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r I. INTRODUCTION. i

A. BACKGROUND. This report describes an evaluation of the wear and

3 corrosion resistance of four polymeric coatinzs subjected to conditions
simulating those experienced in catapult accumulators used on Navy air-
craft carriers. This work is a consequence of an earlier, two-phase
program described in NAEC-ENG-7884 Evaluation of Coatings for Air/
Flyid Accumulators. In that program, involvirg both metallic and poly-
meric coatings, Nylon 1l coating failures were attributed to improper sab-
strate preparation. In order to verify that conclusion, this program was
undertaken using both Nylon 11 and three other polymeric coatings over
carefully prepared substrates.

B. EVALUATION PLAN. The wear and corrosion resistance of four poly-
meric coatingswere evaluated on the basis of long-term (6 month) tests.
Both wear and immersion specimens were exposed to MIL-H-22072 Hydrau-
lic Fluid which was heated to 160°F eight hours per day, five days per week
for six months. The wear (ring)specimens were also subjected to recipro-
cating sliding motion against brass block specimens under an eight-1b load.
Evaluation criteria were coating wear life expressed as hours of sliding or
sliding distance and corrosion resistance based on microscopic examina-
tions of the immersion specimens.

C. PROGRAM PERFORMANCE DATA. This program was performed at
Southwest Research Institute under contract N68335-70-M-1629. The period
of performance was from Januaary 30, 1976 to February 28, 1977. The pro-
ject lead=r at SwWRI was R. D. Brown, Senior Engineer, Department of
Materials Sciences.
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r II. SUMMARY e

A. MATERIALS. Materials included Bronze Alloy No. 865; AISI 4130
steel; MIL-H-22072 Hydraulic Fluid, Catapult; and polymeric coatings
Nylon 11, Ryton P2, LNP-ETF-2001 and Urethane 3699. The coatings
were applied over a subcoatinz of flame-sprayed nickel-aluminide and MIL-

P-23377 Primer.
B. PROCEDURES. Two types of tests were periormed as follows:

1. Wear Test Procedures. Bronze block specimens were loaded
against rotating polymeric-coated steel rings partially immersed in MIL-
H-22072 fluid. Contact pressures, sliding speeds, and fluid temperatures
simulated those experienced in service. The ring specimens were rotated
eight hours each working day in a cyclic sequence: clockwise for 10 seconds,
three seconds at rest, counterclockwise for 10 seconds, and three seconds
at rest. The ring specimens were partially immersed in MIL-H-22072
Hydraulic Fluid which was heated <o 160°F during the 8-hr rotation period.
Wear test data included ring and block wear based on weight measurements
and coating integrity based on post-test visual examination.

2. Immersion Test Procedures. Polymeric-coated steel coupons were
immersed in MIL-H-22072 Hydraulic Fluid in the same two reservoirs in
which the wear tests were conducted. These specimens were visually
examined and weighed at one-month intervals daring the six-month test
daration. At the end of the test, the specimens were sectioned and examined
microscopically to determine coating integrity.

C. RESULTS. Principal wear results for the coatings were as follows: two
Nylon 11 specimens and one LNP-ETF-2001 specimen exhibited no failure after
six months of testing (1,226, 000 ft sliding distance). Specimens which failed
were LNP-ETF-2001 (390, 000 {t), Ryton P2 (1,160,000 and 390, 000 :t),

and Urethane 3699 {77,200 and 77,200 £t). In the immersion tests, all coat-
ings provided good corrosion protection of the AISI 4130 base material.

D. CONCLUSIONS. The best overall performance was exhibited by the Nylon
11 coating. The other coatings, ranked in order of decreasing effectiveness,

were LNP-ETF-2001, Ryton P2, and Urethane 3699.

E. RECOMMENDATIONS. The Nylon 11 coating is recommended as a
promising material for evaluation in full-size or small-scale accumulators.

Ll SRS o " LT
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r Vi. LONG-TERM WEAR AND IMMERSION —'

TESTS OF POLYMERIC COATINGS

A. INTRODUCTION. This program involved the evaluation of the wear
and corrosion resistance of four polymeric coatings subjected to conditions
similar to those encountered in air/fluid catapult accumulators on Navy
aircraft carriers.

1. Objective. The objective of this program was to evaluate the wear
and corrosion resistance of four polymeric coatings subjected to long-term
(6 month) exposure to MIL-H-22072 Hydraulic Fluid, Catapult at tempera-
tures, loads, and sliding velocities simulating those encountered in air/
fluid catapult accumulators.

