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ABSTRACT %&@;?&@
In sodium cooled Zast reactor systems, the ability of surfaces, which
are in contact under sodium to slidz relative to one another is critlca%.
to the successful operation of many components. Materials selected
for application at these interfaces will be under load intermittently or con-
tinucusly in high temperature liquid sodium for many thousands of hours,
During operation, L:eactor mechanical components such as the duct load
pads or cora restraint mechanism, will be subject to movement resulting
from normal operation, differential thermal expansion, and flow or mech- .
anically induced vibrations. Design requirement_s for these components
have necessitated materials with adequate long term sodium stability at -
. '\HSOOE‘, -and thermal shock resistance coupled with good wear iesistance
and low coefficients of fric{ion. This paper déscribes initial experimental
invastigations on the corrosion ahd tribological behavicr of a nickel base
alloy, Inconel 718, a material considered for use in these components.
Subsequent studies have s};own that the incorporation of an aluminide surface

layaer on Inconel 7123, using a commercially available diffusion process,

results in reductions in the corrosion rate and friction and wear coefficiants.



Aftar 2000 hours sxposure to 110001-‘, low oxygen flowing scodium, the
arrarage corrosion rate for the diffusion treated alloy was significantly lower
tan the 0.06 mpy value recorded for the untreated Inconel 718. Structural
inteyrity of the aluminide layer was maintained even though some aluminum
loss was detectad. Average dynamic friction coefficients of ~ 0.25 were
obtained for the treated material in 1600°F sodium pin on plate tests. No
m2asureable wear of th2 aluminide c¢oating against itself was observed

in these tests. In ¢eontrast, Inconel 7i8 exhibited substantial adhesive

type wear.

INTRODUCTION .

Relative moticn of one surface with respect to an adjacent contacting
surface iz a common operating feature of many mechanisms in a reactor
design., In a sodium cooled system, materials selected for application at
certain component interfaces may be under load intermittentiy or continu-
ously in a high temperature corrosive environment before being required to
slide with respect to one ancther. In addition to the required motion during
normal operation, movement may also result from differential thermal expan-
sion and flow or mechanically induced vibrations. Nuclear component
design presently necessitates the inclusion of allowances for frictional
loads and wear between contacting surfaces, and intensive efforts are

underway with the objective of minimizing friction and wear,
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Design requiretﬂe;nts for such components, e.g., the core restraint
machanism, iaclude materials with long term sodium stability at --JLSOOF
(é:éoc), tharmal shock resistance, high wear resistance and low coeffi-
ciants of friction { ©0.4). Som2 seizing and gaillng has beon encountoered
voitn the 300 series type stainless steels in sodium, with the result th:at
intarast has bezen siimulated in aiternate strﬁctural materials such as
Inconel 7i3 for sliding contact a;;plications. Cuwrrent materials develop-

718 and steinless stsel by the use 27 chromium carbide coatings and

cee . , e o . -6
aluxinide diffusion coatings for necsssary low iriction intsrfaces, (1-6)

In this paper, some of the metallographic aspects of tne sedium
" compatibility and friction and wear studies on Inconel 718 and on Inconzl
718 with an aluminide coating performed as part of the above mentionad

program are presented,

MATERTALS AND TECHNIQUES

Tha sodium compatibility testing was performed in a pumped sodium
loop system constructed of stainless steel and designed for the exposure
of 4-1/4 in. % 5/8 in, x 0.180 in. plate and 1/8 in. diamater pin samples to
high temperature sodium. This loop system, which is of a type described
: : (7) . - .

.in detail elsewhere, was operaied non-~isothermally at test section

temperatures of 1160 and 110001-‘,for 2128 hours at a scdium flow velocity



of "5 fps, and an oxygen impurity level in the sodium in the range
0.5 to 1.0 ppm. Average corrosion rates for the period 0 to 2128 hours
were calculated from the change in weight of the test samples resulting

from the scodium exposure,

The friction and weaar test machines permit prototypic testing in
sodium at temperatures up to 120001? under controlled impurity contents
(0.5-1,0 ppm, oxygen) and flow rates (v 1 fps). The basic experimental
approach is to press two diametricaily opposed horizontal specimens ,
(pins) against mating specimen surfaces (plates) mounted on a vertically

(@)

reciprocating rod. Tests are run under as prototypic-as-possible con~
ditions of load and motion, simulating those anticipated in the reactor
systam., The contact loads {normal static loads), the force necessary to
move the plates (frictional load), and the displacement are continuously
measured and recorded on magnetic tape. Friction coefficients are cal-
culated as the ratio of the frictional and the measured normal static
loads on the pin-plate specimens. Wear data are obtained from waight )
changes and measured height changes of the pin and from quantitative

analysis of wear scars on the plate specimens using a surface profile

instrument.

