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The Effect of Insoluble Molybdenum Carbide on the
Hardenability of Fe-C-Mo Alloys
Tsuyoshi INOUE
Synopsis :

Molybdenum is an important alloying element for obtaining steels with improved strength and toughness,

therefore the effect of molybdenum on the hardenability of steel are of great interest.

However, data of

the past researchers are widely dispersed because the effective molybdenum varies with quenching tempera-
ture by being fixed as insoluble carbides due to its strong carbide forming tendency.

In this study the effect of insoluble carbide on the hardenability has been quantitatively studied by ex-
tracting carbides from steels quenched at various austenitizing temperatures and correcting molybdenum
and carbon amount which are effective for hardenability. By eliminating the effect of insoluble carbide,
re-evaluation of hardenability with effective carbon and molybdenum yields more reliable hardenability data

up to about 2% molybdenum in 0.2% to 0.6%C steels.

Key words : molybdenum steel; hardenability; Jominy curve; quenching temperature; insoluble carbide;

effective molybdenum.
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Table 1. Chemical compositions of the steels investigated.

Steel C Mo Si Mn P S Ni Cr Al B N 0
2C2M 0.17 0.19 0.005 <0.,005 0.005 0.0016 <0.005 <0.005 0.003 1 9 11
2C5M 0.18 0.48 0.005 <0.005 0.005 0.0017 <0.005 <0.005 0.004 1 10 <10
2C8M 0.18 0.80 0.005 <0.005 0.005 0.0014 <0.005 <0.005 0.003 1 9 18
2C10M 0.18 1.00 0.009 <0.005 0.005 0.0014 <0.005 <0.005 0.002 1 9 <10
2C20M 0.17 2.00 0.006 0.006 0.006 0.0050 <0.005 <0.005 0.003 1 31 16
4C2M 0.37 0.19 0.005 <0.005 0.007 - 0.0028 <0.005 <0.005 0.005 2 8 <10
4C5M 0.39 0.50 0.007 <0.005 0.006 0.0025 <0.005 <0.005 0.002 1 8 <10
4C8M 0.37 0.90 0.005 <0.005 0.002 0.0020 <0.005 0.018 0.002 1 25 18
4C10M 0.38 1.00 0.005 <0.005 0.005 0.0025 <0.005 0.013 0.004 1 8 18
4C20M 0.40 1.97 0.009 <0.005 0.010 0.0040 0.009 <0.005 0.001 2 12 16
6C2M 0.56 0.19 0.008 <0.005 0.005 0.0032 0.008 <0.005 0.010 2 8 <10
6C5M 0.57 0.50 0.006 <0.005 0.007 0.0031 <0.005 <0.005 0.003 1 8 <10
6C8M 0.59 0.80 0.005 <0.005 0.006 0.0027 <0.005 <0.005 0.002 2 9 <10
6C10M 0.59 1.01 0.006 <0.005 0.006 0.0033 <0.005 <0.005 0.003 2 10 13
6C20M 0.59 2.12 0.007 <0.005 0.005 0.0028 <0.005 <0.005 0.004 1 9 <10

* ppm for B, N, and O and mass% for other elements
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Fig. 1. Schematic illustration for determination of
the hardenability index (J5o). Jso is defined as the
distance from quenched end on Jominy curve cor-
responding to 50% martensite hardness of the
steel.

OEENRE D SKEEKPICBANRL, EBEMEMEIC
X 0 RBEmrAt oMb 58 % 1T o 72, HH & 10%
FEFNVNTELM 1% TEIAFNT rEZT LT
SA KAy ) —VERBETH, BM100mV TH5%.

