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Wear Tests of Materials for FBR in Sodium Environment (V)

Differences between Colmonoy and Stellite Alloys

Shigeki KANOH Shotaro MIZOBUCHI * Koichi NAKAYAMA*
Naruo HASEGAWA* Toru KOAKUTSU* Masaru NAMEKAWA*
Takashi NAKASUJI* and Hideo ATSUMO*

Abstract

A series of experiments in sodium environment have been carried out to
develop and screen the friction and wear resistant materials used for sliding
components of the sodium cooled reactor.

The present study relates to the friction and wear characteristics
of nickel-base alloy "Colmonoy" and cobalt-base alloy "Stellite" with
respect to temperature, load, sliding velocity, sliding mode and sodium
flushing. Also several experiments were carried out in argon and atmospheric
environments, and they were compared with those in sodium.

The results obtained were as follows :

(1) As the sodium temperature is raised, the kinetic friction coefficient
(M) of Stellite alloy becomes higher, but that of Colmonoy alloy
remains constant or is rather lower. The U of Colmonoy alloy becomes
lower by 540°C sodium flushing.

(2) Both static friction coefficient (ug) and W of Colmonoy alloy are
lower than those of Stellite alloy in sodium environment.

(3) The dependence of Ug and py upon the load is low in sodium environment.
In argon the dependence of g upon the load is not found, while My

varies according to the load.

* Sodium Technology Section,

Sodium Engineering D1v151on
O-arai Engineering Center, PNC.

*% Now Ebara Manufacturing Company, Ltd.
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(4) The friction behavior is influenced by sliding mode. The py in
oscillating sliding is higher than that in one-directional continuous
sliding. Also the sliding surface in oscillating sliding is more
rdughened. '

(5) The dependence of yj upon the sliding velocity is not found in sodium
environment except for that in low velocity area.

(6) The kinetic friction coefficient is apt to be higher in argon than in

sodium, Also the wear rate is much higher in argon.
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CcT
FM
N
SW-1 Wear fest pot H Heater
sw-2 Selt ~ welding test pot < Cooler
ET Expansion tank EC Economizer
ST Storage tank 3 Filter
HT Hot trap EMP  Electramognetic pump
T Cold trap Fi Fiow meter
TS Corrosion test section VT Vapor trap
Ot Oxygen meter M Motor
PI Plugging indicater b4 Manual valve
HC Heater and coaler pioil Automatic valve

Fig.l Flow sheet of Self-Welding and Wearing Test Loop
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Table. 1 IL% « DRBEHETRT,

Table. 2 {CHER LM O(LFERDETR T, INE/ ABLITRT 54 PRTXTHS $OE
BEEIC LD Type 304S8S 8103 Type 316SS LICEE -7 F L v HRIEEL, @B inLiC
SOERRBRESE 2mm, FTLRESSE3E204~1pmd Lic, HEHRORITIE Table 2

Ny RNOBLH ZHHERECL DR EER L,

Table i Test

Conditions
Environment Test Factor SW-1 SW-2
Sodium Temperature, (°C) | 280, 450, 540 280, 540
Cold Trap Temp. (°C) 200 200
Sodium Flow Rate (&/min) 4 4
Load (kg) max. 440 max. 500
. (Dead Weight) {071 Pressure)
Sodium
Sliding Velocity{cm/sec) Imax. 7.2 0.25
Apparent Contact Area
o?pTest Piece {cm®} 2.2 2.2
Flushing Time (hrs} 24-~72 24
Argon Temperature {°C) |Room Temperature| 280, 540
Argon Flow Rate (%/min) 0 0.5
Argon Purity {%) >99,995 >99,999
Load (kg) max. 440 max. 500
Argan (Dead Weight) {0i1 Pressure)
Sliding Velocity{cm/sec) 3.6 0.25
Apparent Contact Area
o?pTest Piece (cm?) 2.2 2.2
Table 2 Chemical Composition
. Chemical Composition (w/o)
Material Symbal
C Si B Fe Cr Ni Co W Mo Mn
Type 304 SS 304 0.06 0.59 Bal 18.64 8.63 1.54
Type 316 SS 316 0.06 0.47 Bal 16.58 10.76 2.15 1.00
Colmonoy No.2 | €2 0.20 3.00 1.00 3.20 5.00 Bal
Colmonoy No.4 | C4 6.40 3.00 2.00 3.20 10.00 Bal
Colmonoy No.5 | €5 0.54 3.47 2.05 3.47 11.50 Bal
Colmonoy No.6 | C6 0.75 4.25 3.00 4.75 13.50 Bal
Stellite No.1 S Z2.58 1.16 0.28 31.33 Bal 12.49
Stellite No.6 | S6 1.08 1.17 0.27 28.65 Bal 4.20
Stellite No.12| S12 1.30 1.20 2.50 29.00 Bal 8.00
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®* CBvs304
* CS5vs304