2. Background. Considerable detail about the corrosion and wear
problems encountered in air/fluid accumulators used in aircraft launching
and arresting systems is presented in an earlier report, NAEC-ENG-7884.
On the basis of that work, two metallic coatings, Tribaloy 800 and Nedox,
were recommended as suitable for evaluation in smallesize or full-size
accumvlators. In additio~, further corrosior and wear evaluation of Nvlon 11
coatings was recommended, with particular aftention to coating applications
parameters. The work reported herein is a consequerce of the latter recom-
mendation, expanded to include three other promising polymeric coatings.

B. TEST MATERIALS AND SPECIMENS. Test materials, coatings, and

test fluid used in the evaluation tests, and the details of the wear and
immersion test specimens are described in this section.

1. Specimen Materials. Two specimen materials were used in this
program, as follows:

Material Application in

Material Accumulator Test Program
AISI 4130 Cylinders Substrate material
for coatings
Bronze alloy Retraction engine Wear blocks
(QQ-C-390 Type I, bearing

Alloy No. 865)

a. The AISI 4130 steel for the wear specimens was obtained as
1-3/4-in. diameter bar stock in the normalized condition; its composition
and properties, as stated in the mill test report, are as follows:

Composition: 0.32C, 0.53 Mn, 0.009 P,
0. 009S, 0.27Si, 1,02 Cr,
0.21 Ni, 0.22 Mo, 0.13 Cu
L il
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r Yield strength: 91,000 psi B
Tensile strength: 96,500 psi
Elongation: 16%
Reduction of area: 53%
Brinell hardness: 207

Ring wear specimens were fabricated from this material without further
heat treatment.

b. Steel Immersion Specimens., The steel corrosion specimens
were fabricated from normalized AISI 4130 sheet material, 1/8-in. thick.

c. Bronze Specimens. Bronze Alloy No. 865 was obtained as
1-in. x 2-in. x 13-in. cast bars from which wear blocks were machined.

2. Coatings. Four different coatings were evaluated in this program.
The coating types, compositions, and the orga:r-zations which applied the
coatings are given in Table I.

3. Fluid. Wear and immersion tests were performed in MIL-H-22072
Hydraulic Fluid, Catapult. The test fluid was obtained from hydraulic
fluid removed from in-service accumulators at time of overhaul. The as-
received viscosity was 44.7 cs (centistokes), measured at 100° F.

4. Wear Specimen Details. Wear specimen geometry and dimensions
are given in Figure 1. Hardness and initial surface roughness of the
block specimens were 56-66 Rp and 15-30 kin. CLA.

Coating thickness and initial weight data for the ring specimens are given
in Table II.

5. Immersion Specimen Details. The immersion specimens consisted
of 2-in. squares of 1/8-in. thick normalized AISI 4130 sheet. These spec-

imens were ground on both sides to a thickness of 0.1185 in. Each of these

specimens was coated all over. Small holidays at the corners of the imme
sion specimens were filled with sealer (Products Research and Chemical
Corporation No. PR-1436-G A-2).

C. EQUIPMENT AND PROCEDURES

1. Wear Test Equipment and Procedures. The wear tests were run
in the rig shown schematically in Figure 2. Eight tests can be run simul-
taneously in this rig, four at either end of the drive shaft. The major rig

r-

'c_omponents are showr on the left side of Figure 2, The block specimens _‘

T
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r:re loaded against the rotating ring specimen by means of 8-1b weights an:ﬂ
a pulley system. A timing motor and cam system is used to stop and
reverse the motor to provide the simulated reciprocating motion. Thermo-
couples are used to measure fluid temperatures and to activate the temper-
ature controller. A close-up view of one side of the test rig is shown in
Figure 3.

a. Test Fluid Reservoir. The test fluid was contained in steel
reservoirs (4-7/8-in. wide x 6-in. high x 14-5/8-in. long). The fluid level
was maintained at a depth of 3-in., which was 1/8 inch above the bottom of
the wear rings and completely covered the immersion specimens. Fluid
viscosity was checked periodically and maintained in the range of 33.1 to
54.1 cs by adding hydraulic fluid or distilled water.

b. Test Conditions. Test conditions are given in Table III.

2. Immersion Test Equipment and Procedures. The immersion spec-
imens were continuously exposed to test fluid for the six-month test
duration,

a. Test Equipment. The immersion tests were conducted in the
two wear test reservoirs. Four immersion specimens (one with each
coating) were in each reservoir. These specimens were held in racks in
a vertical position approximately 3/8-in. apart.

t b. Test Procedure. Immersion specimens were removed from
the reservoirs, visually examined and weighed at one-month intervals.

