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Effect of Nitrogen on Mechanical Properties of Bearing
Steel GCrl5 at Elevated Temperature

Yang Jichun and Liu Nan
( School of Material and Metallurgy, Inner Mongolia University of Science and Technology, Baotou 014010)

Abstract The test steel GCrl5 (% : 0.97 ~1.03C, 1.43 ~1.59Cr) is melied by a 10 kg vacuum induction furnace
and added 0. 1% ~0.3% nitrogen in steel by silicon nitride at argon atmosphere. The tensile test of the forged steel at
700 ~1 150 °C has been carried out by using a Gleeble-1500 thermal simulation machine, and the morphology of fracture
and longitudinal structure is observed by scanning electron microscope and optical microscope. Results show that nitrogen in
steel is in the form of solution; and with increasing nitrogen content, the reduction of area of the steel at elevated tempera-

ture increases obviously while the peak stress of the steel increases slightly.
Material Index Nitrogen, Bearing Steel GCrl5, Mechanical Properties at Elevated Temperature
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Table 1 Chemical composition of test steels /%

e C Si Mn Cr S N
Nol 0.97 0.16 0.31 1.43 0.040 0.1
No2 1.03 0.27 0.41 1.51 0.036 0.2
No3 0.98 0.33 0.37 1.59 0.033 0.3

REEEEZTLL 10 C/s M %1300 °C 75
2 min fF, L 20 C/s By ¥ #3501 % 21 150,
900,700 °C, %8 30 s, SRJG L 1 x 10 7°/s WS i
FRTE Gleeble-1500 AIPAE A0 b XHRE A7 Hr
fifl . LTSS (] E K, R LR v A0, Ty (i
Horp—2f B ] Axiovert25 BRI H] (ZEISS) 441 B
T ) T H US55 —FiA R QUANTA400
U4 i 85 (SEM) WAl TSR - .

? GR5HR

2.1 B ITE XK T A 3 SR T B =2
ME 1(a) P LB A NRET,0.3% N
A No3 44 i W i Wi 48 3 10 2% NG No2 B4 T
R22,0. 2% NS W T AR ZE 0. 1% NiY Nol SRy
& R SR E AR, B 1(b) PR iE{E R /)
& RS R RN T IO, BN iE AR AR B



53 1 WE S AR GCrls MRS s iR /) I RER 69 -
I (a) (b)
70 : 250
65 I
0-3%N(No3) 200 0.3%N(No3)
¢ 60f 0.29%N(No2)__-© o
E ,—" [ -
w5 - T = 0.29%N(No2)
st »~ - R 10T
& = L
IE 45} 0.1%N(No1) |
= g 100F  0.1%N(Nol)
40r |
5t 50+
301 L
25— ' e ol— : . s
700 800 900 1000 1100 1200 700 800 900 1000 1100 1200
T/C T/C
Bl 1 EEEX GCrlS fm iR T Wi iids & (a) FUE(EN ) (b) R0
Fig. 1 Effect of nitrogen content on reduction of area (a) and peak stress (b) of steel GCrl5 at elevated temperature

R RAR B BRI Y TRI B, 5 o A A B e 5 0
ESHHMTERR
2.2 @b s RE IR R A o A

R 2(a,b,c) R7E 700 C &AL 5 H 02
S, A IR H,0. 1% NSE T B A G S 4, i
BOLH WO F B/ NS . 0. 2% NI W 118
IR AW 364 X BT LB B0 B AL
{HRCHR 2 B0 O 0 A AR T 2, 8 R DRSS
OWbE —ERENTE; 0.3 NRUEHEE L,
T B R EEENR ., EEERERERLER
RN B 2 S R, & R DT MK 08 {7
LT RN, TR, B 2(e,d,f) £TE
900 °C &IPS I SR, 7T LAE H,0. 1% N&Y

BT S R 2, W 11 4 ) /N s Bt 700 C I 22,
0.2% NH#I& HO0. 1% N# £ ,0. 3% NI & K X
WEHS, B THEMPIMERR, ZEELTRRK
PR AR KR B X, X F GCrl5 0, & i B A A B
UL SRR 1 R AL AT 4, AT A0 61 s R Ak
J2& Suzuki BV ARG (1455 57, L IR A A 98
HHER SRR MR, B3 21150 C
0. 3% N4 /=7 i o K 1 7E s 8 TRl A9 2k 4 4 F e
PR, A 3 AT LUIF H Cr Fe TTRIS(ERE, 7T LA
T R ERR ALY e-[ (Cr,Fe),N]., A5HFUR
FREMEVERTMERE GYME T LY, ik
FlsfL e, BTRL0.3% N4NTEL 150 C B A i Ui
45 RN 1710, 2% N4y &

E2 700 C(a,b,c)F1900 C(d,e, )i GCr15 AWML ME ER . AR A EH/% (a)(d)0.1;(b)(e)0.2;(c) ()0.3,5EM
Fig.2 Morphology of tensile fracture of bearing steel GCr15 at 700 C (a, b, ¢) and 900 C (d, e, f), nitrogen content in steel
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Fig.3 Morphology of tensile fracture of bearing steel GCrl5 at
1 150 °C and energy dispersive X-ray spectrum, SEM, 0.3% N
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Fig.4 Morphology of structure and precipitates in bearing steel GCrl5 near tensile fracture; (a) 0.1%N, at900 C; (b) 0.3%N, at 900
C; (e)0.1%N, at 700 C
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