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Some Properties of High-Speed Tool Steel Powders Atomized with Water

Kikuo Tarizawa, Akira Do1, and fmao TAMURA

Synopsis:

Martensite, residual austenite and, carbides in the powders of two kinds of high-speed tool steels, SKH
57 and SKH 9 (JIS) atomized with water were examined in as—atomized state and tempered states mainly
by means of X-ray diffraction analysis. The main results are as follows:

(1) There is more residual austenite in the powders in as—atomized state than in conventionally
solidified and quenched high-speed steel. The lattice parameters of both martensite and austenite in the

powders are larger, and the tetragonality of martensite is smaller than that estimated from their carbon

content, because of high supersaturation of alloying elements.
(2) By tempering of powders at 300°C, the lattice parameter and tetragonarity of martensite are
decreased, but the residual austenite is still stable. By tempering at 550°C, alloy carbides in MC-type

are precipitated and the amount of residual austenite is decreased.
(3) Internal stress measured by a line broadening in X-ray diffraction profile is not high in the as—
atomized state, and increase with secondery hardening during tempering. It corresponds to the secondery

hardening behaviour of the steels.

(5) Alloy carbides (MG+M,C) are distributed in network in as-atomized powders. The network
is gradually broken down by tempering at 550°C, and at 750°C the carbides are spheroidized and trans-
formed into M,C, while a small amount of MC is still remained.
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Table 1. Chemical compositions of atomized powders (wt%).
C Si w Cr Mo Vv Co O,
SKH 57 1.24 0.58 10.0 4.2 3.6 3.5 10.0 0.53
SKH 9 0.86 0.38 6.5 4.0 5.3 1.9 — 0.81
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X-ray diffraction profile of high-speed steel powders atomized with water.
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Fig. 2. X-ray diffraction profile of high-speed
steel powders after heated at 1300°C for
4 min and quenched into oil.
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Fig. 3. X-ray diffraction profile of atomized powders of SKH57 steel tempered at 300°C,
550°C and 750°C for various holding times.
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Fig. 4. (110)4' and (211),r reflections of marten-

© site in SKH57 steel powders as water ato-

mized state and the states after heated at

1 230°C and quenched into air or water for
atomized powders.
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Fig. 5. (110),r and (211),r reflections of marten-
site in SKH57 tempered at 300°C, 550°C
and 750°C for lhr.
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Fig. 6. Variation of integral width (§ Xcos#)
with sin § of martensite lines for various
heat treatment of SKH57 steel powders
atomized with water.
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Fig. 7. Variation of integral width (8x cos#)
with tempering temperature for lhr of
SKH57 steel powders atomized with water.
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B DWRFFIRERIC & 75 5 2 bx (110) 01 2 5RDTHR L
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B OMKENZLNDA, 20 8DE(LITE4 Rt
X HFHRITHELEFD L b TL v HEw R
750°C T SIS & & QI BICS T 0BT
BT Ehbrb.

INDDFERPD, K7 bv4 ZHPOBEDL &L 2 KiE
EREOEMIT, —MCEERTHMc bR DA, 1
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Fig. 8. Variation of integral width(8x cos #) with
holding time during tempering of SKH57
steel powders atomized with water.
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HERBREFFIZRT. K7 bv 1 PO G —w itz

SKH9, SKH57 & 4,iz MC+M,C AT, MC #1334

BDHIV. SKHI iz oW TRIIFHFHVD i & —3 L

Twa. L L, 7 hva X% 1230°C 1o ks L7

SKHS57 @ i{binis MCFMeC ¢, M,C |35 5

MOfz. LD LG TAEER MC 93527 MeC

~EHL, MC L MCliroxEsRiribisrxhn

b DEEZD L EMTES.

1300°C 2> 5 8EA L7z SKHY $5 X 0f SKH2 o7 Hy
Emn 6 MpCiZald b W EDWMEDLH D, T
SRR E TRMOEE L & LRIEWE I v T
R DO X O CEEMICIIFE STV 5 %3, Table 3
iw SKH57 7 bw4 X% 300°C, 550°C Tl
lhr, 750°C x24¢hr gz & U728 & 0 XmEi &5 58 % =
. HrHE LI 300°C, 550°C (550°C X 24hr oo 4,
ELTLITHRILIER—Td o) b ELTik7
bed XDFEFERLE MC+MC TH 528, 750°C i
5% & MG p4iide (750°C x4 min 4, & LT 4 M,C
g S hier o) LT MC+MC i/ 5.

I HDFEE» HHET L T4, MC 33Tz 750°C
TREETHSHH MC, MC 3 EZbDTCLETHD
EWbnb.

34 ABHR

Photo. 1 3 SKH9 3 X 0f SKH57 ok 7 k= 1 X8
BXOT b= X% r WU B L 78R o e B
FHEETH D, 7 b A IHORKRBIIIEE I MET,
FHo SKHS7 v bmasy—ra @B kic e v &R LT
W5 LA Photo 1 (a)hBHdoh 5. SKHY 4 [k
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Table 2. X-ray diffraction line spacing and intensity of high-speed steel

powders and their carbides extracted.

