®om W BT LERAVECI TR e Ui
90 - EQUIPMENT ENVIRONMENTAL ENGINEERING 2020 4 1 H

IR AREHERESRRL
R ERER M EE

ERK=, X5, 283, [E
(PEMZILRMESRTIRRE MEMRELRRSHPREMEBERIEE, LR 100095)

i

#ftﬁig B 4R &mdingit ﬂi/%éﬁ'fsk FF & NiCr-Cr;C,. CoMoCr & NiCrAlY ik 2 84 &8 R 3 E
BEXT LA, ik APat bk APk 2, B MUEURIEA T EBATA L&, SEMRA AL E . 2

&F‘\ SRR AR, TR 650 mmm%ﬁzﬁtﬁ\zﬁu 400, 650 Ca94h £ XFHBFRIE, *Fit

HREHEARRPEGREFTHRALRZH . BHELAK. BRAZTMRE. &R RENLKRE,

NiCr-Cr;C,. CoMoCrSi & NiCrAlY 7428438 % 0.18, 0.1, 0.005 mg/(cm®h), 650 ‘Cr, JE3E A 55 A

0.5. 1.0, 0.6, &t REBME TR T LR E0REHER, SEREARTEFRTRASFFTANALIL. &

BT R H Cos04 5 Cry0; 3t Z iR B R A R F #9377 JNiCr-75Cr;C, = NiCrAlY i & £ 400,650 C

TAE A5 SG3TA A4t st R &l 44t

X837 : NiCr-Cr;Cy; NiCrAlY; CoMoCrSi; #2245, ZHiBEM; SmALL; B¥Evik; CCDS2000

DOI: 10.7643/ issn.1672-9242.2020.01.014

FESES: TG174.4 XERFRIZAD: A

XEHS: 1672-9242(2020)01-0090-07

High Temperature Oxidation and Friction Behavior of Nickel Based and
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ABSTRACT: The paper aims to study the friction and wear resistance properties of NiCr-Cr;C,, CoMoCrSi and NiCrAlY
coating at high temperature to meet the high temperature and high speed development demands of equipment. These two kinds
of coating were deposited by super detonation spray process. The porosity, micro-hardness, bond strength of these coatings were
tested. High temperature oxidation and high temperature wear resistant were studied at 650 ‘C for 260h as well as 400 and
650 ‘C respectively to compare oxidation mass gain, friction coefficient and friction mass loss under different high temperature
conditions. The oxidation mass gain of the coatings were 0.18,0.1,0.005 mg/(cm?-h). At 650 ‘C, the friction coefficient were 0.5,
1.0 and 0.6. The microstructure and the binding strength of the coating sprayed by super detonation are better than plasma
process. The oxidation products Co3;0, and Cr,Oj; at high temperature have different effects on the high temperature friction

coefficient. NiCr-75Cr;C, and NiCrAlY coating should be used for the friction pair materials of SG37A at 400 and 650 C.

Wi EH: 2019-09-18; fEITHHA: 2019-11-18

Received: 2019-09-18; Revised: 2019-11-18

EETB: AFXHARERFAR (2017-W-0013-0110)

Fund: National science and technology major projects (2017-VI-0013-0110)

EERIMT: EKE (1981—), ¥, LAA, FAIRN, L2HAFT 0L AT IR, ARAhEERR,

Biography: WANG Chang-liang (1981—), Male, from Shandong, Senior engineer, Research focus: surface engineering, thermal spray coating technology.



LIAVECIIC R

FRSEE: BYURIEBNR BILEG SR )2 R AU SR 4 v R 91 -

KEY WORDS: NiCr-Cr;C,; NiCrAlY; CoMoCrSi; high temperature friction; high temperature wear; high temperature oxida-

tion; detonation spray; CCDS2000

NiCrAlY ¥ 276 & iR T BB R bt E b tEge,
SRR EZ W HPUEALR R Z BRI R
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Iz 5P, Tribaloy £ 5012 BUERIR AL, 15
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1.1 B

IRRE LR AR 16 F GHO625, I RE#T R 24
930 CHRi 1 h, AKSHAEH, HALERI AR 1, Hirp
FLBRA . AR RE | OWTE SRS S5 AR RS 10 mmx
10 mmx1 mm , 254 5 BB R R ¢ 25.4 mmx
7.88 mm; Y- 2B E T IR T 24 mmx
7.78 mm, F IR E AL A R F 8 50 mmx30 mmx3 mm,
A URE B R RS BE Rah 0.8 pm.,  BEJEE BRI G 5 I
RFELE ] SG37A #1EL .

