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The Effect of Si on the Mo-Type High Speed Tool Steel
Fijiré ISHIKAWA and Kéichi SUDO
Synopsis:

Rod-shaped primary carbides,M,C, which were aligned with rolling direction are frequently observed

in high—carbon, high-molybdenum high-speed tool steel.
Therefore, the effect of silicon on the carbide transformation and the heat treatment

addition to the steel,

It was known that the phase disappeared by silicon

characteristics in AISI M7 was studied under various nitrogen content.

The results obtained are as follows:
(1)
phology.
(2)

The carbide precipitated at the eutectic reaction was M,C and not MC, and had a plate-like mor-

Silicon in the matrix accelerated the transformation of MG to M C by entering into M,;C during

heating the ingot above 640~700°C. Considerable primary carbides were retained as M,C even after hot
working, when the silicon content in the steel was little.

&)

It was considered that the retained M,C, having the plate-like morphology, became reorientated

parallel to the hot working direction, without spheroidization, and therefore was microscopically observed

as rod-shaped carbide.
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Table 1. Chemical composition of the steel tested (wt%).
Steel
C Si Mn P S Cr Mo w A% N Ingot
Type | Mark
17 1.07 | 0.06 0.29 0.005 | 0.002 | 4.26 9.04 1.78 1.89 0.016
18 1.04;, 0.21 0.31 0.005 | 0.002 | 4.32 9.19 1.81 1.89 0.011
0.019, N 19 1.05; 0.33 0.31 0.005 | 0.002 | 4.34 9.19 1.79 1.93 0.014
01% 20 | 1.09! 0.48 0.32 0.006 | 0.002 | 4.36 9.19 1.77 1.95 0.013 | 7 kg
series 21 | 1.09] 0.72 | 0.32 | 0.006 | 0.002 | 4.32 | 9.25 | 1.81 1.88 | 0.014
22 1.04 | 0.92 0.43 0.006 | 0.002 | 4.30 9.24 1.81 1.92 0.012
23 | 1.09| 1.48 0.33 0.006 | 0.002 | 4.32 9.01 1.84 1.89 0.016
11 1.14 | 0.10 0.28 0.007 | 0.007 | 4.27 9.04 1.83 1.97 0.036
0.049,N| 12 .14 | 0.32 0-30 0.019 | 0.006 | 4.25 9.09 1.82 1.97 0.042 2 k
series 13 1.14| 0.66 0.30 0.013 | 0.005 | 4.28 9.09 1.83 1.95 0.042 g
14 | 1.13; 0.92 0.32 0.009 | 0.005 | 4.25 9.09 1.84 1.95 0.041
61 1.09 | 0.05 0.31 0.005 | 0.003 | 4.3] 9.13 1.77 1.91 0.065
62 |[1.02]| 0.25 0.29 0.004 | 0.007 | 4.33 9.21 1.77 1.94 0.074
0.079,N| 63 | 1.03| 0.44 0.31 0.003 | .009 | 4.31 9.18 1.76 1.91 0.070 | o,
series 64 |1.03| 0.71 | 0.32 | 0.003| 0.006| 4.33 | 9.20 | 1.76 | 1.98 | 0.067 8
65 1.04 1.02 0.32 0.003 | 0.009 | 4.31 9.27 1.83 1.96 0.065
66 | 1.04| 1.60 0.32 0.003 | 0.006 | 4.35 9.28 1.83 1.96 0.068
Com- 55 10.97| 0.17 0.27 0.019 | 0.010 | 4.20 8.84 1.78 1.84 0.029 200 k
mercial | 56 | 0.97 | 0.837 0.27 0.017 | 0.006 | 4.20 8.79 1.81 1.82 0.033 £
8 : T Lpe ,
Q% § ! . & &@g & PR 2 32 8 N:,W o,osl.sl
it ; %%” =E OERPEzl 2788 2 2
;f . £ . E A b’sa . II 1 + | P | 1 n
: W, 3 APy A No.18 0.21%Si
¥ %’é § hq%‘s} g’
'..‘ > soi" s’} l@m, II | — 1 ' " r
¥ ; ;9 Ao fw% No.19  033%Si
i . % B Rt gi
‘ . L] ,
g g el L |
% & o O 1 1 ’ —t 1
% &‘%f? ' g 4 ‘_ No.20  0.48%Si
Mf;.w.._._, — 8 s ‘ntg.;na : . 3 3
200 7 I R A
Photo. 1. Typical microstructure of rod-shaped %' N2l 072%si
carbide in No. 55. Etched electrolyti- =
cally in 194 chromic acid. | [ ) L )
. ' No.22  0.92%Si |
ESIRAEIC 1T B IR ST SHIEE S1 i~ S ik
RoRLMPBE <, BRRILDES S V. Si HEHINT
B HE RO BE B L, IERBLIE b7 < P I I
A, & SR, 70 & xid No. 22 (Photo. 2, 0.9294S1) No.23  1.48%Si
TIHRHREHIIZEAEMC BOKZITR S & HEES
ne L |
Si AN L CHER D 5 V13 SRR (LA MfknIc 52 P VN R P
DL BT, WRONRICE > TRES. 75 ¢ spacing (A)
HH 0.0l19,N> )y — Xt 0.729S5i, 0.04N> Yy — XT Fig. 1. X-ray diffraction patterns of residues

