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ABSTRACT

When this study was initiated a list of 78 commercially
avalianle phosphate coatings was compiled. After investiga-
tion ¢of the make-up and and factors of application invoived
in these products, it was discovered that only 41 had enough
distinct differences to warrant their use in these compara-
tive testis.

Fifty different sets of prepared specimens were used in
this study. Forty-one commercial phosphating products, 3
commercial washprimers and 4 phosphating process solutions
in use at the Rock Island Arsenal were used. Also included
was a diluted commercial phosphoric acid rust remover and
metal conditioner and one contro! set comprised only of
cleaned steel.

All phosphated paneis were processed in accurdance with
directions supplied by the manufacturer. Six panels from
each of the 50 sets of panels prepared were coated with one
0f the 9 different systems of organic coatings. The pre-
pared panels were scored and mounted on cutdoor expcsure
racks. This report covers the results of 8 years of South
(at 45 degrees) exposure at Rock Island Arsenall A previous
R.I.A. Report No. 54-2753, dated 24 August 1954"covers de-
tails of preparation ot the phosphate coated panels
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RECOMMENDAT IONS

Results obtained after 8 years exposure at Rock Island
Arsenal establish the absolute superiurity of zinc phosphate
coatings over iron or manganese phosphate coatings.

Wash primers were found to be supericr *~ bhoth the iron
ALl capngacese rhnas-hate coatinea as substrata for paint
application. It is recommended that wnere maximum paiat
durability and freedom from rusting is desired, zinc phosphate
coatings should be applied. Where structures are of such a
nature that application of these coatings is impossible, the
use of the wash primers is recommended. Results of these
tests indicate that iron phosphates should be used only 1in
circumstances where properties other than long term protec-
tion under paint is required.
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EVALUATION OF PHOSPHATE FINISHES ON STEEL AS UNDERCOATS
FOR ARMY PAINT SYSTEMS

OBJECT

Ts make a comparative study of varicus commercial
ph:osphate coa*irgs °n steel as underc-a*s for Army paint
systems. To evalua“e ‘hese coatirgs as undercoats for
varicus paints and paint systems in octdcor exposure. To
grade zinc, Ircn and manganese phosphate coatings in regard
to ccrrecsion resistance. when used under “hese organic ccatirgs.

INTRODUCTION

When Gevernmert specificaticn requiremen®ts included the
application ¢f phcsphate coatings as pretreatments prior to
painting, a number >f phosphate ccating materials manufacturers
complained that the requirements -mposed were tzo stringent.
Close scrutiny of the phosphate coatings was engendered
during World War Il grrimarlly by the severe atmospheric con-
ditions enccun*ered in the Scuth Pacific Theater of the war.
I+ was, *heref:re, necessary *c¢ prcvide Army materiel with
the best possible prztective coatings. This resulied in the
application cf the phosphate coatings as paint bases and the
initiaticn of the U.S. Army SpecificatZon 57-0--2¢,'"Finishes,
Protective, for Ircn and Steel Parts ' dated 11 December 1943.
Paint bonding cca*tlrgs were covered in this specifica®icn
under Type II, Class C. This specification, as amended
16 January 1945, spec:ified that '"Articles finished with a
Type 1I, Class C cca*ing shall have a minimum ccazing weight

of 150 mgs. per square f~:-t,

This specifica*icn requirement was subsequently included
in the jo’nt Arny-Navy Specificat:ion Jan-C-490; dated 21 Aug-
ust 1947, '"Cleaning ard Preparation cof Ferrous Metal Surfaces
for Organic Coatings. This specsfication was superseded
by :he Military Specification KIL-C-420, dated 7 May 1954,
"Cleaning and Preparaticrc of Ferr~us and Zinc Coated Surfaces
for Organic Protective Cecatings.’ In this specification {p.
3, Sezticn 3.11) it was stated that "+he minimum coating weight
shall be 150 mg. per square fcot fcor spray processes and
300 mgs per square fcot frr dip prccesses.”" These require-
ments were considered mucl ¢nc ligh by soxe manufacturers of
the so-called iron phcsphate ccating prccesses. They con-
tended “hat 40 mgs per square foc* was a sufficient require-
ment for a Type II, Class C phosprate coating. They claimed products
that they had develcped converted the surface layer cf steel
into a fine crys*allipe uniform film cf insoluble Zron
phosphate, and tha*t thesc films produced a ncenconducting bond
between the me:tal and .he topcoa*t ~f enamel or lacqner arnd
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were sufficient in that rcle. Samples were requested fron
manufacturers who had participated in these discussions.
Outdoor expcsure and salt spray tests failed to substantiate
some of the claims for iron phosphate coatings. Many of

the coatings could not meet the requirements as to proper
weight and salt spray resistance. Regardless of the interim
progress repcrts of these tes*s, the succeeding Specification,
TT-C-490, dated 30 March 1961, included the reduced require-
ment for the Type Il coating (iron phosphate). The 40 mg/sq
f+ minimux requirement prevails for both the spraying or
dipping prccess.

