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Fretting wear behavior of Inconel690 /1Cr13 stainless steel in
high-temperature air and nitrogen
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Abstract: The fretting wear behavior of the steam generator tubes material Inconel690 of nuclear power was investigated
against 1Crl3 stainless steel by PLINT high temperature fretting tester in the slip regime under the conditions of the
temperatures of 2025 ‘C(air), 300 C(air) and 300 ‘C(N,), the normal loads of 50 and 100 N, and the displacement
amplitudes from 60 pum to 200 um. The results show that the fretting friction coefficient gradually increases as the
increase of displacement amplitude under the same normal load in the high-temperature air, however, the friction
coefficient decreases in the high-temperature nitrogen. The damage degree of Inconel690 is slight in the high-temperature
air, but more serious in the high-temperature nitrogen at the same load and displacement. In the high-temperature air and
nitrogen atmosphere, the wear surface occurs different degrees of friction oxidation which generates mainly oxidation of
Fe, Ni, Cr and so on. The abrasive wear, friction oxidation and delamination are main wear mechanisms of Inconel690.
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1.1 iRy

RIEATEL A Inconel690 FHF, sk 1, A&
' d19.05 mm X 1.09 mm X 10 mm, 2 [fi HUkE & R,=0.02
pm. Inconel690 A4 A i 46 A3 H Ty Z# PERe i T
SV PRk 734 MPa, JEIRIRE N 310 MPa;
(300 C) FHLhiHEE Ky 617 MPa, Jui iRHEIE Ky 247
MPa. XfEERIRSEL N 1Cr13 AFAN SO kA, Fidk
5 d10 mmX10 mm, R=0.02 pm. ikE &4 PLINT
fer i S A B BRI AL bR 18 A/ AT A8 XA
fil 7 AT, IR E WA 1 PR,

&1 Inconel690 {427 sy
Table 1 Chemical composition of Inconel690 (mass fraction,
o)
Fe Cr Ni Si Ti Mn Else
10.20  29.75  59.1 028 028 0.29 0.1

318 W el e [y SY |
Fig. 1 Schematic diagram of fretting wear test: 1—Tube
specimen; 2 — Cylinder specimen; 3 — Tube holder;
4—Cylinder holder; 5—Bolt; 6— Asbestos; 7— Container;
8 — Piston of hydraulic system; 8 — Counter weight;

10—Thermocouple; 11—Heater; 12—Nitrogen
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TRIGAE B A SRR 50%~60%, WL K 20~25
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I3HT o

2 HR5ITR

2.1 BT

Inconel690 7EiA MM A F,=20 N ALFEIME{E A
D=150 pm 501, BRI 5 B IRL(F—D) K &1
Tk zh PR E — 4k P 2 B 1 2(a)Fl(b) el AL,
F—D W 24T UILIE, WMahiztr THE#IX,

40
(a) — 60 um
—— 100 um
150
20} wum
%
2
)
= Of
.2
§=
=
_20 -
-200 -100 0 100 200
Displacement/um
40
(b) —60 um
— 100 ym
2oL w1 50 pm
&
2
=]
= 0f
2
2
ia
_20 -
—-40 1 1 1 1 1
-200 -100 0 100 200
Displacement/um

2 10% UKHRFR H s PR RS P 2 Pl
Fig. 2 Evolution of fretting wear behaviors observed on
Inconel690 at cycle number (V) of 10* (a) Room temperature,
air; (b) 300 °C, air (F,=20 N, D=150 um)
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LA, BT EiREU T BRI AE S B RG, FLL,
LT B IRI(S 000~10 000 YRAEIR) K BhRl IR
Ao PR, BEERNECR S, AR,

Friction coefficient

Cycle number/103

1.6
*—100 um
x °©—150 um
121 0—200 pm

X
SRR

Friction coefficient
=
[o2e]

