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In-Sodium Tests of Hard Facing Materials (II)

Test Result in Room Temperature Argon
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Takashi NAKASUJI* and
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A series of experiments have been carried out to de-
velop and screen friction and wear resistant materials
used for sliding components of a sodium ccoled reactor.

(l)m(s)'clarified the short-term friction

Preceding studies
and wear characteristics of various materials in 450°C
sodium.

A present study relates to clarify friction and wear
behavior in argon environment, where a part of sliding
' components are located, and compare test data in room tem~
perature argon with those in 450°C sodium.

The results obtained are as follows:
(1) Static friction coefficients {us) in argon were al-

most lower than 0.2. They were apt to be lower than

those in sodium.



(2)

(3)

(4)

(5)

(6)

Kinetic friction coefficients (uk) in argon varied
with load. The difference of pk in argon and sodium
depended@ on material combination.

Wear rates were remarkably high in argon. Wear rates
of Colmonoy and Stellite were not detected in sodium,
but were detected in argon.

Sliding surface was more roughened in argon, and hard-
ness of sliding surface was almost lower in argon than
in sodium.

There is the significant difference between friction
and wear characteristics in argon and those in sodium.
Then, it is difficult that in~sodium behavior is esti-
mated with in-argon data.

The above-mentioned difference in room temperature
argon and 450°C sodium will be greater when the test

is carried out in higher temperature argon.

* Sodium Technology Section, Sodium Engineering
Division, 0O-arai Engineering Center,. PNC.

** FBR Project
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l. Preface

Sliding parts of the fast breeder reactor are located
in the liguid sodium or in the cover gas argon. Regarding
the friction and wear behaviors of sliding material in
sodium, the short term friction and wear characteristics

(l)—(S). However, in-

are clearly described in reports
argon tests have not been carried out anywhere and it is
necessary to obtain the basic data for the design by car-
rying out the similar tests in argon.

In this report, series of tests were cagried out in
room temperature argon under the same test conditions and
on the same material combinations as applied for the tests
in sodium and the friction and wear behaviors in argon
were clarified. By comparing those data obtained in room
temperature argon with those obtained in 450°C sodium, the
differences of friction and wear characteristics in practi-

cal reactor atmospheres and the effects of sodium on fric-

tion and wear were clarified.



2. Test Methods

Test Equipment-

In-argon tests were carried out by filling room
temperature argon in the SW-1 Test Pot of the Self-
Welding and Wearing Test Loop where in-sodium tests
had been made. The used eguipment was the same as
used for in-sodium tests. As for the details of

equipment, refer our previous reports(3)—(4k

Test Methods

Conditions of the friction test and those of the
wear test are shown in Table 1 and Table 2, respective-
ly. Conditions applied for in-sodium tests are also
shown in these tables for comparison. Dimensions of
test specimen, sliding speed and the method of gradual
load increase are all same as adopted for in-sodium
tests(B)’(4x
The chemical composition, combination and coating
method of specimens are shown in Table 3, Table 4 and
Table 5, respectively. Specimens used for in-argon
tests were those of the same batch prepared for in-
sodium tests applying the same coating methods.

Material names in the various figures of this re-

port were represented by symbols shown in Table 3.



3.

3. Test Results

Friction Coefficient

Relations between load and static friction coef-
ficient us in room temperature argon on various ma-
terial combinations are shown by solid line in Fig. 1.
The combinations except Inconel X vs. Inconel X, Col-
monoy No. 6 and Stellite No. 1 vs. Stellite No. 1
show us below 0.2. Dotted lines shown in Fig. 1 are
those obtained by 450°C sodium tests. Room tempera-
ture argon showed lower us than 450°C sodium and the
load dependency of us in argon was smaller.

Relations between load and dynamic friction co-
efficient pk in room temperature argon on various ma-
terial combinations-are shown by solid line in Fig. 2.
It is understood that there is considerable load de-
pendency of pk in argon. Dotted lines shown in Fig.

