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Abstract; Based on semi-solid forming technology, an advanced process was applied to the
elimination of harmful carbide chunks in M2 high-speed tool steel. To verify the feasibility of the
process, on the conditions of different deformation temperatures regarding to solid-liquid fraction
and different deformation modes, the morphology and distribution of different types of carbides
were studied by optical and electron microscopes, the distribution of different elements in carbides
was characterized by EPMA, and the effects of the new process on solidification structure and
harmful carbides were analyzed. The results show that the area fraction of the harmful carbides in
the M2 high speed steel decreases when the sample deformes with the higher liquid fraction, which
helps to improve the solidification structure of the alloy. Especially, when the process of two pass
deformation at 1345 and 1100°C of 25% and 30% respectively is used, the carbide volume
fraction in the sample can be reduced to 6. 5% from 14.3% as-cast.

Key words: M2 high-speed tool steel; semi-solid forming; solidification; carbide; deformation
mode

M2 i A S — P ELAT v A R B AN
Tt AP Y T LN, R ol 3 s AR T T
H WZE ], R 140 3 e P R M2 i U
HERIN— L5 B AL MK BT R (W, Mo) 1l LI 3k
15 SR RO R A9 B FC AR SR N 40 A 3450 i e £k
YA A B TG MR ML PERE™ . (B, i T
2 TCEARBT , B2 M2 A5 [ L T | 70 A 5 )
DX 3 T 3Bt I AT 3 A R B AL B, 3k SE Bk

KRB 2017 -09 -20
HETH.: ERARBALE T HE (51504163).

W) 35 AR T B0 RE R R AR LA
AE. 1 20 el 70 AEARLISR , Bl F [ 2542 A g
TR AR R, — i TH A2 1 1 4 s [
RPAR DX i By 51 25 AR R S5 B v O i
R AL FHZL L, I 180 P YRR 2 ] 1) BRAE [ A
R, T LAY 250 9 B3 i B, B 4 o 4
g,

feGe = T v i gy v A R e

TEER: XUTE(1993 - ), 5 Bl R AU RS54



%2 #

MRF . FEATHT M2 Sk 4NL 28 P AL 64 % vh 193

AU T A 7 e | 6 T ER AT AT I 8] 9 24
JIE 2, LA/ N AR e A ) A BRI i A f o
Pl X Bh T AR, WA &, FE R
AR M2 o U A X AT — RO R 4 52 5
B IS [ RO AT J5 15 B BSOS 5 S 4
SN, D T BR T HA R B A, il id BAT
RBUARPERERY M2 s A9 , S 00T 4 R B A ik .

1 SEER AR ISR T ik

1.1 SEEgJE#

SIS A RLR F AR E Tl A 7= (1 100 CHLHI
700 C 12k 4 h;540 CiB 2k 3 K, &K 1 h) [ M2
A, A 2= A (BT 434, % ) . C 0,85, Si
0.035,Mn 0.25, Ni 0.03, Cr 4.1, Mo 5.0, Cu
0.1,V1.9,W 6.4, Fe A31.

1.2 WHE

FIIH Gleeble 3500 FAHIAILLE [ 1 P4 AH IX 32
A58, f Rl La AT UL SEORHE S H PR R 344 B 15
FEIE IR 40k 1 B A 55 21 mm | PAME 4351 R
6 mm A1 14 mm 1)+ 23 B A4 ] 280 B A oG
LA 6 mm x 10 mm M2 #E 5. SEH i F2 AL 5
6] 5 AR A P, IR UE S 0l SR 5 R0, FERE i
FRG - Z [ JBCE WA Bk A 4H R, ARIERE 3
)N SRR Th A N SRR AR R A B Lk IR
k.

B 1 b & 1e 3 5 S g ik 72 vh R A OAS [F] A2
WL ENTRELIMGTE2. TR P M E
SR E 1450 C 4495 3 min, B R R RE S
O M2 R T ke AL, A A R T
BRI A RIS RS R ER 2
E R E 6,, (1R 1 min J5 289, 8018 KK 46
50% B 0.1 /s, ZBTE W 5358 1385,
1365,1345,1325,1305,1285,1265 C; A5 R

g 10 mm
w
1 ik
= —
14 mm
(a)
0 1450C 0.1/s, 50% Z&J¢

Lmin 3min @ ¢
Smin: Imin Imin

(c)
1 ERHERMEWHR
Fig. 1 Sample and experiment schemes
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Table 1 Mass fractions of chemical elements in

different carbides %

i) Fe W Mo \Y Cr
MC 11.14  26.09 24.84 3493 2.99
M,C 8.59 39.48 35.70 7.89 4.34
M,C 18.74  25.19 39.61 3.21 12.94
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Fig. 3 Optical and SEM images of the tested samples
deformed 50% at different temperatures
(a)(b)—1100 C; (c¢)(d)—1285 C;
(e)(f)—1315C; (g)(h)—1345C.
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Fig. 4 Area fractions of carbides at different deformation
temperatures and mass fraction of W, Mo and
V in austenitic matrix
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Fig. 5 SEM images of samples deformed 50% at
1100 C
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Fig. 6 Optical and SEM images of the samples

deformed twice with different primary
deformation temperatures
(a,b)—1285C; (c,d)—1315C; (e,f)—1345C.
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Fig. 7 Area fractions of carbide and mass fractions
of W and V in austenitic matrix at different
deformation temperatures
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