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(a) 1" TZ(GCrl5) (b) 1* T % (GCr15SiMn)

(e) 2* TZ(GCrl5) (d) 3* TZ(GCr15)

(e) 3* T2 (GCr15SiMn) (f) 4" T2 (GCrl15)

(g) 4% T4 (GCrl5SiMn) (h) 5% T ¥(GCrl5)

B3 ARIZHEALZEEMAR

RIHMT S A TZAEMS RIS G Oy 68. 1 HRC, HAR AT Hi I A v b o i 8 2
JE. BRT 1712 GCriSSiMn HiARE R B 61~66 HRC 2K,



88 A % X &

%45 %

®3 J[IZAFEREEE(HRC)

R
T
GCrl5 GCr15SiMn
1* 64.6 68.1
2* 65.2 —
3* 65.3 64.5
4* 64.7 63.4
5% 64.5 —

AR T GCr1S Bk i AWUAE 3 73 A7 il 28
JLIEN 4o B4 mPHL i R AL B AL LS | IR R T
AR P AR e, el ik 869. 1 HV, TR E]
A 2 mm {7 AR T B O RS R B P
AL BALEIREE S 2.0 mm, 38 )2 g AR
Petds Bt i U BE (22 46, B AR AT T 2
B ZHRE N 2.0 mm, EARLRHRAILE TZL
TS [ BRI T Bl EE R I ] S S
e, fAR A L 2 BEAL 2 N BERE T R B LA
— 2, BRI

880 66.1

840+ 65.0
> g
g{ 800+ 63.5=
= 5
= N =
< 700 62,05

T20H 60.5

680 i 585

0 | 2 3 4
PR 22 TR /mm

4 AREIZE GCrl5 Wikt BIRREE o 7 # £k

MIEL 4 38 0] LU Hy, GCrls #idAR7E 4 T4
B2 Rl — TR A7 8 A8 8 22 3l LR T 0
JEWISA 2557 . BB E A 22 B R 22 05 T
(9, T T e AR AN ] S LB AT
SRR B o LR R 2 5 2 R T
Bl BB B (IR o R R,
At & i M RE . TRl RS g, ) PR AR LE
BOR IR BRI R te b BEEEREAR

2.2 BmELETRERERRERZ

AR TZERAIB 5 b EFH A 5. &
I P A R L TR B ER AR 1) B R E D 9. 0~
120, il i Fn i P 28 R 35 B0 B 0 25 P MR
B2 R EE RNy 8 Sl S A Y ER

(a) 1" T% GCr15 (9.0 B 5kiRE)

(e) 3* T% GCr15SiMn (11.5 4 SkifE)




%1 XES, % R HARNKEE S T L5 89

o

(f) 4* T2 GCrl5 (10.0 2 fokifiE)

(g) 4" T2 GCri5SiMn (12.0 42 ki)

(h) 5" T GCr15 (10.5 45k

5 FARIZHEHEERHEER

eI A Bt R 4 T R A R B P
] AR RE I, iR AT B AR b, HE AP R B X
RLITRA MR AR, FERE— R B, B 8] A9 22 4 o
K/ANETRGE. BT Mn Bid SRR BOR,
HAE St RYBLS T, FEAS SE 003 5 L i [V B A
GCr15SiMn FIfAEAEL GCrlS FIARE L Y- 2 5L
PR A BE AR B R AR DL 145 2R, 12 800 ~
900 °C Je— 7 I [a] i Fil N E AT e RAL B Al 2 Ak
HDESHAA G AL

LR LRSI, 3T T2 ANB R Ak s
U TZBIZREE MG A A PR NS
28 4 ST TR E 3T LB R L R
FERR o WER A FIWA N 3° T2 S A L2
FRRS B (Rl

3 BELSER S FEERR RS T
3.1 BREXSER. EESNH

X} GCr15SiMn iR FE 2 3" T 7240 BiS 1 ik
RIB 2T RT3 AR, B8 Al 2k
DL 6, MIE 6 AT ik A I8 fa , R 2w ik %
HIRE] 1,88 %, X Sl BRI ]
ABJR7E PR AL BERT , i P AR 2 , 30K
R TRk 25 A e o A 00 S L P, BE R R
1.2 mm &b Bk A 3 AR - (H & 4 B 4y
AE BB AREEEE 2 mm, AR A SR
0.677 % ,FERFESZRMH 0. 6 mm b5 547 0.081 %, 1
PERT L, B AR RTE 0. 6~0.7 mm,

20 —08

18k —a— T kSR AL

16 “Na —— G435

14 106
< l4f <
= 12} ~———" =
I.<‘r§4 1ot \ 104 é
= 08f e
= 06f =4

02}

00 .

