Priner-Chlorinated Rubber, Under-
wat er Coati ng

(2) An Epoxy-Pol yam de Underwater System Conformng to
Specification ML-P-24441 (Ships).

Steel test panels 6 x 12 x 1/8 inch with rounded edges were sand-
blasted to obtain a low profile measurement of about 1.0 roil. A low profile
was desired because of the thinness of sone coatings to be tested. The zinc-
rich primer was applied 1.2 roils thick because this was about the m ninum
anount that could be properly applied by spraying. The chlorinated rubber tie
coat was applied 1.5 roils thick because thinner coats could not be applied over
the zinc silicate prinmer without "cratering" or "eyeholing". This meant that
only the topcoat could be varied in thickness. Oiginally, the plans were to
vary the zinc silicate primer in thickness fromQ5-to |.5 nmils,vary the tie
coat from0.5 to 2.0 roils, then vary the topcoat from0.5 to 4 or 5 roils.

The panels prepared for testing had the follow ng coating thicknesses
(each coating measured on a snmooth steel surface sprayed al ongside the bl asted
panel):



Recommended Chlorinated
Zinc Silicate Tie Coat Rubber Topcoat Total
Primer (Approx) (Appzox) Thickness
1.2 1.5 1.0 3.7
1" 114 2.0 4.7
" " 3.0 5.7
" " 4.0 6.7
" " 5.0 7.7

A second set of panels was prepared as described earlier and coated
with various thicknesses of Specification MIL-P-24441 Epoxy~-Polyamide, This
system was applied to the following dry~film thicknesses:

Primer Topcoat Total
(Approx) (Approx) Thickness
0.5 0.5 1.4
1.0 1.0 2.3
1.0 2.0 3.5
2.0 2.0 4,1
2.0 3.0 5.2
2,0 4,0 6.1
2.0 5.0 7.0
2,0 6.0 8.0

The coated panels described above were subjected to the following te:s
(all at ambient-room temperature):

(1) Synthetic seawater immersion¥*

(2) Deionized water immersion

(3) Alternate seawater wet and dry

The panels in group (1) were also set up for monitoring by electrical

measurements as described in another section of this document, "Resistance
Measurements to Give Early Indication of Coating Failure",

* The synthetic seawater was prepared according to ASTM D-1141-52. (See
Method 6-8 in Part II of this document.)
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Synthetic Seawater Immersiom

For synthetic seawater immersion, the laboratory tanks comprised two,
20-gallon glass containers (elongated 20-gallon aquariums). They measured
30 x 12 x 12 inches.

The 6 x 12-inch, coated panels were suspended in the synthetic sea-
water to a depth of 8 inches by hanging them from support racks using an
insulated wire. This system electrically insulated the panels from each other
and from ground (measured as better than 1012 ohms). Spacing between the panels
was about 2 inches (center to center). Clear, acrylic strips were placed across
the top of the tank and between the panels to maintain a 2-inch center to center
spacing; water evaporation was also effectively reduced.

Glass aquarium heaters of 100-watt capacity were used to maintain
temperature of the water at 77 £ 1 F. An air-driven aquarium filter was used
to filter the water and to maintain a common circulation between tanks. A
loop of plastic tubing filled with the synthetic seawater was used to accomplish
return circulation between tanks to maintain an equal level in both tanks.
Filtered air was bubbled through the water between each pair of panels. The
air was supplied through small holes in plastic tubing placed at the bottom,
and extending from end-to-end through the center of each tank. The holes were
so spaced that air could bubble between each suspended panel.. Air flow between
each panel was maintained at approximately 1 liter per minute.

Figure 9 shows the two tanks in place on a laboratory work bench.
Figure 4 in Part II of this document shows a closer view of one of the tanks,
with air bubbling between the panels.

FIGURE 9, TEST PANELS IMMERSED
IN SYNTHETIC SEAWATER
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Duplicate coated panels were exposed, but not side-by- side ,The
panel s were exam ned weekly for rust, blisters, and other visible signs of
failure. Electrical nmeasurenents were also made weekly and are discussed
in a follow ng section

Results of the visual exam nations (partial data) are shown in
Tables 1 and 2. The results obtained are not sufficiently precise to plot
and then extrapolate to a failure tine for the fulL coating thickness.
However, these data do show a trend toward earlier failure of the thinner
panel s in each set.

Very few failures occurred in the epoxy-polyam de system after 10
weeks inmmersion. This was the system wherecoating thickness could be con-
trolled over a wider range than had been possible with the chlorinated rubber
system

In view of the difficulty involved, and the great deal of effort
necessary to prepare the large nunber of panels needed for a test of this
type, it is concluded that this procedure should not be used by shipyards
as an attenpt to obtain early prediction of performance of shipbottom coat -
ing systemns.



TABLE 1, PANELS IMMERSED IN SYNTHETIC SEAWATER--CHLORINATED RUBBER SYSTEM
Total
Coating

Panel Thickness, Blistering and Rusting After Exposure (a)

No. mil 2 weeks 4 weeks 6_weeks 8 weeks 10 weeks

51 3.7 OK 7 small rust spots >10 small rust spots; >L0 rgst spots; Scattered rust--ASTM #7;
few #6 blisters 6 in.“ MD #8 blisters 6 in.2 MD #8 blisters

52 3.7 OK OK 4 in.2 area of MD 6 in.? dense #8 blis- Few rust spots--ASTM #8;
#8 blisters ters 6 in.2 dense #6 blisters

61 Y OK OK >10 sxétall rust spots; >10 rust spots; 2 in.2 Few rust spots=-=-ASTM #8;
2 in.“ area of MD #6 MD #4 blisters '2 in,? dense #2 blisters
blisters '

62 4.7 OK 1 small rust spot 1 small rust spot 1 small rust spot; Few rust spots; ASTM #9;

: 1/2 in.2 MD #6 blisters 1 in.2 MD #6 blisters
71 5.7 OK 1 small rust spot 1 small rust spot 1 small rust spot 1 large rust spot;
faw rust spots--ASTM #9

72 5.7 OK OK OK OK Few rust:spots--ASTM #8

21 6.7 OK OK , OK OK Few rust spots--ASTM #9

22 6.7 OK OK OK OK oK . ‘

A 7.7 OK OK OK OK 3 small rust spots
42 7.7 0K 0K oK oK Few rust spots--ASTM #9

(a) OK - No failure.

ASTM designations for blistering and rusting used when amount became sufficient to rate,

Blistering:

MD = Madium Dense.



TABLE 2, EPOXY-POLYAMIDE COATED) PANELS
IMMERSED IN SYNTHETIC SEAWATER

Total Coating

Thickness, Visible Condition After Tmmersion

Panel No, mil 1 week 4 weeiks 10 weeks

101 1.4 OK OK 1 small rust spot

102 1.4 " " 2 small rust spots

111 2.3 " " Few small rust spots

112 2.3 " " 1 small rust spot

121 3.5 " " OK

122 3.5 " " "

131 4.1 " " "

132 4.1 i " 1 small rust spot

141 5.2 " " OK

142 5.2 11 " 11]

151 6. 1 1" 1" 1

152 6.1 1" 1" 1"

161 7‘0 1" 1} 1"

162 7.0 11 1 1

171 8.0 11 1" 1"

172 8.0 1" 11 "
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Deionized Water |mersion

It is not uncommon to find that a coating will blister nmore rapidly
in deionized, or distilled water, than in salt water. Therefore, the two series
of panels prepared as described previously were also immersed in deionized water

One of the 20-gallon glass tanks (described previously) was used for
these tests. Air was supplied to each bottom corner of the tank and allowed to
bubble very slowy through the water. This created gentle currents which hel ped
to maintain thermal equilibrium throughout the tank. However, air was not
bubbl ed between each panel as had been done in the synthetic seawater.

