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INTRODUCTION

This paper sumnarizes the results of friction and wear
tests performed on Inconel 718 against itself under conditions
prototynical of varicus Ligquid Metal Fast Breeder Reactor
{LMFBR) component operations. Testing was performed in a
flowing sodium environment having a controlled impurity ccntent
and flow rate. Dynamic friction behavior, self-bonding tend-
ency and wear are discussed.

EXPERIMENTAL FACILITIES AND TECHNIQUES

~ The friction and wear test machines employed in this pro-
gram permit prototypic testing in sodium at temperatures up to
1200°F (922K) under controlied impurity contents (0.5-1.0 ppm,
oxygen) and flow rates (1 fps; .3 mps). The basic experimental
approach is to press two diametrically opposed horizontal spec-
imens (pins) against mating specimen surfaces (plates) mounted
on a vertically reciprocating rod(1). Tests are run under as
prototypic-as-possible -conditicns of load and motion simulating
those articipated in the reactor system. The contact loads
(normal static loads), .the force necessary to move the plates
{frictional load), and the displacement are continuously meas-
ured and recorded on magnetic tape. Wear data are obtained
from weight changes and measured height changes of the pin and
from quantitative analysis of wear scars on the plate specimens
using a surface profile instrument.

EXPERIMENTAL RESULTS

The Inconei 7i8 material utilized in these studies had a

typical heat analysis as follows {all values in weight percent}:
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53.05 Ni, 18.35 Cr, 18.18 Fe, 5.29 Cb+Ta, 3.08 Mo, 0.95 Ti,
and 0.59 Al. The material was in a precipitation heat treated
condition and had an average hardness of Rc 45.

Typical dynamic friction results for Inconel 718 rubbing
against itself in high purity sodium (0.5-1.0 ppm oxygen)
under various test conditions, are shown in Figure 1. During
initial rubbing in 450°F (505K) sodium,friction coefficients
were found to increase with cumulative rubbing. This increase
was attributed to a gradual wearing away of initially present
surface films (oxides, etc.). Friction coefficients were
considerably grezter for stroke amplitudes < one-half the
test pin diameter {test B); this probably being the result
of entrapped wear debris which could not escape the rubbing
interface region. Following an 1100°F (866K) static soak
neriod initial friction coefficients in 450°F (505K) sodium
vere again lTow but rapidly increased to values experienced
pricr tn the high temperature exposure. This decrease in
friction most probably resulted from the presence of a stable
boundary tubrication filim which formeud at the higher tempera-
ture. For chromium containing materials, most investigators
now accept this lubricative film to be sodium chromite; a
double-oxide of sodium and chromium having a stoichiometry of

NaCr02(2,3),

Dynamic friction studies perfermed in 1000°F (811K) sodium
(curves C and D} showed the frictional behavior of reciproca-
ting Incorel 718 couples to be strongly deperident on rubbing
velocity. At slow velocities (0.1 in/min; 2.54 mm/min)
friction coefficients continuously decreased with increasing
rubbing distance while at faster velocities (5.0 in/min;

127 mm/min) friction was constant or slightly increasing with
cumulative rubbing. Tt is believed that at the slow velocity,
film formation kinetics are such that the film forms at a
slightly greater rate than it is worn away, hence friction
decreases. It is also possible that under these conditicns
of boundary Tubrication, the contdcting interfaces are Leing
continuously smoothed with the resultant effectiveness of

the Tubricative film thus increasing. At the faster rubbing
velocities, wear processes dominate and there is no opportun-
ity for the formation of effective lubricative films.

Oxygen content of the sodium was found to have no signif-
icant influence on dynamic friction characteristics in 450-
1160°F (505-900K) sodium. At 450°F, oxygen concentrations
of 10 ppm did result in slightly lower friction coefficients
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CUMULATIVE RUBBING DISTANCE (INCHES)

CONDITIONS

AVG. VELOCH: ¥, ipm
TEST TEMP., OF{K) PRESSURE, psi {(MPs)  STROKE (PiN. DIA) (mm - MIRLT)

A 450 (505) 5060 (34.47} 6d 10 {254)

B g ” a/2 1.0 {25.4)
‘e 1000{811) " d 0.1 (2.54)

D ” 3000 (20.68) d 5.9 (127)

Figure 1. Dynamic friction behavior of Inconel 718/self
in liquid sodium

(~10 percent) relative to values obtained in the 0.1-2.0 ppm
range. Lower normal forces were found to result in slightly
higher friction coefficients over the 360-5000 psi (2.07-
34.47 MPa) range.

The short-term self-bonding behavior of Inconel 718 was
investigated in a series of dwell-breakaway tests. It was
found that dwells performed under simultaneously applied
normal and tangential interfacial loads resulted in signifi-
cantly nigher an values than dwells performed under normal
loads only. This effect is attributed to tha increased reel
area of contact resulting from plastic flow, which occurs
under the combined loading. Other investigators{4.5) agree



that dwelling under both noriral and tangential load results
in junction growth. These stud1e:.along with one performsd
by Ruber and Hattﬁsfﬁ), have “urther denonsiraled that ad-

hesion {or breakawey force) increases with increasing real

area of contact.

A1l self-hording studies performsd in tuis program
employed both & navial and tangentia?l interfacial load duving
dwell periods. It was observed from these deta that incveas-
ing norwal contact pFCSSUIL vesulted in a significantly lower
seif-bonding tendency. ARYthough increased contect pressure
results in increased resl area of contact, tke area increase
is less than the opressure increase(7). Ther ‘fore the incresse
in breakaway force {resuiting from the ircizase in avea) was
le:c than the increase in contact pressure, Thic resulis in

a lower calcu]ated e value for the highar praasu“e tests.,

Additional data obieined froum thoese studies indicate
that no sianificant bording occurred at temperatures belouw
900~F (755K). Siwmilarly, changes ir sodium oxygen concen-
tration from 0.2 to 4.8 ppm had no effect on bonding behavier,
1t was also found that 4y values increased with increasing
dwell times ati each test temperature (above 900°F; 755K),
and with increasing temperature.

The vear damage incurred by Incowmel 718 rubbing against
itself in a2}l cases was adhesive in nature, with spocimen
surfaces exhibiting the smeaved butter appaarancn typical of
this process. Specific wear coofficients (K) calculated for
this matérial indicate that increasing travel distance vesults
ir 2 decreasing wear rate. This is attributed to an initial
ranid wearing-in process of the two centacting surfaces.

The observed maximur wear depth, alang with the calcu-
lated specific wear coefficient data, imply that Inconel 718
is very resistani-to wear damage.  This resistance is attrib-
uted to the high level of hardness of the material over a
wide temperatuve range, and to the ability of this material
to form protective lubricative surface layers in a sodium
enviroment (as previously discussad).

SUIMMARY AND CONCLUSIONS
Results of the present study on the tribological behavior

of Inconel 718 in a sodiun enviromment are suswmarized as
follows:



a)

b)
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(3)
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(7)

Stroke lengths < one-half the test pin dismeter result
in higher friction coefficients.

At elevated tempereturss, the formation of a lubricative
surface Tilm can significantly influence the frictional
behavior,

Tungcntial forces present during static dwell periads
esull in grostor banding tendensive.

Increasing contact pressure during static durll periods
results in ower breakaway Triction coefflicients,
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