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On Carbldes in Cr-Mo-V Hot- Worklng Tool Steels.

{Study on carbides in commercial special steels by electrolytic isolation—YX)

v

Tomo-o Sato, Taiji Nishizawa and Koveaki Tamaki.

Synopsis: :

Chemical and X-ray analyses were carried .out on carbides, isolated electrolytically from
the as- annealed, as-quenched and as- tempered structures of chromlum base hot- workmg tool
steels.

Carbides found in the as-annealed structures are Mg23Cq, MgC and MC, similarly to the
carbides in -tungsten- base hot-working tool steels. M:;C; and £ carbide expected from the.
equilibrium diagrams for Fe-C-Cr and Fe-C-Mo systems were not observed in the as-annealed
structures. Carbide reactions during tempering are complicated, but are regarded as the
_combination of four sequences, which proceed separately in chromium, molybdenum, vana- .
dium and tungsten steels; that is (i) MsC — M;Cs — M23Cs, (ii) MzC — Mo:C — MeC, (iii) MsC
— MC, and (iv) M3C — WC — MgC+ Mg;3Cs. .

The rate of the carbide reactions taking place towards equ1l1br1um during tempermg were
very slow, owing to the low mobility of molybdenum atoms

: am@f@o>ﬂ>Jm(m%)keuquKneir

L & XU SKD 61, AISI Ty Hit, H12 Xt HI3 &
- Cr-Mo-V T E#vE, 0°352%C, 5%Cr % F#EfH LTHESRTYS. FHEICHEVTIE, Table 1 2R
BRELT, ZhicdED Mo (W), V HXU Si #iF ~ THKO4EED Cr-Mo-V BT RMOBES, HA
INL, EERSELLCCHBLE A EX e 0T S CCERABRCEET 5 KL, HEEcXo
DT, EE, FHEEOSURARA, FAXy 2 MRA S CEErDERSWL, ORI OV TLES S
HEVIIMEEBE L OSSR L LTRACERIN LURXMSHRTR2T, OB 5 Rkl

[l

Table 1. Chemical composition of‘speeimens ‘(%)

Marks s |awsi| ¢ si | Mn P | S , cr | Mo | v w
HWD 1 SKD 6| Hi1| 033 | 1°14 | 039 | 0010 -0°013| 5°7a | 1°29 | 040 —
HWDI1 } HI3 | 034 | 1°02 | 0730 | 0°012; 0°015| 5°62 | 1*31 | 083 —
HWD2 SKDeé61| H13 037 . 1°04 033 0°010 0*013 ; 552 130 ' 1*05 . —
HWD 3 | Hi2:| 030 | 0°99 | 034 | 0°014| 0°012| 562 | 122 | 0%63 | 2°10

! . . . j
W-Cr-V | SKD 4 ) 036 016 023 0°015 0016 ! 2715 — 068 4413
‘H.C,H.Cr,Mo; SKD 11| D2 141 . 027 0-32 0-017 10'023 ' 13°13 120 o= —

* B 04 F4RFABEASCTHEE * ASETEAT TH * IHEAFIESR
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Metallographic analysis of carbides and ferrite in the as-annealed structures.

Table 2.
: Composition of carbides Composition of ferrite
| . Amount of X-ray patterns of (%) i (%)

Steels carbides carbides R S _ R
: (Wt%) (C <Cry<MoX V> <W>[C] [Cr] [Mol[V] [W]

HWD 1 ' 54 Mgng—{;MﬁC(+MC) 6*1 344 15*3 56 — | — 4*1 0°50°1 —
HWDI11 - i 51 Mo Cs+MgC +MC 67 32°8 146 132 — | — 4°2 06 0‘2/ —
HWD 2 50 Moz Cs+MgC +MC 7*4 28°1 16*1 17°5 — | — 4*4 0°*50°2 —
HWD 3 66 MeC +MasCs(+MC) | 4*5 21°6 13°6 6°1 21°7 — 4*5 0°3 0°2 0°7
W-Cr-V 7*9 MgC +MgsCs+MC 4+*6 10*7 — 7*6 40° 1| — 14 — 01t 1°1
H.C,H.Cr, Mo 23°5 M23Cs 6*0 50°6 ‘8 — == - i*6 01l — —
OFER, FEAL S T bEEROE(L R THE L. W S RICEFTHERILD), 3XUMC (VCxE

7%, HERT O W-Cr-V S TEE (SKD4)
B XU C, % Cr, Mo 54 280 (SKD11) o1t
MBI B EBRERO 23R L, ZhHO@EoL
SAAR % Table | AR 5.