In the epsu.ng %ests >t was found that scdium dihydrogen

phosphate cr ammonium dihydrogen phosphate plus a wetting
agent were the principal ingredients of these products.

The result of these preliminary tests of iron phosphate
coatings was a decision to evaluate all the known iron, zinc
and mangapese phosphating products on the market. After
considering the descriptive literature of 78 allegedly differ-
ent commercial products, it was decided, in order to avoid
apparer.:s duplication of the formulations, tc include only 41
of these prcducts. For comparisca purposes, panels traated
with 3 wash primers, 4 peodiecen phosphating solutions at
Rock Island Arsenmal, a dilute phosphoric acid metal treat-
ment and an uncca‘ed set of steel panels were included in
the tests (Chart 1. This brought the to>tal to 50 sets.

PROCEDURE

In order t-~ evalaate accurately the commercial phosphate
ccating products used as prepeint treatmen?s, standard pro-
cedures had to be established and strictly adhered toc.
Failure to cons:der any one of the procedure details of the
submitted samples cculd nullify the results and, therefore,
produce pcor evaluation of the ccatings under test.

Samples and their accompanying literature were received
from the manufacturers. The test pieces were 4" x 12" x
1/16" PS 1020 cold rolled steel panels. All panels were pre-
pared from one lot c¢f s‘eel. The sets of panels were
alphabetically marked and numbered within each set.

There were many anc varied preliminary treatments re-
commended prior to phosphating. The prephosphating treat-
ments condidered were acid-cleaning, alkali cleaning,
emulsifiable solvent, emulsiorn alkali, vapor degreasing,
solvent spray and wiping, silica sandblasting, steel grit
blasting and electroderusting. It was necessary to decide
which of these methods would be most satisfactory for all
phosphating procedures recommended by the respective manu-
facturers. Tests have shown that trichloroethylene vapor
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degreasing fcllowed by the electrolytic alkaline derusting
process produces a surface free of oil and rust., This two
step procedure of prephosphating treatment was chosen.

The trichlorcethylene vapcr degreasing method was
selected because of :tis simplici‘y and the thorougkness
with which it remcves oils and grease from different shaped
articles. The solvent used was purchased under Federal
Specificaticn 0-T-634, "Trochlorcethylene, Technical Grade,
Type I1I," dated 8 Octcber 1945,

To insure exact and reprcducible prephosphating surfaces
the electrolytic alkaline derus:ing process was used. This
process not conly provides a final removal of any residual
oils and soills, but also removes undetectable rust spots,
scale and discolorations. This insures an absolutely clean
steel surface. In order tc accomplish this end, the panels
were subjected to ten seccnd cathodic and five second anodic
current reversal cycles in the electroderusting solution for
a periocd of 20 minutes. Careful attention was given to the
removal of the panels from the solution near the end of the
five seccnd anodic cycle. This technigque eliminated any
possibility of withdrawing the panels with electrodeposited
metal contaminants which may have deposited during the
cathodic cycle. The current density used was 60 amp/sq ft.
The electroderusting solution consisted of 3 pounds of the
tolaoving mixtiure per gallon of solution and was used at
1307F.:

25% tetra sodium salt of ethviene diamine tetra acetic
acid.

25% sodium cyanide,

5C0% sodium hydroxide.

Model 50-P-75G spray phcsphating cabinet (Figure 1),
manufactured by the Pioneer Pump & Manufacturing Comparny
of Detroit, Michigan,K was used for those coatings which were
to be applied by spray. This cabinet was equipped with
thermostatic controis. In the ins*arces where hand spraying
was indicated a Model 19 spray gun, which was manufactured
by the Binks Manufecturing Ccmpany of Chicago, Iliinois, was
used.

