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Abstract: T he repeated cryogenic treatment technique of W6M 05Cr4V2 high speed steel was expert
mentally investigated using orthogonal experiment design, the effect of cryogenic treatment process
variables on microstructure and macroscopic mechanical properties were analyzed, the fracture pattern
and microstructure after repeated cryogenic treatment were studied. Theresults showed that after re-
peated cryogenic treatment, the mechanical properties were significantly improved, and the amount of
fine dispersed carbide particles precipitated on martensitic dislocation meshworks was increased and
their size and spacing got smaller. The effect of repeated cryogenic treatment is much better than that
of single and long time cryogenic treatment.
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Table 1l  Composition of W6Mo05Cr4V2 high speed steel ( mass fraction / %))
W Mo Cr AY Si Mn S
0. 87 5.56 4. 60 3.86 1.78 0.18 0.37 0.028 0. 028
N ! "
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Table2 Levels table of factors
Factor
Level A B c D E
(temper frequency ) (eryogenic time/ h) (‘cry ogenic frequency ) (‘error column) (error column)
1 0 1 1
2 1 2 2
3 2 3 3
4 3 4 4
L22 2 +3 1h , Ob =
JSM-5600LV 4042MPa, Ax = Q 320MJ/m”,
) H-800 10% R;
, 100k V , Ri1> R3> Rz,
2 2 2
21 ’
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aG1~03,
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Table3 Orthogonal experiment results of mechanical properties and range analysis
Factor Experiment index
Experiment No
A B c D E G,/ MPa Ax/(MJ*m-2)  f/mm HRC
1 1(0) 1(1) 1(1) 1 1 1936 0.116 L5 63.5
2 1 22) 2(2) 2 2 2034 0.105 1.4 63.9
3 1 3(3) 3(3) 3 3 2048 0. 167 1.5 64.5
4 1 44 4(4) 4 4 2173 0.205 1.4 64.6
Before cryogenic
1896 0. 095 1.3 63.1
treatment
5 2(1) 1 2 3 4 3423 0.256 1.8 62.2
6 2 2 1 4 3 3493 0.274 1.8 62. 4
7 3 4 1 2 3548 0.289 1.9 62.6
8 4 3 2 1 3558 0.290 1.9 62.7
Before cryogenic
3245 0.234 1.7 61.6
treatment
9 3(2) 1 3 4 2 4042 0.320 2.1 62.3
10 3 2 4 4 1 4078 0.294 2.1 62.4
11 3 3 1 2 4 3772 0.277 2.0 62.0
12 3 4 2 1 3 4050 0.325 2.1 62.2
Before cryogenic
3656 0. 266 1.9 61.2
treatment
13 4(3) 1 4 2 3 4236 0.328 2.0 61.2
14 4 2 3 1 4 3965 0.325 2.0 61.5
15 4 3 2 4 1 3924 0.296 2.0 61.4
16 4 4 1 3 2 3642 0.275 2.0 61.9
Before cryogenic
3608 0.255 1.9 60. 8
treatment
Ri(%) 7751 549 1192
Rj(Ax) 0.631 0. 097 0.174
Ri(f) 2.5 0.1 0.2
R;(HRC) 10.5 1.3 2.2
b 2 2 b
2¢ 2d s s
SEM , TEM

); (b) 3 41 4h ) 3 +3 2h 2 (d) 3 +4 1h

Fig.2 SEM micrographs of im pact fracture before and after cryogenic treatm ent
(a) temperx 3(before cryogenic treatment); (b) temperx 3+ 4h cryogenictreatment ;

(c¢) temperx 3+ 2h cryogenic treatmentX 3 ; (d) temperX 3+ 1h cryogenic treatmentXx 4
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23 TEM 3¢
3 TEM 3d 3 4

3 W6MoS5Crd4V2 TEM )
(a) 3 ): (b) 3 +1 4h : (0 3 +3 2h ; (d) 3 +4 1h

Fig.3 TEM microstructure micrographs of W6Mo5Cr4V?2 steel before and after cryogenic treatment( DF image)
(a) temperx 3(before cryogenic treatment); (b) temperx 3+ 4h cryogenictreatment ;

(¢) temperx 3+ 2h cryogenic treatmentX 3 ; (d) temperx 3+ lh cryogenic treatment X 4
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