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Effect of Austenitizing Temperature on Microstructure and Properties
of Roli Pressing Round Formed NM360-YLJ Wear Resistant Steel

LIU Hongyan'?, CHEN Zigang®, DENG Xiangtao', WANG Zhaodong'
(1 State Key Laboratory of Rolling Technology and Continuous Rolling Automation, Northeast University,
Shenyang 110819 ;2 HBIS Group Hansteel Company, Handan 056015)

Abstract NM360-YLJ wear-resistant steel for press vibrating wheel of 360 degree roll pressing round-formed roller
was designed. The results show that the optimum austenitizing temperature of steel is 870 ~910 °C, carbides precipitated in
multiple habitual directions are distributed on the martensite lath with a width of about 15 ~ 50 nm and a length of about
60 ~ 110 nm, there are several large angle grain boundary structures in quenched martensite lath bundles, and the orienta-
tion difference distribution is mainly in 60° with martensite proportion 63. 5% ~ 66.9% and martensite width 0. 08 ~
6.6 pm. The properties of steel are yield strength 980 ~1 000 MPa, tensile strength 1 182 ~1 198 MPa, elongation
22% ~25% , surface vickers hardness value 363 ~379HV and low temperature impact energy at —40 °C 160 to 175 ],
better strength-toughess matching and roll pressing formed performance is obtained.

Material Index Critical Austenitizing Temperature, Roll Pressing Forming, Roller Vibrating Wheel, NM360-YLJ

Wear Resistant Steel, Microstructure and Properties
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Table 1 Chemical composition of experimental NM360-YL] steel/ %

C Si Mn P S

Ti Cr Mo B

0.11~0.17 0.27~0.45 0.9~1.4

<0.010 =<0.003 0.010~0.025 0.010 ~0.025 0.30 ~0.50

0.10~0.20 0.0008 ~0.0015
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Fig.1 Microstructure of NM360-YLJ steel heated at 950 °C for 10 min then with rate/(C - s7'):(a)0.1, (b)3, (¢)5, (d)10,

(e)20, ()40 cooling to room temperature
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Fig.2 Static CCT curves of NM360-YLJ steel
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Fig.3 Optical microstructure of NM360-YLJ steel quenched at austenitizing temperature (a) 790 °C, (b) 810 C, (c¢) 830 C, (d)

870 C, (e) 910 C and (£)960 C
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Fig.4 TEM pictures of NM360-YLJ steel quenched at austenitizing temperature (a) 790 °C, (b) 830 C, (c) 870 C and (d)

960 C
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Fig.5 EBSD (electron backscattering diffraction) analysis of NM360-YL]J steel quenched at 870 C; (a) directional distribution
map, (b) azimuth distribution map, (c) grain boundary structure and (d) misorientation distribution



©92- N

FA3 B

ROTBEAEEK, BREMF AL RFDREH 5
FEMBTHBEL, B 6 4 910 CRBEEKA
215 EBSD 73 #T4i R, B 6(a) KRB AR SR
R A/ S BRI SRR, % 6(b) &
RLEL I A 6 (o) MBS B AT AL B/ BRI G
R PRAREI R T IR H A/, R A D R R4
WA B, HRERFETEO0.1~6.6 pm, FH
FEN0.62 pm, R 6(d) WEEL T ELITL

10 pm

SRA] A, 910 C ¥ Kk B K A1 B & B o BB
63.5% , 5 870 C KBt K A BE §& 57 ELBUAR HL3F TR
B3k,

LEEKIRBER 960 CHY, s R AR K,
H T Ih BRI B9 &8 S 45 4 o SR A B EG A R R 2k
%, Hik, REMhpEzsar, E7 5960 CHAA
A1 EBSD 7345 R

MBET(e) mT LR B, /N B &R 57 LL ) I 25 0

(d)

0 10 20 30 40 50 60
R A BE

B 6 NM360-YLJ 49 910 C ¥ KBS Xf R f) EBSD: (a) H A7 B, (b) RIRE, (¢) A (d) BREIZE S
Fig. 6 EBSD analysis of NM360-YLJ steel quenched at 910 C ; (a) directional distribution map, (b) azimuth distribution map, (c)

grain boundary structure and (d) misorientation distribution
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Fig. 7 EBSD analysis of NM360-YLJ steel quenched at 960 C ; (a) directional distribution map, (b) azimuth distribution map, (c)

grain boundary structure and (d) misorientation distribution

,EHE K Block FEFEKXRE 8.2 um L |k, FH
Block FEEEIEME 1.93 um, BEEFXRENAE,
960 °C VK B K A BE S B o5 LB TR ZE 52. 2%,
mE 7(d) B,

SRR AT EHAERARYA, BN
NM360-YL M5 RikZ s, KAERAEERR
HREESF WERAURRERAEHAR, M
A FERREAR., BTERMNNERE AR
Rt B IR A3 s hn , BBt , AH R IR AR SRR AR
ZHMRTZBEW, HRRFREZER BRI
mL RSH R R
4 A[EREE&LEREZ NS ER NM360-YLY

NEMEENTMAEAR

& 8 R T LW 4 NM360-YLJ f12& M RERE

HRALR B A, MR 8 A%, 72790 ~
830 C IR BE X [8] & K J5 50 B 4 B J IR 3 B B h SR
BEVABCRTE A [REE % 12 HE AR REE S IR RLIB
BRI INTIIE K, 7 790 C¥ K LW AT H IR B
FJE AR5R 43591 049 MPaFfl 833 MPa, 4 (G
303 HY, X BRFE A ZREEXHAHFEKR
BERFETWGREHN, FHREMEERK, £
830 T K5 LI SN PTHISR B FE AR 98 BE 43 5 A
1224 MPa 11002 MPa, 4 (K #8 fF 3 342HV, 5
790 CE KA ELHA B3 hn, B A AL PR kM
SBRRIEL . HEEKEES 870 CHi910 CTHY,
BihrisE JERGERE 5 830 CH LR B, H
FRGEBET7E1 000 MPaZ- 45 BB EEFEL 190 MPa e
A LBERE2% ~25%  MEOERTEERE Y



E4H

XULLHE S : 3R EC A fh 18 P %o 452 F B ) AR Y NM360-YLJ Td BB 4N R S HE BB

O
w

1200 (a)
EEA: Y 3 140
1100 }
135
' £
J& BR58 BE 130 o
i &
125
800 [ ‘\‘_\‘/A/‘\‘
ik 1

830
REE/T

1000

R BE/MPa
O
[=3
(=}

700

790 810 870 910 960

390

g

(b)

[
W
o

2d; 318

-40 °C Akv

790 810 830 850 870 890 910 930 960
IR BE/C

- (5]
3 8
~40 °C Akv/J

g

A8 SKALEE NM360-YLI 1 %#H08 (a) F4E REEREME AN - 40 CrptiZh(b) IR M
Fig.8 Effect of austenitizing temperature on mechanical properties (a) and HV hardness value and — 40 °C impact energy (b)

NM360-YLJ steel

B9 NM360-YLJ #7E 870 C ¥k 200 C [El K JFHiMF 1 SEM T (a) 4R (b) B4R
Fig.9 SEM (a) macro-and (b) micro-morphology of tensile fracture of NM360-YL]J steel af-
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