37, HEERsSICoOVWT X BERCX Y EREEL
HoE L, RERRC R R 5 Rt AE L.
XS thicE T b Fe BLU Mo DEERSIT%:
Fupite LTEESRTWS Mo BLU COREY
K-,

3. B & R

31 MAMERER
3:1-1 Acy BHESIZ B XITT Mo 0EE L AR
DPYE



290 g% &

% 78 4 (1992) % 2 H

BARBRCBVWTEIFERETREILE A AT A
F(7) BrOHEECEANRYITI L THS. S hit
Acs ZREHRUT ORED HBEANTIGE, HBANEIC
7294+ (o) MPBRELEFESBEANREZDIEL
WEEAM DM AT T X 2\ Th b, 22 CHEAERE
FRETHLDICRMEICIOVCTF 4T FA—% — |2k
D 650°C PLETOmMEEE % 0.05°C/s & LT Acs &
REELHIEL. ZOME%L Table 2 I27RF. Mo i
BN ERE~NDOZEDNEWTTHETH LD 1% Ll L
DEFINTIIIFIZ 0.2% C DERRFHCERRzHL L,
0.2%C-2%Mo $Tid Acs £ii3 926°C & %%, LLTF®D
BEAEEBRCRIEHMO Ac IREZE S & IZBEANRE % e
L7, &8, EMELLZNFND Ay XD H# 50°C
B & AR AR & L 7.

T 0.2% C
€ sl o Mo 2%
£ ©
2 | © .0 1%
-2 /‘/D‘-
~ oo om—--——" B  0.8%
2, v 0.5%
E - —— 0.2%
S OW °
1] P
c L ®
(7}
o
T
g 0 1 1 1 1 1 13 1 ]
800 900 1000 1100 1200

Quench Temperature (°C)

Fig. 2. Effect of quenching temperature on the
hardenability of 0.2%C steels containing various
amounts of molybdenum.
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Fig. 3. Effect of quenching temperature on the
hardenability of 0.4%C steels containing various
amounts of molybdenum. Hardenability of 2% Mo
steel is greatly influenced by quenching tempera-
ture.

Table 2. Acs temperature (°C), quenching temperaturé (QT, °C), austenite grain size number (GSN), and

hardenability (Jso) for each steel.

Steel  Ac3(°C) QT(°C) GSN  Jsp{mm) | Steel Ac3(*C) QT(°C) GSN  Joo(mm) | Steel Ae3(°C) QT(°C) (SN  Jso(mm)
2C2M 837 860 7 — 4C2M 800 815 8 2.6 6C2M 747 780 8 2.8
895 4 2.2 845 6.5 3.2 815 6.5 2.8
1000 3.5 3.3 950 4.5 4.6 910 4.5 3.5
1100 2 3.7 1100 2.5 4.6 1100 2.5 3.3
2C5M 840 860 7 3 4C5M 795 815 7.5 4 6C5M 752 780 8 5
895 5.5 3 845 6.5 4 815 6 5.2
1000 3.5 4 950 4.5 5.5 910 4.5 5.2
1100 3 4 1100 .3 5.4 1100 2 6
2C8M 844 860 6 4.5 4C8M 795 815 7 6 6C8M 748 780 7 5.5
895 6 4.5 845 5 6 815 6 7.3
1000 3 4.9 950 6 7.2 910 4.5 9
1100 3 5.2 1100 2 8.5 1100 4 11.5
2C10M 860 870 6 5 41C10M 800 815 6.5 6.5 6C10M 757 790 6.5 6.2
895 5 5 845 6.5 7 815 6 7.8
1000 3.5 6.3 950 4.5 9 920 5 11.6
1100 3 5.8 1100 2.5 9.2 1100 3 13.8
926 895 4.5 6.3 41C20M 824 845 7 6.1 6C20M 754 790 6.5 5.2
2C20M 1000 4.5 7.5 950 4.5 13.5 815 5.5 6.8
1100 1.5 8.2 1100 1 13.5 920 5.5 11.6
1100 4 16.8
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Fig. 4. Effect of quenching temperature on the
hardenability of 0.6%C steels containing various
amounts of molybdenum, showing a strong influence
of quenching temperature for steels with more than

0.8% molybdenum.
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Fig. 5. Relationship between hardenability and
molybdenum of 0.2% , 0.4% , and 0.6%C steels
quenched at temperatures of about 50°C above Acj
temperatures for each steel.
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Table 3. Results of carbide extraction analysis
for steels and quenching conditions involving in-
soluble carbide. Effective carbon [C] and effective
[Mo] are calculated using equation (2), and hard-
enability (J5o) before and after carbide correction
are also shown.