Special steel tanks with 15 gallcn capacities were used
for the immersion phosphatizing processes. These tan:ks were
equipped with thermostatically contrclled steam coils for
temperature control.

Panels were racked vertically in the specially designed
holder (Figure 1). Once the panels were racked, -hey remained

3 63-3893
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Figure 1

SPRAY PHOSPHATING CABINET

RIA Neg. No. 4389



se during the € tire processing in the vapcr degreaser,
alkaiine electroderusiing solution, the phcsphating spray
cabiret or the steel tank for immersicn phospbating. The
use of these racks excluded any further handling of the
individual panels.

Tabie T shiws the var:ious products which were uased 1in
this prcgect. In this table are listed the product or
process {(in <cde. <ype <f pheosphate coating, methcd of
applicatica ana reccmmended conditions for proper cperation.
In the cclumn ¢f pointage. the nuwber ipdicates the wv<olune
¢t 0.1 N scdiur hvdroxide in millimsters, required tc
neutralice 1¢ =]l 2f the s-1u+ion using phensphthaleéin zs the
tndicater. This end point is zonsidered ‘he toiml acidity of
the phosph&ating scluticn,

After each phesphating treatmen was agplied, the
treated pauels were painted using the paint systems shown
‘n Table IV, 1In order to eliminate variability cf the dry
pairt film thickness, a semi-automatic paint spraying
appa~atus was des.gned by the author. (Figure 2]

During applicaticn cf the paint, *the panel held by mag-
nets tc the conveycer, travelled perpendicularly to the spray
gun 2ffusion at a distance determined by the rste of speed
oI the converor and the fan of the spray. The line pressure
and orifice opening and the viscosity of the coating
material were ccnivclied tc provide the designed dry film
thickness. As the panel approcached *he viciniy of the
spray gun, the cperator pgressed tbhe *rigger and held It
until the parel paussed beycnd *he spray pat‘ern ¢f the gun.
The pattern of the fan ¢f the »aint spray was regulated in
order tc¢ ccver the en~ire width «f the panel with an even
distributicn cf paint. After all adjus‘ments were regulated
to give a dry film thickness within 2 *“cleraace of 0.05 mil,
all the panels ¢f cne group were coated., A General Electric
Thickness Gage. Type DO-41 was ised :n the thickness measure-
men's.

It 1s impissible <7 re.sure accurately the thickness ot
2 phcsphate Jzating dve .0 the crystallinity ard sof<ness c¢f
the coating. It was, therefore, ‘uperative that a definitely
kncwn amoun* of paiun*® he applied ¢n these phaspbated surfaces.,
In order .c accomplish 'his end, it was neécessary to prepare
trial pane' s ir the paint spraying cperation. Tc deo this,
clean bare steel panels cf the same cheet steel stock were
coated, baked and thickness measurements made., Frcocm these
known results *the necessary adjustments were made, sucih as
distance ~f the gun frcm the panel; the line pressure,
nozzle pressure and open.ng and viscesity of the ccating
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TABLE .

PRODUCTS AND PROCESSES OF PHOSPHATE C(

Type of
Phosphate
Code Coating
U Iron
D Iron
AE Iron
AQ Zinc-Iron
K Iron
H Iron
G Iron
AB Zinc-Iron
E iron
AD Zinc
L] Iron
AK iron
N Wash Primer
AM Manganese
F Iron
A Iron
B Iron
AP Manganese
w Zinc
R Iron
aG Zinc
BB Manganese
AS Zionc-Iron
AU Iron

Method Materia.
of

Application State

Spray Powder
Spray Powder
Spray Powder
Immexrsion Liquid
Spray Powder
Spray Powder
Spgray Powder
Immersion Powder
Spray Liquid
Immersion Liquids
Spray Powder
Spray Powder
Hand Gun Spray Liquid
Immersion Liquid
Spray Powder
Spray Powder
Spray Powder
Immersion Liquid
Immersion Liquid
Spray Liquid
Immersion Liquid
Immersion Powder
Immersion Powder

