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Wear in Liquid Nitrogen and Liquid Oxygen
Hajime Suto, and Byon Sun CHUN
Synopsis :

Development of wear—proof materials for low temperature uses is expected to accompany the advances
in cryogenic technologies. In the present paper, the results of sliding wear of several kinds of FCC alloys
and Ti alloys against a 0.45%C martensitic steel and a SUS316-type stainless steel in liquid N, and O,

are reported.

(1) The wear loss in liquid N, or O, was about 1/10 of that in air at R.T..
(2) The general tendency that the harder materials are the more wear-proof was recognized. How-
ever, the wear loss of some materials increased by age hardening, and the materials containing insoluble

carbides were easily abrased.

(3) The wearing phenomena in liquid N, or O, may be good examples to which the “delamination”

theory proposed by Suh et al. can be applied.
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Table 1. Chemical composition of specimens used (wt%).

Specimen o Si Mn P S Ni Cr Mo Ti Nb Others
SUS316 0. 06 0.56 157 0.029 0.019 10. 88 17.08 230 vi221

MnCr 0.61 1.06 14. 50 5.00 8.02

MnMo 0.97 12. 20 3.02 1.52

A286 0.06 0.56 1.19 0.018 0. 004 25.00 14.65  L.21 2.00 Al:0.25, Co:0.27
S816 0. 40 0. 40 1.50 0. 004 0. 008 19.83 19.93  3.95 3.90 W:4.01, Co: Bal
S45C 0. 44 0.22 0.71 0. 017 0.019 0. 04 0.07  0.024 0. 01

Specimen Al Sn v Fe C o N H

TiAlSn 5.10 2.62 0. 307 0.005 0.159  0.0021  0.0037

TiAIV 6.51 4.24 0.204 0.012 0.156  0.0038  0.0048

B 56 &£ 11 BAELSHBEASITEE B 56 4£ 11 # 27 B4 (Received Nov. 27, 1981)
* Ak Ii® (Faculty of Engineering, Tohoku University, Aza-Aoba Aramaki Sendai 980)

*2 @bk T 2% (Faculty of Engineering, Tohoku University)
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Table 2. Heat treatment and hardness (Hv : 10 kgf).

as quenched

age hardened

Specimen Hv Hvy
quenching R.T. Liq. O,  Liq N, aging R.T. Lig.0;  Lig. N,

SUS316 1060°C x1. 2h/W. Q. 205 312 333

MnCr 1180C x 1h/W. Q. 331 390 419 700°C % 2h/W. Q. 473 498 503
MnMo 1100C x 1h/W. Q. 288 376 412 700°C % 72h/W. Q 391 424 425
A286 1000C x 1h/W. Q. 163 188 194 700°C x8h/W. Q. 339 367 373
S816 1180C x 1h/W. Q. 264 374 380 760°C x 16h/A. C. 363 381 383
TiAlSn 950C x th/A. C. 371 455 471 550°C x 4. 27h/A. C. 394 467 475
TiAlV 950°C x 1h/A. C. 356 446 468 550°C x 2. 13h/A. C. 409 473 478
S45C 830°C x1h/W. Q. 708 851 858 :

Table 3. Charpy impact value at-196°C (J/cm2)

Alloy As quenched Age hardened
SUS316 243 —
MnMo 102 15
MnCr 38 10
A286 185 77

S816 —_ 24
TiAlSn — "
TiAlV — 14

upper test piece(U.TR)
NS
lal]
3 caunter
| Z7IN

temperature
measuring
slider

insulator
lower test piece
L1p)

Fig. 1. Test pieces and equipment for wear test
at low temperature.
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Fig. 2. Wear loss-load curves for as-quenched £
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Fig. 3. Wear loss—load curves for age-hardened
specimens and the companion (S45C specimen) in
liquid N,.
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Fig. 4. Wear loss-load curves for as—quenched
specimens and the companion (S45C specimen) in
liguid O,.
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Fig. 5. Relation between wear loss and hardness
of test materials (companion ; S45C).
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A286(A)/SUS316
Load . 10.2Kgf

at RT.
Coeff. of friction:0.81

!

start end

. in 1iq. N2 coeff. of friction:044 - 0kg
5

N1 02 coeft, of friction:063

¢ 203.472m .

Fig. 10. Flutuation of frictional force between
A286 (age hardened) and SUS316 test pieces under
the load of 10.2 kgf.
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Table 4. Coefficient of friction and wear loss.

