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NOTICE

. The contents of this report reflect the views of the Office
of Transportation Laboratory which is responsible for the
facts and the accuracy of the data presented herein. The
contents do not necessarily reflect the official views or
policies of the State of California or the Federal Highway
Administration. This report does not constitute a

standard, specification, or regulation.

Neither the State of California nor the United States
Government endorse products or manufacturers. Trade or
manufacturers' names appear herein only because they are

considered essential to the object of this document.
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CONVERSION FACTORS
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INTRODUCTION

Most caatings adhere to metal by means of physicochamical
sttraction which devalops when the coating—to—metal distance is
igss than five angstroms. Becsuse grains of dust and even
monomolecular films of il are considerably thicker than five
angstroms, their presence can greatly reduce or nullify
adhesion (1}). If swface rust is present, either fraom
incomplete removal or from reformation following removal, the
net result will be the same; interference with the
coating—to—matal bond. Consegusntly, surface preparation is the

single most important factor in cpating performance.

Wien a paint system no longer provides adeguate protection to &
structure, Caltrans’ preferrsd method of preparing the
structires for repainting has bsen dry, abrasive-blast cleaning.
Until recently, little concern had heen directed toward the
uitimate fate of the abrasive—blasting residues removed from
the structwres, and abrasive—-blasting containment had.been
haphazard and inconsistent. Increasingly. environmental
protection laws are impacting structursl steel painting
apsrrations. The California Code of Regulations includes barium,
chromium, lead, zinc and their compounds inm a listing of
persistent and biocaccumulative toxic substances for which thers
is a soluble thresheld limit concentration (STLCY and a total
thireshold limit concentration {(TTLE! {2). Waste containing
thesa compounds in excess of either the extractable limit or
the total limit are reguired to be treated as hazardous waste.
They cannoct be indiscriminately discharged to the environment,
but must be contained, collected, and disposed of according to

a migorous sat of regulations.

Tha net etfect of these regulations has been to drastically
increase the cost to repaint a structure. In the past, bids to
repsint structures have tvpically been below estimates, but

most recent bids have bssn thirty to fority percent over cost
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‘esrifates with the bulk of the increase attributable to

containment and dispoesal of blasting debris (3).

Prior to 194%. the standard primer system used in California
for- the protection of structural steel wass s red lead—-linseed
oil éystem. Since thean, a numbear of other primer systems have
bean used includiné guick dry red lead primers, basic lead
5iii¢u—chrumate primers, zinc chromate primers, inorganic and
organic zinc—rich primers and latex systems containing barium,
zinc or chromate tvpe compounds. These systems have generally
provided good protection to structural steesl with iite spans
exceading forty vears for some structuwres located in mild
aupostre areas (4). Thers arz many products on the markat which
the manuwfacturers claim can provide protection to hand—cleaned
steel. If the cilaims for the efficacy of these systems were
true, their use would provide several benefits including saving
the costs of abrasive blasting and containment and elimination
of the dischargs of toxic metals to the environment.
Thisrpruject involved a solicitation through industry journals
for manufacturers of specialty coatings designed for
application to rusty, hand—-cleaned steel to submit samples for
evaluatian. It was reguested that submittals be restricted to
»materials cantaining no more than 250 grams of velatile organic
compounds (VOC) per liter excluding water and exempt solvents.
Thi=s was to insuwre that materials would comply with the most
stringent air pollution control regulations being considerad

within the state.

Pfaject samples were assigned numbers and categorized by their
purported mode of action. They were brush applied to various test
panels, subjected to accelerated laboratory tests and exposed on
a test rack beneath the Golden Gate Bridge in San Francisco.
Paneis were rated according to American Society for Testing and
Materials {(ASTHM) visual and photographic standards. Ferformance
was comparad with a primer system in use by Caltrans which was

applied to the same types of surfaces. Tha primary ob jective was
-
=2
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to vaerity manufactuwrers claims that their products could be
applied to hand-cleaned surfaces with 1ittle or no compromiss in
nerfornance. Secondarily, the objective was to compare

hy

performante with a8 coating system currently being used by

3

altrans.

CONCLUSIONS

Shrasive blasting was the most effective procedure for
greparing steel for painting. The data show that ratings for
shrasive—blasted panels wers gensrally the highest,
particularly under actual field exposures. None of the systems
had am overall performance egual or superior to that of a
salvent—-borne primer currently being ussd by state maintenance
forces when applied to both abrasive-blasted and hand-£lesned
surfaces. Pretrzstments appeared to be effective in improving
the performance of a& coating having poer performance and did
not signitficantly detrqct from the performance of a coating

which already had good performance.

Fretreatments and Rust Converters

Fust converters were grossly detrimental to the performance of
a primer when applied to 100¥% rusted steel which was wire
brushed and exposed in the fisld:; the type of surface they are

enzralliy designed to cover. Elaims that rust converters

1]

actually transform rust to a different form could not be

<
i

rified. Mo changes in the x—ray diffraction patterns of rust
s removed from panels and treated with rust converting

s could be detectad. The threes pretreatments evaluated in
this study were effective in improving the performance of the

ith which they were overcoated on tield exposed panels.

!
5
™3
=
]
%
m &

1004 rusted and wire brushed panels which wers

ated showed sither some improvament in pertoramance or at
detriment to their performance. Only one pretrestment

mproved the performance of a primer under both accelerated

i
test conditions and actual Fisld exposuwre. However, that was

e
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fhe aﬁi?.ﬁrétfeatmént tasted withffhé reiatively poor
performing primer applied over both accelerated test and field
axposed panels. The panels treated with the remaining two
pretreatments and exposed in the labkoratory were overcoated

with one of the best pertorming primers evaluated.
urface-tolerant Latex Faints
Surface—tolerant latex paints were not tolerant of poor swface

preparation. While some performed marginally well over clean

stesl, performance over rust was poor for all coatings of this

Monhardening Waxy FPaints

Monhardening waxy type paints performed poorly in both

accelerated and outdoor exposure testing on all surfaces.

Epoxy Mastics . .

Epoxy mastics generally performed well on the test panels.
However, performanca on a larger scale application did not
matsh the performance anticipated from accelerated testing.
timitations on application due to pot life and temparature
further restrict their utility. A1l but one of the epboxies
tested restrict application teo SC0°F and above. The one which
digd not have a temperature restriction failed to achieve goed
intercoat adhesion. Scribe undercutting was moderate to savers
for these samples, but blistering was only moderate. Fanels
appeared to undergo considerable underfilm deterioration .

without showing signs of distress on the swface.

rethane Faints

The uresthane coatings performed well under accelerated testing.
However, thelir performance after 13 months exposure at the

Golden Gat= Bridge was not encoursging. None of the submittals

a4
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met the reguested YOO level and the poor performance for the
set o+ paneis exposed at the Golden Gate Bridge does not
support a justification to evaluate coatings with a gresater VIC

content.

Solvent—borne Faints

The soclvent—-borne paint designated PE-195 and its modified
vaersions, FB-197 and FE-202, appear to be the best coatings faor
application to hand—-cleaned surfaces. They are essentially VDOC-
compliant at 2480 grams per liter and gave performance squal ®o
o better than the best of any other coatings evaluated over
rusty stesl in this projsct. Application of over 10,000 gailons
bv maintgnance forces to hand—cleaned and abrasive-blasted
sta=21 has shown it to have none aof the problems associated wit
multicomponent epoxy coatings which rated comparably under
accelerated testing. Additionally, no other coating evaluated,
when appligd by brush, was ss consistent in‘yielding +ilm

thicknesses squal to and above those specified.

RECOMMENDATIONS |

Surface pregaration by means of abrrasive blasting should be
anploved whenever possible. When this is not feasible, two
coats af primer conforming to PBE-193, FB-1%7 or PB-Z02 appear
to be sgually sffective when appliad over a thoroughly
hand—cleaned surface to & diry film thickness of 3 mils.
Caltirans has used various finish coats over these primers with
good success. These include wvariouws colars of an acrvlic latex
based coatings as well as an aluminum flake pigmented finish

coat utilizing tha2 same vehicrle used in the primers, designatad

Fformulation FE-19%9.