The panels were suspended from an alum num frane built around the tank
They were imersed in the deionized water so that the lower 9 inches of the pane
was exposed. Nylon cord was used toattach the panel to the support.

Clear, acrylic strips were placed on to? of the tank, and between
panels to maintain a |-1/2-inch center-to-center spacing. A glass aquarium
heater was used to naintain tenperature at 77 = 1 F.

Duplicate coated panels were exposed but not side-by-side. They were
visual |y examned periodically for rust and/or blisters. The results of this
test are shown in Table 3.

The coatings showed very little failure after 10 weeks immersion.
Perhaps the failures were less than in the saltwater imersion because air had
not been bubbl ed between the panels as had been done in the seawater inmersion
t anks.

Blistering was just beginning to show on sone of the thinner coatings
after 10 weeks. Thus, there is sone evidence that a plot of degree of failure
versus coating thickness mght be prepared after some |onger exposure tineg,
and then used to project the performance of the thicker coatings. However,
the duration of this research program was too short to conplete this study.



TABLE 3., DEIONIZED WATER IMMERSION OF COATED TEST PANELS

Panel No.

Total Coating

Thickness, Visible Condition{d) After Immersion

Coating Type mil 1 week

3 weeks

8 weeks

10 weeks

- 53

54
63
64
73
74

23
24
43
44

103

104
113
ii4
123
124
133
134

143
144
153
154
163
164
173
174

Chlorinated=~
Rubber
Ditto
11

L1}
”"
1"

Epoxy-
Polyamide

Ditto

w
.
~

OK

= NN TP DW
[ ]
PN N NN NN

oo~N~NOoOOUTU P WWLWNDND
L]
OO QCORFENN RrE=umuUuwWwps

OK

OK

Few #8 blisters
Few #6 blisters
OK
11}
"

Few #8 blisteps

Few #8 blisters
Few #6 blisters
OK

(a) OK means no visible failure,

ASTM Designation:

7

D-714, for blister size ratings;

is very small, and #2 is very large.

8-A1
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Al ternate Seawater Wt and Dry

Alternate inmersion in seawater and drying is used as a test in some
| aboratories. Expansion and contraction has been reported to cause early failures
in coatings. Thus, this test was exami ned as part of this program

Two, S-gallon glass aquariumtanks neasuring 16 x 10 x 8 inches were
used for the inmmersion tests. The panels rested on the floor of the tank while
| eani ng agai nst glass rods placed at the top of the tank. The glass rods pre-
vented panel -to-panel contact and maintai ned panel spacing at 1 inch from
center to center.

Duplicate coated panels (as described previously) were placed in the
tanks and synthetic seawater was added to imerse the panels to a depth of 9
inches. The panels remained imersed for 11 days; then the seawater was siphoned
out of the tanks. The panels were allowed to renmain dry for 3 days, then they
were inspected for rust and/or blisters. This cycle was repeated five tines.

Results of the exam nations are shown in Table 4. The data in Table 4
are inconcl usive because the 10 weeks exposure tine available in this program
was not sufficient to carry the panels to ultimate failure. However, it is
evident that the nmethod has limted potential as an accelerated test. Again,
because of the effort involved in preparing the large nunber of test panels,’
and the lack of positive results, this test method is not recomrended for
shi pyard use.



TABLE 4, ALTERNATE SEAWATER IMMERSION AND DRYING OF COATED PANELS

(2 WEEKS EACH CYCLE)

Total

Coating
Panel Thickness, Vigible Condition After Immersion and Drying Cycles
No. Coating Type _mnil 2 weeks 4 weeks 8 weeks 10 weeks °
55 Chlorinated- 3.7 ok (@) OK 1/2 in.2 MD #6 blisters No change
Rubber
56 Ditto 3.7 " " Few rust spots--ASTM #9 No change
65 " 4e7 " " ) OK 1 small rust spot
66 " 4,7 " 1 small rust spot 1/2 in.2 MD #6 blisters - No change
75 " 5.7 " OK OK 2 small rust spots
76 ” 5.7 " " " 0K
25 " 6,7 " ] " " .
26 " 6.7 " " 1 small rust spot 3 small rust spots
45 " 7.7 " " OK Few scattered rust spots=--
ASTM #10 :
46 " 7.7 " " Feu rust spots--ASTM #9  Few scattered rust spots--
* ASTM {9
105 Epoxy- 1.4 " " 1 vmall rust spot i emall rust spot ?
Polyamide . —
106 Ditto 1.4 " " 0K OK °©
115 ”" 2.3 " " " 1]
116 ”" 2.3 " " (1] n
125 " 3'5 " L] 1] "
12 L1 3-5 " " " "
135 LU 4.1 " " " [1}
136 n 4.1 [ 1] 1" !l "
145 " 5.2 11 " 11} "
146 n 5.2 " " " "
155 1] 6.1 ”n ”" " L]
156 " 6 . 1 ” n " -
165 " 7 .o " 1] " "
166 " 7 .0 1 " 1] "
175 " 8.0 ” ”" " 1]
176 n 8.0 ” 1" 1" 1]

(a) OK means no visible failure.
ASTM designations for blistering and rusting used when amount became gurficient to rate.

-~

-_
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Resi st ance Measurenments to Gve Early
| ndi cation of Coating Failure

A number of investigators* have dscribed various electrical measure-
ments, such as resistance and capacitance, to give early indication of coatings
failure. It was felt that one such method shoul d be examined further to deter-
mne its value to shipyards in obtaining early indication of performance pot,-
tial of marine coatings for use under water.

Both the chlorinated rubber and the epoxy-polyam de systems. (prepared
as described previously for exposure in synthetic seawater) were subjected to
the electrical test. The sane apparatus and panels used for the “Synthetic
Seawter Inmersion” were used in this investigation with the addition of the
following nodifications and equi pnent:

El ectrical contact was made to each panel through a copper wre
soldered to the top edge of the panel. The soldered area was then.painted wth
the same material used to coat the panel. Only the tip end of the wire was
exposed for connection to the neasuring circuit.

The equi pnent for monitoring the changes in electrical resistances of
the coating consisted of the following: (1) a Keithley Mdel 610C solid state
electrometer, (2) a shunt box, (3) a switch box, and (4) a platinum electrode.
The el ectrometer was used to measure the potential difference between the test
panel and the platinumelectrode, and the IR drop across the shunt resistor.
The shunt box permtted the insertion of a shunt resistance across the test
panel and platinum electrode. The switch box was used to open or close the
circuit to the test panel. A platinumelectrode was chosen as the reference
el ectrode because of its inert qualities. Coaxial cable (RG58 AU was used
to make connections between the various circuit conponents. A schematic of
the equipnent and circuit is shown in Figure 10 on the follow ng page.

Vol t age nmeasurenents were made for each panel and the coating resis-

tance calculated at the start of the test, and once each week thereafter.
The following formula was used to cal cul ate resistance:

R = RS EO -
2 )
wher e

= the coating resistance in ohns,
Rs - the shunt resistance of 1.021 x 10* ohns,

E, = the open circuit potential between the test
panel and the platinum electrode (with essen-
tially no current fbw ng), and

E, = the potential difference across the shunt
resistor (or the potential between the test
panel and the platinumelectrode with a
significant current flow ng).