Hand Gun Spray Liquid



P 1
COATINGS USED FOR COMPARATIVE STUDY

Phosphating Bath

fals Required Conditions
Make-up Point-~ Temper- Tinme
Lbs/100 Gals _age ature F, Min.
r 12.5 - 170 1-1/2
r 12.5 - 160 3
r 12.5 - 180 2
d 46 28 200 25
r 12.5 - 170 2
r 20 - 170 2
r 12.5 - 190 1
r 20 - 200 3
d 24 - 160 3
39.6
ds 14.2 27 200 5
r 25 - 160 3
r 12.5 55 170 1-1/2
d As Rec. - Roon -
d 35 24 205 15
r 9 - 170 1
r 12.5 - 165 1
r 12.5 - 165 1
d 115 60 200 20
d 25 - 190 5
37.50
d 8.28 - 180
d 179.2 25 205 20
r 27.3 30 200 45
T 38 - 200 10
d As Rec. - Room -
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Type of
Phosphate

Code Coating

1

J Zinc
AC Zinc-1Iron
AF Zinc-Iron
o Iron
op Wash

X Zinc

L Iron

T Zinc-Iron
) § Iron
AT Iron
Al Iron-Zinc
AV Iron
AH Ircn
AN Zinc
Q Wash Primer
S Iron
Y Zinc- Iron
V. Zinc- Ircon
AR Iron
AJ Zinc
AL Zinc

YA Zinc
AO Zinc

C Manganese
AA Zinc

Me thod
of

Application

Spray
Immersion
Immersion
Spray
Hand Gun
Immersion
Spray
Spray
Spray
Spray
Immersion

Hand Gun Spray

Spray
Immersicn

Hand Gun Spray
Hand Gun Spray

Spray
Spray
Spray
Immersion
Immersica
Immersion
Immersion
Immarsion
Immersion

L S

vrror

(adl " Hanll ol o



E I (Continued)

Phosphating Bath

laterials Required Conditions
Make~up Polnt- Temper - Time
itate Lbs/100 Gals age ature F. din.
‘owder 35 24 160 2
owder 33 20 160 5
owder 50 20 200 5
Yowder 45 10 165 1
.dquid As Rec. - Room 1
dquid 174 - 200 5
dowder 13.5 - 190 1-1/2
Jowder 54 - 160 5
Jowder 12.5 - 170 2
owder 9 - 160 2
Liquid 17.2 15 130 S
uiquid As Rec. - - -
Pcwder 30 30 160 2
Powder 50 22 190 S
Liquid As Rec. - Room -
Liquid As Rec. - Room -
iquid 19 20 130 1
Liquid 18 25 180 2
Liquid 247 .5 10 190 2
Powder 35 25 180 20
Liqui 18 25 200 20
Liquid 39.6 - 140 2
Liquid 30 25 Room 30
Powder 27.3 30 195 45

Liquid 36 30 200 30




System

1

No.

TABLE

PAINT COATINGS AND SYSTEMS USED IN

Panel No.

1-6

13-18

25-30

37-42

49-54

61-66

73-78

Coating
(1st Coat)
MIL-E-10687
MIL-L-11195
MIL-P-11414
MIL~-P-11414
NIL-P-11414
TT-P-636
TT-P-636

TT-P-636

TT-E-485b



E 11

N COMPARATIVE PHOSPHATE COATINGS TESTS

Dry Film Coating Dry Film
Thickness (2nd Coat) Thickness
1 mil £ 0.1 None
1 mil * 0.1 None

0.7 mil + 0.1 + MIL-E-10687 1 mil £ 0.1

" + MIL-L-10182 "

" + MIL-L-11195 "

.1 + MIL-E-11237 "

-
(=

1 mil

" + UdA-3-174 "

" + TT-E-489 "

None




EQUIPMENT USED IN THE SPRAY PAINTING
OF THE VARIOUS ARNY PAINTS

RIA Neg. ">. 7014
Figure 2 9 63-3894




material. Using this technique, the thickness of the dry
film could be obtained to within plus or minus 0.05 mils.

For each set of panels, it was necessary to make dif-
ferent adjustments, since the viscosity sad composition of
the different paints varied. The variation in viscosity was
due to the difference in the paint material as received from
the manufacturers. Tests showed that tne tolerances 1in the
pigment-vehicle ratio could vary the dry-film thickness of
different paints, which produced the same viscosity readings.
Also, the broad tolerance limit allowed in spraying viscosity
is, in a No. 4 Pord Cup, 17-25 seconds in most enamel speci-
fications. This alone is a variable, which must be considered,
when setting up the adjustments listed above in the operation
of the semi-automatic paint spraying equipment.