The improvement in performance of the solvent-borne primer
designated cample P-33, which was believed to have been brought

about by the phosphoric acid based pretreatments warrants

Turther investigation. If similar improvement can be obtained

u
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in the performance of other primers, use of these pretreatments
e

wowld be recommended.

SAMFLE TESTING

CATEGORIZATION

A total of fortv—one samples were submitted in response to

announcaments placed in both The Jownal of Coatings Technology

and Ameriran Paint and oatings Journal. & listing of products

submitted is shown in Appendix C. Samples were assigned code
numbers which were used for identifitcation throughout the
study. Submitted samples wers categorized by puwrported mode of

action into the following groupings:

[y
u

Fretreatments: These materials are designed to be applied to
a rusty surface with which they react. They do not possess
film—forming properties in themselves, but are designed to
prepare the surface fbr subsequent coats of paint: Three
such materials were submitted. These samples are designatad

o4, P25 and F27.

2. Rust converters: This is a broad classification which

include; products which are claimed to react in some manner
with the rust existing on a swrface and convert it to either
a different form of rust or to encapsulate it so as to
rander it inert. All nf the samples submitted for this
category claim to possess film formers, as well as the
chemicals necessary to bring abput the rust conversion. Six
products ware submitted in this category and an additional
sampl e was.glaﬁad in this categnr? due to its puwrported mode
of actidn. Theses Sémples are FQE, FOS, PD&s, F1i, P14, FiS

and F3I9.
I, Gurfsce—tolerarnt latex paints: These materials do not react
in an unususl manner with the rust, but are supposed to be

iecs affscted by surface contaminants than conventional

&
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jatew paints. Nine of the samples submitted can be placed in
tegaory; FO1, FOZ2, P07, Pis, P17, P18, P2E;, F40 and

Fiai. Three additional samples, FPOB, FPOZ and F19 use a
t

ious powder along with & latex to form & film.

Monhardening waxy coatings: These are barrier— type films
which da not dry to & hard condition. They are either wax or
snap based coatings similar to greases which are claimed to
encapsulate rust and prohibit formation of additional rust
the exclusion of oxygen and moisture. Three samples of

by
¥
T

i

his type were submitted; P10, FiZ2 and P13,

Epouy mastics: These high—build coatings utilize epoxy
resins as the principal film forming material. They ars
mualticomponent materials which are designed to be applied in
relatively thick Films to hand-clezaned surfaces. Theay
protect the steel by encapsulation and ususlly contain flake
type pigments such as aluminum to enhance their barrier
properties. Six samples of this tyﬁe-were submitted; P24,
P24, P3R4, P3G, FPE46 and P37

ilrethane tvpe: These wers zither single component
moisture-cured or multicomponent urethane paints designed to
encapsulate the rust similar to the spoxy mastic paints.
Ming diff=rent wethane paints weres submitted for
application to hand—cleaned surfaces esither as components of
a system or as single coats designed to function as both
primer and finish. These were not completely evaluated
becauss they all exceeded the VOC limit of 250 grams par
liter which was regquested for submitted coatings. These
samples were designated F20, P21, P22, P23, P29, FI0, P31,

FIZ and F3I8.

Scivent—horne, air-dryving paint: A VOC-compliant,
phanolic resin—basead paint, designated FE-19Z%, being used by
Caltrans s a steel primer was initially used as a cantrol

paint against which to compare the other coatings and a5 s

“J
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p'i&éf”fdk'téﬁvefféks arwhretreatments which regquired
agditional paints. Its performance was so good that an
additional solvent—baorne paint was purchased to use in its
place azs a contirol coating. This new contrel coating,
designated F3Z was a red, rust inhibitive alkyd coating with
& VOO content of Z20 grams per liter. Modified formulations
af PB—-193, designated FB-197, FPB-201 and FE-202, were
additinnélly tested with results comparable to those
abtained with FR-1%93.

SAEMPLE PREFARATION

In

Anyril 1784, Translabk was fortunate to acguire a box

cantaining fifty—Tour rusted, previocusly painted JFin. ® &Hin. X

iim. hot rolled steal panels from the Golden Gate Bridge.

These panels appear to be some type of shim plate which was

used on the bridge. Because they had areas of intact and broken

mil

1 - scale, rust and old paint, it was felt that they would

make ideal substrates for application amd testing of coatings

and treatments for exterior evaluations and were retained for

that purpose. This provided one set of substrates for testing

pUrpOSaS.

Hhile clean steel panéls are readily obtainable for laboratory

evaluations, it was necessary to establish a souwrce of rusted

panels for additional iaboratory and field evaluations. After

some trial and srroar, the following procedure was established

to

F

prepare rusted panels for testing purposes:

Abrasive blast &in. 1 12in. ASTHM D&OT type 1 steel panels to

Z near—white finish with a2 1 to 2 mil surface profile.

upose panels For 24 hows in an ASTHM Bll7 salt spray

cabinet.

Rinse panais thoroughly with delonized water.
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Enpose pansls for an additional & days in an ASTM DEZ247 tyvpe

Al numidity cabinet.
. Remove parels and store for & minimum 24 hows beforea using.

This procedurs was used throughout the project and produced
very uniformly rusted panels with a moderate degrse of salt
contamination. Rust removed from panels preparsd in this manner

contsined an average of 2825 ppm chloride ion.

Evan though the coatings being evaluated in this project were
intended For application to rusty swfaces, it was felt that
they should alsc be szpected to perform well on clz=an surtfaces.
Consegquentliy. the coatinogs were alsc evalunated on 100X
near—wiiite abrasive-blasted panels. Laboratory accelerated
testing consisting of ASTH B117 salt spray exposurese and ASTH
D2247 tvps Al humidity sxposure was performed on =ach coating
o pretreatment applied to thtee tvpes of laboratory panels;
QEG.QF abrasiva blasted only indicates panelis which Qere

plasted to near—-white metal and coated; WEBOD indicates panels

whi

n

B owere wire brushed to remove all loose rust immediately

pri

o

r to application of the material; WBR indicates WBD panels

T
[

nas
L]

i
o i

additionally recaived a thorough rinsing with deionizad
water and were allowed to dry immediately prior to treatment.
San=rally, cach matzrial was evaluatad on a minimum of six
laboratory panels. The lower half of each 4in. x 12in. pansl
was given an X—shaped scribe through the coating to the base

metal prior to suposure.

Following laboratory evaluations early in the project, and
concurrantly a5 the project progressed, materials were also
evaluated on panels exposed on the Golden Gate Bridge.
Matmrials wara brush applised to the heavy, 1"23"ws&" panels
designested BER as well as to ARC and WBR panels as mentioned
above. It was decided that where laboratorvy data indicated very
pomr psrformance for a3 material, it would not be beneficial to

zontinua testing the material on sxterior exposuwrza2. A5 &
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result, preparation of panels for exposure on the Golden Bate
Bridge for ten of the samples was discontinued. These ware

pie numbers PGL, FPO7, FOB, FOY, FLlO, F12, F13, P19, P20 and

ul
o
3

P28, Theze samples had ASTH D&I1C rust ratings of &R after only

IGO0 hours of salt spray exposurs. A rating of SR for bridge

exposed panels was considered failurs.

All samples were brush applied to the test pansls throughout
the project. This was contrary to the litsrature accompanying
spveral of the samples but was done intentionaliy. This is
bacause it is highly probable that the same conditions which
pirchibit the use of abrasive blasting for surface preparation
may also prohibit the use of powsr spray eguipment either due
to lack of sufficient ares reguiring coating or lack of sccess.
Crew size may be restricted for various reascons aor traftfic
conditions may be restrictive. Any of these reasons could
grohibit the use of spray equipment, but it is difficult o

imagine a situation where brushing would be restrictad.

he pretreatment and rust converter type coatings were
gaznerally not intended to comprise complete coating systeams in
themselves, although some of the rust converters indicated they
couwid par-form satisfactorily under mild exposure conditions.