The heat analysis for the Inconel 718 used in these studies is as follows

(@ll values in weight percent): 53.05 Ni, 18.35 Cr, 18.18 Fe, 5.29 Cb +



A

Ta, 3, O\, -\/Io, 0.95 Ti, 0.59 Al, " The aluminide layer was applied by
aromizing Cu’g yration and the prezoss entails the packing of the part

2 53 noabaed Waa minture of alumina, aluminum and chromium. . After
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13 3tion of ammonium fluoride into the mixture at a temperature of
1392°F, aluminurm fluoride is formad and adsorbed on the metal surface.
Dizzociation tzl'zs place with aluminum diffusing into the inconel 718
Farming AL and ;Ci3 and tyzically results in a layer 2 mil thick
after 10 hours ai temperature, rsi.2wing the coating process, the part
. . N - o (8]

is posi heat traatad (L h. @ 175277, guenched and aged 8 h, @ 1325°F

] - 0-—: l [) Q . N
and 10 h, @ 11507 F) to regain the dasired Inconal 718 properties,

'.aracterizatioﬁ of sodium exnosad and friction and waar tast
samples included optica! and scanning electron microscopy and «~-ray
diffraction. Metallograp‘ﬂic specimen preparation consisied of: nickel
plating for edge retention, conventional polishing and ctching. Z4n etch
consisting of 1% chromic acid was used for the Inconz! 718, whila a
mixture of glycerol, hydrochloric and nitric acids {6:5:4) was the pra-

ferr\.d etchant for tha aluminide layer,

RISJLTS AND DiSCUSSION

L

In the sodium compatibility section of this study, sanples of Inconel
- ; . . . , . nnO .
713 =nd eluminized inconel 713 were expasad to sodiuwim at i11607F for 2128

¥

v .03, whgreupon they were cleanad of any residueal sodium by rinsing in



alcohol and water. Both materials lost weight as a result of exposure to
sodium with average corrosion rates of 0,24 mpy for the Incone! 718 and
0,43 mpy for the aluminized material being recorded. These corrosion

ratas probably refisct the ease with which nickel is removed from the

i+h

ace, Previous work has shown that nickel alloys such as Inconel 718

7)

lose weight durinz sodium exposure due to loss of nickel

sur
, but in the
anza of nizkal al:minides, nickel is more tenaciously fixed in the matrix

&s ?'i3:l.1 or Wisi and tasrefore lowsr corrosion rates would be anticipated.

Examination of the cross sectional microstructure of Inconel 718
'revealed only a vary shaliow affected depth (1-2 ym) in the sodium exposed
samples (see Figure !), The matrix consists of uniform austenitic grains
with extensive grai:n boundary precipitation {(gamma prime phase and a
NiyNb phasa). (9) The microstructural appearance of the aluminide layer
similarly appeared little changed in cross section, but in this case there
was no sign of an affected surface layer. Based on an optical metallo~
graphic examination, ?t appeared that the measured weight losses must
be attributabl-: to surface or near surface (<1 ym) changes and this was
partly cor}ﬁrmed in a scannirg electron microscbpical (SEM) examination.
In '].-’igure 2, some typical low power surface views before and after
sodiuméxposure are depicted., The Inconel 718, as ground, unexposed

surface became somewhat smoother during exposwre and at higher magni-

fication (not shown) tha surface ridges were less pronounced suggesting



that matarial removal consistent with thy waisht loss had oocurred,  Pha

aiminide lzyoe on inconel 71 Qowover, exbibited @ form of pitting tvpe
3Ll rather than a general remorat with thr originn? curfac vidac, .ezr..-f
soloiy ar2as gtill in evidencs alizr souawum exposure. Suriac g-ray
analysis using o> xw-rays ganzrated in thae 3EM revaealed toat the o rber-
~ost layor {1 .= indepin) of the Inc 718 sairple had lost nickel such
that coromivum Troame the major constituent in the layor. For the camplas

of Incosail 713 -viza 2an aluminics s.rizze layer, no major changa in surface

nistry was Jatacted., Howerzr, from this work, there was a sugges-
tion that the aluminum contant o2 tha surface laver may hava dacr2asad
sliskiiy. To co::';l-,::tant tha charaztarizaetion studiezs, an uw-ray diZfrac-
tion examination usirg nickel filtar.3, zooper radization -vas oonductald
12l aluminude layrr, For tho inconal
713, the major phase was austenite with minor indications for garbidas
and gam>a prime phase, TFigure 3 schematlcally dapicts the siructura
of the aluminide layer obtained by x-rav diffraction. No chaage in com-
position was datected as a result of sodium exposure for both raterinls
which is congistent with indications of shallow affectad denths dis-

cussed praviously.