0.669%5Si, 0.079% N+ ) — XT3 0.25~0.44% THo
7o LichoC N 4 Si LREFOBENH D, BN
EE Si QT HIRIR (L E SR BT T 5 2 LI L
7290

electrolytically extracted from annealed
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Photo. 2. Microstructures of the annealed steels etched electrolytically in 19, chromic acid.
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a) Etched electrolytically in 1 % chromic acid
b) As (a) and etched in 4 % NaOH saturated with KMnO,

Fig. 2. Charts of line analysis obtained from No. 17 (0.06% Si) and No. 22 (0.92 S1)
forged and annealed bars. (0.019 N series)

VBRRCXBDB/ELEMLT MC 2HHBE LD LS &
L7cbDTHDH?, BRECIFEAELELLL, EH
HIiC MeC D&z L35, FEGOMSITET B
EEMEZTT. 0.92%Si o No. 22 Ci3, FEHaD
70 ABEERBERETREEALE MC R{EMOR L BPH
h2dDTH%5. KMnO, 7 U )BT X 5EMEE
ZIT2ICFE b TIHERRILDEIS I 2, MC MBEH
T5 MEZHELUCRIETLEE SiOZFicdH 5.
FTlebbE Si 8D No. 22 Tz MC LEbh 5
it i3 Ly Si OBk U Tk b, X BOHEE
REFZZPET Si 3 MC 25 MC ~DZE{bic k=
EEID R LT WBEZ LRI BMBRDEO. 7275 L
No. 17 @& Si T = FY v 2 RITH~N M,C hA®
St DFbRbTricBDON5. £/, & SifAdiciz
Photo. 2 0 # Si gHiCE2S LBk MC g bio
EBMYEAD LTw5 2 &5 EPMA,  F2:0A048 T
M bhiz. zhid, Fig. 20Ek MC thoy Siopi<
PY v s R YL, BRI Eh D,
Si OEEMLHETREVWEEZILND.
33 #EREBCHBIIRIED

E T ETORETHEDI MC MNELET /- Er 2K
NB7®, 0.01%N2 Y — XD No. 17 X% 22 OIF
HOIER LB L D RIR L BB E O X @S a7
WEERE Fig. 3R L. Thabbiinise Ry
VERIEImE L M,C & MC B THhHo. —f

AS CAST
[T No.17 0.06%Si
by
Q
2 3] = 2]
> = = | =
=
(2]
Cr nl T L, T T . T Y L
2 No.22 0.92%Si
E=
| 1 | )

— T T T T r r T
27 26 25 24 23 2.2 21 2.0 1.9 1.8
d spacing (R)