It was discovered that the General Electric thickness
gage used in this test was pnot accurate and reproducible in
the 0.0 to 1.0 mil range. To cvercome this deficiency,
tests by this author proved tha. by using a 1.0 mil non-
magnetic shim and setting the indicator at 1.0 mil on the
scale the readings were accurate and reproducible. This
adjustment was made as follows: a 1.0 mil nonmagnetic shim
was used on a similar bare steel panel under the electrode
and theneedle set at 1.0 mils. When the electrode and shim
wore transferred to a steel panel, which had been sprayed
with one of the organic coatings, the reading was noted. The
differencc between this reading and 1.0 mil was the actual
film thickness of the applied coating.

After the phosphating products and the various paints
and paint systems had been applied, the ranels were allowed
to air-dry for 72 to 96 hours. The paneis were then edged
with an aluminum pigmented tung oil wodified phenolic resin
varnish to minimize edge corrosion. The panels were then
scored with a sharp scribing tool which cut a line parallel
to the left side, one inch from the edge and running to
points 2 inches foom the top and 1-1/2 inches from thne
bottom. This score line was cut through the paint and
phosphate coat into the basis metal. Six panels from each
of the 9 paint systems were placed in specially constructed
racks for outdoor exposure (Figures 3, 4 and 5).

In order to give a clear plosure of the progress of the
outdoor exposure for each of the samples submitted for test,
charts were made. A chronological account is presented for
all samples. Charts I through XII show the re,ults of ob-
servations beginning at 1 year and each 6 months thereafter
until 8 years had elapsed.

For ovne year the panels were held in position by woodsa

crossbars. This was revised, using procelain insulators as
shown in Figures 4 and §.

10 63-3893

I,



VAYY FHASOdXI ¥004dlno

y3u0C
63-3893

No.

Neg.

RIA

3

»
.

Filpure



\

-
-

BTN
\

\
\

. v . .‘ . N . . “
e R L L e S

-,
i .
« £
." f .

.:‘

Fipurce i

A s 4

T

EXPOSURE

T2
4

TYPICAL RACK AND PANEL:S FOR OUTDOOR

©3-3893




Figure 5

CLOSE-UP OF EXPOSURE RACK SET-UP
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COMPARATIVE TESTS ON PHOSPHATE COATINGS
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DISCUSSION AND RESULTS

It is virtually impossible to measure accurately the
thicknese of a phosphate coating. Reasonable accuracy is
obtained, however, when measuring a fine and tightly built
phosphate coating. Even in this instance, however, measure-
mnents vary over a given surface. Crystalline coatings
present a poor surface upon which to use any contact type of
film thickness gage, because the friable crystals break down
under the applied pressure. This gives a low false reading.
If one were to measure a paint film over a phosphate coating,
one would obtain a composite reading equal to the combined
paint film thickness and the mean thicknesis of the phosphate
coating. Some readings would be taken directly above the
apices of the phosphate crystals under the paint. The
heavier and thicker the phosphate coating, the greater would
be the potential error of measurement.

In order to avoid any possibility of error and to
exactly reproduce the applied paint film, it was imparative
to design and build a paint application mechanism for this
project, Figure 2. Using this equipment, the paint film
thickness can be controlled to within a * 0.05 mils toler-
ance. Also, in order to obtain this paint film thickness
accuracy, clean steel (unphosphatized) panels were sprayed
with the specific coating material, baked and thickness meas-
urements taken. When all the adjustments were corrected and
the proper paint film thickness was attained, 12, 24 or
even 36 panels could be sprayed. Without exception there
WA&S no measureable vardation in the film thickness of the
paint from the first panel to the last panel in such series.

As mentioned in the introduction, the phosphate coating
weight and thickness are important. The most ideal coatings
are those which have a moderate thickness and are composed of
very fine crystals, tightly packed. Rock Island Arsenal
Laboratory Report No. 57-383, '"The Influence of Grit-Blasting
on the Rate of Coating FoYQ,tion in Room Temperature

Phosphatizing Sclutions,"” shows that '"phosphate crystals
of great size impart a high coating weight, but a poor pro-

tective coatdng."”

