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On Carbides in High-C High-V High Speed Steels
(Study on carbides in commercial special steels by electrolytic isolation—VIII)
Tomo-o Sato, Dr. Eng., Taiji Nishizawa and Kousuke Murat

Synopsis: -

In the present study, X-ray and chemical analyses were carried out on carbides isolated
electrolytically from several high-V high speed steels, and the effect of carbon, tungsten and
vanadium contents on the constitution of carbides in these steels were discussed. Carbides
in high-V high speed steel are MC, MsC and M:Cs, and the amount of these individual car-
bides varies depending on the steel composition.’

The carben-vanadium ratio is the most considerable factor. If this rat1o is too low, the
steel contains no My3Cs, and is therefore incapable of being Supplied with sufficient carbon

. into austenite for the formation of high hardness martensite on quenching. On the contrary,
if this ratio is too high, the steel contains excessive amounts of M»;Cg, and the large amounts
of austenite will be retained by quenéhing from 'the usual hardening temperature.

The desirable relation between carbon, tungsten and vanadium contents in hlghV high
speed steel was deduced approximately as follows:

: C(2)=0"19+0" 017XW(%) +0°22X V(%) -
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Table 1. Chemical composition of specimens.
Steel C Si Mn P S w Cr \4
A (18-4-1) 073 0°20 041 0026 0027 18-58 4°17 100
B (11-4-2) 086 0-22 041 0018 0+025 11:02 442 1°97
C (11-4-5) 1°53 0-22 0-37 0017 0-024 11+38 447 467
D (8-4-5) 158 041 050 0°031 0027 853 4+20 5444
E (5-4-5) 155 - 0°38 0°49 0-028 0°025 5*14- 4°37 5+52
F (5-4-5) - 1°31 - 066 074 0+020 0+035 5°38- -4+17 5+50
G (5-4-3)%* 1°50 0+32 041 0+034 0026 560 406 3°40
* Not a commercial steel.
Table 2. Metallographic analysis of carbides and ferrite in annealed specimens.
. ire . . ) Composition of ferrite
Steel wto of X-ray patterns. of _ Commpos1tlon pf‘ carbides (%) (%)
carbides carbides <C> <W> <Cr> <V> | [C] [W] [Crl (V]
A (18-4-1) 270 MeC +MpsCe(+MC) 2+7 61°4 7+1 3+4 — 2*1 31 0-1
B (11-4-2) 197 MegC +MgsCs+MC. 4+3 53*6 104 91 — 08 30 0-2
C (11-4-5) 223 MsC+MC+M23Cos 6°8 44+3 12+7 206 —_ 1'8 23 01
D (8-4-5) 16*5 MC+MgC +M2Cs 82 348 13¢0  27°6 — 2°2 20 01
E (5-4-5) 16°5 MC +My3Cs+MeC 94 253 18*3 33°2 —_ 1-2 17 006
F (5-4-5)| 12°7 MC +M,C 10°3 306 54 427 — 1°8 40 O0-1
G (5-4-3) 237 Moy Ce+MC +MC 6°3 202 12°5 137 — i-1 14 0O-1
mﬁ%f%m%ﬂ’3ﬁﬂbﬁma€ﬁ2WC/h®N 25 C{145) b(8-7-5) E(5-7-5)
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11-4-5, 8-4-5, and 5-4-5 steels.
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Photo. 1. Microstructure of ‘quenched high speed steels, LA, BRIEWOTNTNOFHEEZT
showing the presence of MgC (white) and MC (black) eI 5 EEE LTI, ﬁE;EX.‘T’E%#ﬁﬁ:Z’D PR

carbides. -
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Table 3.

Metallographic analysis of carbides and matrix in q;ienched specimens.

Chemical composition of || Chemical composition
Steel Q. temp. Zv;:{;i c;)efs X—razagta;}:ézgns of carbides (%) of matrix (%)

' <C><W> <Cr> «<V>| [C] [W] [Cr]l [V
A (18-4-1)| 1250° 16°9 M;sC 19 69°8 27 19 0-5 7°4 4°5 09
B (11-4-2)| 1250° 85 MsC+MC 3*9 60°0 4+3 8*5. 06 6°5 4+7 1*3
C (11-4-5)] 1250° 14°5 MgC+MC 7*2 50°5 58 26°7 06 48 4+°3 1*0
D (8-4-5)| 1250° 118 " MC+M,C 9°1 36°3 6°1 37°3| 06 -4°8 4°0 1-1
E (5-4-5)| 1250° 80 MC+MC 12°1 26°7 80 511 06 3°3 41 16
F (5-4-5)| 1250° 86 MC 117 23°5 47 51°3 04 37 42 1-1
G (5-4-3)| 1050° 80 Mg Ce+MC +M;C 85 259 73 27°8 0-9 38 38 12