* See Part Ill, section titled “Electrical Tests”.
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A(/, Electrometer

Shunt Box
/

Switch Box __l_.. !
\‘;r - | —MUIW! P
v
-«

' _______ —,
] s
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Synthetic Sea-
water in Tank J{////
PO i SRR S e e N . [P Platinm
~ — —Test| — T - — Electrode
¢ Panel} . ~— _—
A - e o ~—
A — i .
T
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FIGURE 10. SCHEMATIC OF CIRCUITRY USED TO MONITOR

ELECTRICAL RESISTANCE CF COATINGS
IMMERSED IN SYNTHETIC SEAWATER

The resistance measurements on the coated panels are shown in Tables
5 and 6. )



TABLE 5, ELECTRICAL ME)NITEE{"II;I\G OF PANELS IMMERSED IN SYNTHETIC SEAWATER-~-
CHLORINATED RUBBER COATINGS
Total . i
Coating
Panel Thickness, Electrical Resistance Measurements After Various Immersion Times
No. mil Initial 2 Days 9 Days 16 Days 23 Days 37 Days 58 Days
51 3.7 35.0 K 100 K 137 K 64,0 K 20,4 K 13.7 K 11.4 K
52 3.7 21.4 K 20.1 K 19.2 K 14,3 K 10,5 K 13.8 K 10.4 K
61 4,7 55.7 K 28.9 K 31.9K 41.6 K 39.2 K 22,6 K 15.7 K
62 4,7 107 K 92,9 K 116 K 43,9 K 35.3 K 28:7 K 20,9 K
71 5.7 18.3 K 43,2 K 48,2 K 25.1 K 37.5 K 55.0 K 38.3 K
72 5.7 35.9 K 56,1 K 51.8 K 54.1 K 52,1 K 83.5 K 40.8 K
21 6.7 46,2 K 62.8 K 64.9 K 139 K 150 K 109 K 88.6 K
22 6.7 8,7 Meg 1,68 Meg 10.5 Meg 21.1 Meg 11.4 Meg 16.3 Meg 8.55 Meg
41 7.7 24,0 K 25.5 K 30,6 K 26.2 K 29.8 K 31.3 K 30.6 X
42 7.7 90.9 K 292 K 197 K 398 K 302 -K 253 K 471 K
Note: K = 103 ohms; Meg = 105 onms.

€1-AI
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Because of the nunerous references to electrical methods for giving
early indication of coating failures it had been postulated that this series
of tests would produce results of great inportance to the shipyards. It was
believed that the measurenent of resistance versus exposure tine would be par-
ticularly val uabl e when used with the two series of coated test panels having
controlled variations in coating thicknesses. However, results were di sappoint-
ing. Positive trends were not evident from these data even when resistance

Val ues were plotted versus exposure tine. It is obvious that even a tiny flaw
in a panel can cause a great decrease in the neasured resistance of the coating
on a test panel. Moreover, resistance values can increase during exposure,

apparently because of healing of pores or flaws, or possibly froman increase
in resistance as the corrosion product builds up in pores or voids.

If resistance neasurements are to be used to nonitor coated panels,
it appears desirable to use a test cell to expose only a linted area of the
panel surface, and-none of the panel edge. Even with the great care used in
| aboratory preparation of the-coated panels, it is obvious that they were not
perfect enough for this work. Therefore, the shipyard will probably find that
the use of resistance neasurements to monitor coatings performance woul d be
very difficult. Moreover, enough replicate sanples will probably be needed
to obtain statistically neaningful results

The few trends that were noted showed general |y higher resistance
values for the thicker coatings, as expected. Moreover, higher resistance
val ues were generally noted for the epoxy systemthan for the chlorinated
rubber system
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Eval uati on of Possible New Techni que for
Measuri ng Adhesion of Marine Coatings

Met hods for neasuring adhesion of narine coatings are woefully inade-
quate, especially when the coating is on a rough, blasted surface. Mich has
been published in this area (as noted in other sections of this report). Many
investigators are still searching for better ways to neasure adhesion of coatings
(note discussion of literature review in Part Il of this document). The litera-
ture search did not bring forth any new method for examination in this program
However, a brief exploratory investigation was nmade of a new idea put forth by
the authors. The idea was to use a sudden pressure release to disrupt the bond
between the coating and its substrate.

Test panels were prepared and coated as described previously, but in
smaller size (4 x 4 inches). The full (recommended) thickness of each of the
coating systens (chlorinated rubber and epoxy) was used for the tests.

A one-gal l on autoclave was prepared for the trials by remving the

stirring shaft and cooling coil. The test panels were placed in the chamber
wi t h wooden bl ocks between themto act as spacers. One set was tested while
imersed in distilled water by bringing pressure up to 5,000 psi. The panels

were held at this pressure for one hour. The pressure was then rel eased and
dropped to 2,000 psi in 5 seconds, and atnospheric pressure within 1 mnute.

The second set of panels was subjected to a nitrogen atnosphere. The
pressure was raised to 1,500 psi and held for 3 hours. Again, the pressure was
rel eased and the drop to atnospheric pressure occurred in 2 mnutes.

In both tests, the chlorinated rubber coating systemblistered and was
easily renoved fromthe test panel by scratching with a knife. The epoxy system
on the other hand, did not blister and retained its excellent adhesion

Thus, it was found that a pressure release test could be used to show
differences in adhesion between these two coating systens. However, additiona
research beyond the scope of this program woul d be needed to refine the test
procedure and develop it into a quantitative test for all kinds of coatings.
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Feasibility of Using Utrasonics to Indicate
Degree of Surface Preparation

The foll owi ng coating systems were prepared to study the possibility
of wusing special ultrasonic techniques to show degree of surface preparation:

(1) The chlorinated rubber system described previously
(7.7 roils total thickness)

(2) The epoxy-pol yam de system described previously
(8.0 mls total thickness).

Each of these coating systenms were applied over the follow ng surfaces:
rusty steel, hot-rolled steel with scale, and blasted hot-rolled steel

A nondestructive testing technique is needed to deternine the adhesion
of coatings to various substrates, and differentiate between various conditions
of the substrate. Conventional ultrasonic techniques are not capable of evalu-
ating the coating to steel adhesion (or substrate differences) due to the resol u-
tion limtations and sensitiveness to such factors as beam i nhonogeneity, part
geonetry, and surface characteristics of the material. Considerable advances
have been made by the subcontractor in the field of ultrasonics, and it appears
that high-resolution ultrasonic instrumentation mght be used to deternine the
adhesi on of coatings to steel parts, and differentiate between different stee
substrate conditions. Six panels 6 inches by 9.25 inches as described bel ow
were eval uated using high-resolution ultrasonic techniques.

Total Panel Surface Condition
Thi ckness, of Steel Prior

Panel No. Coating Syst em i nch to Coating

211 Chl ori nat ed rubber 0.133 Rust

231 Chlorinated rubber 0.128 | dea

222 Chlorinated rubber 0. 275 MII scale

281 Epoxy pol yam de 0.135 | dea

251 Epoxy pol yam de 0.131 Rust

262 Epoxy pol yam de 0.273 MIIl scale
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Ul trasoni c Techni que

The technique for the evaluation enployed standard ultrasonic pul se-
echo principles in conjunction with specially devel oped high-resol ution instru-
mentation, as shown in Figure 11. Longitudinal nmode sound wave pul ses were
propagated directly into the coated panels via a portable water bubbler gravity
fed systemwth a special |ead netaniobate ultrasonic transducer. These pul ses
are reflected fromthe top surface and bottom surface of the coated panel. The
refl ections received are converted into electronic radio-frequency signals. The
ul trasonic transducer is specially designed and heavily danped to operate at a
very high frequency to provide excellent time resol ution.