! aboratory test panels were initially prepared using the sample
as instructed and then priming with Caltrans primer FB-193
because several of the convertars indicated they should be
overcoated with an Dil—type primer. FE-1%3 was also applied to
ccnt%nl taat panels as if it ware a sampla. It soon becams
apparent that PB~193 was parforming so well that when applied
as an ovarcoat it was difficult to tell differences in
performance brought about by the rust converter or
prefkeatment. Consequantly, sample F3I3 was purchased to rasplace
FE-19%. Aall of the accelerated laboratory test panels were
'tegtéﬁ'using PE—193 as an overcoat except for pretreatment P27
which was overcoated with P33, Fanels prepared for exposure on
Uthe Bolden Bats Bridge, hawever, ware all overcoatad with FI3E.

fiddi

.

imnally, one half of each pretreatment or rust converter

10
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=zl preparsed for Golden Gate Hridge exposure was given two

-
7]

latex Finish coats. The finish coats mitigatad weathering

effects to such an sxtent that little differentiation in
rrormance of topcoated areas was distinguishable after two

s of exterior szposwre. Conseguently, results tabulated in

this report are confined to untopcoated aresas.
DISCUSSION

1. Fretreatments: The three pretreatments submitted appear to
b2 very similar in composition being basically phosphoric
agid splutions of differing strength with varving amounts of
proprietary surfactants and wetting agents. They are water
Eivin and readily applied by brush. They caused rusty areas
to appesr on the surface of the ABD panels and left large
areas of white deposits after drying. The instructions for
sample PG4 said to rinse the surface with tap water after
allowing the solution to react and then apply a wonventional
primar. Samples P25 éﬁd F27 did not require rinsing after

treatment.

Z. Rust converters: These materials were brush aspplied to the
various pansls as instructed. Samples PGS, POS, Pli, F14 and
1% a1l had the same basic appearance and handling
propertiss; white, relatively thin liguids which were easily

applied by brush. Instructions said to apply them to rusty

=h

swfaces and aliow time for drying prior to application of
an pil-base topcoat. Almost immediately following
application, the white color- of the coatings began to darken
and became a glossy black colaor,

generally within a half hour of application. Sample FPUS was
alsg white in color, but had a strong slcohol—-like odor
associated with it. Its instructions said to rinse the
surface with tap water about sighteen hours following
application to remove unreacted material and then apply an
oil—base primer and fimish eoat. It slowly turned black over

& two hour pericd. Its VIC content wss determined to be 7379

i1

www . fastio.com


http://www.fastio.com/

S

samples bhad been prepared prior to determination of the VOC
contant, so testing was continued. Sample P39 was brown
initially and turned a glossy black following application
mimilar to the other rust converters. Its instructions
indicated that no additional coats were necessary following
the initial application and it was evaluated accordingly.
Dnly two of the samples, POS and Fild4, claimed to actually
change the rust to a different chemical form, magnatite. Tha
gthers cladim to convert the rust into a black,
carrosion—rasistant cnafing without making any claims that a
chemical change has taken place. The literature accompanying
the samples implieé that this conversion may be an
encapsulation process. Attempts that were made o verify the
zlaims for chemical conversion are detaile=d in the results

sectiocn of this report.

tol

. Surfare—tolerant latex paints: This was the largest category
of samples sdbmitted, praobably because of the faquirément
that the coatings and pretreatments meet the 230 gram limit
on VOO contant. Except for the three cementitious paints,
FDB, FOZ and P19, which werese two-component materials, thesa
rosembled latex house paints in application and handling
characteristics. Samples P01 and F28 were modifications of
the-same primer formulation. Samples Fl16 and P17 were finish
cocats intended to be applied over primers FOZ and F18. An
sdditional fFinish coat was submitted for those same two
p?imers,‘but was not assigned a project sample number.
Samples P40 and F4l weres acrylic latex primers similar to
primers currently specified by Caltrans. The cementitigus
primers were difficult to apply following mixing dus= to
their high viscosity. They drisd rapidly, but had poor
laveling and, a5 & resuit, their initial appearance was the
wsi-st of anf samples tested. Sample FO7 should perhaps hiave
tean placed in a category by itselt. It is a water—-borne
mixtwre of film formers and vﬂlatile corrosion inhibiltors.

Application properties were comparable to the othar latex

i
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Nonhardening wany coatings: As implied by the name +ar

this category, thess materials resesmbled greases more than
conventional coatings. Uniform birush application was
difficult and handling of test panels required considerabls
care. Sample F10 was pigmented with alominum. Figmentation

for samplaes P12 and P13 was not determinead.

Epoxy mastics: Thesz were melticomponent matarials reguiring
thinowugh wixing d{ cach component prior to blending the two
components together at the specified mix ratios. Some of

thess Eecammended thinning the first coat when applying the

coating to bhand—-cleansd steel. Mix ratios varied from &:1 to

=)
25
b

. Brush application of theses coatings produced nonuniform

-

iims with poor appearance. Leveling characteristics were
poor. Sample P36 was supplied as a low viscosity epoxy
primer to go bensath sample PIS to better wet the
nand-cleansed swface. SHample FIO was evalﬁated bath with and

without sample F36.

ithrethane coatings: As mentioned above, none of the
moisturs—cured ar multicmmpdnent urethanz paints submitted
met the reguested VOC limit of 250 grams per liter.
Meveartheless, it was considered to be of interest tc include
some coatings of this type in the study because it is a
possibility that industry could be granted exemptions from
mesting VYOC ilevels. Three systems were evaluated. Samples
FZ2Z and F23 were applied as finish coats over the two coat
primer system designated P21, Application properties were
good. Sample F3I8 was evaluated in accelerated iaboratory

tests onlwv.

Solvent-borne, air-drying paints: These were considersd the
standard paints against which to compare application and
parformance properties pf submitted samples. Faint FB-197 is

an upndated version of FE-192 with a minor change in solvent

13
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tcéﬁ%eéf; Tﬁese have been uéed with increasiné freguency by
maintenance crews on the San Francisco—Dakland Bay Bridge
since sarly 1985 with good results. The most recent revision
o+ the2 formelation is FE-201. These primers contain 250 to
260 grams VOC per liter and do not reguire thinning to
achieve satigfactory brush application. Sample P33,
cbntaining 350 grams VOC also had satisfactory application

propartias.

EXPOSURE RESLLTS

Accelerated laboratory testing of materials submitted and

prepared- as outlined above was conducted according to A4STH

r
117

1j

s Salt Spray (Fog) Testing, and ASTHM D2247, Testing Coated

5
et al Specimens at 100Y Relative Humidity. Fanelis were rated

-

and photographed a minimum of three times during 1000 houwrs of
exposure. Ratings were made visuwally according to ASTHM D&1C for
degree of rusting and according to ASTM D714 for size and

frequency of blistering.

Conmciv-rently with aceelerated laboratory testing. panels were
prepared’%or‘expﬂsure on a test rack located beneath the Golden
Gate Bridge. In the fcollowing discussions, these panels are

referred to as bridge panels. Panels were not prepared for

Bolden Bate Bridge sxposure i+ the test panels were rated as

having greater than 1% rust (ASTM D&10O rating less than &R}
éétar‘SGQ hours in the salt spray csbinet. This appliesd to a1l
sampléé excapt thaosz far which panels were prepared prior to
zalt spray results. In these cases, all panels which had besn
orraparad %dr sxtericr exposure were used, but no additional
panéis were preparad. Fanels waere given rust and biister
ratingg according to ASTM D&E10 and D714 at interwvals of
approdimately three months. FPanelis Qere additionslly rated for
:reépage from the scribe line (ASTHM Bl1454-Procaduwre A) at the
conclusion of the exposure pericd. Ratings are summarized
graphicaily for =ach sample. Because A5THM D714 biister ratings

contain two componsnts, fregquency and degree, a modifiesd

14
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procedure was used to present that data graphically to simplify
conparison. The numerical rating +for degree of blistering was
muitinlied by a number established for freguency according to

the scheme shpwn in Table 1.