At the end of the test, the specimens were also examined at low magnifica-
tion (10-40X) and then sectioned and examined metallographically to estab-
lish the nature and extent of corrosive attack.

D. WEAR TEST RESULTS

1. Wear Data Summary. A summary of the data from the eight wear
{ tests is given in Table IV. Wear data consists of weight changes of block
and ring specimens.

2. Ring Wear, Examination of the data in Table IV shows that the

two Nylon ll-coated rings exhibited the best performance in the wear tests.
The coating on these rings was still intact at the end of the six-month test
(4272 hr exposure and 1,226, 000 ft of sliding) and diametral wear mea-
sured 0, 002 and 0. 003 in. inthe two sets. The next best performance was
exhibited by the LNP-ETF-2001 coating. The coating on one ring was still
intact at the end of the test and diametral wear was 0. 003 in. The coating
on the second ring was dislodged from one-half of the circumference after
1344 hr exposure (3290, 000 ft). The Ryton P2 coating ranked third, one
ring had failed at 4104 hr exposure (1, 161, 000 ft) and the other at 1344 hr
L(390, 000 ft). The poorest performance was exhibited by the Urethane 3699—1
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':oating, both rings had failed at 696 hr (77,190 ft). At one-month intervaa
during the test, the ring specimens were weighed, these weights are given
in Table V. Because of the competing mechanisms of wear (weight loss),
absorption of fluid by the coatings (weight gain), and surface deposits on
the rings (weight gain), it appears that the weight data has limited utility.
As expected, low weight loss or weight gain, were observed (+0.0268
-0.0020,+ 0. 0326) for the three coatings which survived the six-month wear
test without failure. In all other tests, involving coatings which failed,
wejght losses ranged from ,0847 to 0.1734 g. (See figures 4 to 7)

3. Block Wear. Block wear was low and nearly the same in the three
tests in which the coatings remained intact: Nylon-11 0.1312 and 0.1376 g
and LNP-ETF-20010.1313g. Block wear was even lower (0. 0713 and
0.0739 g) for the tests on Ryton P2 even though both Ryton P2 coatings
failed. Apparently, these two tests were terminated soon after coating
failure had occurred, since the prgonze blocks wear rapidly when rubbing
against the rough metal substrate to which the polymers are bonded.
Severe wear of thebronze blocks was observed in the three tests (two
involving Urethane 3699 coating and one involving LNP-ETF-2001 coating)
in which all, or a large part of the coating was disrupted from the wear
track.

E. IMMERSION TEST RESULTS. Three types of immersion test data
were collected: specimen weight change with time, visual and low mag-
nification examination, and microscopic examination of metallographic
sections.

1. Specimen Weight Changes. The immersion specimens were weighed
at one-month intervals throughout the six-month test; these data are given
in Table VI. Weight gains were exhibited by all of the immersion speci-
mens except the two with the LNP-ETF-2001 coating which exhibited very
small weight losses (0. 0005 and 0.0011 g). The accuracy of the weight loss
data was probably adversely affected by the fact that the sealer material
used on the holidays was softened by the exposure and some of this mate-
rial was lost during handling and weighing.

2. Visual and Low Magnification Examination. Visual examinations
of the immersion specimens were made at one-month intervals. No crack-
ing, blistering or other coating deterioration was observed for any of the
specimens during the first five months of the test. At the final visual
examination, it was observed that one of the Nylon-11 specimens (No. 2)
had a very small split at one corner. Using 40X magnification, rust was
visible in this split. It is believed that this defect was caused during
handling in earlier examinations and only became visible after the form-
ation of rust. The only other defects observed during 40X examination
were small rust patches at the corners of the Ryton P2 specimens (Nos. 11
and 12) where the sealer had come off. These are not considered to be

L J

»
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rc-oating defects since the coating protected the steel substrate at all the —‘
areas away from the improperly sealed holidays. The immersion speci-
mens are shown, before and after test in Figures 8-11. !

3. Metallographic Examinations. All of the immersion specimens were
sectioned and a piece of each specimen was mounted in plastic for metallo-
graphic examination. No blistering, cracking, debonding or other coating
deterioration was observed during microscopic examination. Typical sec-
tions of each coating are shown in Figures 12-15. It was possible to deter-
mine polymeric coating and substrate coating thicknesses by microscopic
examination, these data are given in Table VII along with the total substrate
plus polymer coating as based on thickness measurements on ground speci-
mens and on coated specimens before the immersion test. Slight differ-
ences in total coating thickness as determined by the two techniques are
attributed to variations in coating thickness and to metal removed by abra-
sive blasting of the surfaces before application of the flame-sprayed nickel-
aluminide coating (generally around 0. 001-in. thick).

