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Microstructure and Mechanical Properties of Heat Treatment
Low-alloy Wear-resistant Steel NM450
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Science and Technology, Wuhan 430081, China)

Abstract: The effects of quenching and tempering at different temperatures on the microstructure, strength and wear resis-
tance of NM450 high strength low-alloy wear-resistant steel were studied. The results showed that the lath martensite with
a small amount of ferrite structure was obtained for the high-strength low-alloy wear-resistant steel quenched at 840 °C and
tempered at 200 ‘C. The lath martensite was obtained and the martensite matrix contains high-density dislocation, and the
residual austenite was distributed between the martensite lath for the steel quenched at 880 ‘C-900 ‘C and tempered at
200 “C. With the increase of quenching temperature, the yield strength of wear-resistan steel NM450(/% : 0. 20C, 0. 50Si,
2. 0Mn, 0. 20Cr, 0. 03Als, <0. 015P, <0. 005S) was between 1142 MPa and 1 173 MPa, the tensile strength was between
1 553 MPa and 1 599 MPa, the elongation was between 10. 0% and 12. 0%. The strengthening mechanism of the test steel
was mainly dislocation strengthening and fine grain strengthening and solid solution strengthening. There were a lot of fur-
rows and grinding chips of the steels for abrasive wear, and the wear mechanism was mainly plastic deformation. The
strength and wear-resistance proformance was the best for the steel quenched at 880 ‘C and the tempered at 200 “C.
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NM450 52 568X 1k 27 B o0 UL 3% 1, >R I 50 kg B8
TR E IR 85 ST A 170 mmx200 mmx80 mm , #4
FOM#AE] 1200 CLAE 2 h, WIFLIREE 1 120~1 150 C,
LELIEE 920~860 C, ARG SR Bl E iR, 4ad 5~7 18
UELHIAEE] 5 mm 5L PELAT

F1 NM450 LML ZER D (REDH)
Table 1 Chemical composition of NM450 experimental
steel %
C Si Mn Cr B P S Als Fe
020 0.50 2.00 020 0.0010 <0.015 <0.005 0.03 Akt

P IAEL L5054 53 01 in 4 21 840,880,900 ,920 °C
B ICAK AE 25 min, K ¥ K, B S 7E 200 °C A1k
25 min. ZRJ5 FH 180%~2000" b 48 X S5 56 4 ik 17 #
JE B FPRLEE 0 0.5 pom 19 ALO G ZEA TG,
4% T R T A X L O'C i ) S 36 AR AT ol A B
1 FL T S TR A BT 2R 2 R AT T 11O S0 S s i R 1k
TS . FAAE B Y 52 55 59 U0 BUR FE 4 0.6 mm (1) 7
F, PR AR S 1) 5 B2 244 0.1 mm, B sk B A%
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U £ B JEM-F200 % 5 H 7 B U8 o B v 5 S
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ZRPL 5 Bh MLD-100 B4 o7 4533 58 AL I 38 512
A B B ARG SRR E A 1 m (1) Si0, 07, B8
o2k w7 o 45N, BE B AT A O 20 min., 5 BY
Gleeble3800 AR AL I 50 A1 I K 2 55 99 174 i 5t AH A2
M BEE Acy 2 857 °C, i ik B2 o il 2 T U BE 4 it
A
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T FE VAR K S 200 °CIRT K TR EGAAR AR SR AR I8 Wb
J B LG AAR R R ST R 10~20 wm , BV KT RE T
Ji B ECAAR iR RS R RO AR 3 . ¥k S 564K
FE 200 CARE 12k, S [CAARBR A5 M AR T8 2k o TR
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AL T K, 7 R R R s R TR 2 S SN
TEM UL ZH 219 55, i & 2 (e) (d) 7] 60 52 56 A9 7
840 °CYA -k 200 “Clal Kk, 75 3] (A 2% 5 F AR Hh bl 25 R
JSF 4R/ B 2% 3 56 BE AE 100~400 nm , 2% EA &
FREALEE B 2(e) (F) A] UL, SEEEH7E 900 “C Y K
200 C Il 2k, # 45 B G i 45 o ROSE 7E 100~
500 nm, By AR LA bt A7 w5 25 8 6 48 i HLARIR
Bk L QAR 0 A 76 55 [ AR M 4R 22
2.2 JiEERE

AN [ 305 8 R K R ARG ] e S 54 2 i e
J1-RiAR RN 3 7R, T RE LR 2., SEBGHIAE
840 “CYE K 55200 “Clal K5 JiE MR 38 B 1 142 MPa, $i
P 5% FE 1 553 MPa, ff £ %4 10.0%, i & K
452HBW , 5250 #97E 880 °CA 2k, 200 “C[al & Bt it AR
SRE N 1 173 MPa, FUHIHEEE 1 599 MPa, fifi K%
12.0%, i J& }y 46THBW , 880 °C LA J 52 56 444 it IR 5i
JE SRR S, 76 920 “CE 2k 200 “CIRT 2k, i il o 5
A 1157 MPa, {4 12.0%.
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F1 NM450 893 k7l K J5 ) SEM 2141 . (a)840 °C , (b)880 °C, (¢)900 °C, (d)920 C

Fig. 1

SEM microstructure of the NM450 steels after quenching and tempering : (a)840 “C, (h)880 °C, (¢)900 C, (d)920 C
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Fig. 2 TEM microstructure of NM450 steels after quenching and tempering : (a) (b) quenching; (¢) (d) 840 C; (e) (f) 900 C
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Fig. 3 Stress and strain curve of the NM450 steel after quench-

ing and tempering at room temperature

&2 NM450 $RE K BN H) 11 RE
Table 2 Mechanical properties of NM450 steel after
quenching and tempering

wekigre RIS BRI g, B
840 1142 1553 10.0 452
880 1173 1599 12.0 467
900 1164 1561 11.5 458
920 1157 1596 12.0 466

b, s AL, A > g rh A T
I3 BN 0.20% 1 C, 8 K A B B RO C 1
o = Fe H A AL R T A4S, AR 1o 2K, AR 2 C AR

o o T ) 2R AT H 2D A 0 S PE AR AL ) FexC,
DRI, B9 C ik e R T o A A PR SR AR i, A
T PERR A FexC B S IRURE AR T, 32 = AN R
B G 40 E Si, Mn B4 [ 38 B A A R S A 3
ERAGAE ] oSBT K 5 200 “CARIE ]k LS
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FAURGT BN, AR 2, B 42 BB I 3K, 5N
2 AR AV E RO #40E Hall-Petch 22T,
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Fig. 4 Fracture morphology of NM450 steel after quenching and tempering : (a) 840 °C, (b) 880 °C, (¢) 900 °C, (d) 920 C
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Fig. 5 Wear mass loss of the NM450 steel after quenching and
tempering
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Fig. 6 Wear surface morphology of NM450 steel after quenching and tempering : (a)840 °C, (b)880 °C, (¢)900 °C, (d)920 C
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