CAST——1100°C, 4Hr,A.C.
Q No17  0.06%Si
= 3
- =
- 22 vl ¢ Co Q 2
- ==z = X| = == = =
7] .
=
LI TI 1| T T ' T lv 1 T
= No.22 0.92%Si
T T L! Il T ’ T |l T l T l T
27 26 25 24 23 22 21 20 19 1.8

d spacing (A)

Fig. 3. X-ray diffraction patterns of residues
electrolytically extracted from No. 17 and
No. 22 cast ingots.
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Fig. 4. Charts of line analysis obtained from No. 17 and 22 cast ingots.
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Table 2, Chemical composition of the steel tested (wt%).

Mark C Si Mn P S Cr Mo w \Y% N
71 1.02 0.03 0.32 0.009 0.006 4.23 8.99 1.97 2.04 0.036
72 1.07 0.24 0.31 0.009 0.005 4.27 9.02 1.98 2.05 0.025
73 1.01 0.49 0.32 0.008 0.005 4.23 9.06 1.98 2.01 0.022
74 1.03 0.78 0.32 0.008 0.005 4,21 9.07 2.00 2.04 0.036
75 1.02 1.03 0.31 0.008 0.005 4.21 9.07 1.99 2.02 0.035
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0 s R Y S—- Fig. 7. Reaction temperatures in cooling curves
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Fig. 6. The effect of silicon and nitrogen on the

appearance range of the rod-shaped primary
carbide of the M,C type in the AISI M7
type steels.
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Table 3. Chemical composition of the unidirectionaly solidified steel.

Steel i C A Si J Mn P. S | Ni E Cr ﬂ Mo ’ w oV Al N
, n : i ‘ 7
SKH9 | 0.89 [0.32  0.30 | 0.006 0005 | Te | 418 | 4.91 | 625  1.85 | 0.016 0.032
10 Q. Cocling rate 120017 TI77T7 77 T
B o < o 32rG°Clrrin /7,///4////{7/%\.] ! i A
IS} o Q ) 1100 /,/ F MsC
2 2 2 2 ,m///// ///////47777777 >
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o Y
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34<Chmin. g 600 Mo
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> N N N . L 400
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o 257 5
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80mm 16 5°Cmi Fig. 9. Effect of silicon and temperature on the
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transformation of the eutectic carbide
. 1 . |I l| . i MzC to MGC.
100mm .
11.8°C/min. LT B, (K Si #9132 1200°C oFiRicmE LT b RIS
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Fig. 8. X-ray diffraction patterns of residues
electrolytically extracted from the wuni-
diretionally solidified SKH9 ingot. (as-
cast)
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Table 4. Chemical composition of the steel tested (wt%).

Mark C Si Mn P Cr Mo w A4 N
81 1.03 0.06 0.26 0.006 0.005 4.40 9.00 1.90 1.90 0.005
82 1.06 1.00 0.33 0.007 0.005 4.39 9.02 1.92 1.93 0.005

No.B2 (1.00 °%sSi)

Magnuht‘ahon X 1640
Heat treatment

a: as cast
b: 400°C fthr A.C,

c: 820°C = »
d: 1100°C *» "
e : 1200¢C «» ”

Coolin rate of samples
during solidification
:about 13°C/min.

No. 81 (0.06% s; )

X510

Photo. 3. Morphology of eutectic carbide in unidirectionally sohdlﬁed No. 81 and 82 steel

ingots heat treated at each temperature.
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a) 1100°Cx1h A.C. b) 1200°Cx 1h A.C.

Photo. 4. Microstructure of unidirectionally fro-
zen No. 82 steel ingot(1.09,Si 0.005%
N)etched in 4 2,NaOH saturated with
KMnO,. ' N

a) No. 81 (0.069 Si, 0.005%5 N)
7 kg ingot— § 37 (14S)—A. C.
b) No. 82 (1.09 8i, 0.005% N)
7 kg ingot— § 37 (14S)—A. C.

Photo. 5. Microstructure of No. 81 and 82 forged
‘ bars at 1 100°C.
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