Specification TT-C-490 requires that zinc compounds
shall be used in the Type I solution formulations. Forty
ngs/sq ft after proper immersion time, implies that the
content of the coating is iron phosphate only. Conventional
iron phosphate coatings cannot easily surpass the 40 mgs/sq
ft amount and they impart only moderate protection in out-
door exposure. It has been found that the iron phosphate

prepaint treatments are weak against creeping and filiform comosion

and re, therefore, undesirable. (Charts I thru XII).
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There are two consideratizns to keep in mind when evalu-
aving progress in this expcsure test, namely, the appearance
of rust spcts ¢cn the panel surface and the widening of the
scored line (Figure 6 panels B and C respectively.) When
two cr more panels in a group ¢f 6 panels shcws 5 or more rust
spcte, however minu‘e, the grcup is consldered as having
failed. Likewise when a sccred line shows rust creepage to
or beyond 1/8 of an inch on either side of the original sccre,
the group c¢f which this panel is a member 1is considered as
having failed.

The first inspection was made 3 mcnths after the initial
exposure. At *that inspectinn ‘here was nc apparen: breakdcwn,
(Figure 5.

During *he second 3 month period, rust appeared for the
first time. This rust appeared on group 13-18 in Set T.

By the end -f the first ycar of exposure scwe discolora-
+ion had develcped ¢’ ng “he s:zored iines. This cordition
was mrst pronounced Jr panel grcups numbered 1 threugh 6 and
13 thrcugh 18 whi:h were ccated with cnly cne coat 3f luster-
less pain* {Chart 1 . Trere was nc evidence 3f blistering on
any panel.

The por:sity of the organic finishes (lusterless)
used in the 1-6 and 13-18 groups is nc* conducive to good
ccrrosion resistance. Neitker dc phosphate coatings afford
a great deal of protection by <hemseives. If a thirc phos-
phate ~ca*ing ras a gocd semr-glcss crganic top coatling, the
prctection will be mu<h grea~er than when a listerless
crganic ccating is ueed.

One-ccat systers cf MIL-E-10687 Enamel, Lusterless,
Quick-Dryfng tfor Amm.niticr), dated 4 Feb. 1953, (Grcup 1-6)
ard MIL-L-11195A;, lacquer, L.usterless, Hc* Spray, dated
5 Jan. 1953 (Group 13-18,; (Table 11’ were used ‘r these <ests.
One can better compare resuvlts wher using a single, porcus
crgan.c ctating *han wher vsiog a 2-c>a*t sys'em as the
specifica‘’cn usvally requires. The use <f a pocr organic
coating makes it simpler %o evaluate the prart that phosphate
coatings play in c:rrosion resistauce. Figure 6 is a photo-
graphic closeup cf 4 different <ypes of devel-pments in these
tests after 5 years of outdror expesure, Panel A i1s typical
of a test panel with a gocd phcsphate base ccating with a
gocd paint system. Parwl B shows a typical panel which Lad
& pccr phosphate base with a pcor paini coating. Rust has
formed over the whole surface. Panel C is typical of a steel
panel which had been treated with a pocr phosphate coating,
but was finished with a g>od pain®t system. There was no
rust on “he surface, but rus¢ creepige under the paint coat
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from the scored 1line due to the inability of the phosphate
coating to help the exprosed steel resist rust, Panel D is
typical of a test panel which had a good phosphate treat-
ment and a poor paint top-coat. The panel surface and
scored line appear in gcod condition duve to the good phos-
phate coating under a pocr paint coating.

The results of these tests demonstrate the superiority
of zinc phosphate over iron phosphate coatings. By the use
of various paints and paint systems it is possible to detect
more easily the loss ¢f protection and the degree cf resist-
ance depending cn the ccmpanion crganic coating. The fact
that in some sets, cer*ain grcups falled quite ear.y 1in this
expos ire and c*her grcups in the same sets with another
paint system are still intact after several years cf ex-
posure, demonstrates that there is scme definite relation-
ship between types cof phosphate ccatings and paint formula-
tions.

Where the best rain* systems (Grcups 61-66, 73-78 and
85-90) were used, cnly 13 (8.7%) grcups out cf 150 had
failed after 5 years cf exposure and 23 (15.3%, out of 150
after 8 years. This can be ccmpared tc results obtained
where the weaker raint systems (Groups 25-30, 37-42 and
49-54) were used. A *he end of 5 years and 8 years the
total failures were 61 (40.7%) and 109 (72.7%) respectively,
cut of a possible 150. This resistance must be credited to
the paint system. Where the crganic cca*ings are inferior,
the burden of protection i1s shared earlier by the phosphate
coating.

