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Abstract: As the wear resistant skeleton, strengthening phases (hard phases) play a vital role in the performance of the
wear-resistant steels. In recent years, the experimental researches on the strengthening phases in the wear-resistant steels
mainly focus on the morphology control and mechanical properties of the strengthening phases. There are no comprehensive
researches on its thermal properties such as thermal expansion and thermal conductivity, and the high-temperature mechani-
cal and thermal properties of the strengthening phases are basically blank. The experimental research status of strengthening
phases in wear-resistant steels and the application of computational materials in strengthening phases are summarized. First-
principles calculations based on quantum mechanics are proposed to study the effect of alloy elements on the structure, me-
chanical and thermal properties of hard phases in wear-resistant steels from the electronic level, taking high chromium cast
iron and high speed steel as research objects. The nano-scale atomic and electronic behavior is linked to microstructures and
properties of micro-scale materials through advanced characterization methods. Therefore, the types and properties of hard
phases could be selected and controlled purposefully. Finally, the mutual verification of composition design, performance
calculation and experiment research of wear-resistant materials is achieved. The relevant researches provide some valuable
data for establishing database of microstructure and properties of hard phases in wear-resistant steels, and lay a foundation for
designing new wear-resistant steels materials.
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Fig. 1 Carbides forming ability of different alloying elements in steels!®’

WA SR C R IR A S B AR, B H
BERE . MBI PE AL I BEERE AT 52 0 1 19 B bt

FHATR L. E BT T4 Al G @ ou RN T
PEFIALER, XoF 48 o T J 499 Bk Py PERE G T 28 fFURE R



o512 4

FBET A5 RN B R sl A A B S O R st

1147

ST AR TUFONT TR JE 490 Bk H A8 T £ 225 49 -5 P T2 o )
SE P LD, H D DR R B JSORE 7 B Bk v e O I,
HRBEERUN, J0k AT 2 W 5 # S PERe it IF H.,
I T RER M RALY) 1 B A, 22l Js o0 R RE RS ] [E]
WA, B A2 ou e G [RmE, RHER I il
JARN AR, A5 Rk FI9E 00 & BABAH, i 1 At 5
FHZE 5 PERERF I AR

AR, BEAE AR B R R, B RS B4 R
TR SRR T LU T g 2 D S 19 2 — 1 D B
TR By B SR 0 AR [T R AR S A0 S ey
BN BERE A BROT /M 7, A TSR RO ZH 1
SR SRR RE Z 18] 5C AR A RO ik, R R L
GURSE AT RIS I — S b TE.

2 TN AR ERLAE

I FH TR P B Ak b 0 4 w2 B B RO h R A L T
BESATI . TS ek BB IET R A SR
BEFPAARME RE AR H], BFIE A Tl A, Bk
i
2.1 SiEWAN DS

R Mn &Ry 119%~25% (it srdx, R, o
AN Mn 808 5%~9% , REEHERRE4SITE, H
T Mn &A1 C Fitm, RIOEAHXY K, HEHH
SRR ERARTIRACY) . ZoKBIALHLG , o AR A R
Sy TR T, P 0 S AR b, T

JE, WA et T RO TR TR RE, (RS
M EAT OLARAE S, AR SR T, W EAR LS,
TP R v A R O R T 0 R R K )

AEBRJEREDR B L AL, JF HLIA Mn & AR, B
IATEVERENR, A PR T ULVE SR fLAb B, Hr b ey,
FAeAE R A b TR TR RO T R A o X T
PR ER N, LR U S s BB, A el A A
TR 2 A, X2 S B I A A S e+ TR
2.2 WEEEW

TS S 3 4 B — AR A T BR Fe Z AN 2 5 42 T
RN ARk, MR L T AR A . $ A oo R
Fh, AR NI ARG e (A onR B R R R
<5%) . M & &M (5% < & & I0 R B0
<10% ) A Tt % = 5 4 A9 (& oo R OB iR o B
=10% ). MITEELRMERZ . SEEE, #Ma
GICEAEM B MR A, U Bk RE A AL
BEICRRKMAZS 5B, ek & BB — B0
DUT, TR SRR T RTINS SOu R MR IS
SRR P v & R S A PR RRRAE , A AR X B,
FIAET IALAR . K TE . FE gL A AL 25 Ik T 5 2
R WA ST A iR F R, MR R
i, AUBEF T BRE L, 16 7] T el BRI
o AR g AL 4 S R I 0 e e RO —
ol L TR P TR PR 85 A, A AU ERON R RE R R UK
JEHIRA U EIE U B A A M MR RE, BRI

T i TR P T BES  FARAE P A TR 2 Sk M2 R A (fF
Ay : 6%W, 5%Mo, 4%Cr, 2%V, JRESE) M5
WLAHZUR R A 2a ATLA ), M2 i U 45 25 41
Z1rp R RE A AL R BOIR 19 MC L 2 ROR A M, C ORIk
HIMC, [ 2b Fl 2¢ 43514 M, C Fil Mg C BIRE 5 AH 1) 5744
TES

2 M2 EEAR RO O () RFEBERADIIES, (b) My CRUBRAINSITES, () M, C BIBRICHIN L TE S
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(c) the 3D morphology of M, C-type carbides
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Fig. 13 The effects of multialloying on the mechanical properties of h—M;C; multicomponent carbides' ™" ; (a) the changes of bulk, shear and Young’s

modulus, (b) the changes of B/G, (c) the changes of Poisson’s ratio, (d) the changes of intrinsic hardness based on Tian and Chen model.
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Fig. 15 Mechanical properties mapping of W¢ Mos Cr,V, alloy
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: (a) 3D contour map of Young’s modulus; (b) 3D contour map of hardness;

(c) Plane projections of Young’s modulus; (d) Plane projections of hardness; (e) Young’s modulus along Y direction dependent on the X positions

accompanied with the calculated results; (f) Hardness along Y direction dependent on the X positions accompanied with the calculated results
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