Load Coeff. of Wea;floss

*k
No LTP* U.T.P. Temp. Ckgh) friction UT B e
1 545C SUS316 R.T. 10. 2 0.57 22.0
2 ” " L.O, ” 0. 48 0.8
3 ” " L. Ny ” 0.35 0.7
4 " TiALV(S) L.O; ” 0. 44 0.5
5 ” " L.N; ” 0.37 2.0
6 " TiAIV(A) L.N; ” 0.38 2.3
7 0" A286(A) L.N, 5.2 0.89 0.1
8 " " L.O; ” 0.92 0.4
9 " ” " 8.2 0.86 1.0
10 ” " " 10.2 0. 65 1.1
11 SUS316 S816(S) ” 5.2 0.61 0.8
12 " ” " 10. 2 0. 48 7.0
13 " MnMo(S) L.O; " — 0.7
14 " " L.N, ] — 0.6
15 ” MnCr(S) L. O, ” — 0.6
16 ” ” L. N, ” — 0.5
17 " TiAISn(S) " 5.2 0. 63 0.2
18 " ” ” 10. 2 0. 40 0.5
19 ” TiAIV(S) ” 5:2 0. 67 0.1
20 ” ” " 10.2 0. 40 0.5
21 " A286(A) R.T. " 0. 81 50.0
22 " ” L.O; ” 0. 64 1.2
23 ” ” L. N, ” 0. 45 1.2
24 " S816( A) L.O; " — 2.0
25 ” ” L. Ny ” — 1.4
26 o TiAlSn(A) L.O; ” — 0.5
27 " ” L.Ng - " — 0.5
28 ” TiAIV(A) L.O, " — 0.3
29 ” ” L. N, ” — 0.3

* : lower test piece
** : upper test piece, S: as quenched, A :age hardened
***  (mg/113 mm?)

Table 5. Observed temperature at frictional contacts between CHROMEL alloy and several
materials in liquid N, and under the load of 10.2kgf.

Average temperature(‘C)/Flash temperature(°C)

Materials in liquid Ny in liquid O,

' initial ‘middle final initial middle final
SUS316 _75/—34 —175/—170 —75/-171 —124/—24 —124/—16 —124/—18
MnMo(S) —_36/—22 —68/—30 — 70/ —64 _30/—9 —69/—30 —69/—29
A286(A) —837—21 —79/—45 —79/-61 —46/—37 — 45/ — 40 —40/—22
S816(AY —57/—32 —59/—30 —68/—34 —51/—28 —43/-23 —54/_36
TiAISn(A) —73/-7 —70/-19 —70/-21 —74/-17 —69/—1 —70/—21
TIAIV(A) —70/—31 —75/—34 —74/-30 —76/—25 —34/-10 —34/—24
S45C —97/-81 —904/—86 —96/—80 :
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A typical example of recorded wear sur—
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Optical micrographs of ‘the cross sections of (A) SUS 316 and (B) TiAlV

specimens weared to S45C specimens in liquid N,, showing deformation zone.
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Photo. 2. SEM photographs of the cross section
of (A,B)A286 and (C,D)SUS316 spccimens after

wear test to S45C specimens in liquid O, under
the load of 10.2 kgf.
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CRERIRELALER Y X h KT REBr R R T 57
BDTHS 5.

Photo. 7 &= S45C B AMEHFERABR YT o
EEDEFEROFIERT. FEAI TIAIV £&, BB
Bix S816 &0ERERTH BN, WIThd BRREE
WEIDTEUREBLhAEFERLTE D, L

SﬁcﬁnéwaﬁEEﬁéaf

nsolved |
faﬂmge/ ﬂ7

Photo. 4. SEM photographs of the cross section
of S816(A) specimens after wear tests to S45C spec—
imens in liquid O, under the load of 10.2 kgf.
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BTEHETHS. BERIIZELIMIEh, Fi7hE
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Wiz d DT Table 6 &7 v & —5 1 v TF
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Photo. 3.

Photo. 5.

BAERO BT, b ES D, BEEYIR
LEEgBHNL Ll EREBRIT R E L, BT
BEAEGRBIRTHD Z EREID BRI,

4.

WHRERE IO BEBES T, S45C FEAM B IO
SUS 316 g% HFH &L LT BEDOEEDT) ERER
B fT\, ROBREB L.

(1) ZEEROBEEKIENT, ZhbOERKELT A
PTOERERITL 1/10 Thb, BEEKLDI .

(r) RN EBEREEN DL B EBANAR LR

o

Microphotographs of (A) A286 and (B)

Micrograpﬁs f (A,B)TiAlSn and (G, D)TIAlV alloys.

A,C : air coolch,D ;;ged

Table 6. Crystal lattice of abrased powders col-
lected after wear tests iri liquid N, and O,.

Specimens* Crystal lattice

TiAIV/S45C BCC . a=0. 3978 nm
TiAIV/SUS316 FCC : a=0, 3520 nm
A286/545C FCC : a=0. 3493 nm
$816/S45C FCC : a=0. 3509 nm

*U. T. P. were age hardened
¥ U. T. P. were age hardened

Tes, RBBRALGOFEET X b BEE I KIS 3
BT EDGOI. X LT, RRTELAIRE O BEREE N
BiRfbREcoBEE I V2 b H0RR bR,
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Photo. 7. Abrased powders of aged (A)TiAlV, (B)S816 and (C)Mn
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Mo collected after test

in liquid O, under the load of 10.2 kgf (D) is the diffraction pattern of (C).
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