2 are those obtained in 450°C sodium. It is clear
that pk in sodium indicates smaller ioad dependency.
Unlike in the case of us, pk in ar@on and sodium vary
according to the combinations of material. Inconel X,
Stellite No. 1, LC~1C and LW-1N40 indicate‘remérkably
higher pk in sodium, while uk of Colmonoy No. 6, Col-
monoy No. 6 vs. Deloro Stellite SF-60M and Colmonoy
No. 6 vs. Stellite No. 1 indicate higher pk in argon.

The friction coefficients under the load of 220



kg {contact stress 1 kg/mmz) in Fig. 1 and 2 are shown

in Fig. 3-1 and 3-2, respectively.

Wear Rate

Comparison of wear characteristics of various ma-
terial combinations are made by the integrated value
IW, of wear depth (sum of the rotor and stator) until
each load by increasing the load at 15 minutes inter-
vals at the sliding speed of 3.6 cm/sec. The maximum
measurement sensitivity of the wear depth in this test
was approximately 4 um.

Relations between load and ZWD in room tempera-
ture argon are shown in Fig. 4. Comparing the data
with those obtained in 450°C sodium, shown in Fig. 5,
the wear rates in a?gon are higher for all of the ma-
terial combinations. The wear depths of Stellite al-
loys and Colmonoy alloys in argon gas were over ap-
prox. 100 um, where as their wear rates in sodium were
below the measurement sensitiﬁity. The possible
reasons for the re-upswing of the wear depth curve of
LC-1C and LW-1N40 at the high load will be that the
excessive wear of the carbide coating material of ap-
prox. 200 um thickness caused the exposure of the base
metal (SUS 304) to the surface and the sliding of car-
bide material vs. carbide material was changed to SUS

304 vs. carbide material or SUS 304 vs SUS 304. It



was found that Colmonoy No. 5 and Stellite No. 6,
among all of the tésted materials, indicated excel-
lent wear resistant characteristics both in room tem-
perature argon and 450°C argon.

Wear depth W_, Wear volume WV and Specific wear
rate WS which were obtained by scanning the wear scar
on the Stator specimen to the diaﬁeter direction by
surface roughness tester are shown in Table 6. Wear

rates were always higher in argon than in sodium on

"all of the material combinations.

3.3 Metallographic Examination

3.3.1 Surface Roughness

Roughness of the sliding surfaces before and
after the tests in-room temperature argon and 450°C
sodium are shown in Table 7. Surface roughness of
all of the materials after test in argon remarkably
increased. Even Stellite and Colmonoy alloys which
indicated small surface roughness change in sodium
indicated large increase of surface roughness in

argon.,

3.3.2 Hardness
Surface hardness data before and after the tests
in room temperature argon and 450°C sodium are shown

in Table 8. The surface hardness generally increased




:after test because of the plastic deformations caused
by sliding. Comparing the surface hardness after
test in argon and in sodium, hardness in argon are
generally loﬁer than those in sodium. However, Col-
monoy alloys and Delorc Stellite SF-60M indicated

lower hardness in sodium than in argon.

.3 Microscopic Structure

Cross—-sectional microstructures of sliding parts
of various materials after test in room temperature
argon and 450°C sodium are shown in Photo. 1 - Photo.
13. However, microstructures of Colmonoy No. 4 and
No. 5 were those obtained after the continuous slid-
ing for 10 hours under the load of 220 kg (contact
stress 1 kg/mmE) at the sliding speed of 3.6 cm/sec.
in 450°C sodium and it can be seen that plastic de-
formations occurred until the inner structures.

Comparing the microstructures in argon and sodi-
um, plastic deformation tends to occur in argon more
significantly than in sodium. Especially, it was
recognized that a part of the coating layer of car-

bide material was removed in argon.



4, Discussions

Friction and Wear in Argon

As shown in Fig. 1, us of almost all of the ma-
terials are below 0.2 at room temperature. One of the
reasons will be the residuum of oxide film formed on
the surface in the atmosphere before test.