SKH 57 As-atomized

SKH 57 As-atomized (HCL extract)

* | ‘
i ‘ 1 | Peak | 1

Feak 20 d ﬁ I 1 Phase | pef | 20 0 d | 1 Phase
1 43°36' 2.410 W MG L 41°200 | 2,537 | VW | MG
2 50°42' 2.090 S | TMC 2 43°48' | 2.399 w MG

51°36' 2.056 boar (101) 2 | 47000 2.22 vw | M
3 42! 2.052 4 50°42' 2.090 S MG (7)
45! 2.050 S 5 51°57" 2.043 S a
56' 2.043 o' (110) 6 59°00 1.817 vw | MC
4 52048 2.013 VW 7 59°12" 1.810 vw | 7
5 59°00 1.817 W 8 74°48' 1.473 vw | MC
24 1.806 7
SKH 57 1230°C O.Q. SKH 9 As-atomized (HCI extract)

Reak 26 d 1 Phase Peak 20 d I Phase
1 37°48' 2.763 w M,C 1 41°18' 2.538 | w M,C
2 41°24' 2.532 W M,C 2 | 43°42 2.422 | w MC
3 43°30" 2.415 S MG 3 | 47°36 2.218 | W M,C
4 46°441 2.256 S M,C 4 | 50°48' 2.086 | W MG
5 49°48' 2.126 S M,C 5 74°48' 1,473 | vw MC
6 50°42' 2.090 w MC
7 52°06' 2.038 S M
8 54°36' 1.951 W M,C

d—27 54 M (1230°C, 1300°C) LTHATSE 87

EERASE L, MeC RILma it LT —iRDEAR
B (R OBEAMED wlTtvbh, MC Rt
DHFHVIIERM L 0 LBENCE—TH 5 (Photo. 1 (b)
(c)(f)(g)&M).

Photo. 2 {3 SKH57 7 k<4 X% 300~750°C T
ARERIEED &L LMk TdH D, £ 0hx 300°C X lhr 3
X Of 550°C X 10min DfEd ELTHELHIISTD
5H3, 550°C Xlhr CEEHAELTRIAL X 5Tin 5.
750°C #Ed & L CRRER S S OIRE EToMmE: (FE
B 4 min) THFCRSMMSETY, IOIEDE LK
% lhr, 2¢hr LT 5 ERFTHEDBDOTWRKIL
P SEL W SRR UCERIKIE L, MC+MC~ 2B
LT¥L.

DEDX S EEETREFDKT bvA4 ZPEIL O
oMK, MRS X TR ELDRKD S
BFiEr Lo TWB 2 EDBALPIT D7,

4. &

K7 bw4 ik b SKH9, SKH57 5 #E TRIH
KOO, SE—RREILWET OV COROEHZ

il

(1) k7 b=q4 XENEEONKRBIEPOEY v
BXCTT o34 FOBTFERNKREL, BY ro&
NEL, 2FH4 POESEESTORERTTH
SNBEX D /v, HE&ITFEIBRFNC LRI BE
LTVW5BX5TH5.

(2) 300°C CofEd ELICLDTeATF 44 bD
HMFERVITY, EFE®EDIINTLT, w734 b
»OBRFIRESHTH L TH L. L LERY ridlsk%k
ETHB. 550°C LA LV 5 EMCREE&RILMOTH
B 2REERCL, By dRPT 5.

(3) X Bl broadening (8) »LABIE (HET
7B) w#HlETHE, K7 bv4 XDFFCTRIBTFERL
NIFERE L. chid@faficEELTwW5 88T
FOMFBEMER I o ERhEy. Bl
X% 2REbEB T ERTFEIREL LD, BREHEK
Lz & Wb T 5. BT 2 WELES) & X<
®HIET 5. _

(4) 7 h=4 X020 GRG0 Rbips MC +
M,C TdH 9,550°C FTOHED ELTREL LV,
750°C 1275 5 & &diic MC+ (MC) &7 %.
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Table 3. X-ray diffraction line spacing of SKH 57 steel powders tempered at
various conditions and their carbides extracted. ’
SKH 57 300°C X lhr SKH 57 300°Cx lhr (HCI extract)
Peak Peak
No. 20 d I Phase No. 20 d I Phase
1 41°24' 2.532 Vw M,C I 41°24' 2.532 Vw M,C
43°36' 2.410 2 43°48’' 2.399 S MC
2 44°00" 2.389 VW i MC 3 45°40" 2.310 W MC
3 50°06' 2.114 w 4 47°32' 2.221 w M,C
4 50°36' 2,094 S MC 5 50°48' 2.086 S MC
51°00' 2.079 M r- 6 75°00’ 1.470 w MC
51°24’ 2.064 VW a
52°06' 2.038 S
6 52°48' 2.013 w
7 53°28' 1.989 VW
8 54°06' 1.968 VW
9 57°18' 1.866 VW
10 59°10' 1.813 w
SKH 57 550°C x lhr SKH 57 550°C x 1hr (HCI extract)
ek 26 d I Phase neak 20 d 1 Phase
1 41°20' 2.537 Vw M,C 1 41°24' 2.532 w M,C
2 43°48’ 2.399 w MC 2 43°42' 2.405 S MC
3 47°32! 2.221 Vw M,C 3 47°32' 2.221 \%% M,C
4 50°48' 2.079 S 7 (MC) 4 50°48' 2.086 S MC
5 52°00' 2.041 S @ 5 74°48' 1.473 S MC
6 74°46' 1.475 VW MC
SKH 57 750°C x 24hr SKH 57 750°C x 24hr (HCI extract)
reak 20 d I Phase Tk 20 d I Phase
1 37°56' 2.754 A% M,C 1 37°56' 2.754 W M,C
2 41°28'’ 2.556 \%% M,C 2 41°30' 2.557 w MC
3 43°24' 2.420 VW MG 3 43°48' 2.399 \%Y MC
4 42! 2.405 VW 4 46°54! 2.249 S M,C
5 46°54' 2.249 M M,C 5 50°00' 2.118 S MC
6 49°56' 2.120 S M,C () 50°48' 2.086 w MC
7 51°00' 2.079 VW MC 7 52°24' 2.074 W a
8 52°24' 2.027 VS « 8 54°42' 1.948 W M,C
9 54°42' 1.948 w M,C 9 59°42/ 1.798 Vw MqC
10 74°48' 1.473 VW MC
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