4. Coating Adherence. After pieces had been cut off the immersion
specimens for metallographic examination, the remainder of the specimens
were examined further. By using a razor blade it was possible to cut
through the coatings and to separate the coating from the substrate. There
was no evidence of blistering of the coatings and no rust under any of the
coatings, indicating that all coatings were impervious to the MIL-H-22072
Hydraulic Fluid. There were however differences in the bond strength.
The Nylon 11 and Urethane 3699 coatings were very tightly bonded and
difficult to separate from the substrate. Both coatings were flexible. The
Ryton P2 was tightly bonded but flaked off easily after inserting a razor
blade between the coating and the substrate; this coating was brittle. The
LNP-ETF-2001 coating was easily peeled from the substrate and was
flexible.

F. DISCUSSION OF RESULTS. The sliding speeds, loads and specimen

geometries used in this program are the same as those used in the 72-hr
simulated catapult accumulator tests in Phase II of the earlier program
described in NAEC-ENG-7884. It is of interest to compare the wear rates
of the Nylon-11 coatings and contacting bronze blocksagainst those of the
Tribaloy 800 coating (best metallic coating in the earlier program) and
uncoated steel rings (tested in earlier program). The wear rates are as
follows:
Avg. Wear Rate, in3/rev.
k Bronze
] Coating Material Ring Block
- -10
; Nylon -11 4.71x 10 £ 3.13x 10
- -10
Tribaloy 800 0.32x 1019 6.34x 10
L None 0.41x 10 '° 5.35x 107 N

. S Vil Y . o
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r'-l’he wear rate of the Nylon 11 is seen to be about 15 times that of the
Tribaloy 800 and the wear rate of thebrosnze rubbing on Nylon 1l is about
one-half that ofbyohge on Tribaloy 800. Neither coating was appreciably
better, from the standpoint of wear alone, than the uncoated steel. The
principal advantage of the coatings is the reduction of corrosion. In the
earlier program, severe corrosive attack of uncoated steel specimens was
observed following 273 days exposure. In the present program, involving
178 days exposure, all four of the polymeric coatings provided complete
protection of the steel immersion specimens.

G. CONCLUSIONS. On the basis of the test results and analyses reported
herein, the major conclusions are as follows:

1. The Nylon 1l coating exhibited the best performance in the wear
tests; no coating failure had occurred in either of two tests after 1,226, 000
ft of sliding contact with bronze blocks under 8-1b load (102 psi).

2. A second coating, LNP-ETF-2001 provided the second best per-
formance--one specimen survived 1, 226, 000 ft of sliding without failure
and the other specimen had failed at 390, 000 ft of sliding.

3. Two other coatings, Ryton P2 and Urethane 3699, exhibited coating
failures before the end of the test.

4. All four coatings provided good corrosion protection of the AISI
4130 steel base material. No coating failures were observed on any of
the immersion specimens.

5. No quantitative measure of coating bond strength was obtained,
but on the basis of manually peeling strips off of the immersion speci-
mens, the coatings ranked in order of decreasing adherence as follows:
Nylon 11, Urethane 3699, Ryton P2, and LNP-ETF-200l.

6. The wear rate of the Nylon 11 coating, tested in this program,
was 15 times that of the Tribaloy 800 coating which exhibited the best
overall performance of metallic coatings tested in an earlier program
(see NAEC-ENG-7884).

7. The wear rate ofbronze blocks rubbing agains the Nylon 1l was
approximately one-half that ofbFenze rubbing against Tribaloy 800 (see
NAEC-ENG-7884).
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'_H. RECOMMENDATIONS. On the basis of the coating evaluation px-ograu':I
reported herein, recommendations are as follows:

1. It is recommended that two coatings should be evaluated in reduced-
size or full-size accumulators under conditions simulating those existing
during actual catapult accumulator operations. One of these coatings is
Nylon 11, which provided the best overall performance of the polymers, as
reported herein. The other coating is Tribaloy 800 which provided the best

overall performance of the metallic coatings tested earlier, as reported
in NAEC-ENG- 7884.
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TABLE I.

Coating:

Nylon 11

Ryton P2

LNP-ETF-200!

Urethane 3699
(DuPont)

NAEC-ENG-7934
PAGE 8

Vil. TABLES

IDENTIFICATION OF
POLYMERIC COATINGS

Polymer Manufacturer

Rilsan
Glen Rock, New Jersey

Phillips Petroleum Co.
Bartlesville, Oklahoma

Liquid Nitrogen Processing Co.
Malvern, Pennsylvania

DuPont
Wilmington, Delaware

a. The AISI 4130 steel specimens were coated with flame-sprayed
nickel-aluminide at NAEC. MIL-P-23377 primer was used on all specimens.
The polymer coatings were applied by an electrostatic method at NADC.