A speci al broad-banded pul ser-receiver unit is used for pulse gener-
ation and radi o-frequency signal processing. The band width of the receiver is
35MHz to 40 MHZ. The ultrasonic transducer and cable assenbly are carefully
i npedance matched to the pul ser-receiver so as to have a response of approxi -
mately 0.5 Mz to 25 MHz. The central frequency of the specially manufactured
| /4-inch-diameter transducer used is 9 MHz. The anplified RF signal of the
receiver is displayed on a Tektronix Mdel 453A oscilloscope. As with the
standard thickness-nmeasuring technique, the horizontal sweep of the oscillo-
scope can be calibrated so that one full-scale sweep represents both the
mat eri al thicknesses and displays both the top surface and bottom surface of
the coated panel. The horizontal sweep may al so be conpressed to view the
signal wave train and observe the decay or attenuation pattern for each coated
panel

Coat ed Panel Exani nation

The ultrasonic instrumentation and technique earlier described were
utilized to evaluate the six coated steel panels. Four areas along the |ongi-
tudi nal axis and equidistant apart were observed from one side only for each
panel , using the technique

Prior to evaluating the panels, the oscilloscope was calibrated for
t hi ckness al ong the horizontal sweep. For this calibration, three cold-rolled
steel standards were used. Their dinensions were 5/8 x 2 x 2 inches, 1/4 x
2 X 2 inches, and 1/8 x 2 x 2 inches. The oscilloscope traces for each of
t hese thickness calibration standards are shown in Figures 12, 13, and 14.
Al paraneters were nmaintained constant for evaluation of the coated stee
panel s. The ultrasonic settings were

(1) pulse anplitude = 3.0 (dial setting)
(2) gain control = 1.5 (dial setting).
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Pulser~Receiver

Gravity Feed
Water Supply

Oscilloscope

Ultrasonic Transducer
and Bubbler Assembly

FIGURE 11, HIGH-RESOLUTION ULTRASONIC SYSTEM UTILIZED
FOR EVALUATION OF THE COATED PANELS
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3)

FIGURE 12. (OSCI LLOSCOPE DI SPLAY OF 3/8 INCH THI CK
COLD- ROLLED STEEL CALI BRATI ON STANDARD

(1) Signal received from top surface
of steel calibration standard.

(2) First signal received from back
surface of steel calibration
st andard.

(3) Second signal received from back
surface of steel calibration standard.
This is a nultiple repeat of the first
back surface signal received
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->}1/8" lc—-— |
(L)% —1/8" (@

(2) —» llé" -

(3) —»|1/8" ja—

(4) ~—»|[1/8" (w—

(5) —»{1/8" |a—

6 @

FIGURE 13, OSCILLOSCOPE DISPLAY OF 1/8-INCH THICK
COLD-ROLLED STEEL CALIBRATION STANDARD

* (1) Signal received from top surface of steel calibration standard.

(2) First signal received from back surface of steel calibration
standard,

(3) to (7) Multiple repeats of steel material thickness.
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FIGURE 14, OSCILLOSCOPE DISPLAY OF 1/4-INCH THICK
COLD-ROLLED STEEL CALIBRATION STANDARD

* (1) Signal received from top surface of steel calibration standard.

(2) First signal received from back surface of steel calibration
standard,

(3) Second signal received from back surface of steel calibration
standard.

(4) Third signal received from back surface of steel calibration
standard.
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The oscill oscope traces for each of the four transducer positions on
the six coated steel panels are shown in Figures 15 through 20. In the left
portion of each of the traces is shown the ultrasonic signal received fromthe
panel top surface and the associated multiple thickness back surface signals
received. The distance between the top surface signal and the back surface
signal is the total panel thickness.

Concl usi ons

Based on the brief evaluation perforned, it is obvious that there
were substantial differences in the oscilloscope traces for the coatings
applied over the different surfaces. However, a great deal nore work woul d
be necessary to learn how to relate oscilloscope signals observed to the
differences in coating-metal interfaces. This is an area where nore research
could result in a new and useful test method

In each of the chlorinated rubber systenms and the epoxy-pol yam de
systenms, the ultrasonic decay or attenuation pattern appears the sane for each.
of the four transducer positions on each panel. This indicates that th, coat-
ing is fairly uniformover the entire panel

Observing the attenuation decay pattern, for exanple, on the chlor-
i nated rubber systems over the clean blasted and rusted steel surfaces, reveals
that the latter has a larger signal anplitude and a nuch |onger decay pattern
This sane correlation appears to exist for the epoxy-polyani de systens for the
clean blasted and rusted steel surface conditions.
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FIGURE 18. OSCI LLOSCOPE TRACES FROM PANEL 281 ( EPOXY-
POLYAM DE SYSTEM OVER CLEAN BLASTED SURFACE)
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FI GURE 19. OSCI LLOSCOPE TRACES FROM PANEL 262 ( EPOXY-
POLYAM DE SYSTEM OVER M LL SCALE)
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PREFAI LURE EVALUATI ON TECHNI QUES
FOR MARI NE COATI NGS

| 1| NTRODUCTI ON

Over the years in coating of steels, it has been customary to specify
the surface preparation standards by ternms such as Blast to Wite Metal, Blast
to Near White Metal or Commercial Blast, etc. In nost cases a judgenent factor
or visual conparison with a standard has been involved. Qccasionally the paint
crew has been given a wet filmthickness to apply but has frequently been given
no way, other than judgement, of knowi ng whether the specified thickness is being
applied. Furthernore the desired dry filmthickness obtained, while it may neet
the specification, may not afford the anticipated or desired protection due to
variations in the surface profile. The current investigations-were made to
denmonstrate the probl ens, devel op relationships between the profile, the-type of
paint being applied, the wet thickness, the dry filmthickness and the corrosion
protection afforded and devel op proposed procedures for use in the shipyard.

| I OBJECTI VE

The objective of the project was to devel op and prove practical ship-
yard applicable techniques for controlling the blasting and painting operations
so that the desired protection of steel would be insured.

|11 DI SCUSSI ON

Abrasive Blasted Surfaces

The project required the studies to be made on abrasive bl asted surfaces.
Such surfaces vary according to the size of abrasive used, the speed and duration
of blasting and other factors such as distance of nozzle fromsurface, pressure
applied, etc. The results, furthermore, may vary fromsurface to surface and from
operator to operator. Experinental panels of new hot rolled steel, having a
Rockwel | Hardness between 55 and 75 were furnished by the Shipyard, blasted under
uni form conditions to two degrees of blast: (1) a “light blast to clean the surface
free of rust and mill scale”, considered as “blust to commercial surface”, and
(2) a “heavy blast”, considered as “blast to white surface”, where the panels are
bl asted further than in removing only nust and nill scale. To provide additiona
test panel material, comercially supplied panels were obtained from the Q Panel
Conpany as sandbl asted panels, Type HRB-36, made from 0.064 hot rolled steel, wth
alto2nil profiles white netal surface. The panels were protected in preservative
paper and in plastic bags in a manner to “prevent rust indefinitely”



B-2

Coating the Profile of the Blasted Surfaces

Any application of paint to sand- or grit-blasted surfaces and any
t hi ckness measurenment on such coated panels is necessarily influenced by the
surface condition of the blasted surface. A blasted surface consists of areas
where the abrasive has penetrated only lightly into the surface and other areas
where it has penetrated nore deeply. The distance between the uppernost |evel
of the steel surface and the deepest penetration |evel can be represented by a
line pattern which can be deternined by instrunents. This is referred to as the
“profile” of the steel surface

The Brush Surface Anal yzer, Mdel BL-103A, was used in this project to
study the surfaces of the steel panels, as shown in Figure 1. In order to trans-
late the profile peaks and valleys into units of neasurement which would serve
to establish the required paint coating thickness to afford the degree of protec-
tion desired the instrument was calibrated so that ten horizontal lines in the
profile chart represent a difference in surface profile of 1 ml (0.001 inch).