*1 GH625 B EH 5

Tab.1 Chemical composition of GH625 %
LE  C Ct Co Mo Al Ti Ni
i 0.10  20.0~23.0 1.0 8.0~10.0 04 04 R&
8K
JLE  Nd Fe  Mn  Si P S Cu
gﬂii 3.15~4.15 500 0.50 0.50 0.015 0.015 0.07

1.2 BREMRME

NiCr-Cr;C, MU R BRI AR, 4 XK Hh
25NiCr-75Cr;C,, HiJE R 15~45 um, CoMoCrSi A H
EREMMAR, £ kSR Co28Mol7Cr2Si, BN
15~45 um. NiCrAlY N EZESEAM K, £ XN
Ni 22Cr 10A1 1.0Y, FiBER 50~100 pm, =Ff AR K
FOMTES N 1 Frs .
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Fig.1 The powder microstructure
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W, RS S8R AR BIR RIR G, Wit kb2
FURBRE G, KR O IR ik 3400 CLLE,
FEKE SR Dl B BT AR E] 1500 m/s DL b, BRKEDR
TR U A AR U B ) A SR I i A, 5 5 31 0
Rk, EHRIRZE . BATEARREELRE, &
O] E AT 4~10 U o AR IR 2 I R 1Y 5 I & A T
HAGZEE KT 200 um, BYIREBIRRMHEHZ
FRAR TR DR BEAE A B KRR, 358 T 25 U0k 1) R
B CH i CCDS2000 B KEBTIR R4 Hl % T =
g2, BOABEE S 200 mm, EBRHEH 1.1, TAEE
F14 0.15 MPa, i K3 3 B R 0.15 g/s, BHARATFE N 4/s,
1.4 RKIEHE

1) KH Quanta 600 3 4% ( SEM ) 43-#iiR)=
FITOTE S, AR ROWEEAE . FLBRR | A%, ff
FH Image-Pro Plus 318U ZHE 5 SEM A S
FL. FLIASERT S R mE A E b, AR 5 AN
ARG AT, BOEBMEAE R — AR LR R

2) St il A B A 4 AR R I 3 HL 0 2 1) 4 T Ak
B, X Struers 2\ ) AY Duramin B4 2% fif 4 [C A
BETE, 7E 2.94 N #iff FINEE 15 s, M@ RZmMaE,
MRS AT 54, BEFHE,

345 A 5 B R v T TR 2] 200~300 pum )R
B, WIZERATRES), 855 — AR W RE A — ik
(40 HIWEALER, K J120°0 0.4 MPa ). 2k FM1000
JE A M v T A AR A, RIS R e B XA e
m—EMES . BASEWNIRAEE 180 C T
b (120+10) min, JCHIMEAR, JEEEHR RIS EE
FFAFRUERARRISHLLL 1 mm/min P93 B 7 BORL 25 4
MR, WSS Ao, ARIRZINL 3 AN SUE.

4) {4l HB 5258 4N Sl & 4 i A At
FEIRIG T ) HEATIR ZTE 650 C R FOAE R A AL 1 g
W, WA R TR AR, AT TR 2 TE R X R
WAL 125470 o PR M BE DR KRG 38
650 CHRIE 10 min, JCA 25 C/KHid H—IRIEER,
PRI S AR R B GH625,

5) HKHE ASTM G99, R SRV4 Rl JEE 82 )5 51 i
Y ALIEA T A £ U B IR A K . SG37A MOBMEN I
REE, WIR)ZE GH625 MEME RN FileE, CRIRZEM
JEEPE R AR B U Ol . hfar 10 N, R
4 15 Hz,
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NiCr-75CrsC, ¥ JZ B4R 59 A 2302 208 3 n
K 2a s, WRZBBONECE, SIES H kB0
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R E I B SUE S 2b FiR, REEEIR,
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Tab.2 The coating porosity %
. LB
WIEHR pr—
3 4 5 A FETWE

NiCr-75Cr;C, 0.68 0.78 0.89 0.84 0.69 0.78 12.7
CoMoCrSi  0.28 0.32 0.26 0.19 0.20 0.25 11.31
NiCrAlY 0.92 0.95 0.84 0.88 0.97 0.91 2.16