00 02 04 06 os 10 12
PH 2SR A imm

El6 mAELEEHR.AMITUEL

3.2 mARLZERAR

I 7 24 GCr15SiMn AitkErE 3 T 2 adtis it
fitf b, VA BEAIAY A BRI B 251 0. 1 mm AbIFY
XRD %, M7 AIA, G R IB AL S [G A
FRARBICIR, KRB b . kA LB+
Ab PN AV Ab BR AR R AR AR B2 (L b B 25
/N AT B AR AR (1 . 20108, 28 b PR
RGN 12.5 %, KA FR R 43 0 A
R 22,1 % R FRA SRR T AR A R 5
o SRR AR LA R NI R A, AR

2 2000 220y 211 311,220
2 RIPILE
=
™
=
Holts
0 50 60 70 8 9% 100

20(%)
7 GCrlsSiMn SRk AL ZE XRD &



90 P . |

X % % B 545k

Je 1 AR ZE A R ST AR Ak, Br DA RO R 3 LK
b 42 1 P b 7 5 T RV A BEOR AR AR A BLIEG
R,
3.3 AREXEERZME

GCr15SiMn HiRFELZ 3* T2 I AbFH s ) 22
TEI 925 A B Ry 66. 1 HRC, A ¥4 Ab $HL % 2% 18 s 2 Ay
64.5 HRC, ¥ b ¥ J5 6 fFE 42 7+ 7 1. 6 HRC,
GCr15SiMn B4 i (R B2 J3 A i 2k LI 8 ML
P&l 8 I, ¥ Ab B AR A T R R I R 0B
AR B2, 3K T i o T 92 57 S 450 R B R S 45 114 g
J3 S Vb BIAR A K 1] JHRE JE HLBE L 2 )5
THT P, G Ab B AR 3 B 4% B ER AR ) 5 (R AR — 20
BRI IR AR AL K 34504k, 4 1 B Al /N IR
B A6 BT 1, 185 067 6 % B R 3 TR Bk AR R VL )
%[23—24] .

950 745
. - FTE-HALT
900} o, o 3LE- ARV AT [ 5
= L @)
" =
Sssop N {651 Z
= '-.l 5‘5
= LA =]
= 800F - 6335
: 3 -
750} - 61.5
-t
700 oo : * _ls9s
0 1 2 3 ]

1 B T /mm

B8 GCrl15SiMn SR 4 & 068 B 50 7 Bh 2k

4 ZHie

(1) FEAR LI T2 35 N, GCrl5 F
GCr15SiMn 4 IR 28 5 il 1 3 8 b 3L )5 vT 315
0.32~0.40 mm MR A Z , A LB S 1L
JEREEY 2.0 mm,

(2) Bk BB IR R TR 820 C, e 1l
TE 118 %, A TS LA K 180 “CARILI] K J5 4Kk
FEA 20 J e B If. 4 & F GCrl5 oI
GCr15SiMn PR OFF AR SR & T 8 Kb

() TR AILB AT T2 p B v ab B S
GCrl15SiMn #9132 FE 22 i 15 B M 64. 5 HRC 2 5
% 66.1 HRC,#&/5 T 1.6 HRC, PR g5 MR M
0. 1 mm ZbFRAY B QIR fE : 2808 b 3 IA Ak A 1
PO 12,5 %, RV AL B R A B IR
22.1 9o, VoAb PHARUEAR T 2R 18 A 5R A% B G IK

ot

SE k-

CUIXE, TR, EER, & ®RalRiRm R & #iub
PPt SR ]. Bk, 2020(1) : 55-63.

(21055, INEIME. iR R SO E AR ORISR 15 e 22
LJ]. MEHFESRMA, 2019, 34(4) . 84-90.

[3]5k¥, 2240, XCHT, 5. GCrlS 4l 4l AR <Ak
RILBALAMERE M [T ] P B AR 52 5%,
2017, 38(5) . 40-43.

[4]HOSHINO T. Basic technology series of bearings (1) life
improvement with newly developed materials and heat-treat-
ment [ J]. KOYO Engineering Journal English Edition,
2001, 159E: 91-96.

[5]CHIKARA O. Evaluation of scratched contact fatigue life
with artificial dent of carbonitried SUJ2 steel whose sur-
face nitrogen content is controlled [ J]. NTN Technical
Review, 2010, 78 20-28.

[6] DAISUKE S, CHIKARA O. Rolling contact fatigue life
of highly —carbonitrided JIS=SUJ2[J]. NTN Technical
Review, 2013,81; 78-84.

[7]RAJAN K, JOSHI V, GHOSH A. Effect of carbonitrid-
ing on endurance life of ball bearing produced from SAE
52100 bearing steels[ J]. Journal of Surface Engineered
Materials and Advanced Technology, 2013 (3). 172-
177.

[8]LIU B, WANG B, GU J F. Effect of ammonia addition
on microstructure and wear performance of carbonitrided
high carbon bearing steel AISI 52100[ J].
Coatings Technology, 2019, 361 112-118.