In Figure 1, chart a), the surface of one of the panels having a “comercia

bl asted surface” is shown, that is, a light blast to renove dirt and m |l scale.
The chart indicates that this panel had an average profile of approximately 1
roil, and maxinum profile of 1.4 roils. (In the course of the studies, variations
were observed from one panel to another; but generally they remained in this
range.)

The profile chart (b) in Figure 1, Shows one of the panels with a
“blast to white surface”, that is, a heavier blast than in chart (a). The
profile variations are around 2.5 mls. Chart (c) in Figure 1 shows the profile
chart of one of the Q Panels, Type HRB-36, where sone areas showa 1 ml profile
with the highest profile at 2 roils.

The Coating System

In applying paints to steel surfaces, It is general practice to apply
a base material - a primer, to the blasted steel surface. The primer is expected
to cover all parts of the profile, the valleys as well as the peaks, and to adhere
solidly to the surface, producing a solid bond between the profile of the steel
and the subsequent coats

Measuring the thickness of the coating. and its conparison to the base
profile which is being coated, presents problens. The prinmer applied to the bare
steel surface nust cover the narrow profile depths as well as the profile peaks.
As the charts in Figure 1 show, the lower area of the blasted surface includes
wi de valleys, where the priner can penetrate and be anchored solidly, and narrow
val l eys, where coatings of high viscosity and/of a high degree of pignentation
may not penetrate conpletely and so would not join conpletely with the substrate.
A second difficulty which is faced in such nmeasurenents is that nost gages work
on a magnetic principle. \Wen the heads are wi der than the valleys the gages
general |y measure the paint thickness above the peaks of the profile.
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Usally the priners are followed by a paint material which should form
a coherent, stable, dry, surface layer strongly adherent to the primer coat.
The profile which the top coat nust adhere to depends on the degree to which the
prinmer has filled the profile valleys and covered the profile peaks. Figure 2
shows surface analyzer charts of: 1) the profile of the base sandbl asted panel

(2) the profile of a panel with a 3 m| coat of inorganic zinc primer, as neasured
with a MKROTEST Thi ckness Gage.

This 3 nmil thickness of the priner exceeds the mninum (2 roil) profile

of the uncoated panel. The profile of the coated panel has only a 2.4 m | maxinum
variation. This indicates that the priner coating is thicker in the valleys and
thinner on the peaks. The protection afforded by the priner is therefore not

uni form over the total surface. |If the thickness of coating over the higher peaks
is insufficient then added coats of priner nmust be applied or the top coats which
foll ow nust be increased in thickness to achieve the desired systemthickness.
However increasing the thickness of the top coats to conpensate for insufficient

priner can change the characteristics and performance of the total systemand may
therefore not neet the specifications.

Besi des these coatings, the underwater area of the ship requires one or
nore antifouling coats. Anti-fouling coatings are not a part of this study.

Any measurement of the paint thickness using a magnetic type gage over

a multiple coat system shows the thickness of all the coats on top of the-blast
profile and its peaks. In order to know how much of each separate coat is present,

It is necessary to neasure individually the thickness of each coat over the preced-
ing coat.

Measuring Paint Thickness

pai nt thickness nmeasurements can be nade on the freshly applied - or wet,

coating or can be made after the coating has dried, that is, the “dry” filmthick-
ness.

The total corrosion protection afforded a coated surface by a specified
systemis related to the dry film thickness of the coating. Knowing the dry film

thi ckness does not help the painter control his application. He can only neasure
the wet filmthickness. It is therefore necessary to determne the wet film

t hi ckness required over a given profile to produce the specified dry filmthickness.
Coating materials of different formulations and sources give different wet/dry film
ratios. This ratio nust be established individually for each of the materials.

Tine wet/dry filmrelationship has been studied and is reported bel ow

|V EXPERI MENTAL WORK

Abrasive Bl asted Surface

General |y, the blast operator can visually observe how thoroughly the
abrasive has removed the rust and mill scale fromthe surface, such as defined
for “commercial blast”. Beyond that, he can observe how closely he has approached
the state of a “blast to white surface”. He may blast beyond that state in certain
areas. This possibility has to be considered when setting mninum coating thickness
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| evel s and a margin added. There are no hand operated gages which a bl ast
operator can use for control of the surface. Sone efforts to develop a sinple
i nstrument have been reported.

Establishing the profile state, neasured in m| distance between the
hi ghest peaks and the |owest valleys, is not necessarily required in daily
operations. However, the profile range which can be expected froma specified
bl asting process should be determined using |aboratory instruments. The profile
information which is obtained fromthese tests can be used to establish the
required wet filmthickness including margin

The laboratory instruments used in this step are profilonmeters, such
as the Brush Surface Analyzer. The stylus of the instrunent is passed over the
test surface in repeated runs one eighth of an inch apart. The trace of the
stylus isplotted on chart paper. The chart can be read to obtain: (1) the
general roughness of the blasted surface, and (2) the difference between the
hi ghest point and the |owest point, and (3) the average roughness.

The profile is defined by the vertical distance between the highest
peak and the |owest valley. As an exanple; between 1.0 m!| and 1.4 m | (Ship-
yard’s Commercial Blast), or between 2.5 - 3.0 roils (Shipyard s Heavier Blast)
or between 1-2 roils (for the Q Panels, Type HRB). To get conplete coverage
of a surface to obtain the full protection of the paint system it is necessary
to base the required mninmum coating thickness on the highest profile points on
the blasted surface. Oherwi se, such high points act as starting points for
moi sture penetration and paint failure.

Some profiloneter |aboratory instrunents do not give the actual high
and | ow points, but give an instrunentally averaged curve. This type of
instrument is unsatisfactory for establishing the required coating thickness.

The fact that the unprotected, individual, high peaks represent
exposed points for subsequent failure is shown by the el ectrographic prints.
The unprotected peaks appear as black spots. For exanple, Figure 3 shows
prints of one of the Shipyard s “comrercial blast” panels, where a 1-1.4 m|
profile has been coated with three equal coats of 1.5 mil dry filmthickness.
The prints show that upon saltfog exposure, during the first 100 hours no, or
very few, unprotected peaks appear. After 250 hours exposure, noisture begins
to spread fromthe test cross into the paint |ayers, and corrosion spots appear.
These are not caused by initially uncovered peaks but noisture penetration from
the test cross into layers of different coats. In Figure 4 prints are shown
where a 9 m| coating systemhas been applied and after 250 hours saltfog exposure,
no unprotected areas are evident.

The results of saltfog exposure tests on a 1 nmil coating are also
shown in Figures 3 and 4. The unprotected peaks create failure points which
become progressively worse with increased exposure.

In Figure 5 only .Q8 nil paint has been applied. The failure spots
appear earlier in the saltfog exposure period over the whole blast area. The
| esser density of the spots in the print where a 1 m| coating was present, also
indicates that nore of the |ower peaks had been protected with the 1 m| thick
coating than with the 0.8 m| coating.



Specifying the required dry filmthickness nust be based on protection
of the highest peaks on the blasted surface

Coating the Profile of the Blasted Surfaces

Exam nation of the profile charts of rigure 1 shows that there are
two painting problems: (1) covering the peaks and (2) covering the valleys.