22 WERLEARE
SAPIRER R WA 3. BT CrsCy B

A, NiCr-75Cr;C, i £z /55, 2494 900 HV~1000 HV ,
NiCrAlY R AHEEG LA n, BERMK, 48
400 HV~500 HV, CoMoCrSi 1E A1k H 1Y Tribaloy %
&4, 700~1200 CHALEE 10~60 min J&, ARy
Laves Ml AL A # & A, 25 1000HVIP!, B Fmik
T FEAZ I A A, AT KR Laves AHZERG, H
G KW ] A8 B TR J2 B FE AE 650 HV~700 HV Jig [H]
W, AH SR TS IRIZ (500 HV~550 HV ), fif
BRI,
£33 REBMERE (HV.)
Tab.3 Coating microhardness (HV3)
AR
2 3 4 5 K
960 912 998 892 956 943
668 689 657 642 653 661

384 510 455 528 526 481

WRIZMH

NiCr-75Cr3C2
CoMoCrSi
NiCrAlY

P T B W R kL TR B A AR T 07
R, RATRCT SRR, TRk T 5 SL AR £ B ()
RERH BT R, WZEEFME R .. NiCr-75CrC, .
NiCrAlY W45 SR 20 W, 1R 2 S bRgh A i KT
DE , IR A5 B TR T2 & IR 2 45 A ik
J& . CoMoCrSi HIZ5 A58 E ) 63 MPa, K145 5 1Mt
U (28.7 MPa ) A3 K JAEmTLR (47.2 MPa) 45
AOREMRE, W4,

23 mEREANKRE
NiCrAlY 2 PEREL 5 i m iU i L IR )2, S
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Tab.4 The coating bond strength MPa

YN
R S mfg PR
NiCr-75Cr;C, 77.1  79.6 80.5 79.1 42
CoMoCrSi  60.5 61.7 67.6 633 28.7
NiCrAlY  77.46 79.02 7330 76.6 55

SRDIBON A LE, ST T & A9 NiCrAlY ¥

WD Mag Det| HV | HFW |X:-314mm +———200 pm———
10.4 mm 200x SSD 30.0 kV|0.68 mm Y: —6.9 mm|

WD  Mag Det| HV HFW
11.6 mm 200%SSD|30.0 kV 1.35 mi

JERFRVURRN , BE 25 AL . e, R
JEHIE S RO, BUBER 22 . TR =
R YR BRI ALO; 5K CrO5 UKME, FHIER
ZEift— 5k, I TS AR, 650 ‘CF-E
FAL TR 0.005 mg/(cm®h), GH625 #HRHE
650 C T HAMMERERLF, JLF 5 NiCrAlY W2 it
B, SRR R 2 0.007 mg/(cm®h),
CoMoCrSi 7E il N &4 il Co304. CoMoOy4. MoOs.,
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Fig.2 The coating section morphology
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CoCr,0, AL, hHA —& WPt afbtt, FHR 14}
e B4 4 24 0.1 mg/(em’+h) NiCr-75Cr3Cy H1 T NiCr 12l
H R 25%, IRIZFRMEABEA L TEREN Cr &

feE, 260 h AT R B2 0.18 me/(em™h). g
AR DU B 9 1 R SR A S s . so8
WRIZTE 650 C T HGELE R ILFE 5, K BHRGENERE RLAT, Zo6f
WITURZ RV . PGRMRE R — 2 T =Mk 2 = oal
MBS FEAREE A S B A, 55— I RN I ik 3R o2
B S BORT BT . SR bR GHO25 1K T
ZH0M 12.8x107°/°C, NiCrAlY &2 K 13.8x107°°/°C, 0.0

CoMoCrSi 2K 12.3x107°/°C , NiCr-75Cr;C, I 2 1Y
I ZH0Ch 11.4x1076/°CR2Y ) R R0 BT
K EEGEERE

50
‘/./0—0—-‘
40 /‘/
o "’
g o
230} /‘/
T |
-§D 20 * */*’*’4*_—*_—*
i S PO - GH625
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Time/h
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Fig.3 Three kinds of coating and substrate in
oxidation curve of 650 C
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Tab.5 Test results of coating water after being
quenched for 50 times

w2 IR/ C KB EK s R
NiCr-75Cr;C, 650 50 To#¥E
CoMoCrSi 650 50 TCH V&
NiCrAlY 650 50 T TE