FREGUENLCY |NUMERICAlL RATING

Mone i@

= Veary rew g
Few =}

Faw—Madium 7

i
.
o
=
3
-

L

Med. Dense

L

nense

Very Dense i

. . Mumerical Ratings for Blister Fregquency

TARLE 1

Thus, & panel with a biister rating of B Few would vield a
combined blister rating of 44. This serves as a useful means
of comparing trends over the course of oxposure of a sample,
put should not be considered by itself to be an indicator of
good or poor peErformance. Hlistering was often associated with
scribe undercutting, but some of the samples showed littls ar
no tendency to blister while experiencing severe undercutting
‘at the scribe. Scrihe ratings for panels exposed at the Goldsn
Gate Briduge site are presented for =ach category in the

following discussion.

Pretreatments

fFiguwres I, II and IIIZ

Daespite manufsctuwrsr s claims ko the contrary, pretreatments

[ Y
]
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T applied over clean steel generaliy yielded performances

superior to those of pretreatments applied over rust.
a

farmance of two of the pretreatments over previously paintsd
garnels was slightly better than performance over abrasive

bilasted stasl, however, reduced performance over a 100% rusted

surface indicates the improved performance was probably dues to

the prezsnce of the previous paint system. One of tha
pretreatments, when overcoated with a good performing primer
(PE—-173}, was detrimental to primer pérfmrmance under
sccelarated testing while one showed very slight improvement.
Sait spray panels treated with sample P04 performed marginally
bettsr thar similar panels painted with only FB—-193. Bridge

ansls did not reflect this improved performance. Sample P25

T

wa= detrimental o the rust resistance of FBE-193 in both
arceleratad testing and Ffield exposwre; blister resistance was
improved. éample F-27 greatly improved the rust
rating of P-33 under accelarated testing but rusting on the
previously painted bridge panels increased. Blistering was much
more severes in the salt spray chamber and slightly worse on
bridge pan2is except for the abrasive-blasted panel! where
Blister frequency improvaed from medium to few. ASTM D1634
ratings for the various panels are shown in Table II. Blister
and rust ratings for accelerated testing and Golden Gate Bridge
exposed panels treated with pretreatments are shown in Figures

i, II, and III.

Panel Type
Sampie
BB &R0 WER
Fa4 , 4 = =
F23 2 = 2
i F27 ] 4 2
F33 3 = i
FE-173 & 4 4 i

ABTHM DI4T4 Scribe Katings for FPretrsated Paneis

TARLE 11
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Fust Converters

[Figuwres IV through X3

Salt spray performance of panels treated with rust converter
type paints was good for all samples which were overcoated with
FE—-1923. Sample P39, which did not receive additional coatings
but wss evaluated slone, failed within the first 200 hours of
esposure {(rust rating 4R; 10% rust). Rust converter panels

exnosed on the GBolden Gate Bridge showed & remsarkable

-4

esembhiance to sach other. Braphs depicting their exposure

vy

vistory, shown in Figures IV through X, can slmost be
suparimposed on each other. Rust ratings for PEE on the §6B
panzl went from P representing 92.03% rust st 15 months of
sxpozure ko 7 representing 0.3% rust at 25 months exposure.
Ratings for the rust converter treated G6B panels clustered
around 8 representing 0.1% rust after 25 months. The AED
control panel painted with P33T only was rated T for 14 rust at
the and of 25 mbnths. Cdmpérablé trust converter treatad panels

rated 7 to B representing O.1% to 9.3% rust. Sample F3E? alone

rated 4 {(10% rust) after tha same time interval. Apparently the

Al

ust converters were able to provide additional protection to

o

e

ath the clean, uncontaminataed steel and the steel with minor

i3

and mill scale. Perfaormance of rust converters applied to

ed, wirg brushed and rinsed panels with mild salt

(1|
o

ik

n = =

ocontamination was very poor. 811 of these, sxcept the panei

pated with FO4 which was rated 3 for 168% rust, were removed

fi

from suposwuwres on the bridge following the 25 manth rating dus
to complete parforation of the steel. The control panel was
rated 4 {10% rust ¥ at that time. The benefit of topcoating was
- readily apparent on these panels. Wherzas the rust converter
treated and primed portiocons of the panels were perforated wit

pparently no base metal remaining, topcoated areas, although

0

o

P

listered, retainsd considerable strength and had intact
ur+

ces. Primer Film over the rust convarters was cracked and

in
[
3
u

I

roken. Scribe ratings for the psnels are shown in Table TIIL

GERE panels for samples Fli and PLS were missing from the

ClihPDF - www .fastio.com


http://www.fastio.com/

ChhPD

‘tatk on the date of the last evaluation and scribe

ratings were consequently unavailable.

Fanel Type
Sample
5ER ABD WER
FP@a= @ 4 @
Fa3 1 4 &
FR& 2 4 2
P11 - NR & a
Fi4 3 3 G
i NR 3 a
P39 =z ] @
P3EE = 3 i
FBE-195 & 4 4

-

ASTM D14654 Scribe Ratings for Rust Converter Treated Fanels

TABLE I1I1

Surface-Tolerant Latex Faints
EFigwes XI through XX3

0Of the twelve samples received in this category., only six were
unltimately applied to panels for exposure at the Golden Gate
Bridge. Samples P01, PO7, FOB, POY and F19 were discarded as
candidates due to excessive rusting whan applied to the ARO
test panels and subjected to accelerated testing in the salt
spray cabinet. Sample P28, which was & variation of sample Fol,
solidified in the container prior to being evaluated. fAn AEROD
panei for sample FO7 had been prepared prior- to salt spray
results. It was placed on the exposure rack at the bridge and

bagar fto fail #ithin one day. Similarly a GBB panel for sampi=

wwwfastio.com


http://www.fastio.com/

ClibhPDF -

P19 had been prepared prior o salt spray rasults. Exposure on
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avaluation. Samplesz FOZ and P18 were different primer

lstions submitted by the same company. They were intended
tn hbe +tinish coated with with samples Pié, Fi7 or another
sample not assigned a projasct number, but designated 7460
finish. Saveral of these cambinations were applied to panels
with similar results; paints applied to clean steel performed
well while application of tha same systems to even mildly
contaminated rusty steel resulted in poor performance. Samples
P43 and P41 pertormed the best of all samples in this category
irr terms of rust and blister resistance. Thelr performance was
marginaily bettar than that of sample FIZ, but not as good as
that of state specification paint FB—-12Z. Bcribe ratings for
hridge panels are shaown in Table IV. Exposure reasults are shown

in Figures XI through XX.

. Fanel Type
Sampie
GGE ABO WER
FRR/FiG z 4 @
F@7 - @ _
PiB/F1& @ 7 5
P18/F17 & & @
F18/950 | @ = 2
P19 4 - -
F4D 2 3 @
P41 1 3 @
PIT z = 1
FE-193 5 3 4

A8THM D14A54 Scribe Ratings for SBurface~-Tolerant Later Faints

TABLE 1V

i7
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Nonhardening Waxy Faints

fFigures XXI, XXII and XXIiI]

The threeo samples submitted in this category were not aspplied
to panels for exposuwrs2 on the Golden Gate Bridge due to their
poor pErformance in accelarated testing. Fanels exposed in the
salt spray cabinet were rated at greater than 30% rust prior to
completion of 1000 howurs of exposure. This type of coating
wold nok normally be expected to ba capable of supporting
blisters. Blister ratings were assigned due to the appearance
lister—like areas on the surface of two of the panels which
warae found to be semisolid eruptions of rust from the panel

sur-face. Exposure results are sheown in Figuras XXI, XXII and

Epoxy Mastics
EF&gurea.XXIV thirrough XXXI1
sposuwre results forr the six samples suhmitted in this category
are shown in Figuwres XXIV through XXXI. Salt spray performance
oFf these coatings was overall the best for any of the
categories svaliuated. All of the matsrials in this category
wefalultimately evaluated on pansls at the Golden Gate Bridge.

The following is a brief synopsis for sach of these materials.