[9]WANG B, LIU B, GU J F, et al. Gaseous carbonitriding

of high carbon chromium bearing steel: correlation be-

Surface and

tween composition, microstructure and stability[ J]. Sur-
face and Coatings Technology, 2022, 438. 15.

[10]@AREE, EH, E3, . mkis RN AL S
PACHR AL K PERE[J/OL]. k. (2022-09-13)
[2023-03—11]. https://kns. cnki. net/kcms/detail/
41. 1148. TH. 20220909. 1623. 008. html.

(IR, £, BES0r, %. GOrls kAL B 55
IO K A R PR R I X LU FE [T ] W IRk il
7K, 2021, 42(2) . 28-31.

(12 850G, F b, £ 0. (50 R & R ik A e s
LB [J/0L]. K. (2022-07-22) [2023-
03—11]. https://kns. cnki. net/kems/detail/41. 1148.
TH. 20220721. 1751. 004. html.

CIBTHE MM, 220K, 0, . S IRMRhR MR & 3
BRI M 5T R [) ). P E R TR,
2022, 35(2) . 12-23.

[ 14]STICKELS C , JANOTIK A . Controlling residual stresses



%1 AAESL, R AR AFE BT LM R 91

in 52100 bearing steel by heat treatment[ J]. Metallur-
gical Transactions A, 1980, 11A. 467-473.

CISTHUERBA. RSBl bk P A B R G B AR I AT 52
[J]. MUBEH S i, 2012(12) : 220-221.

[16]RETI T. Residual stresses in carburised, carbonitrided
and case — hardened components ( part 1) [ J]. Heat
Treatment of Metals, 2003, 30(4) : 83-96.

[17]KATEMI R J , JEREMY E. Influence of carbonitriding
conditions on phase composition and residual stresses for
20MnCr5 low alloy steel[ J]. Tanzania Journal of Sci-
ence, 2012, 47(2) :790-799.

[ 18] KANCHANOMAI C, LIMTRAKARN W. Effect of re-
sidual stress on fatigue failure of carbonitrided low—car-
bon steel[ J]. Journal of Materials Engineering and Per-
formance, 2008, 17(6) . 879-887.

[ 19] TAWEEJUN N, KANCHANOMALI C. Effects of carbon

and nitrogen on the microstructure and mechanical prop-

erties of carbonitrided low—carbon steel[ J]. Journal of
Materials Engineering and Performance, 2015, 24
(12) . 4853-4862.

(20 ] ¢, 2oty 4K GCrlS HY%hRIR A B E IR 50
J5 AR e[ )], Uk, 2009, 47(6) : 78-80.

(21 B2k, #Ma4, Wk, & REABZEE KT
WX 57 B T S [T ], b £C il K
4R, 1996, 30(3) : 145-150.

[22] BRI, R4G3C, BT R, 55, AL GCrlS 4l
RN R PR [T ], LB T RE AR
2018, 42(5) . 55-58.

[23 )R [EF5. GCr1S HRNEER AL B -HOE b & 9 ik
PLBE R M BEPERERTFEL D] M - MRS~ 2021,

[24 ] KONESHLOU M, ASL K M, KHOMAMIZADEH F.
Effect of cryogenic treatment on microstructure, me-
chanical and wear behaviors of AISI H13 hot work tool
steel[ J]. Cryogenics, 2011, 51(1): 55-61.

Study on Carbonitriding Process of Rolling Bearing Steel
LIU Deyi' *, XIE Qingdong" *>, REN Ruiming' ’
(1. School of Material Science and Engineering, Dalian Jiaotong University, Dalian 116028, China; 2. Key Laboratory of Key
Material of Rail Transit in Liaoning Province, Dalian 116028, China)

Abstract; GCrl5 and GCr15SiMn bearing steel samples were used to conduct experiment studies on different
processes of carbonitriding heat treatments. Using optical microscope, X-ray diffractometer, hardness tester,
and other equipment, the microstructure, hardness, austenite grain size, and other microstructure and proper-
ties of the samples from different carbonitriding heat treatment processes were analyzed, and the effect of car-
burizing temperature on the microstructure and properties of the carburized layer was studied. The results show
that, considering the comprehensive factors of carburizing layer depth, microstructure, grain size and hard-
ness, the carbonitriding temperature is controlled at 820 °C with the carbon potential of 1. 18 %, the micro-
structure and properties of the samples after quenching and low temperature tempering are relatively good. Af-
ter the further cryogenic treatment of the GCr15SiMn steel sample, the surface hardness of the steel is in-
creased from 64.5 HRC to 66. 1 HRC, and the surface residual austenite content is decreased from 22. 1 % to
12.5 %. The cryogenic treatment reduces the residual austenite content on the surface effectively.

Keywords: carbonitriding; GCrl5 steel; GCr15SiMn steel ; microstructure