Friction rasults from pin on plate tests for Inconel 712 and inccnel 7

with an aluminide surface layer (each rubbing against itself) at a 1o, 009

f

N 1 . D apqnem 4 o - ey UL e N P
psi sress lavel ara compared in Figure 4. Th2 datz, which are praseni
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aa Lo ey dynamle friction cosfficients as a function of cumulative
ire 2l distance, illustrote the pronovuacad enhancement in frictic al
~oavior reouliing frox the eluminide <iftusion coating. In all three
~ro siguailicactly

i tacse for Tozoant 718, In adaition, the range in friction coeffi-
~ges in driction with eumulative ruboing, iz also
constdarably smalier for the aluminicde material., The highast friction

R 4 H ose e b 3 M A -~ M 2 3 - A0 o"‘ 3 ” IS
coslficioncs were citzlined at thz eni of the initial 4507°F period {or the

. 3 s LR L) . - ] . A o . -~ .
aluminide materia’ oo 3t the end o tha final 450 T period for ti2

1

nconal 718, Tha raason for this differance is not clear, but may be
. . 3, 3 : . - o—- Iy ) L
re’aiad to spacimen watting behavior at 450 °F coupled with the presence

of & safium chromita lubrication film.

Thz alwninide diffusion treatmant was also found to graatly incrzase
th: wear resistance of Inconel 718, Plate specimens ware examined quanti-
tativ2ly for wear using o surface profiling instrumant, ZAlthough light

wear scars were visually evident on the plate specimens, no measurable
waar could be detected, Tests involving Inconael 718 without an aluminidz
diffusion coating by comparison resultad in average wear coefficients )

in the range of 12 in3/psiwin % 10713 and maximum wear dopths of 1 tc

2 rmils, (Sce Table t). The typical surface appnrarance of the Inconal 71¢

REY

and the aluminide pin specimens tested under conditioas shown in Figure -

I3

are illusirated in Tigura 5. Prior to testing the ncongl 718 pin sainple



nad a grounad fidish aad the aluminide pin was finished using i gbrasive
o =n 10C - inzi r.m, . swhaca findsh., The inconel 718 maiorint tacurr o
madzcate to se e surizce damags, characteristic of an adhesive tooo

e BPOS33S,  Txolsial trancozr anG soearing was owvidont, woithe Jabris

Suilduponraricns of the pin odges, In contrast, the eluminide metorial,
czsted ot the szame conditions, incurred minimal surface damagne with
hing of suriace aspoerities and upworn

su3ions (Linot groy ar2eas) are olrasly.2vident on the pia surface. No

svidence of extzasive material wansizr across the interiace could be

«

Rasulis from an emparimancal program have indicatad that an aluminude

dilfusion coating, consisting priacipally of an idial phase, on an inzons!
713 alloy substrate has several advantages over uncoated incoasl 715 ior
cortain sodium coolaed reactor applications,. In compatibility and Iriction
and wear testing, uncor sodium conditions typical of thos 2 to by extacienzez
in reacter sarvice, @n aluninide layer on incone! 7'¢ has baen found to
F,and a lower friction and waoar
1l0 daterioration in the NiAl surface layar has busn observed afiter
graater than 2000 hours sodium exposure or 4000 inches cumulative rup-
bing distance undar raecizrocating conditions. Additional testing, pra-
saatly o progress at Viesitinynouse Hanford Company has as its objoctive

tho qualifization of continrs surn as alumsinidaes for in-roactor service
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“and will supplemment this work particul arly in the area of irradiation
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sponsored by the United States Government. Neither
the United States nor the United States Energy
Research and Development Administration, nor any of
their employees, nor any of their contractors,
subcontractors, or thelr employees, makes any
WATTARtY, express of implied, or asumes any legal
lability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or
process disclosed, or represents that its use would not
infringe privately owned rights.
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TABLE I

3

THE EFFECT OF AN ALUMINIDE DIFFUSION COATING

CN T=HE CORROSION AND WTUAR BEHAVIOR ON INCONEL 718 IN SODIUM
AATTRIAL CORRQOSION* MAXIMUM WEAR COEFFICIENT **
RATE NEAR DEPTH X
{mny) . (mils) (ins/ psi-in % 1013)
-‘,
Incor 1 718 0.24 2.1 12

Aluminids Lay:
71

a
2 0,03 No measurable wear

. “
. (o)
*Average rate over time period 0-2128 hr, in 1160°F, 0,5 - 1.0 ppm
02 . I fps sodium. «
: o ial w : e .
x iy = Yolume of material worn away ; for details of test cycle see Figure 4.

contact stress x travel distance
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Figure 1. Effects of Sodium Exposure (2128 hrs. @ 1160°F) on the Cross
Sectional Microstructure of Inconel 718 and-Aluminized Inconel 718
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INCONEL 748
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Figure 2. Scanning Electron M1crographs Showing Effects of Sodium Exposure
(2128 hrs. @ 1160°F) on the Surface Appearance of Inconel 718

and Aluminized Inconel 718
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Figure 3. Schematic Depiction of the Composition of the Aluminized Layer
on Inconel 718 Obtained by X-Ray Diffraction
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Figure 4. Effect of a Surface Aluminide Layer on the Frictional Behavior of Inconel 718 in Liquid Sodium
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Figure S. Surface Appearance of Pin Specimens (0.125 in. diameter) of Inconel 718 and Aluminized Inconel
7IR After Friction and Wear Test in Sodium