As shown in Fig. 2, pk during continuously one-
directional sliding depends on the load. As shown in
Fig. 4, Table 7 and Photos. 1 ~ 13, plastic deforma-
tion occurs at the sliding surface and, subsequently,
roughness of sliding surface increases and wear rate
increases in argon unlikely in-sodium test. This will
be due to the destroy of the oxide film on the materi-
al surface by the continuous sliding, the subsequent
direct contact of the material and the decrease of the
material strength caused by the temperature raise by
friction.

Tests in high temperature argon were made by the
SW-2 test section and uk are reported(7)’(8)’(9) at
280°C and 540°C. Though the sliding mode was oscil-
lating rotation which was different from the test con-
ditions in this report. uk of Stellite Noj 6, Col-
monoy No. 6 and Cr plated material increase with tem-
perature.

Relations obtained by SW-2 between pk and load on



Stellite and Colmonoy material in the various environ-

ments are shown in Fig. 6.

Comparisons in Argon and Sodium

Comparisons of the test data obtained in room
temperature argon and 450°C sodium are made as fol-
lows:

(1) Load dependency of Us in both environments are
small. The us values in argon is smaller than
in sodium.

(2) Load dependency of pk was observed in argon.

(3} Changes of microstructure, roughness and hard-
ness on surface are more remarkable in argon
than in sodium.

(4) Wear rate in a?gon is higher than in sodium.
Since measurements of us were made under low

sliding speed and short sliding distance and no sur-

face deformation occurred, it is considered that the
low load dependenéy of pus was thus resulted. The
possible reason of lower us in argon than in sodium
should be due to the fact that the test was carried
out in room temperature argon and the resi@uum of the
oxide film formed on material surface in tﬁe atmos-
phere was easier in argon.

By the continuously one directional sliding (15

minutes sliding at each load) applied for pk measure-



ments, the oxide film on material surface is destroy-
ed and thus pk and WD increase.

By comparing physical properties of argon and
sodium as shown in Table 9, the thermal conductivity
of argon is smaller by three times than sodium and
the specific heat of argon is about 1/3 of that of
sodium. Because the cooling performance of argon is
much worse than sodium, the temperature at sliding
surface is higher in argon and the oxide film tends
to be destroyed, and the deterioration of materialf
strength toughness occurs. On the other hand, the .
oxide film is destroyed due to strong affinity of-
sodium with oxygen, but there is a possibility of the
formation of NaXCryQZ on material surface in sodium
as shown in Fig. 7. According to the literature sur-
vey(lo)’(ll% the structure of the composite oxide is
possibly NaCrO2 and this improves anti-friction and
anti-wear properties.of the material. It is further
estimated that these differences would be enlarged in
high temperature argon.

Ratios of friction coefficients in sodium and
argon on various materials under the load Qf 220 kg

are shown in Figs. 8-1 and 8-2.



5. Conclusions

By the friction and wear tests in room temperature

argon, the following points were made clear.

(1)

(2)

(3)

(4)

(6)

The ps values in room temperature argon were below

0.2 on almost all of the material combinations. They
are smaller than those obtained in 450°C sodiuﬁ.

The pk values in room temperature argon vary with
load.

Remarkable wear rates are obtained in room temperature
argon. Colmonoy and Stellite which do not wear in
sodium wear in argon.

Plastic deformation and surface roughenning tend to
occur at the sliding surface in room temperature argon,
while the sliding éurface hardness after exposure to
450°C sodium is higher.

There are considerable differences of friction and
wear characteristics between in argon and in sodium.
It is, accordingly, difficult to estimate the perform-
ances in sodium, basing on the data obtained in argon.
It is considered that the differences between room
temperature argon and 450°C sodium would be enlarged
if the test is carried out in higher temperature

argon.

- 10 -



It is supposed that such differences between in-argon
and in-sodium and above;mentioned are caused by the follow-
ing reasons:

(1) The oxide film previously formed on the material sur-
face will remain in argon when tested at room tempera-
ture and short sliding distance.

(2) When continuous sliding is made in argon, less fric-
tion heat is removed due to the lower heat conductivi-
ty of argon by three times than that of sodium and the
lower specific heat which is approximately 1/3 of that
of sodium.

