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The object of Wbis investigation war to study the sliding behavior of

materials that are presently under consideration for use as components in

a pressurized reactor. These materials, in addition to having to meet the

physical and mechanical property requirements dictated by design considerations,

must also adhere to friction and wear limitations$ I.e., characteristics

important to the Insurance of satisfactory sliding perfoenance under service

conditions. In these a-eas where relative motion between mating surfaces

occur1 high friction, wear and surface damage in such forms as galling and

scoring, can have a pronounced offect on the overall performance of the

components during operation.

The results of these tests will provide information typical of two

conditions under which relative motion will occurs namely, assembly (dry), and

start up (2DO F).

The first part of the program was devoted to studying the sliding behavior

of typical structural materials in their conventional or uncoated state. The

second part was carried out to determine what types of coatings would have
sufficient protective properties to prevent galling and excessive wear between

sliding members, when at least one of the members were coated.
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StRWA&RY OF RESEETS

Conventional ~Iattria 1.

*.L. Table 2 usicarizes the significant results of the uncoated structural materials,

and Table 3 gives a detailed description of these tests.
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10. Table 2 cummarizes the significant results of the coated material sliding

tests and Table 4 gives a detailed descipttion of these tests.
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Table I

SIGNIFICANT nfESULTS

Convention u!Materuisa

or am

Coefficient of Friction [Avg.)

Dry Lub Deoxygenated Water

(II) ' (P)
100 pul L5200 I D 100 piL 1500 DC|

Overall 'wear

Dry Lub Deoxygonated Wiater

(mll*) (ani le)
100 DlI __1,500 bal 10 51 150 lsa :

Specimens
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Table 2

4.

SIGNIFICAT RESULTS

Coated Materials

r: -i

Cogfficient of Friction (Ava.)

Specimene
Slider Flat

Dry Lub

10- lP)
10 ot MM not

Deorygenoted Ititer

(it)
10 notl 1500 .1l

Overa I Welr.

Dry Lub

(m ae)

Deoxygensted Wa tex
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A??A..AWr-S AND pROCnDURg - DESCmRITION

(Test Conditions - tee pg. 12)

The tests were conducted on a wear test apparatus in which a 3/L inch slide:

with a truncated end consisting of a 13/64 inch diameter surface, was mounted in

a reciprocating arm, and moved relative to the surface of a stationary 2 inch long

by 1/2 Inch wide by 1/4 inch thick flat specimens at a velocity of 1 1/2 ft/min.

One end of the arm was so mounted that the fret end was able to move in either a

vertical or horizontal plane. See Figure 9 for a photograph of the apparatus.

Sliding was obtained by mzving the arm back and forth by means of an air

actuated piston. To measure static and kinetic friction, the piston was dis-

connected and the arm was moved manually. A rod located at the end of the arm

was Instruiented with strain gages so that the friction force could be continuously

recorded when so desfred.

Measurements, consisting of change in height of lever arm, and change In

length of truncated slider, were made for each run. The change in height was

:epo:rtd as overall wear since it contained the combined wear of both slider and

flat. The height of. the arm above the base plate was measured at several fixed

positions with a dial indicator which was Tigidly fastened to the base plate.

meat was supplied by resistance heaters in contact with the bottom of the flat.

The '1et specimen thich was held stationary on a supporting table, was housed

within an enclosure which could hold a lubricant. The top half of the enclosure

surrounded the slider specimen and was fastened to the moving arm. This allowed

for better control of argon gas blanketing and heating. The temperature was

weasured by a thermocouple clamped In proximity to the surface of the flat. The

sliding tests run in dooxygenated water at DOOF had argon gas introduced unde:

positive pressure into the enclosed test area to prevent the Influx of oxygen.

Argon was bubbled into the water reservoir of the test enclosure and. simultaneously

brought in through another inlet to blanket the surface of the water. Gas was

also bubbled Into the water supply. A front view schematic diagram of this setup

can be seen in Figure 10. Prior to testing, the specimens were washed with soap

and water, and rinsed in alcohol to eliminate any oil or other types of contaminant

fllms .
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After cleaning, the specimens were mounted in the apparatus and brought to

,he desired operating temperature under load. The height of the arm above the

base plate was measured. The arm was moved manually for the first few cycles

while static and kinetic friction were continuously recorded. The air actuated

cylinder was then engaged to move the ars. A counter connected to the air

actuated piston arm reco:ded the number of cycles. The slider moved 18 cycles/ciln
for a total displacement of le inches or 1 1/2 ft/imn. At the conclusion of

2000 cycles, the height of the arn was again- measured and the test concluded.

