\MMo%ﬁﬁ%ﬁﬁ%@ﬂﬂ%ﬁm&&?%%k;wﬁ%§§@%§ 1921

© 1986 ISIJ

WMo ekt 5 2 3 O BRI I R (g T
EFB L UOREYROLE
AR - FE

[BUHUUBEBITGITN U HIY

i X

NHIBEQGR TS

R* - A - LEEEY

Effect of Nitrogen and Carbon Equivalent on Properties of
Powder Metallurgical W-Mo Series High-speed Steel

Nobuyasu KAwWAL, Minoru HIRANO, Katsuhiko HONMA and Tsuneo TATSUNO

Synopsis:

Four grades of JIS SKH 51 high speed steel having 0.9% and 1.3% carbon equivalent with and without
carbon replacement by 0.5% nitrogen were produced by using gas atomized powders and HIP processing.
The influence of nitrogen on properties of SKH 51 was investigated. The following results were obtained

in this study.

(1) Incipient melting temperature is dependent only upon carbon content, but not upon nitrogen

content.

(2) The curves of quench hardness versus austenitizing temperature have shifted to higher temperature

significantly by the replacement of carbon by nitrogen.

(3) The amount of retained austenite is closely related to carbon equivalent, but this value is slightly
lower at the same carbon equivalent in the nitrogen-containing steels. From the results of chemical
analysis of extracted residues (precipitates), EPMA and EDX analyses of MC and MeC, it is deduced that the
above mentioned behavior is caused by the change in the concentration of constituent in the matrices and
by the stabilization of precipitates resulted from the redistribution of alloying elements in MC and

matrices.
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Table 1. Chemical compositions (wt%).

Steel l C ’t N ‘ W 1M0 | Cr J v iCeq*; Process

PA | 1.31 ] 0.01 | 5.80 ; 5.06 | 4.14 | 2.10 4‘ 1.32

PB | 0.860.46 | 6.17 | 4.9 | 4.00| 1.79 | 1.25 P/M

PG | 0.91 | 0.02]6.11 )4.83 | 4.16 | 2.05 0.03| (HIP)

PD ! 0.45 i 0.49 | 5.36 [ 4.70 1 3.88 ’ 1.72 | 0.87

M [ 0.87 ‘ 0.02 { 6.21 | 5.02 | 4.26 1‘ 1.94 | 0.89 | Conventional

* Coq=C(%) +6/7 XN(%)
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Fig. 1. Manufacturing process of
P/M high speed steels.
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Fig. 2. Effect of G and N on density
and hardness (as annealed).

Table 2. Chemical compositions of extracted residues
from annealed steels.

Steal Residues Chemical compositions (wt%)

(wt%) c'N]w(Mo}Cr‘v

Fe I Total

PA \ 27.42 | 4.5[ — |21.0 | 17.6’ 11.3[ 7.9‘ 39.0 |101.3
PB | 2.51 | 3.0] 1.8 22.3‘ 17.1 | 1.2 | 6.9 ] 39.8 }102.7

pc | 2151 | 41| — 25.8]21.5\ 8.9l 9.2 | 31.3 [100.8

PD 19.01

2.3 2.6\26.3\ 19.9\ 7.1| 8.5]26.9] 93.6

Table 3. Distribution ratio of each alloying elements
to residues (as annealed).

Steel c | N | w | Mo ler | v | Fe
PA .04 — | 0.99 | 0.95| 0.75 1.00| 0.13
PB 0.92| 1.00| 0.9 | 0.94\ 0.74| 1.00| 0.13
PC | 0.07| — | 0.9t | 0.96 | 0.46 | 0.96| 0.08
PD | 0.97| 1.00] 0.98] 0.97] 0.35| 0.94| 0.06
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Fig. 3. Effect of C and N on incipent melting
temperature.
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Photo. 1. Micrographs of high speed steels.
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Table 4. Chemical compositions of extracted residues
from as-quenched steels.