(3) Although oxide film formed on the material surface in
the atmosphere is destroyed in sodium, Na Cr. 0, is
newly formed on the surface, and this will act as the
lubricant.

The results obtained by the tests in room temperature
argon were reported and the difference between in-argon
data and those obtained in 450°C sodium were discussed
herewith.

Among the sliding parts of reactor components, those
of fuel exchanger, driving mechanism of control rod and
fuel transfer machine which are located above reactor core
are exposed to argon. Although solid lubricants etc. can
be applied to achieve anti-friction and anti-wear perform-
ances for those parts where temperature is low and sodium

vapor is absent, it is necessary to take prudent attitude

- 11 -



in planning the selection of materials for complicated
parts where lubricants can not be applied, high tempera-
ture parts or high speed sliding parts.

The authors wish to express their appreciation to
Mr. R. Saito, Sodium Engineering Division Manager and
Messrs. K. Mochizuki and K. Yamamoto, Senior Engineers in
FBR Project. Also the authors wish to express their ap-
preciation to Mr. S. Mizobuchi, presently the Central Re-
search Laboratory of Ebara Manufacturing Co., Ltd. Many
thanks to the room mates who made kind cooperation for

loop operations and for analysing tests.
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(A) In-Sodium Test

x400

x200

x100

In-Argon Test

(B)

Photo. 2 Cross-Sectional Micrographs of Stellite No.6
(vs. Stellite No.6)
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(A) In-Sodium Test

(B)_ In-Argon Test

Photo. 3 Cross-Sectional Micrographs of Colmonoy No.4
{vs. Colmonoy No.4)



(A) In-Sodium Test

(B} In-Argon Test
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Photo. 4 Cross-Sectional Micrographs of Colmonoy No.5
(vs. Colmonoy No.5)



(A) In-Sodium Test

(B). In-Argon Test
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(A) In-Sodium Test
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In-Argon Test

(B)
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x400

x100.

Photo. 6 Cross-Sectional Micrographs of Deloro Stellite
SF-60M (vs. Deloro Stellite SF-60M)
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(A) In-Sodium Test

(B) In-Argon Test

Photo. 7 Cross-Sectional Micrographs of Hastelloy C
(vs. Hastelloy C)



(A} In-Sodium Test

(B) In-Argon Test

Photo. 8 Cross-Sectional Micrographs of Inconel X
(vs. Inconel X)



In-Sodium Test

{A)

x200

x]Ob

In-Argon Test

(8)
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hs of Inconel 718
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(vs. Inconel 718)

Photo. 9 Cross-Sectional M
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(A) In-Sodium Test

(B) In-Argon Test

Photo. 10 Cross-Sectional Micrographs of LC-1C
{vs. LC-1C)



(A) In-Sodium Test

(B) In-Argon Test

Photo. 11 Cross-Sectional Micrographs of LW-1N4D
(vs. LW-1N40)



(A} In-Sodium Test

Photo. 12 Cross-Sectional Micrographs of SUS304
{vs. SUS304)



(A) In-Sodium Test

(B) In-Argon Test

Photo. 13 Cross-Sectional Micrographs of SUS304
(vs. Stellite No.6)



Table 1

Condition of Friction Test

In- Argon Test

In-Sodium Test

Test Temperature (°C)
Cold Trap Temperaturs (°C)

Configuration of Test Piece

Apparent Contact Area of
Test Piece {cm?)

l.oad
Sliding Velocity (“"sec)

Quantity to be Determined

Room Temperature

Ring and Disc
2.2

Incremental Load
~ 03

Initiol Torque

280 and/or 450
200

Similar to In-Argon Test

u

#

4

4

Table 2 Condition of Wear Test

In- Argon Test

In-Sodium Test

Test Temperaiure (°C)
Cold Trap Temperature(°C)

Configuration of Test Piece

Apparent Contact Area of
Test Piece (cm?)