Sample P24 had a specified mix ratio of &:1 and a minimum
application temperature rating of S0°F. The sample was white
pighented. It claimed excellent one coat performance whan
appiied to hand—cleaned steel to a minimum thickness of F mils.
Film thickness aftter one coat was 1.5 to 2 mils. Another coat
was applied after 24 hours to yvield 5.5 to 6.5 mils total film
thickness. The paint mixed =asily and had good brush
application properties. Rust ratings after 1000 hours salt
spray axposure wers almost identical to the ratings of the

panels expased on the Bolden Gate Bridge after 25 months with

20
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iistering on the bridge panels was notad within thrze manths

"
n

L AT

|

=i
o

I

ment foir- the WER panel and after one year for the GG6R

i
et

= ST

. Chalking was severs aven though the panels recesived

k!

Tittle direct sunlight. No blistering occurred under
acrazlerated testing. The best performing panel had greater than

.25 inch of undercutting on sither side of the scribe.

Sample F25 had a mixing ratioc of 1:1 with a 530<F limit on
application temperatuwre. It was aluminum pigmented and claimed

noocd one coat performance when appiied to & minimum of 2 mils.

The first application vielded a dry +film thickness of 5 to &
mils, but following the manufactursers recommendations, another
panzl was prepared using two coats appliad 24 hours apart. Dry
film thickness for the two coat panel was 7 to 12 mils.
fAccelarated testing was performed on one coat panels only. Rust
ratings following salt spray exposure were comparable to
ratings for the one coat bridge panels, with a rating of 5 far
the WEBR pan=l in the sait spray and a rating of 4 for the WER
bridge panel following 25 months éxpusure. These ratings ére
eouivalent to T to 10X rust. Mo blistering was found in the
accelarsted test panels but moderate blistering cccurred on the
brigge panels. Hridge panels coated with two spplications
parformed superiorly to the one coat panel with only verv minor
rusting found after 25 months and only one blister on the GEB
panel which disappesared. Chalking or crazing of the surfsce was

severe at the bridge site.

Sample FI4 had 2 121 mixing ratic and was pigmented with
aluminum. Mo minimum application temperature was stated. It was
applied in one coat +for accelerated testing and panels with
both one and two coats were prepared for bridge sits
avaluation. Rust resistance was good under accelerated testing
with no moire than 0.1% rusting after 1000 hours. Rust ratings
of 4 to & were found on the bridge paneis with one coat of
paint and ratings were & to 7 on the bridge panels with two

ats of paint after 25 months of exposure. The second coat

)
became completely delaminated from the first coat during the 25


http://www.fastio.com/

ClihPDF

an

months of exposura. Blistering was moderate on the bridge
panels and not as sevare as on the accelerated test panels.

Chalking was savera.

Sample F35 had a 4:1 mix ratio and was also aluminum pigmented.
1+ claimed to be capable of application at temperatwes down to

P5eF,. It was evaluated in the laboratory as a one cpat system

“and as a second coat over sample FI&. Maximum rusting in the

sz2lt spray cabinet was rated 8 representing 0.1% rust.
Blistering was moderate. Bridge site exposure was performed
with the paint aﬁplieﬁ in one coat unthinned as was done for
acﬁelerated testing, with two coats unthinned, and with twe
coats whare the first coat was thinned Z0¥%. As can be sesn on
the graphs in the apﬁendix, there werse minor differences in
rust and blistering performance between the panals with one
coat and those which received two coats. Hlistering and rusting
actuxlly became slightly worse when thinner was added to the
fir=zt coat of paint on the two coat panels. Scribe undercutting
also became worse. Two unthinned coats were markedly superior
to one unthinned coat. Chalking was severe and notably

detracted from the appearance of the bridge panels.

Sample FI& was promoted as a rust penetrating sealer designed
to have very low viscosity to enable it to penstirate.
encapsulate and tightly bind any rust to the steel surface. No
application temperature restrictions were indicated and the
mat=rial was unpigmented. It was intended to function as &
first prime coat with sample F35S applied as the next prrime
coat. The mix ratio for the sample was 3:1i. Although the
instructions indicated the coating could be brush apglied, they
also said to not apply the matarial in heavy coats. Laboratory
application by brush could not be done without generating runs
and sags which were uniformiy distributesd over the panels.
Accelerated testing showed comparable blistering when compared
with one coat of PI5 without F3&6 and a slight increases in
rusting with the use.u¥ F3&. Bridge site exposure showead

comparable blistering with its use compar=ad to P35S avaiuated as
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one coat aicne and a definite improvement in rust resistanca.
The WHR bridge pansl with one coat of P35 had a rust rating of
Z representing 3ZX rust after 25 months exposure while the
panael prebireated with P35 had a rust rating of 7 repressnting
only 0.3% rust. Two coats of P35 gave comparable rust ratings
Lo the PI&AFIS combination. The dry film thickness of the

=

ecombination ranged from 5 to 8 mils and two coats of P35 had a

dry film thickness of 10 to 15 mils.

Sample P37 was an aluminum pigmented spaxy mastic with a 1:1
mix ratio. It claimed to give excellent performance when
applled in one coat. fAccelerated testing of one coat resultsd
in poor rust resistance with the best per?urming panel rated
representing 10% rust atter 1000 hours. Bridge panels showed
conparable results after 25 months; however, the WBR bridge
panel pertormed better (rust rating S or 3% than the ABO
hridge panel (rust rating 3 or 15%). Two coats performed
considerably better on bridge exposzure with the poorest pansl
rated B For O.1% rust after 225 months. Thinning of the‘first
coal did not improve pertormance. As with the other epoxy
mastics evaluated. chalking was severe, and additionally this
sanple developed a brownish discoloration on exposwe. Scribe
ratings for the spoxy mastic panels skposed on the Golden Gate

Bridgs are shawn in Table V.

mT
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Fanel Tvpe
Samplie
GGR AR WER
R24 1 ' 4 2
FReo—ict.| - B & 3
F2e-2cts| O 7 7
|PZd4-1ct. z = 2
F34-Zcts 4 NR =
FI5-1ct. NR 7 z
PES—2cts ) 7 2
F35-2cts
1= @ 4 =
thinned
PI&/ 3 @ 5 2
P37-ict. NR & 4
FE7-2cts 4 7 4
F3E7-2cts
i e 4 3
thinned!
P33 = 3 1
PE-193 & 4 4

ASTHM D1&54 Scribe Ratings for Epoxy Mastic Faints

TABLE V

Urethane Coatings

[Figures XAXII and XXXIII]

Due to their high VOC content, these samples wersz not
ronsidered to be within the scope of this project.
Neverthéiesa, some panels waere prepared and evaluaated.
Acceleratad testing of two systems designated PR2 over F21 and

P23 over FZ1 showed excellent rusting resistance and moderats
24
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listering resistance as shown in Figuwese XXXII. P2l was a two
prime coat system of moisture—cwred wethanes using an aromatic
polyvigocyvanate and pigmented with asluminum. VOC levels woere
approximately 450 grams per liter. Sample F22 was an aluminuam
pigmented molsture—curad wethane also utilizing an aromatic
polyisocyvanate. Sample P22 was an orange colored two-component
polyester/urethane utilizing an aliphatic polyisccvanate. Late
n the project, a decision was made to proceed with exposuwrs of
panais coated with these two systems an the test rack at the
Bolden Gate Bridge. Atter 15 months of exposure the panels have

the rust,; blister and scribe ratings shown in Table VI

Fanel Type
Sampla

CjCiy ! AR WaR

PR2E/Z1
rust/blisteaer

7R,& Few |BR,S Few {BR.4 Few

. FP2E/21 8RR, 13 R, 1@ B8R, 3 Few
rust/blister
FPRE21 3 4 =
scribe
F2EZ/21 = & =2
scribe

Rust, Plister and Boribe Ratings faor Urethane Coated Fanels
(ASTM D&1B, ASTM D714 and ASTM Tl6S4 respectivelv)