The paint nust have a solids content nigh enough to develop the dry
filmthickness required over the peaks and the viscosity must be | ow enough to
penetrate to the narrow bottons of the valleys. Covering of the peaks has been
di scussed previously. [If the paint does not penetrate to the bottom of the
val | eys and adhere properly to the base metal it will formbridges. Beneath
these bridges, there will be uncoated, and unprotected voids. Adherence of the
coating systemw |l be inpaired

The primers used in the present project were of the inorganic zinc

type. The program did not include studies to determ ne whether all valleys of
the blast profile were conpletely coated

Met hods of Measuring Coating Thickness

Measuring the Wet Film Thi ckness

Gages for measuring wet filmpenetrate the coating with a neasuring
pointer (as with the ELCOVETER or NORDSON Wet Film Thickness Gage) or a scratch
(as with the Interchemical Wt Film Thickness Gage) This disfigures and punctures
the coating and these defects remain in the coating after the paint dries. The
operator should give these “gage mark areas” a slight overspraying to repair the
coating

A wet filmcontains essentially all of the initial content of volatile
matter of the paint material. Wth the progressive drying, this volatile matter
evaporates and the film becones “less wet” and its thickness will decrease until
it reaches the dry filmthickness. This varies with each coating naterial. For
each material the wet filmdry filmratio nmust be determ ned so the operator can
be instructed as to the wet filmthickness to apply to obtain the required dry
filmthickness. An exanple of this is given in Tables 1 to 4-A show ng the changes
fromthe applied wet filmthickness to the resulting dry filmthickness: In Table
1 for an inorganic zinc primer; in Table 2, for an epoxy polyanmde mddle coat; in
Table 3 for a modified acrylic top coat. In Table 4 these data are used to obtain
the dry film thickness specified. Table 4-A shows what can happen if it is
assuned that the wet/dry filmratio is the sane for the three different paints in
the coating system This clearly denonstrates the need to determ ne the individua
wet/dry filmratio for each product.

Wet filmthickness should be neasured at approxinately the same tine
after paint application. Table 5 shows the variation of wet paint film thickness
against time after application. It can be noted that there is a time period
during which the variation is small. This is the tine when the freshly applied
film has “settled enough to allow the entrapped air and (highly) volatile solvents



to escape before the filmhas dryed enough to approach a dry film condition.
During this interval the wet filmreadings are consistent and useful for contro
purposes. In painting vertical or inclined surfaces, the sagging of the freshly
applied paint nmust also be considered. Sagging fromvertical and inclined sur-
faces will cause variations in dry filmthickness even though identical wet films
have been applied. The extent of sagging will vary for different paint materials,
for different wet film applications, and even for different tenperature conditions
during the drying.

Measuring the Dry Film Thickness

The dry filmmust resist the requirenments of exposure, of mechanica
attack, and of aging. Therefore, the dry filmthickness reading is essential
The thickness of the required final dry coating nust be determined in relation
to the blast profile.

Some years ago the Committee on Surface Preparation of the Nationa
Associ ation of Corrosion Engineers and others recommended, for “conmercial blast”
profiles, the dry filmthickness should be equal to about five tines the distance
between the highest peaks and the |owest valleys, This “rule of Thumb” has been
reasonably substantiated by the project tests.

The blasting operator will not have continuous neasurements of profile
being obtained. The profile will vary. To insure minimumrequired dry film
t hi ckness on the variable profile, a small factor of safety should be included
in the specified wet filmthickness.

Wth the heavier profile “blast to white surfaces”, the profile was
found to be 2.5 to 3 roils. According to the exposure tests, the total dry film
t hi ckness should be, at least three times the greatest profile depth, or - to
al low for possible variations - sonewhat nore.

There are a great many dry filmthickness gages available, and many
of themwere tested during this project. They gave quite uniform readings.
Al gages operating on a magnetic principle express the coating thickness above
the general nagnetic base |evel and not above the blast cavities, or valleys.
On thin coating applications, sone gages with snall sensing heads may be influ-
enced by the position of the head-over high peaks or deep valleys. Gages with
wi de sensing heads when used over heavier coatings, usually avoid this problem

Readi ngs taken with |aboratory nodel COATI NGAGE (Branson Instruments,
Inc., Stanford, Conn.) and the MAGNE- GAGE (Anerican Instrunment Conpany, Silver
Spring, M) were compared with readings taken with several hand-operated gages,
such as might be used by painting crew or inspector. Correlation was good

Al though there are hand-operated dry film gages avail abl e which
puncture the coating, none of this type was tested. The magnetic types that
were used or tested during the project were:

(1) Elconeter
(2) M kr ot est
(3) Gardner - Inspector

A list of the gages used during this programis in Table 6.
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V_RECOWENDED SURFACE PREPARATI ON_AND COATI NG PROCEDURE

The steel surface is cleaned to a degree specified by the Engi neering
Depart nent.

The bl aster checks the profile by a Keane-Tator Surface Profile Conparator
The |aboratory checks the profile by a profiloneter once a week.

The | aboratory anal yzes the size of the abrasive once a week and recomends
the abrasive conposition

The Engineering Departnent specifies the coating system the nunber of coats,
the wet and the dry film thickness

The Quality Control Departnent checks

6.1 The blasted surface before releasing it for painting for degree of
cleanliness by conparison with the Steel Structures Painting Counci
standards or the Swedish Surface Preparation Standards

6.2 |If the surface is free of noisture

The spray painter applies one coat of paint and neasures the wet film
thi ckness during the application. After each neasurement he sprays over
the marks left by the wet film gage

After one coat is dry or cured the dry filmthickness is measured by the
foreman before release to apply the next coat.

Procedure 7 and 8 are repeated during - or after application of each coat

Finally the total dry filmthickness is measured by the Quality Control
Departnent and a statement for the owner is issued stating that the whole
coating system was applied according to the manufacturer’s instructions and
to the Painting SPecification issued by the Engineering Departnent



1.4 MILS

“THE SHIPYARD'S PANEL WITH THE "COMMERCIAL BLAST" TO REMOVE DIRT
AND MILL SCALE. AVERAGE.PROFILE: 1 MIL. MAXIMUM AREAS

chart a)

. i
——

tdg
Lo

3

i
7
]
1
i
i
hf}
-1
=
it
\
¥
PR

1
H
v

1%

g
o
[
& 2
o
<l ;
B i ! ) (el
: ! - g BN g
R B o P g S
' e p - Sy, i 198
..Ir...r : = ol s 3
I IN %2 ] w T LI.J PO T 0 REIEY e : ﬂ
Ty SEEN e . o PERES KN IR g
.W ! T bA_\A.» _L.ﬂ m W . o L p_h ] ‘,!L\—SLV,&”. e L
.f...r. et A..‘ ) L [E3 B s d \ -
e R H N £ Ayl ! i 2078 IR Y T !
ftl? .—.%yr b s ,l.r!r'li,..“rf v Lt. \..»L:Xw " 1
RIS g4 Tl oL ]
B syt EEI W ] Y | = m e
S T I i e PR SO 0 Bl N R S 1
e SR S IR I N
f,?_m ol it AR S ¥ g I A <
L e F Lol : " s SO e Fy_.\..rw,\\ 2
a0 T L I . L T petifeda T ) 2 4l
N IR ..rwu FL o« k., i bttt nl
P =IO I i o 8 st A 9 -
[ a2 a2 50N VX P s i " i o )
iy IR g el Pt PR s 1
y . i . PR % § o !
”,IH.F»IMLL.A = e £ rr.'f .
adis . U V= » \ .
B R SN O Mo " wmstd o | - i i ek
/r,..ﬁ & \ = ™M - DS TUURN PO B8 JUTT Rt O U]l et
B B EE% [ At LS I fo, on .. At
L = LG g -
N mT S F.._ m s PPN Y p= ) 1 m t 4, wet .
-~ ! - Y s S O -
frtl...m. —— PR ol e S SO . m m m I PR
o, - . 3 . a . faw) ~ [y L _ 1 1. .
R M e Y A S B Lt
. w LFY E N
Ilr..,“_ A — . <o P Q. o ;!L,i i e -
- ‘4.[ hls Y [a ¥ PR S * - m 3] had X FYIS U UY DRIPS PP
' 4 - ' b DRI P S . L ! et
S ._..WP wr_ w -m..l. sl m 4 _ ; n T R W g e RN
U - I IR R el Nk atmonl LT Ao s
['2._.. } = i i ' =1 O ¢ .l.!ﬁ_ h_ = . LT
R M ~ b B & ] 1L TR R 1 IO PO
t..v..L. . m o P B P -~ < VIRt N 1 I JORLS
TN > R (TN .,.— iy o < [ Il Rt b b N "
AI....I,.!_; ; HR - LR = DR o ! _ . D_..S “Sod o] o
A T el SRO = S L T VAP ) EaS U
] i H H W.) DR QE Tay ) o
C e | b 0 > , i ~ m ] D _ .
_ 1 m v g ) = ! ;
DI
& . =
i