A
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TABLE I1I. WEAR TEST CONDITIONS

Condition

Normal load, lb.
Contact pressure, psi
Fluid temperature, F
Cycle sequence
Time forward, sec
Time off, sec
Time reverse, sec
Time off, sec
Maximum speed, rpm
Maximum sliding speed, fpm
Test duration, month

Test schedule

Cyclic operation, hrs/day
Test operation, days/week

Total cycles, approximate
Total cylinder revolutions, approximate
Total sliding distance, approximate, ft

Block material

Condition
Value

100

160

10

10

65

25.5

8
5

144, 000
3,120, 000

1,173,800

Bronze

-
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PLATE NO. 11002 PAGE 14
r TABLE VII. THICKNESS OF POLYMERIC COATINGS Bl

AND SUBSTRATE COATINGS ON
IMMERSION SPECIMENS

Total Coating Thicknessa, in.

P s A e AT 1 S i

Coating by measurement by microscopy

Nylon 11

«No. 1 0. 009 0.012

No. 2 0.011 0.015

No. 3 (not immersed) 0.008 0.010
Ryton P2 ’

No. 10 0. 028 0.033

No. 11 0.019 0. 019

No. 12 (Not immersed) 0. 024 0. 024
LNP-ETF-2001

No. 4 0. 006 0. 006

No. 5 0. 006 0. 005

No. 6 (Not immersed) 0. 006 0. 004
Urethane 3699

No. 7 0.008 0.013

No. 8 0.014 0. 015

No. 9 (Not immersed) 0.010 0.009

i3
a. Includes flame-sprayed nickel-aluminide.
i

L _J

|
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r VIII. FIGURES ]

3/4 R

5/16 —j 1/4‘.—

b - ——

13/16 Diameter S ge e
1-1/2
‘\T |
i

L FIGURE 1. WEAR SPECIMENS, _
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1

PHOTOGRAPH OF WEAR TEST RIG.

FIGURE 3.
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(a) Before Test

(b) After Test

l_ FIGURE 4. NYLON 11 WEAR SPECIMENS. 4
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AND.NAEC-2455(REV. 2-68)
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r B

(a) Before Test

T

(b) After Test

L FIGURE 5. RYTON P2 WEAR SPECIMENS.
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(a) Before Test

(b) After Test

L FIGURE 6. LNP-ETF-2001 WEAR SPECIMENS. J
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I g

(a) Before Test

(b) After Test

L FIGURE 7. URETHANE 3699 WEAR SPECIMENS. _J
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(a)' Before Test

(b) After Test

L FIGURE 8. NYLON 11 IMMERSION SPECIMENS. J
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(b) After Test ‘J {
i

L FIGURE 9. RYTON P2 IMMERSION SPECIMENS. |
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(a)' Before Test

(b) After Test

L FIGURE 10. LNP-ETF-2001 IMMERSION SPECIMENS. i
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(a) Before Test

(b) After Test

L FIGURE 11. URETHANE 3699 IMMERSION SPECIMENS. N
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r

(a) Specimen No. 1
(after immersion test)

Ny}on l l \
v Sukenat \
Steel P b,

(b) Specimen No. 2
(after immersion test)

(c) Specimen No. 3
(not tested)

NAEC-ENG 7934
PAGE PH-12

100X
L. FIGURE 12. SECTIONS OF NYLON 11 IMMERSION SPECIMENS. 4
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Ryton P2

Subcoat

Steel
100X

~ 100X L y 100X

(b) Specimen No. 11 (after (c) Specimen No. 12 (not tested)
immersion test)

L FIGURE 13. SECTIONS OF RYTON P2 IMMERSION SPECIMENS.

1

-
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(a) Specimen No. 4
(after immersion test)

LNP-ET I'-ZOOI/

v Subcoat —

'/

Steel

100X E
-i.

b) Specimen No. 5
(after immersion test)

100X

(c) Specimen No. 6
(not tested)

100X
L_FIGURE 14. SECTIONS OF LNP-ETF-2001 IMMERSION SPECIMENS. |
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-

(a) Specimen No. 7

(b)

(c)

-

(after immersion test)

Urethane 3699 ————»

* Subcoat ——
Stee!l L.

100X
Specimen No. 8

(after immersion test)

Specimen No. 9
(not tested)

100X

U‘IGURE 15. SECTIONS OF URETHANE 3699 IMMERSION SPECIMENS. "
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