II. £ 88 & R
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hE EiiT Hhgk o 1L BHBE O EERE S, W-Cr-V
s X UOEC, & Cr, Mo iz oV TOERKER LI
#:1C Table 2 &R

AEHDHC, Cr, Mo, V 5 X U'W&E %, Fe-C-Cr
%%, Fe-C-Mo %V, Fe-C-V %®, ¥ k8 Fe-C-W
FIRER®

(OHWD] @ HWDZ & HWD Il o HiD 3)

MRk m & L TEE I T 29T I
o roas X+ B > .
AT HEFig. 1 sﬁ/{/éy 20§§3A @;““’Qa
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RERIT X, 2 r/; (L I T
EN Yotk S S ki g
15 3 .
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My3Ce, MC 35 10 . , 4 :
o noN . = V »
XUE Bl ) / g | 3V oo
ifiﬁET% Z & 05 = I a,M]C&MZ;C;‘
> 1 /
BFIEBENDO in!mﬁfjﬂc 4 a-u”:?
CHBHH, T 0w as%:o 25 06 09
WX OFFESFE Fig. 1. Carbide-phase diagrams
SN p b for Fe-C-Cr, Fe-C-Mo, Fe-C-V
and Fe-C-W systems at 700°C.
WMuCe(CraCs  Tpe chemcial compositions of
L AB BRI the Cr-Mo-V hot-working tool

steels are dotted in respective

#), MsC(Mo, diagrams.

W& T B RILM) O3 BRAORLMTH DR, ThUI,
Cr,Mo,V, W DFIL X2 CE& BRIt OREENLE(L.
L, &< MoCs 51K MgC 13 Cr iz ko
WHL S LLEFELENE DT, FOEEFIR LI
L, ZO%RE MCs, MiC 510 & BRI ORIERSL
BHER LD EZEXBNS. L LEILTHLSIT,
AEHDO BRI MaC, H XU M.Cs MHERER
1t e LTHET S Z L3305,

BlED X 5z, AFOESHBRTCHELET 5 R{EM
MzsCs, MeC 35108 MC @ 3 BIHADR{LMTH D Z &
DAL, & o, Ziuwk Table 2 gL W—
Cr-V B\ % 4 2 MO B RIZFIET B R & [/

-BHEOLOTHBT & biﬂi%fﬁ”\%ﬁ,m’éa*oé. Tiib

A Cr ROBMETEMEHRSN TINS5, 04
BT 5RILIEWROBME S 4 2 LATBCTH 2T, o
DFER, WEHILTERT X 5 MmO BLEEIcpEn 5> &
L OEEH I VELIL T30, LT, HFED
BULEEHE S I3ERBRTH D LB D LIRS
5.

73, Table 2IT/RLAZERERP L, BEIKEL S
ﬁa%ﬁﬁmi@mwmawr%&(ﬁ&%@@%ﬁm
R, HORKICTEE AR L O %#5HHT 5
Table3 DT ThH Y, £ILEDNHEL, m:?nm
Cizm¥ a8fn oK/, B X >TEH/IDLEX
H5H5, V,Mo,W,Cr DIEFTH 5 E WS 5.

RFEL, RICH~OBHTROBGHILE, bk,
WOBEELLI2TWHUB LAEHAENED T, 5
IbB DX 55C, & Cr,Mo iz 517 5 {(Mo>/Mo-
DN, 1P OHEDEA T L CHRRITA .

(2) BAHSFOKRILD

Fig. 2 5 X U8 Fig. 3143 E (HWD 11 13R<) %
800~1200°C D& REEIT 30 ZrRffnzais, A LG
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of W-Cr-V hot-working die