DACTY SN e rpd e M
-~ ’ : . ,..W_. \T -

Y s, . .. = i . .
L, s LT d. U
- . < IR P2 T T S
obead R IR SO O ot I I

[} : o
8 8

(BRUSH SURFACE ANALYZER CALIBRATED TO 10 HORIZONTAL LINES PER 1 HMIL)

FIGURE 1 THE PROFILES OF THE THREE TYPES OF TEST PANELS USED IN THESE STUDIES
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PROFILE OF THE UNPAINTED PANEL:

Chart a):

MUM DIFFERENCE BETWEEN THE HIGHEST AND LOWEST POINTS ON THE

SURFACE IS 20 HORIZONTAL LINES, OR 2 MILS.
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PROFILE AFTER APPLICATION OF THE PRIMER
DRY FILM THICKNESS (MIKROTEST):
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(BRUSH SURFACE ANALYZER CALIBRATED TO 10 HORIZONTAL LINES PER 1 MIL)

FIGURE 2 APPLICATION OF THE INORGANIC ZINC PRIMER TO SANDBLASTED Q-PANEL
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TABLE 1

THE RELATI ONSHI P BETVWEEN WET FI LM APPLI CATI ONS AND THE RESULTI NG DRY FI LM THI CKNESS

Studies with inorganic zinc primer:

Panel s used: Sand blasted hot rolled steel panels (Type HRB-36, The Q Panel Co.), or
Cold rolled snooth panels (Type R-36, The Q Panel Co.).

The panels were placed on the magnetic plate of a permanent nmagnet chuck to assure
a stable position of the panel to be coated.

The paints were applied with standard filmapplicators: Either the Bird Film
Applicator with wet film standard thickness of 3 mils or of 6 roils, or the
Adj ust abl e Boston-Bradley filmapplicator (Gardner Catal og B6-5 No. AG 3830).

Wthin 1 hour after priner application, a slight water spray was applied, in
accordance with the instructions of the manufacturer.

Tirst Test Group:

Panel Type Applicator Used Vet Film Thickness . Dry Film Thickness
Smooth Bird 6.0 mils 3.5 mils
Smooth Boston-Bradley 8.0 mils 3.6 mils
Sand Blasted Bird 6.0 mils 3.25 mils
Sand Blasted Bird 6.0 mils 3.5 mils
Sand Blasted Boston-Bradley 8.0 mils 4.2 mils

TOTAL 34.0 mils 18.05 mils
PER 100 mils 50.00 mils

Second Test Group:

Smooth Panel No. 2 6.0 mils 3.0 mils
Smooth Panel No. 3 6.0 mils 2.6 mils
Smooth Panel No. 4 6.0 mils 2.5 mils
Smooth Panel No. 5 6.0 mils 2.7 mils
Sand Blasted Panel No. 6 6.0 mils 2.5 mils
Sand Blasted Panel No. 7 6.0 mils 2.7 mils
Sand Blasted Panel No. 8 6.0 mils 2.5 mils
Sand Blasted Panel No. 9 6.0 mils 2.8 mils
Sand Blasted Panel No. 10 6.0 mils 2.7 mils
TOTAL 54 mils 24,0 mils
PER 100 mils ) 44,4 mils
Sunmary:
Average in First Test Goup: Per 100 roils wet film. . . . 50 roils dry film
Average in Second G oup: Per 100 roils wet film. . . . 44.4 roils dry film

Average of 14 applications: Per 100 roils wet film. . . . 47 roils dry film
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Middle coat applied: The epoxy polyamide.

Primer coat:

As -shown in Table 1, Second Test Group.

UNDERCOAT MIDDLE COAT DRY FILM
PANEL DRY FILM WET FILM TOTAL DRY FILM THICKNESS THICKNESS OF
#*NITMRER THICKNESS THICKNESS APPLIED ELCOMETER BRANSON AVERAGE MIDDLE COAT
3 2.6 mils 6 mils 5.0 mils 5.3 mils 5.15 mils 2,55 mils
4 2.5 mils 6 mils 5.0 mils 5.3 mils 5.15 mils 2.65 mils
5 2.7 mils 6 mils 5.0 mils 5.0 mils 5.0 mils 2.70 mils
7 2.7 mils 6 mils 5.0 mils 5.0 mils 5.0 mils 2.70 mils
8 2.5 mils 6 mils 5.0 mils 5.0 mils 5.0 mils 2.50 mils
9 2.8 mils 6 mils 5.5 mils 5.7 mils 5.6 mils 2.80 mils
10 2.7 mils 6 mils 5.5 mils 5.3 mils 5.4 mils 2.70 mils
TOTAL 42 mils 18.60 mils
PER 100 milswet film . . . . . . . . + . . = - . &40.4 milg drv
OR PER 10milswet film . . . . . . . . . . . . . . & mils dry
The panel numbers refer to the same panels as in Table 1.

*Foot Note:
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TABLE 3
APPLICATION OF THE WET FILM/DRY FILM MEASUREMENTS TO THE TOP COAT

Top Coat Applied: Modified Acrylic, using film applicator: The wet film thickness
was measured immediately atfter coating the panel, using
Nordson Gage.

Primer Coat: Inorganic zinc primer

Middle Coat: Epoxy polyamide

The dry £ilm thickness of the preparatory coatings was determined with the Coatingage

of Branson Instruments, Inc; the total dry film thickness on the panels was measured

with the Coatingage.

UNDERCOATS TOP COAT DRY FILM TOP COAT

PANEL DRY FILM WET FILM THICKNESS DRY FILM
*#NUMBER THICKNESS THICKNESS OF ALI COATS THICKNESS (CALCULATED)

1 3.5 mils 8 - 10 mils 6.5 mils 3.0 mils

9 1 R mid1e 7 - QR mile i & cmdles 2 7 mlla

A e O Lldeded i U laao Teo (lULLD Lol LLD

4 7.0 mils 5 - 6 mils 9 wils 2 mils

5 5.5 mils 12~ 16 mils 10 mils 4.5 mils

6 8.0 mils 10 mils 12 mils 4 mils

7 5.5 mils 6 mils ‘7.5 mils 2.0 mils

9 6.0 mils 6 mils 8 nils 2 mils

10 5.0 mils 6 mils 7 mils 2 mils

TOTAL: 60 - 68 mils 22.2 mils

PER 100 milS Y . - ° . . . . . . . . . 32-6 - 37 mils
or 35 mils ave

*Foot Note: The panels were freshly prepared wirh primer and middle coat
for these top coat tests.
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TABLE 4

CALCULATI NG FROM THE RESULTS OF TABLES 1, 2, AND 3 THE REQUI RED VET
FI LM TH CKNESS FOR EACH OF THE PAINTS TO OBTAIN 1 ML DRY FI LM

Prinmer: Average findings in 14 applications (Wth reference to Table 1):
100 mls wet film gave 47 mls dry film

2.13 mls wet filmapplication will give 1 nm| dry paint.