24 BREZEEHRLE

GH625 #BHE 400, 650 “CF Ay BE4E Z 8t 28 4
4 fiis . 400 CHF e %A IH B A1, 100 s
JE BRI R BURETE 0.7 2247 . 650 CIHEEHE R EAEW)
AU BEA BRI, 500 s EITIREEE, A /MR
ik, FEFE 0.6 £
NiCr-75Cr;C, . NiCrAlY . CoMoCrSi & 2 5
SG37A M EHE 400 C T W BRI R BUMZNE 5 iR .
NiCr-75Cr;C, . NiCrAlY IR JZTEWI UG By BE4 A W I (1)
AW, BEERBOR TR EAE 0.5 i, CoMoCrSi
WA B G, BRI RO TR
BT GH625 #1 kL5 SG37A ¥R EE#E &%k, NiCr-
75Cr;Co VR 2 TEILIR BE T B EE 48 R BT AR .

0 200 400 600 800 1000 1200
Time/s

Kl 4 GH625 A4 AFIRE T B R

Fig.4 Friction coefficient of GH625 alloy under
different temperature
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Fig.5 Friction coefficient of NiCr-75 Cr;C,, NiCrAlY,
CoMoCrSi coating under 400 C
NiCr-75Cr;C, . NiCrAlY . CoMoCrSi & 2 5
SG37A MEHE 650 C T M EEE R B ML & 6
NiCr-75Cr;C, . NiCrAlY ¥ )2 [FREFE w46 B BE 43 11
BREAX, Zid200s )5, BERFEEHRE, o
JFETE 0.5 F1 0.6 fififr . AHLE NiCr-75Cr;C, TR )Z M4
B, NiCrAlY 2B R Az 3R, 650 CHE

1.4
12t /rCoI\“/I?Cr&
i M A
1.0 ‘FWH“M N“ M M‘ hH m | n \HM MM J'MW( [
= i
(3 |
S 08 1M NiCrAlY
o | I 1Cr
‘{'9) 0.6 ANM»‘-WM WS ‘ K}w Mooty
E MWMWWMWMMMWM
04| \
02 NiCr-75Cr,C,
0.0

0 2(I)0 4(I)0 6(I)0 800 1000 12IOO
Time/s
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650 C T Y FEHE R AL
Fig.6  Friction coefficient of NiCr-75 Cr;C,, NiCrAlY,
CoMoCrSi coating under 650 C
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BERBUEL 400 CHITH R . CoMoCrSi 142 75 He A JEE 52
AR, BRI R — A AR RIEL AR . 650 C
A EE 82 R AR AE 1.0 BT, 23 7 T 400 CHTAY 0.8,

NiCr-75Cr;C; . NiCrAlY . CoMoCrSi 12 /27 650,
400 'C FEEERBBZEME 7 FiR. BT IRENAE
b, CoMoCrSi ¥k )2 BE #2 R A 1) A8 4k | &, NiCr-
75Cr;C, . NiCrAlY ¥R )z REUE M AEZT L,
CoMoCrSi &2 R B2 PR E s B % . 78
[ S N e U e 1 7 =Y SR N == f i/ N i
NiCr-75Cr;C, . NiCrAlY &2 E k¥ LA Cr05 8 FEP,
CoMoCrSi B2 E AP LL Cos0, HF ., MiFHHE—L R
ik, IEEE N CoMoO,. MoO;. CoCr,0, =23, JiE
BEEREW], Cos0,5 Cr,0; fEEHE FA ZEANF
PRSI (R 5 AR BN IR B i T s, S
BB R AR I TR

Zj CoMoCrSi
aq:é 021 JWMWMMWW
jg: 0.0} it L
g -02} NiCr-75Cr,C,

—04f

~0.6—

0 200 400 600 800 1000 1200

Time/s

& 7 NiCr-75Cr;C,. NiCrAlY. CoMoCrSi &)

650 C 5 400 °C Iy EE#: R EUE AL
Fig.7 Friction coefficient change of NiCr-75 Cr;C,,
NiCrAlY, CoMoCrSi coating at the 650 ‘C and 400 C
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5 SG37A MEEERLRI AU B N /N 455k
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Fig.8 Wear mass loss of specimens under different temperature
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