81 . KX

: (@

H S T T ATT
0.4

1

1
0 4 8 12 16 20
Cycle number/103

3 AFLRIR AR BRI B S 06 BN R AR

Fig. 3 Relationship between friction coefficient and cycle
numbers at different displacement amplitudes: (a) F,=100
N(300 °C, air); (b) F,=100 N(300 ‘C, N,)
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VRS S 78 W AR SRR, A A4 S R R, A
RS E e, BB, Alloy690 i i)
PEBRRIGAE S, 7 290 “C R EEH R LU AE TR R
N, KR T R R A A — 2O A Al A
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Fig. 4 Wear surface profiles of Inconel690: (a) F,=50
N(room temperature, air); (b) £,=50 N, D=150 um



523 %5 7

B, AR EIE RS N, P Inconel690/1Crl 3 ANER AW K Hsh BE A s 1903

LN VNN ER A7) TR M N = 23l L R
PES R P LA 5(a)). A EE IR R,
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SEM o 7EZMmMAT N, BEIRR A KPR g #7%
TE R MG, BEBAHNT ™ (UL 6(a))e 75

B'5 Inconel690 FEIR K il SEM {5
Fig. 5 SEM images of worn scars of Inconel690 (£,=100 N,
D=150 pm): (a) Room temperature, air; (b) 300 °C, air; (c) 300
C, N,

Bl 6 Inconel690 FERAKIMIILA SEM &
Fig. 6 SEM images of worn scars of Inconel690 after
cleaning (F,=100 N, D=150 um): (a) Room temperature, air; (b)
300 ‘C, air; (c) 300 ‘C, N,
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Fig. 7

high-temperature air (F,=50 N, D=100 pm): (a) Fe 2p; (b) Ni

2p; (¢) Cr2p

XPS spectra of wear scar on Inconel690 in

Cr 2psp~ Ni 2psp HIEE TR B, Inconel690 BEJR
LI HIL T FeO. Fe,05(E=709.5. 715.7¢V), Ni. NiO.
NipO;(Ey=852.8 . 854.6. 861.1 eV), Cr,0O;. CrO;
(Ev=576.5 577.9 eV)E & &0 28 MY
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Fig. 8
high-temperature nitrogen (#,=50 N, D=100 um): (a) Fe 2p; (b)
Ni 2p; (c) Cr 2p

XPS spectra of wear scar on Inconel690 in
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Cr 2psn~ Ni2psn ) K323 #r2¢ BUY, Inconel690 44>
BEJRRM I T Fe. FesO4n Fe,O3(E,=707. 711.1,
715.7¢V), Ni.Ni,O3(E,=852.8.856 V), Cr,05(E,=576.7
eV)ZEDI . FHILTT L, 75 i R OR il U R
AT BB R R T A ) G B R A 2

JEIRETH A+ B+ C A K) EDX 323 M W (UL 3%
2), fEEREVIEE T, BT N SRR, Fe
P AR AR, DAL O i B BAR 1wl K AUR
TR O B il R A RN B A A
VIS TS ERG, SRR T 2 8 WA EH, B
BAMLH 32 BRI A BRI A AR 2 B 0. i /b
PEIR R T I T B A IS, TR, UM <28 =
A SR B i J2 BRI 18, P ADLML A B Iy s o
P15 FZ BB AR o

&2 Inconel690 BEJR 2 I 16 2 )

Table 2 Chemical composition of wear scar on Inconel690
(F,=100 N, D=150 pm)

Mole fraction/%
Element
20-25 “C(air) 300 C(air) 300 C(Ny)
(0] 47.73 53.06 29.75
Cr 14.26 11.87 18.49
Fe 18.07 21.54 18.74
Ni 19.32 13.42 32.87
3 ZHig

1) Sk s — &, B AIRESE N, 5 e
KA, WS EERE T, X2 AR, B
J5 58 Ty vk NGRS« AR i e, PERE DREURAIS,
X2 TR IS 2 2, B A i R 6T B0
R, FATENE

2) HEATFIALFE —E R, Inconel690 7E i K7,
PP AR RN (B8 A A I S TR T A, R )
ARBOREVER, B0 AR R U B A
A S A pl, PRSI BRI R W] W, B )™
i,

3) Inconel690 izl B FE A B RAR I SR 5 — )=
BEIG, PRV EAE N T Fey Niv Cr 58 I0EM
. AEHTFEIX, Inconel690 BESRHLH - 2RI
PERL R PR AN 2 B 3L FAE R
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