Mddl e Coat: Epoxy polyam de (with reference to Table 2):
100 mls wet filmgave 40.4 nils dry film
2.475 mils wet filmapplication will give 1 ml| dry paint.

Top Coat: Mdified acrylic coating (with reference to Table 3):
100 mils wet filmgave 35 mls dry film
2.86 mls wet filmapplication will give 1 m!| dry paint.

Therefore: To obtain the film thickness which had been specified by the Shipyard
the paints woul d have to be applied in thickness as indicated bel ow

FOR LI GHT COAT APPLI CATI ON FOR _HEAVY COAT APPLI CATI ON

PAI NT WET COAT DRY COAT VWET COAT DRY COAT
APPL| ED THI CKNESS THI CKNESS THI CKNESS THI CKNESS
Primer Coat 3.2 mils ——— 1.5 mils 6.4 mils —3 3 mils
Middle Coat 3.71 mils —> 1.5 mils 7.425 mils —— 3 mils
Top Coat 4.29 mils ———> 1.5 mils 8.58 mils —— 3 mils
11.2 mlls ——> 4.5 mils 22.4 mils ~——> 9 mils total thickne
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TABLE 4-A

CALCULATI NG THE EFFECT OF NOT DI FF
THE THREE D

-(IE | ATING THE WET/ DRY FI LM RATI O OF
ERENT_PATNTS

It has been established for the priners
3.2 roils wet gives 1.5 mi| dry and 6.4 roils wet gives 3 roils dry.

If the same wet film thickness were to be applied of the nmiddle and top coats,
the results would be:

For Mddle Coat: 3.2 roils wet would give 1.29 mils dry & 6.4 mils wet—>»2.58 mils dry

instead of required 1.5 roils dry & 3roils dry.
For The Top Coat: 3.2 roils wet would give 1.07 mils dry & 6.4 mils wet—=2.14 mils dry

instead of required: 1.5 mils dry & 3roils dry.
The total dry film thickness would then be: 3.86 roils and 7.72 nils

instead of required: 4.5 roils and 9 roils.
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TABLE 5

THE FACTOR OF DRYING TIME IN TAKING THE WET FILM THICKNESS MEASUREMENTS

a) Panels used: Cold rolled steel Q-Panels, at room temperature.

Test Paint used: Modified acyrylic coating (Und:iluted)

Gage used: Nordson wet film gage.

_TEST I
THICKNESS
MEASUREMENTS TAKEN
EVERY_15 SECONDS

TEST TIME  (MILS)

0:00
15 SEC.
30
45

MIN.

VT WNINDNND R

8 80 00 S° S0 00 00 0 8 e

ODO-L\L\JI—‘O-&\U)GO

coounmouvowo o

PPN NN
|

VN O SN SNN SN NSNIENINNYN N0,

; "TEST II TEST III (A THINNER COAT)
THICKNESS THICKNESS
MEASUREMENTS TAKEN MEASUREMENTS TAKEN
_ EVERY 30 S§99§9§ EVERY 30 SECONDS
TEST TIME (MILS) TEST TIME (MILS)
0:00 8 - 19 0:00 7
30 SEC. 6 - 7 0:30 SEC. 6 -7
1:00 MIN. 6 -7 1:00 MIN. 5-6
1:30 6 -7
2:00 6 ~7
2:30 5«6
3:00 5-~-6
3:30 4 -5
4:00 4 -5
4:30 TOO STICKY
TO READ.

NOTE: Since the paint had been brushed on, the first time interval measurements
might be Influenced by the flowing out of brush marks. Subsequent changes in
wet film thickness are caused by solvent evaporation and continued drying.

b) Thickness measurements made on application of thLe middle coat paint (epoxy

polyamide).

TIME

0:00

5:00 MINUTES
12:00 MINUTES
45:00 MINUTES

THICKNESS
(MILS)

16
12
12

7
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TABLE 6
GAGES USED I N THE WORK o THE PRQIECT

SURFACE PROFI LE METER

Brush Surface Analyzer, Mdel BL-103A The Brush Devel opment Conpany
G eveland, Ohio

A laboratory instrunent providing permanent charts of the surface.

THE FI LM APPLI CATORS

a) Bird FilmApplicator, with wet film standard Gardner Laboratory, Inc.

thickness of 3 roils or 6 roils. (Available Catal og B/ 6-2 #AR-3800
in other thicknesses also) Bet hesda, Maryl and 20014
b) Adj ustabl e Boston-Bradl ey Film Applicator CGardner Catalog B/ 6-5 AG3830
PANEL HOLDER
Permanent magnet chuck with regul ar Brown & Sharpe M g. Conpany
pol e spacing North Kingston, Rhode Island 0285
Catal og STM 2: Shop Tool Manual
#745 -510-1

A laboratory instrunent to hold panels solidly during paint application.

VET FI LM GAGES
a) Interchemcal (Innont) wet filmthickness gage Gardner Catal og B/ 9-1 CG 6280

Vel | reading, but [eaves a scratch line in the surface which can contribute
to under film spreading.

b) Nordson wet film gage 0-20 m | range Nor dson Cor poration
652 Rahway Avenue
Uni on, New Jersey 07083
Part Nunmber 790 010

c) Elcometer wet film thickness gage Gardner Catal og B/9-3 GR-6300
stainless steel

d) Elcometer wet film thickness gage Gardner Catal og B/9-3 GR-6300
pl astic, discardable

Gages b) - d) leave in the paint filminpressions which remain in the
drying film and appear, upon saltfog exposure, in the electrographic prints.

It is recoomended to shortly overspray fresh surfaces after the wet film
measurements have been taken, in order to restore the coating surface.
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TABLE 6 (Cont’ d)

v. DRY FILM GAGES
A Laboratory Models
a) Magne-Gage, with nagnets and Anerican Instrument Conpany
t hi ckness standards Silver Spring, Maryland 20907
Catal og Nunber 5-660.

Depends on the attraction of a thin nagnet to the dry coated steel
surface. Mght be influenced by the broken surface of the grit

bl ast steel.
b) Coatingage, Mdel 600 Branson Instruments, Inc.
Stanford, Connecticut 06904
Battery operated. Works well, but it nust be given attention to

the condition of the batteries.

B. Hand Operated Mdel s
a) Gardner Needl e Thickness Gage Gardner Laboratory, Inc.

Bet hesda, Maryland 20014
Cat al og Number B/9-4 GG 6288

Presses a needle into the filmto give close contact with the netal
substrate. Requires some care in operation, but gives accurate readings.

b) El coneter Thickness Gage, Type A Gardner Catal og Nunber GR-6270

¢) Mkrotest Thickness Gage, Model DeFel sko. Corporation
F 1 Mfor coating thickness Ogdensburg, New York 13669
range 1/2 thou” to 20 thou”.
Test set nodel F standards, O
to approx. .02".

Reads dry film thicknesses between 0.5 nil and 20 roils.
d) Inspector Thickness Gage Gardner Catal og B/ 9-10 GR-6350

Simlar to c).
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