As carbide Effcetive Jso( mm)

Steel |QT(°C)

.| Fe(%) Mo(%) [[C](%)[Mo] Before  After
(%)
2C20M 895 0.18 0.21 0.16 1.79 6.3 6.98
1000 0.12 0.05 0.17 1.96 7.5 7.87
1100 0.11 0.03 0.17 1.97 8.2 8.61
4C20M 845 0.43 0.85 0.37 1.12 6.1 9.06
950 0.30 0.26 0.38 1.72 13.5 16.68
1100 0.21 0.17 0.39 1.80 13.5 15.49
6C5M 780 0.10 0.14 0.56 0.36 5 5.42
815 0.82 0.11 0.54 0.39 5.2 7.27
910 0.84 0.09 0.54 0.41 5.5 7.69
1100 0.03 0.07 0.57 0.43 6 6.22
6C8M 780 0.19 0.27 0.58 0.53 5.5 6.32
815 0.18 0.24 0.58 0.57 7.3 8.31
910 0.17 0.22 0.58 0.58 9 10.14
1100 0.08 0.14 0.58 0.66 11.5 12.29
6C10M 790 0.17 0.42 0.58 0.60 6.2 7.28
815 0.17 0.37 0.58 0.64 7.8 9.06
920 0.15 0.26 0.58 0.75 11.6 13.07
1100 0.14 0.13 0.58 0.88 13.8 15.06
6C20M 790 0.16 1.45 0.55 0.68 5.2 7.43
815 0.17 1.37 0.56 0.75 6.8 9.63
920 0.11 0.56 0.57 1.56 11.6 13.75
1100 0.08 0.21 0.58 1.91 16.8 18.34
16
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1.2
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Fig. 7. Relationship between quenching tempera-
ture and the amount of molybdenum fixed as car-
bide in various steels.
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BEMOBANDOLTH S, 00, KFD LD ICAHM
PIEHEE2BIEL Lz Fe-C-Mo 54 TD Mo DAY
BEHERODI-DIIZERME L TEHME Fe-C &%
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Fe-C-Mo A& DHEAMEI B XITTREM Mo kLD 295

YHVALENRDS. LA L, SHE Fe-C 828135
A &b T/HE L, KL F U —umBEAREREL T
MENKECPBAROE LWEHlirRETH S, 7,
HANELHIHT AT TE DI LALET VD
AN EEPFE—ICEFAIBIELEDOTHETHS.

COX) R #TSHEE LT, Fe-C-Mo 6%
DA DB/ASRMYTCOBRABRD T — 5 2 BRBIFEHTT S
CEREDBEROME IR T 5 HENH 5.
SO EEREBRILYWOLBELRIEL/2ER)
[Mo] &, A% [C] BOFPHRIELMAAGDLELZ LI
X Mo DEEAMEBEZOLDFFHRIT A & LHE
EabeEZON, BECASOTFHE*BEEFTTH
% 12).

5 #

EHE Fe-C-Mo 84 12BWVWT CE% 0.6% T,
Mo EB% 2% F TEZTUHRARELHFA. CEN0.2%
TiE Mo X A13E, TLBARENECLBIEY
BEAMIIRELC LS, L2L, CEN0.4% BLY
0.6% L tBMAREOEELKEIRITEEIL
D, 900°C LT O IKEBEANTIE Mo 2% 1% THEA
BARERERD 2% 2Bl io THRAMEFMBET T
LHEEHREMNAELNS. DL, & C, B Mo KT
DFEAE I K E QSO SEET & HBEANOMAE
HThbH.

ANZORERF 26 R 2B LTt L2
BOBAMNNKEERTLTWAKEREANMIZES
®D Mo 2iRAb E LTERESNTBY, BAKOMLE
ERICEWTYS Mo %< o TWwB I END
ol

i

ZIT, RIEWELTERESRTWS Mo BXU C
YEERSL, TRENOFME,» ST EES AR
Mo 8L V%) C & ([Mo], [C]) THEAMZHELE
FTIERXNVBAMDOESL S &2 KIBICHIZ A Z L AT
&, Mo EXERAM 2% < F CREAM R X 0 IEFEICFT
ffisnhEMTE.

AU DFATICH), RILOMY, E&5%EE
WL T w2 (BR) a v a B Ef o B ARLRKIC, 70
BEAMRERZIT o> T2 2R L < (BR) 2 ~v o BHF
DHEBEBERICHELRLTT.
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