TABLE VI

Sample FIB was a moisture—cured epoxy wethane mastic designed
to cure at Lemperatures as low as 09F. Its relatively poor
parformance as shown in Figure XXXIII can partially be

attyibuted to its having been brush applied which vieided a

st

[}
it}
™~

2d surface with a dry Ffilm thickness of 2 t0 5 mils.

k-
L
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Saivent—Eorne, Air—drying Paints

[Figures XXXIV, XXXV and XXXVI]

ngs, as previously mentioned, wers used as contirol

és

hese coat
coatings against which to compare the performance of the
submitted samples. Samples PE—-1%3, PB-197 and PB-202 are slight
variations in the same formulation and are currently being used
by Caltrans maintemnance crews throughout the state. Brush
appiication properties are good and, cantrary to sxperience
with almost all other coatings, painters have had to be
cautioned rapeatedly to avoid applying the paint too thickliy.
Yolume solids ara almost 70%. Rust resistance in aceelerated
testing and bridge exposure testing has been excellient as shown
in Figuwes XXXIV and XXXV. Combined bhlister ratings of less
than 5C are aimost 100% due to blisters associated with the
ascribed areas of the panels. Sample P3Z was purchased from a
local paint store in an effart to find a generic type paint
;imilar to FE-193 with less E#{ECFiVE corrosion resistance.
Tast results (Figwa XXXVI) show this goal was achieved.

Sampie P33 nevertheless showed relatively good parformance when
vwsad aloune. These coatings function by their ability to wet the
surface of the rust particles by polar attraction and
esncapsuiate it within their matrix (5). Application proparties
wers excellent. Ths P33 GGB panel had a rust rating of 7 after
2% months on the Golden Gate Bridge site compared to a rating
of B8 for the PE—i93 GGE pan=al. The WBR pansl with more visible
contaminants, rated 4 for sample PI3 whereas the FE-173 WHR

parel maintained a rating of 8.

RUST CONVERSION .
Figures XXXVII, XXXVIII and XXXIX

the primers currently used by Caltrans, axcept for the
zinc-rich type, utilize iron oxide as a pigment ingredient. Red
s are often callied far in architectwail

-
me for use on interior metals. Test sample PIZ is a

]
[t~
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2 iron oxide primer. The iron odides are eithesr svntheticalily

3
W
2l
[
why
P

ciuwed materials or derived from natural ores. They ars
assiftiad as inmrt pigments. Manufactwers nf five
t convarting paints claim that their product converts
on a steel Euféace to an inert component in a plastic

af the products, FOS and Pid, claim to actually bring
about an electrochemical tramsformation of the rust which
converts it to an inert material similar to a pigment. Evidence
that this transformation is occuwrring is supposed fto b= the
color change which zach of the converters evaluated underwent.
Tach was applied as a milky colored liguid which changed to a

black laver on the stesl as drying took place.

Li)

Ssveral attenpits were made to verity these claims. Initally,

ift

ampias aof rust for x—ray diffraction were prepared using rust
ramovaed from the panels by wire brushing. The rust was
powderad, mixed with Z%L x—ray briguetting powder, and pressed
in a hydradlic press to form pellets. The pellets weare then
axaminad through x—raé diffrraction to charactefiia the
vuntreated rust. Its predominant component is Fezx. Two coats
of khe pretreatments wers then appli=d to the pellets.
Subseguent examination of one of the pellets treated with a
tannic acid based pretreatment revealed significant changes in
the diffraction pattern. Close examination of the resulting
pattern, howsver, yvielded a match with barium sulfate, a fillier

which wasz found to be a component of the pretreatment.

s of powdered rust were then weighed into ceramic

gs5. Each of the seven rust converters was then added to
the rust, thoroughly mived and allowed to dry under laboratory

> ronditions of 77°F and SO% relative humidity for one weeik. Th
rasulting pellets were then removed +rom the crucibles and each
wés ground to a fine powdsr in a freeszer mill under iiguid
nitrogen. The resulting powders were prepar=ad for x—ray
diffraction analvysis using & back-packing techniqus with no
additives. Thare were no detectable changes in the diffraction

nattarns for any of the samples comparad with untreated rust.

=y
oy
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Mo crvstalline changes occurred. Diffraction patterns of the
untraeated and treated rust are shown in Figures XXXVII, XXXVIII

and XXYI¥X. Fatterns are only shown for rust treated with the

Ay
E
i}

1

convertars whnich claimed to react with the rust. Fattarns

for the remaining converters were the same. Rust conversion for

DlJ
foud
[
N'l

sven rust converter samples is apparantly an incorporation
o¥ the rust into the paint film. The color change wherein the
witite converter becomes a black film doss not depend on the
prezsence of rust. Converters appli=zd to freshly
abrasive—blasted steel panels sxperienced a color changa

identical with that seen on the rusty panels.

TOXICITY TESTING

Tcxicity evaiqatiuns were only performed aon FBE-197 bacauses it
is tﬁe only coating among those pvaluated in this study for
urthar use ig ant1c1pated by Caltrans. Dats are only faor
aint, as opposed to weathered paint, which would be the
likely tvpe of paint to ba discharged into bodiss aof water
in significant guantities. Tables VII, VIII and IX show
hiopassay data for Fhvsa, a genus of air—-breathing, fresh—water
ails. Films of dried paint were ground to a fine powder in &

freszar-mill and added to water containing Physa sqggs at

varying concentrations. The ECso, effective concentration which

inhibited hatching of 30% of the =ggs, was determinsd to be
4&.1 mg of dry paint per liter of soclution. Tables X, XI and
KII show bicassay data for Daphnia, a genus of small freshwatar
Crﬁsta:eanég The Elsos concentration which rendered S04 of the
Daphnia nonmotile after 24 hours, was determined to be less
than 7.5 mg dry paint/l. An additional evaluation intended to
datermine the no— effect concentration on a species of algae,
SElenastrum‘Capricsrnutum, was made. Those results are shown in
Table ¥XIII. The lowest concentration of dry paint evaluatad, 50
mgsl, resulted in a2 24.2% reduction in the algaes population.
The no— affect concentration was carsequently not found through

this evaluation.
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TABLE V11X

FE~197 Physa Hioassay

concentration number of eggs number of eggs % of eggs

mgS1 tested not hatched not hatched
10,000 4z 42 100
5, 000 a4 =4 C 100
2,300 29 29 106G
O control 25 1 £

Ellmo not calculated
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CUTABLE VIII

. PBE—-127 Fhysa Bioassav

concentration number of =gg9s number of eggs % of =aqgs
mg/sl testad not hatched not hatched

2,540 33 33 100

1,250 41 41 100

&H25 34 35 F7

312 =1 2% 24

1]
158" - {s 19 : . &3
O cohtrol 45 2 4

ECwo not calculated:

www.fastio.com
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TaBLE IX

FEB—-127 FPhysa Biocassav

concentration number of sggs number of e=ggs Y% of egds
mgsl tested not hatchead nrot hatched
200 _ 43 4z 100
100 28 =28 100
5G =29 1& 55
25 44 & 14
2 control 48 =2 4

EC=meo (mgsl) = 45.1

]
oo
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concaentration
mgsl

1,000

125

O contraol

i replicate each with 10 Daphnia neonates in e=ach

WAVW (E‘:Sl\() com

CTABRLE X

FE—197 Acute Daphnia Ranging Hioassay

rnonmotile after
48 hrs

|

g5 his

o

replicate
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TABLE XI

PE—127 fAcute Daphnia Bigassay

concentration raplicates
ms1 ' number nonmotile after
F& hrs

& B (™
125 i0 10 10
52.5 13 10 i0
31.235 10 i 10

i5.8 10 2 10

7.5 10 10 10

O control 1 i 1

Ef=meo (mgrsll) < 7.0

|'_.—.[
i
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concentration
mgfll

b
Lt

[y
g

L

Lo

2 contirol

EC=a. (mg;’l ?