Macroscopic, and microscopic examination (at 12X and 36X) were made of the

specimens upon completion of each teat. Photographs were taken at lOX magnification

of several tested specimens whose resulting wear surfaces were considered to be

of special interest.
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D-';n:TtC. OF T!ST TE 3S

Finihh Average surface roughness (mIcroinches)

Load Unit loading on a 13/6L inch diameter slider specimen
surface

Cycles Tests were conducted at 18 cycles/minute where each cycle
consisted of a reciprocating movement of two 1/2" strokes
making the total displacement 18 inches/minute. The test
disation was for 2000 cycles except in the case of excessive
wear or coating failure.

Temperature Temperature at which tests were conducted were:
74°F - unlubricated
200°F - bulk water (deoxygenated) temperature

argon gas was Introduced under positive pressure
into the water reservoir and inclosed test area
to prevent Influx of oxygen. LIOH was added to
the water resulting In a pH! of 9.5-10.5

Friction f - initial coefficient of static friction taken at
Coefficient static start of test

finitial- initial klnetic coefficient of friction taken at

ffinal - final kinetic coefficient of friction taken at
end of 2000 cycle run

f - lowest kinetic coefficient of friction recordedmm n throughout test

f - highest kinetic coefficient of friction recorded
throughout test

fv - average kinetic coefficient of friction values
vg acured throughout test

Friction readings were taken at the following Intervals throughout the test:

Initial, 50, 500, 1000 and 2D0o cycles

Wear Overali wear was measured at the end of each test. The
overall wear was measured by means of a dial Indicator
that read to within 0.0001 inches, and was taken with the
test specimen surfaces in actual contact. Slider wea: was
determined by measuring the slider length before and after
each test.

Plus (+) indicates material buildup on the surface due t5
deformation and/or material transfer.
Uinus (-) indicates material loss from the surface or *ucia:es
due to wear and/or surface damage.
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fisx Test Apparatus.

Schematic - Front View of Wear Test Apparatus.
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APPENDiX

* - .304

..:Onel X

:sUte 6

-!mnoy 6
.er ay

!tctrolize
:ating

i:Lel Plate
:ardigen)

Nominal Comoosition i

77.0 Ni, 15.0 Cr, 7.0 Fe, 0.25Cu, 0.25 Si
0.25nh 0.06 Cs 0.007 S

19.0 Cr, 9.5 Nl, 2.0 mn, 1.0 Si1 0.16 C

1.5 Sn, 0.1 Fe, 3.0 Nil 0.1 Cr, Bal Zr

73.0 Ni, 15.0 Cr, 7.0 Fe, 0.05 Cu, 0.40 Si$
0.75 Ali 0.50 Unt 0.05 C, 0.007 S, 2.50 Ti,
0.90 Cb iF Ta

0.L0 C, 0.70 9n, 0.26 Si, 1.l0 Ni, 0.80 Cr,
0.25 Mo1 0.040 SI 0.040 P

22-3 Cr, 4.0 W, 1.0 Ct Bal Co

13.0-2D.0 Cr, 2.75-4.0 Cr, 65.0-75.0 Nil
10.0 Un max , Fe, C

Chromuxi Alloy - Proprietary

90.0-92.0 Ni, 8.0-10.0 PI 0.0.0 C,
0.0023 021 0.0047 K2, 0.0016 H2

Slider
Flat

Slider
Flat

SlIder

Slider

Slider

Chromi= Plate
on Inconel Flat

Chroml=u Plate
on AISI 304 SS
FIat

Conf I r- SatIon
Hardness

'KN Rockwell

294 2C
229 963

274 2LC
226 953

263 22C

439 43C

343 34C

S0S 63C

835 65C

Stellite 6 over- 581
lay on Inconel Flat

Colmonoy 6 Over- 805
lay on Inconel Flat

63C

Electrolize On
Inconel Flat

Nickel Plate On
Inconel Flat

Nickel Plate On
Inconel Flat .

563

567

sic

52C.ectrolytic
.Ckel Plate

1Xnoop hardness meesuremrents were made on a Tukon Iardnezs Tester using a 1 Kg load,
and 20X objective. The only exceptlon was tihe Electrolize coating whose hardness
was meastred at a 200 gm load. The Rockwell hardness values were obtained from
CO4vession tbles.
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