05— OS12 vs.304

C6 vs.304
D G5 vs.304

Hs

L A 56 v5.56

O C4 vs.C4

PR M PP L PP
300 400 500
TEMPERATURE (°C)

Fig.4 Relation between HUg and sodium temperature
under the load of 220 kg (SW-1)
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5 Relation between Mg and load at the sliding

velocity of 3.6 cm/sec in different environments
(SW-1)

Room temperature argon
56 vs.56

[ C6 vs.C6

C4vs C4 5 v o6
304 vs.304
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S1 vs. 81
| 1 . .
{ Lood tested 450°C " Sodium
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C6 vs.CH ——”"\ CavsCa

—_— (5vsC5

N VI S B I R R A T

I
100 200 300 400
LOAD {kqg)

Fig.6 Relation between ukx and load at the sliding

velocity of 3.6 em/sec in different
environments. (SW-1)
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in different environments. (SW-1)
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i 450°C  Sodium
b4
S $12.316
o5l $6.304
| 304304
7
- s6
i C4.304
/_.————'f c4
| | | | i | i
i % 3 7 5 3 7
1.0+
- 540°C Sodium -
| —— ' S12.316
05}
N— $6 304

ca

] | | i | | |

S 6 T
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Fig.9 Relation between pi and sliding velocity under the
load of 220 kg (SW-1)
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Fig.10 Relation between IWp and load at the sliding velo-
city of 3.6 cm/sec (SW-1) :
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-——— Room temperature argon C6 vs.S1
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Fig.1ll Relation between IWp and time at the sliding velo-
city of 3.6 cm/sec under the load of 220 kg (SW-1)

1 i -
: ushed with sodium 56 vs 56, Wp=0 in 540°C sodium
450°C sodium

—— 540°C sodium

C5vs.C5, Wp=0 in 540°C sodium
even under the confoct pressure
of 2 kg/ mmR



PNC TN941 76—81

3.2 RiRE®H SW—2)
(1) HEBESLCESY 1 7 v0EE
Fig. 12 5L U Fig. 131342754 P66 BLUILE/INENSW— 2 TR
B tEEAEOBRRTH S, 10ELS 110 EE TiI—EHE 0. 25 cm/sec & 75 -
2T, BEBRADKEICED by RIEARIID, Kicid 3 EE ¢ kL R4,
RELLDIELOAEBENRESHEIEE L BHBL T 20 ERE RN 3 725
ThHdo BEFHARNDUHLTERARTO bvy pEEREICHLELEEL TS,
2 739 vvings
Fig. 12 BLUFig. 13 LDWLIKane/ 1 8413540°CH MY v AahT 24 KR 7 5
Y YIFTBERMBETTEN, RF54 PASBHICEL LS,

E 8
2

= g T a
B4 Room temp air §.

go 90 60 30 P
30 60 g

5* ” £o
58 g
= <4

w ks
N &

5 4

&

Y

o

" —— -
Tt IR o

Friction Torque {kgm)
N O N

.E.G 540°C argon <
L Za
4 22
6 &
5 i
2ap anenry g
s I b . rF2
az 280°C sodium £

S

2 90 60 30
=0
5 30 80 90 6
BDaH
&
Eg 24
2 g2
K 3
g2 g0
= =)
0 =
5 -3
52 2
T i g
A =
6l 29
2
8 T2
= ‘ 5
o 540° C sodium co
Y .
=4 ofter flushed for = 8
@ 24 hours £2
g2 =
2 S0 &0 30 ~4
o] t S - Eg
S 5 30 [ a0 2 | e rma e
2 32 540°C 50 &
5, ROTATIONAL ANGLE (%) 3 dfier Tiaahed for 24 :’\
= £ 20 &0 30
‘8l o 0 €0 90 ,
5 S| 1 — ROTATIONAL ANGLE (*}
= T i e b T PO T
_ Cycle H ST = -
= oo g — e
o Lie
— 3rd Cycle === 3ra C;el:

Fig.12 Result of oscillating friction Fig.1l3 Result of oscillating friction
test on Stellite No.6 under test on Colmonoy No.6 under
the load of 500 kg (SW-2) the load of 500 kg (SW-2)
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Fig.16 Relation between hardness and temperature
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Stellite No. 1

Stellite  No. & Colmonoy - No. 4

Stellite No 12

as received sample
Etched by aquo redic
Substratum : Type304SS, 50 mm i

Photo.l Cross-sectional
microstructure
between welded
material and sub-
stratum

Colmonoy No. &
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