wvww . fastio.com

TABLE XIT

Gdcute Daphnia Bicassay

replicates

number nonmotile atter

25 hrs
& B
iQ io
10 10
o) 10
o) 0
Oy O
O 0

i

1o
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TABLE XIII

FE-197 Selenastrum Capricornutum Bicassay

concentration slgae populastion ) “ oreduction
mg /L cells/ml
i O control Z.939T14ES -
50 2.F10745ETD 24,2
100 1.2904979ES bb. 4
200 & 4Z208E4 8.3
400 3.7FI9ES F0.2
;
35
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FIELD EVALUATIONS AND IMPLEMENTATION

In the summer of 1983, three epoxy mastic type coatings were
applied to hand-clean=sd steel besams located on the ground in
the maintesnance vard at the San Francisco-0Oakland Bay Sridge.
Plans were to apply epoxies which performed satisfactorily
under this test to arsas of bridaes on the northern California
coast which have historically been difficult to maintain.
Following success- in these areas, application to an sntire
bridge was anticipated. PFoderate rusting was noted aftter less
than 9 moniths exposwe for all three systems. Due to their poor
perftormance, plans for further application of these materials
wmrre abandoned. Additionally, discussions with maintenance
paintars revealed a number of problems inherent with these
systems. Restrictad or difficult access to the areas on bridges
which are most in need Df-painting maans only ssall guantities
cf a2 material are nesded p=r use. Lipited pot life means that
only small gquantitiss can be mixed at a time,‘yet mix ratios
other than 1:1 are difficult to portion when less than complete

nackages are raguired.

One aof the first large field applications of coatings intended
for application to hand—clzaned steel by Caltrans occurred in
the fall of 1984 at the Moyo Harbor Bridge in Fort Bragg. Two
rust converter type coatings along with state specificatian
paint PE—1%7 were applied to hand—-cleaned surfaces. The paints
warg finish coated with state specificaticn latex finish coats.
fAreas cpated with the rust converter paints reguired repainting
after one year of exposure. Rust ratings for these areas wers
as low as 4 to S per ASTM D&10 while areas primed with PB-193

were rated 2 to 10,

An order for 2,000 gallions of PE-1932 was delivered to
maintenance forces in ths San Francisco Bay &rsa in mid 1985,
t was distributed to painting crews on toll bridges in the BHay

I
Area Tor use on hard—-to—clesan areas. Dug to its good

i
i
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Gver 10,000 gallons of it or its successor
have been ordered since 1985. FB-201 and FE-Z202,
PE—-193, have r=cently been specifiaed for use in

2 painting contracts over blast-cleaned surfaces

g 0

painting of hand—cleaned rusted areas on a number

t
idge structures.
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STATE OF CALIFORNIA
Specification

Red Primer, High Solids Phenclic Type
(Formula PB-193)

PDescription:
This specification covers a rad, ready-mixed, air-drying, high solids,
corrasion resistant, phenolic resin/tung oil primer. This coating is

v intended for spray application to blast—cleaned steel swrfaces exposed
to the air. Limited applicatien can be made by brushing or rolling.

Eomposition:

FIGMENT
Pounds/100 gallons
Magnesium Silicate (1) 194
Zinc Phosphate (2™ 171
Red Iron Oxide (3™ 194
Silica (4*) 3
VEHICLE
. Phenolic Resin/Tung 0il Varnish 3™ =00
Aliphatic Thinner TT-T—-2?1F, Type I 82 .
n—Butancl ASTM D304 3
Zirconium Drier ASTM D&0O0O, Class & &% 4.7
Cobalt Drier ASTM D&0O0, Class B &% 2.4
Calcium Drigr ASTM D&0Q0O, Class B S% 1.8
Anti-skinning Agent, Oxime Type 4.7
Characteristics:

Weight per gallon, pounds, ASTM D1475 11.4~-11.8
Pigment by weight of paint, percent, ASTM D2371 4743
Nonvolatile content, percent, ASTM D2346%9, Procedurs B 79.5-81.5
Fineness of grind, Hegman, ASTM D1210 4-5
Consistency, Krsehs Units, ASTM DH&2 78—84
Dryving time at 77°F. 50% RH, JF mil wet film, ASTM D1&40

r Set to touch, hours 2.5 max.

Through dry, hbours B max.

(i) Magnesium Silicate, platey shape, specific gravity 2.7 +/= 0.1,
*0il absarption 50 +/- 3, pH 8.8 +/- .3, Hegman finenass +6.0, 100%
passing 325 mesh screen, Cal content 0.5% max., water soluble
matter 1.04 max.

{2*) Essentially Znz{POal=-2H=0, specific gravity 3.2 +/~ .1, "oil

absorption 22 +/- 3, average particle size less than 10 microns,
water soluble matter Q.2% maximum.
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Specification - PE-193

Page 2 of 2

Red PFrimer-, High Snlids FPhenolic Type

(E)

{4=)

(9™

Synthetic Iron Oxide, spheroidal particle shape, FezDe 984 ainimum,
*o0il absorption 18 +/- 2, sperific gravity 5.2 +/- 0.1, 99.9%
passing 323 mesh screen, water soluble matter 0.15% maximum.

Precipitated hydrophobic silica, surface area N= B.E.T. 120 +/- 15
m=/q, mean particle diameter 3 microns, drying loss at 130°C 1-32%,
ignition loss (2 hours at 1000°C) 5-&%, 5i0= content 98% minimum
based on substance ignited for two hours at 1000=C.

Fhenolic resin/tung oil varnish shall be a 73% nen—-volatile
solution composed of the following:

Lbs
Union Carbide CK-2500 Resin 125
Aliphatic thinner TT-T-2%1F, Type I 1C&
n-Butanol ASTM DI04 i<
Tung 0il ASTM D12 250

Dissolve CK-2500 in butanol and aliphatic thipnner. Add tung
cil slowly while stirring.

*0il absorption values determined according to ASTM D281.
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STATE OF CALIFORNIA
Specification

Red Primer, High Sclids Phenoliec Type
(Formula PB--197) :

Description:

Thizs specification covers a red, ready—-mixed, air-drying, high seolids,
carrosion resistant, phenolic resin/tung oil primer. This coating is

- intended for spray applicatiaon to blast-cleaned steel surfaces exposed
to the air. Limited application can be made by brushing or rolling.

Composition:

FIGMENT
FPounds/100 gallons
Magnesium Silicate (1= 194
Zinc Phosphate (2 171
Red Iron Oxide 3™ 174
Silica (4*) 3
VEHICLE
FPhenolic Resin/Tung 0il Varnish (&™) 500
Aliphatic Thinner TT-T-2%1F, Type I az
n—Butanal ABTM D304 3
Zirconium Drier ABTM D&0Q, Class A 0 &% 4.7
Cobalt Drier ASTM D&0OC, Class B &% 2.4
Calcium Drier ASTM D&OO, Class B Sy 1.8
Anti-skinming Agent, Oxime Type 4.7
Characteristics:
Weight per gallon, pounds, ASTM D1475 11.6~-11.8
Pigment by weight of paint, percent, ASTM D2E371 47-4%
Nonvolatile cortent, percent, ABTM D23Zs&Y, Procaedure B 72.5-81.0
Nornvolatile content, volume percent HT.5-67.5
Fineness of grind, Hegman, ASTM D1210 4-5
Consistency, Krehs Units, AETM DSG&62 72-34
g Drying time at 77°F. S0%Z RH, 3 mil wet +ilm, AS5TM D1&40
Set to touch, haours 2.5 max.
Through dry, hours : 8 max.

Colar to essentially match Color Chip No. PE-197 on file at the
Transportation Laboratory.

{1*} Magnesium Silicate, platey shape, specific gravity 2.7 +/—- C.1,
*oil absorption 3¢ +/- 35, pH 8.8 +/~ .3, Hegman fingness +56.0, 100%
passing 325 mesh screen, Cal content 0.3% max., water solubls
matter 1.04 max.
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Specification- FB-

197 Page 2 of 2

Red Primer, High Solids Fhenolic Type

(=™

(4™

(5% -

“0ii

Essantially Zn={(PQOs)=-2H=0, specific gravity 3.2 +/- .1, ~ail
absarption 22 +/- 3, average particle size less than 10 micrans,
wataer soluble matter 0.2%4 mastimum.