Tible 111 shows the paints and paint systems and how
many sets out cf the 50 sets have failed under the specific
coatings by the end cf the S5th and 8*h year of exposure

The 4 prepain® “rea'men's are shown 1n Table 1V and Fig-
ure 7, which indica*es *he progress cf each of the treat-
ments over the 8 year span of *he ‘est. At the end cf the 8
year period. 7 of the 20 zinc phospha‘te treatments are still
intact. Of the 22 iron phospha*te *rea‘ments all have failed.
Of the 4 manganese phosphate trea‘ments all have failed.

Cf ine 3 wash primers 1 s s*1ll 1in®act.

All cf the ‘est specimens resisted the outdoor ex-
posure for the firs* 3 mcnths. There was one failure during
the second 3 months. and a total cf 4 failures at the end
of 9 months c¢f outdoor exposure. These 4 failures included
2 zinc and 2 mavganese phosphating prcduc? treatments. By
tae end of the first vear, 5 zinc 10 ircn and 3 manganese
based phosphating ;roducts had failed. The wash primer
treated set*s were still intact, Chart I.
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TABLI

5 AND 8 YEAR BOX S¢

No. of Sets Failed

€68E-€9

MIL-L-11195)

Panel Materials Out of 50
No. Specification 5 Years 8 Years
1-6  MIL-E-10687 .37 42
13-18 MIL-L-11195 . 37 43
!
25-30 MIL-L-11414) ,
MIL-E-10687) 23 37
o  37-4¢ MIL-L-11414) |
S MIL-L-10182) 17 37
49-54 MIL-L-11414) 21 35




LE IIl

SCORE OF PAINT SYSTENS

d No. of Sets Failed
Panel Materials Out of 50
No. Specification § Years 8 Years
61-66  TT-P-636 ) ¢ g

MIL-E-11237)

] 73-78  TT-P-636 ) 3 10
USA 3-174)

85-90 TT-P-636) 4 5
TT-E-489)

TT-E-485b




1t

£68E-E9

Number of Failures by Type cf

Matal Treatment

PREPA INT TREATMENT
CHROROLOGY OF CASUALTIES T

YEAR Zn Fe W W UT 1777
T ST ST : = R =
1 S 10 3 0 0 17 2
2 6 16 4 0 1 27 10
3 8 18 4 1 1 31 30
4 10 22 4 1 1 37 35
S 10 22 4 1 1 37 37
6 10 22 4 1 1 38 37
7 10 22 4 1 1 39 40
8 13 22 4 2 1 42 43
Type of Treatment No. «
Zn = Zinc Phosphate trea-ad y
Fe = Iron Phosphate treated :
Mn = Manganese Phosphate treated
WP = Wash Primer
¥UT = No treatment
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At the end cf - ne year and 3 mcn*hs_ all fcur <f the
manganese phcsphated se’s had failed. The iron phcsphated
sets began to suctumb %2 the elements during the 4th
quarter cf the first year and ccntinued to fail at a very
rapid rate. Cf ‘he 22 3iron phnsphated sets there were
11 failures by <he end =f 1-1/2 vears. Five additional
failures developed durivg the next half year. Two mcre
failures cccurred dur’ng the next six menths. A% the end of
three years t‘here were 18 failures cu’ of the 22 criginal
sets, Thkree mcre failures occurred during the fcllowing
6 mconths. It was during *he “‘Lree year 9 mcn*h inspection
that the remaining ir2n phcsphated sampleswere reccrded as
failvres.

Of the 3 wasl primers cnly cne fa.lure had cacurred
just pricr to the 2-1/2 year inspeciicn, The papels ccated
with the twc remaining wash primers were still intact after
7 years c¢f ortdz.r exposure. It was duriag the 8th year of
exposure that *he seccnd set «f panels with a wash primer
began %o show signs »f fa.lire.

One group -f a se. -f 2:n¢ phcosphated panels had failed
by the end cf the firs: s&ix mcn*hs. A< the end cof nine months
exposure. the sec>nd grcup of zinc phospha‘ted panels had
developed rust, After 1 vear ¢f exposure five z:nc phosghated
sets had failed. As can be seen by Char-e I *through XII,
there were n< furiher changes in the zir< phosphated sets
until after !}-1,/2 vears ~f cu*door exp=sire. By the end of
2 years six had failed, 2-1/2 vears e.ght had failed, 3 years
eight had failed and 3-1/2 years there wer-e ‘ep failures.