L.oad

Sliding Velocity (¢/sec)
Total Sliding Time (hrs)

Room Temperature
Ring and Disc
2.2
Incremental Load

3.6
2.5

Quantity to be Determined

450
200

Similar to In-Argon Test

7

-

N

Sliding Torque, Wear Rotel

Final

Load 320 kg

- 26 -
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Table 4 Material Combination

Stator Rotor
S6 S6
304 S6
S1 Si
304 St
S C6
C6 DS
Cb5 C6
DS DS
c4 c4a
C5 C5
C6 C6
IX IX
1718 1718
HC HC

LC-1C LC~IC

LW=1N40O | LW=-1N40
304 304

- 28 -
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Table 9 Physical properties of Argon(lz) and Sodium{13)
under the pressure of 1 kg/cm?

Temp. | Density | Specific heat | Viscosity Iggéumccf]ilvify
(°C) | (kg/m3) | (kcal/kg=C)| (kg-sec/m?| [keal/mh-<C)
0|1.785 0.1247 | 2.1 56)(166 1.406)(162
{00]1.305 0.1245 2.774 + | 1815 #
200 11.029 0.1245 3.307 4 | 2.180 ¢
Argon| 300(0.8494 | 0.1244 | 3.789 4 | 2512
400 {0.7231 4 4.234 1+ | 2.812 ¢
500 [0.6296 4 4.654 7 | 3.094
600 |0.5579 4 5.052 4| 3358 *
0| — — S —
100| 927 0.333 | 6.94x10°| 747
Sodium 200 904 0.326 4.61 « 705
300 880 0321 3.52 663
400 856 0.316 2.90 4 62.1
500 832 0.312 2.51 ¢ 579
600 808 0.309 212 1 3.7

- 33 -




peo] *sA S | *Biyg

{6%) ppo]

o0t 00 ©0Z 0O o}

o]

o0t QO0E 002 00t OOCOb OOE 002 00 00Ok O00E 002 QO
I

¢
o

Pl

ﬂ:@:é...‘.‘...’f‘..e.

J0GP 10 Wwnpog-uy -----

OAO-.O.O.A’..Q.

aanjpieduie) wooy 4D uobiy -uf

wralirealasen
el gty

03
8121 'sr 8121 JOPNFMTSAQPNI-MT] O1-0715A01-01 3 tvO0gsA pOE .
(B) poo]
a0t 00f o0oe 00l 000t 00 002 OO0l 0 CCr OO 002 00! 0 QCry QOF 002 00} o00by Q0¢ GGZ2 OO0 0 00F 00 002 €Ol ?‘.
_utlh\wltltru T T T _H i ”I“lhl!.l.hl@.lt.-\?h O
LA S S -0 t-a.g 6.‘.‘#1” 1..1m._ \.m ee-e o e -y 50
pOE 'SA 95 95 A 95 § IS IS IS A 9D sasssa | sasa9n
. (B¥) peoy
00t 00 002 O00F 0 00OF 00 Q02 OO 000y O0E 002 Q03 C Qo OCE 002 OO0 G 00O 00z QGZ Ok o00r OOE 002 Q0 OO
._.|—u.; = 2x = —anaih JLEDS LSRN AL ML SO S S R B N R B B B A AR UL LI
- ] . Tos +?a..a.¢.,.« ] F\NJ&.&Q.? . o.&;.o.o-..a.a ]
905490 1 90 SAGD | GOSAGD ] bpOSAPD §  XISAXI ] OH SAOH ]

34

g1

eile)

S

o'l



00Gt 1D wolpog-u]