Spoet | Residucs | Chemical compositions (wt%)
W) | ¢ | N | W |[Mo|ar| V| Fe|Total
PA | 1185 | 46| — |31.0]23.2| 3.7]12.8 ] 2.9 100.2
PB | 9.45 2.2 3.9]20.1|19.7] 3.9/16.0] 2.7 | 100.5
PC | 9.88 | 3.5 — |20.7]22.1] 8.3]10.3]20.1] ot.1
PD 3.54 | 1.6| 9.5‘ 16.4 12.6| 4.7 36.1!15.0 95.9

Table 5. Distribution ratio of each alloying elements
to residues (as quenched).

seel | @ | N | | Mo | o | vV | Fe
PA | 0.41 | 0.63 | 0.54 | 0.11 | 0.72 | 0.036
PB | 0.24 0.80 | 0.45 | 0.37 | 0.09| 0.84]0.030
PC | 03| — | 0.8 0.45 | 0.08 0.50 | 0.035
PD | 0.13] 0.67 | o.11 | 0.09 | 0.04 | 0.74 | 0.006

Table 6. Chemical compositions of as~quenched
matrices (Wt%) .

Steel | ¢ N | oW | Mo | cr %
PA | 0.8 | | 243 | 2.6¢ | 418 | 0.67
PB | 0.7 | 0.10 | .75 | .46 | 4.02 | 0.32
PC | o.63 | | 3.5 | 295 | 425 | 1.14

PD | 0.41 | 0.17 | 4.95 | 4.43 | 3.86 | 0.46
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Fig. 7. Distribution ratio of each alloying
elements to matrices (as quenched).
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Fig. 10. Result of static bend test.
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Fig. 12. Hardness at elevated temperatures.
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Fig. 13. Results of fatigue test.

AuX, VG & VN DS MG, =1+ ) o, 72341
FAUER IOER Ly, BUEZEFHDL VC L VN o
ZCERT S SOUARE AL D>TLIBRET
BB Tichb, B (1) OWEIERENL, r +MC—L
DODRIGICI VI DD, =tV 220 7 & MG
DER IUEKSFE L TthhiE, PA L PB, PC L PD
HE COIARRE Y AT Ch B ke, (2) ©
BEAE IO PA L PB, PC L PD CHLlOM
BEEXTTHD. LLigdis, i<ty .,

7 ADLFERE A D &, (4) KELAX5C%k N
TE#ETIZ Ly, G W, Mo, V OfffE~DLE
EOERELBIEL T B Edbhb. ZhbofERIT
#AEH PA L PB, PC & PD 4 —2x5+1 LR
ERRIc D1, NEROFELGT LIX\ 20, *
— A7+ A MMEBENXR UL PB & PC % Table 4 & 6
THETHE, LB rbns.

MC, MC DE/yas N O E X BRI X h Vs
CEA LT B0k EPMA & EDX S CRIckE RN
Fig. 14 L Fig. 15 ¢k 5. Nty MC Fo
C, W, Mo 24 L, Cr, V 238in$%. %7 MC
T, Cr, V2o AT 5HANRORE DD ED
BT/ . HHEBEO X BEEE (Fig. 16) 7
b MX 3 MC bR T 20 DREWINE— 272>
7L, FOBRTFERN 4.13A » VC 4.164), VN
(4.094) OFEOEER L. ShbOEND MX
XV EREERETIREBIYTHSD Z Lovbonb. MG
DE—7EIINBERIC I DL A LB L. NE
B X MG DLZFEBIE D E v ELLisd DD~
MYy 72 AFDCEMETT 5 oopE i, PB, PD
DOYEEIBHIIATRE S PA, PC RN TCER TR DL &
z2bh%. NEBRMHOBRAEI, BEA —AT77M1+E
DNERIM & R 2% BHERTHAD ) » 720D
BAECPFEREEZ bR S.

— 115 —



1928

B, & 8 g 72 &£ (1986) $Fl45
MX in steel PB MC in steel PC oC 2 e
Steel PB Steel PC = = o
(MX) (MC) g
8sum
e %
MN =
h Q
=
S (&)
= =
v | |

Cr’Ac f\__ccr

w S—w
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Fig. 15. Diffruction patterns of EDX.
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