514 & &

BBASE HE S5 F

SR X O CEAR(ILOER % ZBET 5 FETDH
5. LHL, WFhoFkd, EEERBD MsC,MC
BIXOC MuCe ODFEBR2HEETDITERARESTH S L

FE2oNDT, EMHRICE T, RILDOXBIT

DR L, LS OER L 2EE LTERILIDOELE
HEHELR. S
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DRI EEET D E, 2RO C, W, Cr, V
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5. .
.. C=C(MC)-R(MsC)-C(MC)-R(MC) .

4 C (MzsCe)- R(MggCg) -oroeverereeenn (1)
W=W(MeC) - R(MsC)+W(MC)-R(MC)
+W (MasCa) - R (MagCg) +vevrrvveveneeni(2)
Cr=Cr(MeC) - RMeC)+CrMC)-R(MC)
Cr(MgsCeg) - R (MggCeg) worevvvevenermmeeces (3)
V=V (MeC)-R(MgC)+VMC)-R(MC)
+V (MgzgCg) + R (MggCpg) -veeeeveemererenne (4)

SR MsC), RMC), R (M2Ce) 1E&RILH
OEELTHDT, BIXIER MsC) X MeC DEI%
/MgC+MC+Mo3Cq) DERY% TH D, T, C
- (MgC) -V (M2 Co) 1IZRALHDC, W, Cr, ViR
ExdHbbT.

BEEEERIE Fe-C-W-Cr-V 5 THRE4ETH 5%, 15
BB O Cr ZRILMIT R LT 2IXOEIETEE L
TOWRERT 205 THBHD, g Fe-C-W-V
4CFHREZEZNIE, MeC, MC XU MyCe D31
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Fe-W-C %', Fe-V-C %9, Fe-W-V-CHI®,
Fe-V-Cr-C HW T oW THIC I T In o - EREIIIFE D
FRE LN/ C MeC) -V (M Co) DEfli% Table
4 THRR L. FRTEER{LIWD Fe 3 XU Cr it
HIFEC L7ch*, < OREEFRIC X > CETESTS.

Table 4 DE{EE (1)~(4) KXRATHIE>ED

(AN~@) XzE5.
C=1"8R(MsC)+12R(MC) + 5 R (M;3C¢)
- S ERIIETp ¢ 1))
W=70R (MgC) +23R (MC) +20R (M2;C¢)
it v 2"

— 24 .

Table 4. Estimated composition of MgC, MC and
M;z3Cs in high speed steels.

Carbide’ C | W v cr | Fe
MsC | 1°8 1 70 2 3% 23%
MC ¢ 12 23 52 g% 5*
MxCs | 5 i 20 2 36* 37*

* variable
Cr=3RMsC)+ 8 R(MC) +36R (M;Cg)

(1) @Y @) KRokilic, EBRpEcI>TEbhr
2kt C, W, V iREDCHITE (Table 2, 3) %
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B XU R MCe) DIEAFIHIND. Fig. 413 LT
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SETHRZAERELECRRLIZDDOTHY, %/, Fig.
51, MO EILC, W, Vi X Cr BEOSIHER

MeC

o As annealed

7\ o s qenched

Mo 20 40 60 i

Fig. 4. Diagrammatic illustration of relative
proportions of MgC, MC and M,3Cs in high
speed steels.
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Fig.v 5. Relation between the chemical
composition of carbides and relative
proportions of M¢C, MC and My;Cs in them.
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" Table 5. Carbon content calculated the by

formula (10), compared with the actual
. carbon content in commercial steels.

,.Stt;;le Calccucl’/.';l t'ed Practical C%

" 18-4-1 0°72 0+75(J1S), 0°70(AISI)

+18-4-2 0+94 0-80(JIS), 0-80(AISI) |
18-4-3 1416 105 (AISI)

12-4-2 0+83 0+80(JIS), 0°95(GOST)
12-4-4 127 1+25(DIN)

12-4-5 149 1-40(DIN), 1°55(AISI)
9-4-2.5 0-89 0°90(GOST)
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