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Abstract The high-strength wear-resisting steel HNM450 to meet the complex working conditions of the coal mill has
been developed. Its tensile strength is 1 727 MPa, elongation after fracture is 14, 5% , average HBW hardness number is
522, and impact energy at —20 “C is 38 J, it has good strength, plasticity and low temperature toughness. The comparative
test results of corrosion and wear simulating the actual working condition of the coal mill show that the corrosion and wear
resistance of HNM450 products at 200 °C high temperature, pH =5 in the weak acidic humid environment and at 200 C
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high temperature, pH =9 in the weak alkaline humid environment is obviously better than that of HARDOX450 steel.
HNM450 steel has been used in the manufacture of coal mills for downstream users, realized the domestic substitution of

imported HARDOX450 steel.

Material Index Wear Resistant Steel HNM450, Mechanical Properties, Microstructure, Corrosion Wear, Complex

Service Environment
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Table 1 Chemical composition of HNM450 steel/ %

C Si Mn P S Ni Mo B Nb Ti Al Ceq
0.20~ 0.25~ 0.9~ 0.15~ 0.70~ 0.26~ 0.010~ 0.010~ 0.02~
0.30 0.35 1.2 =0.010 =000 0.25 0.35 =0.00% 0.020 0.015 0.04 =0:40

H:Ceq=C+ Mn/6+ (Cr+ Mo+V) /5 + (Cu+Ni)/15

#2 HNM450 05 HARDOX450 % 20 mm #§ 72 #£4E 920 ~ 950 CiF A ,300 ~ 350 “CEIA
Table 2 Mechanical properties of HNM450 steel and HARDOX450 steel 20 mm plate 920 ~ 950 °C quenching,300 ~ 350 C

tempering
Lickui HBW fifi i {5 Ry ,/MPa R,/MPa A% -20 Cpdizh/] -40 Crpikzh/l
HNM450 516 ~529 1350 1727 14.5 39 37 35 34 37 39
HARDOX450 455 ~473 1207 1472 15 38 39 41 36 35 39
&3 HNM450 §15 HARDOXA450 $piR £ /5 i FExf Lt
Table 3 Full thickness hardness comparison between HNM450 steel and Hardox450 steel
i s, AR HB REEE (L [k HB B
mm kR OR1/84 E1/44 F3/84 s F3/84 Fl/A4 T84 FHR O OTHE  HEMAE
HNM450 20 529 528 525 521 519 522 525 528 524 13
HARDOX450 20 473 470 469 460 458 463 466 470 465 18
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930 °C , 25 JH FF800 ~ 860 °C , 44 JEL ¥ 20 mm, %[
JE7K¥E IRETIREE 650 ~700 C
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B INAAZE 920 ~950 °C ,{f3E 1 h J5 % A
PEKHLBE K AL 2R, 53R 0.4 m/s, BB KE K
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4000 m’/h, X5 300 ~350 C{H & [ k ZbHE
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Fig.1 MorpHology of structure at surface (a) and center (¢) of HARDOX 450 steel and at surface (b) and center (d) of HNM450

steel
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Fig.2 SEM morpHology at 1/4 thickness of tested steel HARDOX450 (a) and HNM450 (b)
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Table 4
HNM450 and HARDOX450 steel
LG 60 min P45 /g 120 min F-HKF/g
HNM450 0.0232 0.0190
HARDOX450 0.0331 0.0260

3 (a) HARDOX450 4; (b) HNM450 5 il i % f5 % i 51
Fig.3 MorpHology of surface of (a) HARDOX450 and (b) HNM450 steel after wear test
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Table 5 Weight loss of two kinds of wear-resistant steels
corrosion wearing after pH =5 weak acid medium for 20 h

ke TE%

CE we WE/g  HE/g  SHE/mg i/ mg
11 19.0798  19.0510 28.8

HARDOX 12 19.2911  19.2499 41.2 34.20
450 13 19.1831  19.1505 32.6
21 20.0432  20.0151 28.1

HNM450 22 19.8053  19.7749 30.4 26.20
23 19.5775 19.5574 20.1

11,12 13-HARDOX450 #09 F-4 700 21,22 23-HNM450 444
1Tk
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Fig.4 Surface morpHology of 17 wear resistant steel HARDOX450 (a) (b) (¢) and 2* wear resistant steel HNM450 (d) (e) () cor-
rosion-wearing after weak acid medium for 20 h
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Table 6 Weight loss of two wear-resistant steels corrosion-

wearing after pH =9 weakly alkaline medium for 20 h

ihE ¥4
Fh e WEg HE/g KE/mg /e
14 19.0125 18.9927 19.8
HARDOX 15 19,3034  19.2900 13.4 19.50
450 16 19.9367 19.9114 25.3
24 19.8021 19.7958 6.3
HNM450 25 19,7882 19,7832 5.0 5.70

26 20.0383  20.0325 5.8
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Fig.5 Surface morpHology of 17 wear resistant steel HARDOX450 (a) (b) (¢) and 2* wear resistant steel HNM450 (d) (e) () cor-
rosion-wearing after weak alkaline medium for 20 h
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