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ABSTRACT The densification behavior during a sintering of M2 and T15 grade high speed
steel powder compacts was reported. Sintered densities over 98% theoretical were achieved by
a liquid phase sintering in vacuum for both grades. The optimum sintering temperature range
where full densification could be achieved without excessive carbide coarsening and incipient mel-
ting was much narrower in M2 than in T15 grade. The sintering response was mainly affected
by the type of carbides present. The primary carbides in M2 were identified as MsC type whereas
those in T15 were MC type which provides wider sintering range. The addition of elemental carbon
up to 0.3% lowered the optimum sintering temperature for both grades, but had little effect on
expanding the sintering range and sintered structure.
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Table 1. Chemical compositions of M2 and T15 pow-
ders (wit%)

C W Mo Cr V Co O (ppm) (Fe)

M2 095 6.20 452 393 197 063 1064
T15 116 128 08 395 4.28 503 999
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Table 2. Powder characteristics of M2 and T15

M2 T15
Sieve analysis (wt%)
—retained (mesh)
+150 pm (+100) 0.5 0.8
+106 um (+140) 10.6 14.3
+75 um (+200) 15.8 18.8
+44 ym (+325) 313 33.2
—44 ym 411 334
Apparent density (g/cm®) 2.59 221
Flow rate (sec/50 g) 3 45
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Fig. 1. Variation of sintered density with sintering at-
mosphere and temperature of M2 HSS powder. .
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Fig. 2. Variation of sintered density with green density
of M2 HSS powder.
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Fig. 3. Variation of sintered density and grain size
with graphite addition of M2 HSS powder.
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Fig. 4. Variation of sintered density and grain size
with graphite addition of T15 HSS powder.
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Fig. 5. Microstructure of sintered M2, T15 and gra-
- phite-added specimens with various sintering tempera-
ture; (a) M2, 1240°C; (b) M2, 1260°C; (c) M2, 1280
°C; (d) M2+0.1 wt% graphite, 1220°C; (e) T15, 1240
°C; (H T15, 1250°C; (g) T15, 1270°C; (h) T1540.1
wt% graphite.
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Fig. 6. X-ray diffraction patterns of sintered M2 and
T15 HSS; (a) M2, (b) TI5.
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Fig. 7. Microstructure of sintered M2 HSS under pure

hydrogen atmosphere at 1280°C for 1 hour.

(solidus line) ojAbo @ 7leddle] #alake] of4to)
AN ARG M2 2 TISRY YA 2
HA] #HF 2AUEE AR £ AdREAE
Aape) of, 27 E417], 4Y YE Fo] glrherw

I 1Y 248907 4G A Aol BY
A E9)77F AFs el A 2@} e 2157
BE vehd A B4 FASskIA 234 9
Ae] A=A X Y57} 185 o)o we}
7)5°) B, A7) ZHele AF skar) Ex)
stol v o] Ake) AYILE whaB}7] fFolo) o]
ke 29 79 2AAANA 2 dehdd, 29
7 1280T o] AR Y73 M 2L el
AL g Gl 9] 22T 59 ()L FrHgog
o DA 71Fe) B W a9l A
2] 2L ¥E 73] T2HAE HART 7179
32717} =)-¢ 2 e Redzw gl

Awtd o g F7; Rt3se] 444 wuw
38 910 4A ke ¥ Ayl gz} 2ot
gler} oF 5~17vol% Y ® HaEe]zxw 9}
M2 3 TISE"eNA AAake] =4de ddnbdgen
27 RES 24 WHLT olielx WEAA x
g} gl Feizl A gL &
Foke AL e Fodck M2 2 TI5F77
He 2% = Bee 52 ER7} AT, )5 &F
Aol A4 HA 2PLEE F-53s AL )
SRThEN ] g AW YEe AH4E
we] AR, gl RE 9 Arllte] F kL.
ov §3), DHETFHNA QA A4E ¥4
AR Gk AEgY SAade] felEe] 4
R Ao ohdel, A4E whslge) BRA Fa

dL He o ol

Journal of Korean Powder Metallurgy Institute

Fig, 8. Microstructure of MC carbide in fully densified
specimens (a) M2, 1270°C; (b) T15, 1280°C (Etching
condition; 20% Chromic acid with 2-3V for 1 min).
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Fig. 9, Microstructure of over-sintered M2 and 115
HSS; (a) M2, 1280°C; (b) T15, 1290°C.
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Fig. 10. A sketch of the densification behavior of M2
and T15 HSS powders.
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Table 3. Carbon and oxygen contents of M2 speci-
mens with graphite addition after vacuum sintering

Graphite Sintering C (01}

add. (wt%)  temp. (T) (Wt%) (ppm)
0 1250 0.84 125
0.1 1220 0.96 123
0.2 1210 1.05 125
0.3 1210 1.18 157
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