This number rema’ned nchanged thrsugh the 5%h complete vear.
Therefcre,. by the enc of 5 years of expesire, exacitly 50% of
the zinc phosphate ‘reated se*s were completely inzilact
against rustipng,; blistering and peeliing. This situation re-
mained static through “re 7th vear. Duriung the 8th year
three more sets failed, leaving seven sets still intact
thrcugh 8 compiete vears of exposure.,

The fact <hat all 22 ¢f the ircn phosphated sets failed
bty the end of *hree years and nine mcp~hs and the manganese
phesphated sets at the end of one year and three mcnths
confirms the superiority of the z:nc phcsphate cuating as a
protec~icn per se, and as a pretreatment %o painting.

Since the aubicve data 18 derived from the cbservatiions of
failure of any one grour c¢f panels, it shculd be pointed out
that as samples were fa.iling within groups, after an initial
failure, other groups within the same set were beginning to
show weakness. It wculd require innumerable charts and
tables tc indicate this chrcnelegically for each grcup and/or
type of paint. These da*a can be found in Charts I through
XII and Figure 7.
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Comparative evaluations definitely should be made on
the basis of surface rust resistance in the first two single
organic coatings finishes. These two coatings should be
considered as standard because of their poor protecticn
properties and would be first to be expected to fail. The
phosphate coatings beneath these paint coatings can be
evaluated accurately, since the organic coating slows down
the corrosion and makes detection more cbvious. However,

a similar observation can be made on the other paint systems
coatings No. 3 through No. 9. There were 2 paint primers used
in these tests. One was a lacquer-formulated primer pur-
chased under the Federal Specification MIL-L-11414, "Primer,
Lacquer, Rust Inhibiting," dated 2 December 1952, and the
other an enamel primer purchased under the Federal Specifi-
cation TT-P-636b, 'Primer Coating, Synthetic, Wood and
Ferrous Metal," dated 23 February 1954. As can be seen in
Charts I through XII, the paint systems where the lacquer
primer 1s used are inferior to the enamel primer systiems.
Even the one coat system, using the material purchased under
the Federal Specification TT-E-~485b, "Enamel, Semi-Gloss,
Rust-Inhibiting," (Coating No. 9) proved to be superior to
the lacquer primer systems (Coatings No. 3, 4 and 5). See
Table 1V.

A composite check on the above mentioned paint systems
(Groups 1-9) can readily be made by a glance at Table V.,

TABLE V
FAILURE ACCORDING TO GROUPS

Coating No. 1 and 2 —eccmmmcmrcccrcrceeeee 38 failures
Coating Nos. 3, 4 and S5---ccrcnmccccccccaa- 28 failures
Coating Nos. 6, 7 and 8----cmcmccccaccco - 6 failures
Coating NO, 9 12 failures

As far as determining whether a specific paint or paint
system 1is more complimentory to a zinc, iron or manganese
phosphate undercoat, these tests show that there are no dis-
cernible patterns. In this instance it can be seen that the
enamel formulations and systems (Coatings 6, 7, 8 and 9) are
longer lasting over phosphate coatings, than systems which
contain lacquer formulations (Coatings 3, 4 and §5). It
should be noted that Coating No. 9 is superior to Coatings
No. 1 and No. 2. This undoubtedly is due, mainly, to the
difference in the continuity of a semi-gloss coating and
lusterless coatings. A semi-gloss paint film is much less
porous than a lusterless paint 2ilm. Also, the No. 9 coat-~
ing is formulated with rust inhibiting pigments.
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It should be noted at this point that in coatings Nos.
3, 4 and 5 in Table II, all were coated with the lacquer primer
(MIL-L-11414), but No. 4 was top-coated with a gloss lacquer,
There were only 21 failures out of 50 sets in No. 4, while
No. 3 and No. 5 had 33 and 32 respectively at the end of 7
years, The latter two coatings had paint systems containing
only lusterless coatings.

Although these tests were not initiated to determine the
durability of organic coatings, nevertheless, it has been
shown that various paint systems can team up with various
phosphate coatings to enhance their overall resistance to
weather.

Elsewhere in this report, it has been stated that in 10
instances out of 20, where zinc phosphate was used as the
prepaint treatment, no i1l effects have been noted on the
test samples after 5 years of exposure and 7 still remain in
excellent condition at the end of 8 years of exposure. The
22 samples of iron phosplrate have all failed, the 4 samples
of manganese phosphate falled early in the test, and 2 of 3
samples with wash primer (preprimer treatment) failed only
after the exposure time approached the 8 year mark.
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