peoq “sa An z

oot
I

Q0 002 004

‘b4

Q 00t O0¢ 002 OCi

{6%) ppon

T T T T L1 1 \F

P

Vel

LANDLUN R D B A (DAt i I B A |

lm -0
o-8- -9 -G-q. o — e
% . o..o..o.#.b.é.d.l
ainjosedwa] wooy o uobiyg-up  ——— o ] °:
R } ) o
OPNI-MTSAOPNI-WT] DI-DTSh01-0T §  bOE'SAHOS 3,
i m.
(B} poo
QO 00f QCZ 001 O 00y 00¢ 002 00! 00t 00f 002 00 0 Q0F 00f 002 Q0! DO 00 D02 00l 0 00t 00€ 002 00l C
S B B L B | S cum. S — — <I. | — S i | ] .° _‘-.J.Iﬂ _,‘._OM N T 7T—T1 1 171 ™ —r 17 1 170 T T JO
. 1 +oow . ®-9 00 @ . ]l e o o0-® 00 o
3 - o — . :
Im |H.. Seee e |“ ]"/ﬂ\f\‘“ .IL Ill.oll.‘flll.l-d\bllmo
| T = . : ] . - . ot
O sSh 95 1 95 'sA 95 ] IS sA 1S\ O ISsA 90 1 SOsASO 31 S sh 90 ]
. J - - - Jen
(6s) pooTy
aor OLE 002 001 0 ooy O00F 002 0Ol 0 00F QOF 0CO0C OOl QO O0F 002 OO0 20 OF 0C7 o0l O nCe 008 Q02 00 0
T T T Y h L N S S B B I At L L R _Outdl-—.ﬁ,~4_l_dd__iﬁ_l_ ...O
<= 1 = 1 e WER oS .
3 ] B N » 3
= - ] 4 " te e e S %0
- ] 7 _ hd . 3
9y sA9) J 9DsAGD 4 GO SA GO 4 POSAPD 4 XISAXI 4 OH'sAoH ™
) B ] _ _ B e

Ao

A

35



Argon | Material Sodium
Room Temp. 4507
K Combination ;§
1.0 0.5 0 o Q 10
T T = N B
= HC vs. HC E—
= IX wvs IX —
g 1718 vs. 1718 [
g C4 vs C4 —
O C5 vs C5 J
—1 C5 wvs. C6 E—
] C6 vs. C6 ]
] C6 vs DS
— DS vs. DS |
] C6 wvs. Si ]
] St o-vs S m—
] S6 vs. S6 SE——
O S6 vs. 304 [
g 304 vs. 304 ]
] LCiICvs LC-IC B
o] LWHN4O vs. LW-IN4OF—
P TR B
1.0 05 0] 0 05 1.0
ts Hs
Fig. 3-1 Static Friction Coefficient ng under the Load of 220 kg
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Argon ‘ Sodium

Room Temp. ~ Maferial 450°C
m3 Combination 1K
1.0””01.”"0 O'ﬁ”OI.SHHtO
—] HC vs. HC e R
— IX vs. IX ]
] C4 vs C4 |
1 C5 vs C5 -
— C5 vs C6 —
——] C6 vs. C6 —]
C C6 vs. DS —
—— C6 vs. Si =) |
— S1 vs. Si  —
——— S6 vs. S6 ]
— S1 vs. 304 }
— .S6 vs. 304 p——
304 vs. 304 /1
— LC-IC vs. LC-IC -]
— LW-IN4Ovs. LW- )
10 - 05 o 0 05 1.0
Fx at

Fig. 3-2 Kinetic Friction Coefficient wy under the Load of 220 kg
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2x10°

1718 vs. 1718
10° b—
i HC vs. HC
g C6 vs.C6 .
5x10° - LC-1C vs. LC-IC
I /—u\mo vs.LW-IN40
- Ca.vs. C4
-é- S1 vs. S
._j“ -
(=]
E
~ 56 S6
2 vs.
o = < 5 s C5
5x10 —
10 —
5 Sliding Velocity : 3.6 “M/sec
i Load Tested : |
T
) 50 100 150 200 250 300 350 400

Load  (kg)

Fig. 4 Wear Depth vs. Load in Argon at Room Temperature
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5¢10° —

t i

IX vs. IX

LC-1Cvs. LC-1C

IX vs, 304

HC vs. HC
[71Bvs. [718

S6 vs. 304

LC-1C vs.304

C6 vs. 304
S1 vs. 304

LW-IN4O
vs. LW-1N40

Sliding Velocity : 3.6 Vsec
Load Tested : |

4 N B N ¥

Fig. 5

Cc5
Cc5
C6
Ccé
Ccé
St
s6

100 150 200 250 300" 350 400
Load  (kg)

