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Abstract: The size and content of secondary carbide have an important effect on the mechanical
properties and wear resistance of high carbon high alloy martensitic steel. In this paper, the
evolution behavior of secondary carbide during forging and spheroidizing annealing process were
studied by scanning electron microscope and transmission electron microscope, and its effects on
mechanical properties and wear resistance of high carbon high alloy martensitic steel were also
studied with abrasion wear testing machine. The results show that spheroidizing annealing
significantly increases the content and size of secondary carbide in forged and air-cooled steel.
The secondary carbide refine the austenite grain size by pinning grain boundary and reduce the
solid solution content of alloying elements in martensite, which effectively improves the impact
toughness of experimental steel. The micron-sized secondary carbide and ductile martensite
matrix hinder abrasive cutting and reduce the microscopic fracture on worn surface effectively,
which improves the wear resistance of experimental steel.

Key words: high carbon high alloy martensitic steel; secondary carbide; hardness; impact
toughness; wear resistance

R A 4 SO IC A — R B S 45 Bk A T I 47 5%-~10% BB
BEPERIT S AT IE I TR RO 009 B TR Cr, JUAENS S CH AR Crd R ILY .

Wi BEHEE: 2022-11-27

EL£WB: ERARPEESHEITH (52101171).

EERE A HE (1990-), 9 WK A, AL RF Lo A X #(1960-) , I, i Tk BH A, RAL R 22042 ; XIFH W
(1961-), 5, BEvaiE R A, ARIC I E A 1A T



% 4

T AV R IE IR B AT B 3 A T KARAR f B 4 v 491

XA SR O RE B AE 1200 HV DL B2 5
T [ AR B, 7 s b i el A v, kA )
Fo Y R, % PR AR A = A R AP VR T, 4
G B GT SEAA ) 5 11, T T TR ARk B4 T B
Ll PN G i B R M — X P TG AR, 5 AGE
a5, AT LAAE 2 R I A B L4 HU)
PEBYBE T, [F) I DR A0 2 - B T B Pk . T2 T
5 I G IE AR PR BE 1Y R GF 45 I, f A5 ik 55
B4 TR XA Lb v 5% 55 26, i L A 34, AR
AP G 4 5 IR, SCELAS T s PR L 3

PR 0 1R 4 ECAAR R v ) i £ A AR 4R R TR
TGS KA 14 22 543 A — WA A ) MLC, il e dk
YIM,,C(M EZ R Cron &), Hoh— ki fb i
U5 T W AR BE [ 3 2 v A E s R AT, T Rk ik
Wy VR YR T R T A v S AR AR S — R Bk
PreR T RSTRLR X o B0 vk A B AR A i i 4
il FEL 7S E A SR S R B T U AR — K Bl
W B2 R R 722 SRy o B A IR BOBUREAR , 2517
O AR R B L 5 A, 22 ) BB Al Ak —
WAL i RO B 4 R A O/ O e A
FHTHI T AR, A i 2 ) SR R A B —
WAL RHAE AT T 50 RS, KR EERE T T
SEG AN BB R 2 AR e T R B R
Wi X HAE IR A 70y, BARAEIRZ &
S NI I AR T R TR AR (E R AT

Xt AR KA IR 22457 B A el /I i 107 7 A Ak
PRAE T HUBRIN T 05 T, 1008 18 e A v i 7 A
TR ACAE R (A P AR AL BT T
D B RARAL TR B P A S 5 5 T IR
HY T AR AL [l PR B G BT B
e ) AR 1, A RERE T & e Ty T
NIRRT E TAF, BRIGIEAL T 225
A AR Zl B DCT] A/, PRIk e i of B ER AR A iy
MEHY O AT B A S EGE M RN ) 27
PERE .

TEABIFFE i i fi AER PR K T 2000 %
T WRBRAC) R A [R) A de <a  PE  E aed A
A BRI BESE T R AR R K S 1 K i
HIE AR UL Ty 2 PERE B2 . A, 38 A R
AR SC , BE ST T R Ak x4 S R
AR i A ) 2

1 SR ik

1.1 #EEE

SEYGAN A AL 2F B AN 1 TR L SE SR AN SR ]
200 kg BLZS BN W ia B, I I F v S A
A% p160 mmx> 140 mm A4 [RIEE , SR 5 2 t 25 < gk
AT Z ) PR B IR X ] 900~1 100 °C, & )5

x1 ZHWUERS(RESEH)
Table 1 Chemical composition of experimental steel(mass fraction) %

C Si Mn Cr Mo

Ni A\ Nb P S

0.85 0.90 0.43 6.76 1.82

0.85 0.35 0.25 0. 005 0.02
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Fig.2 SEM images of experimental steel S1 after hot forging
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Fig.3 SEM images of the experimental steel after spheroidizing annealing
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Fig.4 TEM image and EDS energy spectrum of secondary carbide in experimental steel S2
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