Synthetic Red Iron Oxide, sphercidal particle shape, Fez(x 98%
minimum, *oil absorption 18 +/~ 2, specific gravity 5.2 +/- 0.1,

99.9% passing 325 mesh scr2en, water soluble matter 0.15% maximum.

Frecipitated hydrophobic silica, surface area N= B.E.T. 12C +/- 18
m=/g, mean particle diameter 3 microns, drying loss at 150°C 1-2%,
ignition lass (2 hours at 1000°C) S-4%, Si0= content 784 minimum
based on substance ignited for two howrs at 1000°C.

Phenolic resin/tung oil varnish shall b= a 75% non—volatile
solution composed of the fallowing:

Lbs
Union Carbide CK~-2300 Resin 125
Aliphatic thinner TT-T-291F, Type I 1046
n-Butanol ASTM D304 19
Tung 0il ASTM D12 250

Dissolve CK-2500 in butancl and aliphatie thinner. Add tung
oil slowly while stirring.

aﬁsnrptian values determined according to ASTM DZ261.
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STATE OF CALIFORNIA
Specitication

Red Primer, High Solids Phenolic Type
(Formula PE-201)

Descriptians
This specification covers a red, ready-mixed, air-drying, high solids,
corrosion resistant, phenolic resin/tung oil primer. This coating is

- intended for spray application to blast-cleaned steel surfaces sxposead
to the air. Limited application can bg made by brushing or rolling.

Composition:

PIGMENT
FPounds/100 gallons
Magnesium Silicate €1 194
Zinc Phosphate (27} 171
Red Iron Oxide (3™ 190
Silica (4=) 3
VEHICLE
Phenolic Resin/Tung 0il Varnish (5™) : ) 512
Aliphatic Thinner TT-T-291F, Type 1 T 82
iviene ASTM DB44 3

Zirconium Drier ASTM D&00, Class A &%
Cobalt Drier ASTM D600, Class B - &%
Calcium Drier ASTM D&O0O, Class B 5%
Anti-skinning Agent, Oxime Type

S 1 Y
~J 00

Characteristics:

Weight per gallon, pounds, ASTM D1473 11.4-11.8
Pigment by weight of paint, percent, ASTM D2371 47~4%
Nenvaolatile content, percent, ASTM D2ZT&9, Frocedure B 80.0-82.0
Nonvolatile cantent, volume percent &&.5-68.0
Fineness of grind, Hegman, ASTM D1i210 (-5
Consistency, Kresbs Units, ASTM DG&Z 75-8&
e Drying time at 77°F. S0% RH, 3 mil wet film, ASTM D15640
Sat to touch, hours 2.9 man.
Through dry, hours 8 max.

Color to essentially match Color Chip No. 197 on file at the
Tramsportation Laborataory.

ti~) Magnesium Silicate, platey shape, specific gravity 2.7 +/- 0.1,
*0il absorption S0 +/- 3, pH 8.8 +/- .3, Hegman finenaess +6.0, 100%
passing I25 mesh screen, Cal content 0.5% max., water soluble
matter 1.04 max.
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Fage Z of

Specification PB-201

Red Primer,

(2™

(4=

(5™

High Solids Phenolic Type

Essentially Znz(POL)=-2H=0, specific gravity 3.2 +/— .1,

*oil

absorption 22 +/- 3, average particle size less than 10 microns,
water sgluble matter 0.24 maximum.

Synthetic Red Iron Oxide, spheroidal particle shape, Fe=lx 78%

mimnimum, *oil absorption 18 +/- 2, specific gravity 5.2 +/— 0.1,

99.9%4 passing 325 mesh screen, water soluble matter 0.10%

m2/g,

Precipitated hydrophobic silica, surface area N= B.E.T.
mean particle diameter 3 microns,

max imuam.

120 +/—- 15
dryving loss at 150=C 1-2%,

ignition loss (2 hours at 1000=C) 5-&%, Silz content 98¥% minimum
based on substance ignited for two hours at 1000=C.

solution composad of the following:

Uniaon Carbide CK-2500 Resin
Aliphatic Thinner TT-T-291F, Type I
Xviene ASTM DB4S

Tung Bil &8TM D12

Dissolve CKE-2300 in xvlene and aliphatic thinner.
il slowly while stirring.

*0il absorption values determined according to ASTM D281.
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Phenolic resinstung cil varnish shall be a 79% non-volatile

125
108

260

add tung_


http://www.fastio.com/

,,,,,,,,

APPENDIX C

LISTING OF PROJECT SAMPLES
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PROJECT SAMPLES

Pretreatments

The Coulter Company, Coulter MP-7

Kondor Products Corporation, Rust Stop

Mettoysur De Metal DMR Ine., Ferbec

Rust Converters

Frank W. Dunne Co., OverRust
Hi Line Paint MFG. Eo., Inc., ACT-ON

A.W.Chesterton Co., Chesterton Rust Transformer

ICI Americas Inc., Rust Conversion Coating Rased on
Haloflex 202 Latex

Appfied Coatings Technology, INC., Corroseal

Pickering Winery Supply, PSM _Rust Converter RE-84

Internatiaonal Firg—Protection Services, Inc., Steel
Bond Coating

Surface—~Tolerant Latex Paints

www . fastio.com

A-Z-Tech Finishes Industrial Coatings, A-600~72-2 Red
Oxide Primer

Burke’'s Faint Co., Inc., Enviroprime-744

The Cortec Cnrporatinn, Cortec VEI-376 Water Shield

Burke's Paint Co., Inc., Superlife 31&MD

Burke’'s Paint Co., Inc., Superlife 314

Burke’'s Paint Co., Inmc., Primecpoalt 747

A—-Z-Tech Finishes Industrial Coatings, &—5600-71-12 Red

Oxide Primer
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‘Rohm and Haas Co., Maincote HG—54 hased primer # XP-S54-2

Rohm and Haas Co., MV-23 bases primesr- & P-23-21A

American Chemical Corp., DPynaband-System 1

Rohm and Haas Ca., Cementitious Primer # FL-3671-2

Rohm and Haas Co., Cementiticous Primer # FL-3&39-7

Nonhardening Waxy Coatings

Cortek, Inc., M—5632 Anti Corrosign Compound

Witco Chemical Corporation, RP-78 High Solids Eorrosion
Preventive Concentrate

Witco Chemical Corporation, RP—93 High Solids Corrosion
Preventive Concentrate

Epoxy Mastics

Internaticnal Paint Co., Inc., Interplus 770

Porter Paint Co., Magna—Mastic Maintenance Primer

Koppers Caompany, Inc., Koppers Aluminum Epoxy Mastic

Devoe Prufcoat Co., Chemfast 547 Epoxy High Build Coating

PDevoe Prufcoat Co., Pre—Prime Rust Penetrating Sesaler

Carboline Co., Carbaomastic 15

Urethane Type Ubatings

wwiw . fastio.com

Mega-Chem of California, Defender Anti-Braffitti Coating

Mobay Chemical Corporation, High Build Aluminum Tinted
Urethane Primers NB #°'s 370902 and I70%03

Maobay Chemical Corporation, High Build Aluminum Topcoat
NE # 370904

Mobay Chemical Corporation, International Orange &50/N
Topcoat NE # 3I4804%
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Pure=Cote Corporation, Metallogal PUR-PR Red Oxide
Moistuwre~Curad Polvurethane Primer/Finish

Pure~Cote Corporation, Metallogal PUR-Contact Moisture-—
Cured Folvurethane Intermediate Coating

Fure—Cote Corporation, Metallogal FUR-Cover Moisture—
Curaed Polyurethane Topcoat

FPure-Cote Corporation, Metallogal PUR-Zing ME II1 Zine
Rich Maisture-—Cured FPolvurethane Primer/Topcoat

Carkpline Company, Carhomastic D242

Solvent—-Borne, Air—Dirying Paints

- www fastio.com

PPE Industries, Ine., Interior/Exterior Rust Inhibitive
Steel Primer 7-208 Red
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