Wear Depth vs. Load in Sodium at 450°C

vs. CB )

vs. C6
vs. C6
vs DS > Not Detectable

vs. St
vs, St
vs. S6
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t4r _ 10~
1oL 540¢ Argon OBI: ‘\\\
toL ‘ I e ™~o_ 540T Argon
Or ~—. ———— -
N §0.6~ e ____540C Sodium
8F 280t A i " Room Tempin Ai
-\i 08 ¥ /"90" o4l @W Room Temp.in Air
- L Sy Soc :
06 - sl 280T Sodium
- ___-—"" Room Bmpin Air S6vs S6
-  — -
0.4 ';2:':: _________ 540%¢ Sodium N ] ] l 1 1 d
i T T
0.2f 280T Sodium 1!
- C2vs.C2 1.0
0 | ! ] ] 1 1 ]
12r 08
10F 340C Argon el
N =8
= 0Bt 04
S 280°C Argon i 280% Sodium
08F Room Temp.In Air o 0.2- 812 va.S12
'_._...__..._.—---—-"""4000 . - vs.
Car 8 5. ...._Sodlum L L 1 i 1 1 |
JEiatn ittt peg= ~ .2
o2k 280T Sodium |~~~ 77 =~._540C Sodium
- ' C4 vs.C4 1.0~ \\\
0 L : ] ! ! 1 | | Room Temp.in Air ~_
09r e — ST
08 Room Tompi AT 540 Argon io.e_ 280 Argon
i T == 06f
- 0'6_ h 280°C Argon R
Lol == IITITEBUC Sodum  O4F—eoml 280T Sodium
i - 540 Sodium - T
o.21 0.2
L C6vs.C6 L Sivs. 81
0 1 L 1 1 1 | J (o) ] | ] ] 1 1 |
0O 100 200 300 400 500 €00 700 O 100 200 300 400. 500 600 700
Load {kg) Load (kg)

Fig. 6 Reiation between py and load in different énvironments (SW-2)
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-66 ] T T T T T ] T T T T
-68 |- 7
Na saturated with

-70} ' O. -

-T2 + i
#(Estimated) Y2Na, Cr,0,

~-74 | (cr vy < 1

=76 - OOppm

1/3Cr,04(Cr I11),

Atom of oxygen, AF ( kcal/g)

-88 | 1”7 | ! ] [ | | |

200 300 400 500 600 700 800 S00 1000 % 1200 } 1400
Temperature (°F) 1100 1300

Fig. 7 Free Energies of Interest in Sodium-Oxygen-Chromium
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Material Hs in Sodium/ug in Argon

Combination ‘
01 2 14 5 ¢

HC vs. HC ]

IX v IX [ ]

1718 vs. 1718 I

C4 vs. C4 ﬁ ]

C5 wvs. C5 : 1

C5 vs. C6 1

C6 v C6 ]

C6 vs. DS ]

DS wvs. DS _:]

c6 v St [

st v st [ ]

S6 vs. S6 : ]

S6 vs. 304 .;

304 vs. 304 : ’ |

LC-IC vs. LCAC

LW-1N4O vs. LWN4O ]

i 1 ] ] | I

o 1 2 3 4 5 &

Fig. 8-1 Ratio of Static Friction Coefficients in Sod1um and Argon
under the Load of 220 kg.
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* Materigl Fei i SodiumA,,k in Argon

Combination '
0 1 2 3 4 5 6
] | I I ]

HC vs. HC [

IX s IX ' ]

C4 vs. C4 _____Ii

C5 vs. C5 —

c5 v C6 [ ]

c6 vs C6 | | E

¢c6 v DS [] |

c6 vs. S1[] i |

S1  vs. S : ]

S6 wvs. S6 | ]}

S1  vs 304 : |

6 vs. 304 [

304 vs. 304
LC-1C vs  LC-1C l
LW-IN4O vs. LW~IN4O . ]

i ] 1 I |

Fig. 8-2 Ratio-of Kinetic Friction Coefficients in Sodiun' and Argon
under the Load of 220 kg
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