steel and of high-C hxgh Cr,

Mo die

steel, as quénched

from 800~1200°C.
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Fig. 3. Amount of undisso-
lved carbides isolated from
the as-quenched structures.
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Table 3. Concentration ratio (element % in carbides/ o s o 2 i 2
element % in steel) of Cr, Mo, V and W in the 90 ] ; ‘
as-annealed structure. —s ‘ <W,>// f
: <
230 <HoYL v
Steels (Cry/Cr [(Mo>/Mo | <Vy/V |[«WyW ¥ \/ paw \/ Ve /
5 ,
B S \ —
HWD | 6'0 | . 118 | 14°0 — 52 p :
HWD1! 5°8 111 15°9 - LY \oo S
HWD 2 51 12°4 16°7 — g \ —
HWD 3 3°8 11*2 2 97 103 §’0 A <'0:>', ,__:)J |
W-Cr-V 50 — 11°2 9-7 o, < | ic;»?
H.C,H.Cr, Mo 38 4+0 — — Asam. 800 900 1000 Asam. 800 900 7000 Asam 800 900 7000
: ) : Quenching temp. ()
RRERFE LT 7 l Fig. 4. Cr, Mo, V and W concentrations in
BB, FRL 2 3 . e, the undissolved carbides, isolated from
- s P3 Z:A_\f"-“;w the as-quenched structures.
N (IL_, CI' MO V @ﬁ«FFJI a;jn +// \P%t . ) ]
x50 +— .
R W-Cr-V 24 ~ 17 25 HWIDI | HWD 2 HWD 3 o0
3 : ]
A4 Xfﬂ& ﬂ@ﬂ) 'fb ~540 § ,f ’ [C/‘z}.»-’ “len ‘ |[Cr) y
5 / —— WD/ 820 ' =+i55
%%%ETZD@T’ < E0— // / e 1D 2 ‘:E- -/ B ‘ / o
—257F 4 MURE® f/ / - o 3 RS T 1 T 505
e P g woxee WLV 2 , / g
EFICRRL S Ritho 2 -+ HCH s Mo i} / A Hoolord LA s, 5
EERRRAFRC IS, s || e /f’ HQJA &
i L A5 B0 900 00 100 770 = vaill 114
TIE & A ERIERTDH anealed Quenching temp. (%) OO 7. [@740
’ ] e LA A =]
D, SADOPEARIE HEH Fig. 2. Rockwell-C hardness i =0 . D T AT
WLTWE. #=7L of Cr-Mo-V hot-working tool ) AF!-'M 200 500 1900 190 Avﬁgcoﬁjgowﬂo(ljg Asam 800 900 /000 1100
- o steels, compared with those :

Fig. 5.. C, Cr, Mo, V and W concentrations = -
in the matrices of the as-quenched structures.

Mo (W), VBEZRLIZLDOTHEN, Cr 24 FIC
LA+ B MauCo M54 — ZF F 4 MHICENCIEFT O
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@ﬁ%l{mfwﬁalﬁkkb\‘/”wﬁﬂ‘@ —'75 MC: MC X
F - 7\77‘” 4 bPCRENE Uk gﬁli’mxg@_l:%‘é: EHIT
SN IC ISR 5 DT, ﬁi(ﬁ 2RAbh o Mo(W) i
OV OTSIEERBEARED LR & & bk e
T 5. ' |

e A ML R IR T D RABRR{LOR L, Lok
FRCBIT B EOEBRBERIC D £ S5WvWT, BAFRED
® C,Cr,Mo, W X8V JBE&FTE L cfEReRT
FRUE Fig. 5 O THbH. FRINLERELT

ER ORI RENIC 51 B RBRBILNOBEER L iEaR

mﬁm&,x;w:nawﬁﬁoﬂgmﬁ& Table 4
hii‘T’ L7
(3) RSP ORLY
£33kl a 1250°C 1T 30 HRMEL T, RibBEes

WA —27F+ 4 rRCEBIE-OL (5 C,ECr, Mo
SR 5\ CISRIERR (LA T B), EEA LD

DI OV TRRERZ (T2 D7, 400~800°C  DATREE
T 1 SRR LI A ORERBE R Fig. 6 R
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Table 4. Metallograi)hic analysis of carbides and matrices in the as-quenched structures.

: Quenching {Undissolved X-ray Composi?(i;r)x of carbides g%rg-ngsétxon of

Steels temp. jcarbides patterns of 0 — B
C) L (wt9) carbides (CY> (CrXMoX V) (WH[C] [Crl[Mol[V] [W]

‘HWD1 | 1000 1*4 | MgC(+MC)|4°3 53283 69 — |03 57 08 03 —
HWD 2 1000 23 MC (+MsC)| 87 57 16°2 25°8 — | 0°2 5°5 0°9 0°4 —
HWD 3 ' 1000 2+9 MC(+MC) | 4*1 §°5 1670 771 37°0, 02 5°5 0°7 0°3 11
wW-Cr-v | 1050 19 MsC(+MC)| 3°5 3'4 — 4°555°70°3 2'1 — 06 3°1
H.C, H.Cr, Mo| 1000 16°1 M C 5'9 48'8 5'3 — — |05 60 05 — —

X-ray analysis of carbides, isolated from tempered Cr-Mo-V hot-working tool

Table 5.
steels, compared with those of W-Cr-V steel and of high-C, high-Cr, Mo steel.
Steels 5 ) i .
Matrix steel for
HWD 1 HWD2 | HWD2 W-Cr-V
m X H.C,H.Cr, Mo steel
500°C X 1h M;C M;C . M;C M;C M;C
550°C X 1h * * * * M;C
600°C x 1h (M7C3+M02C) (M;C3+MC) * . * . M3;C +-M;Cq
650°C X 1h M7C3+M02C ] M?CS+MC M1C3+M020 WzC(+MC) M7C3
700°C X 1h | M;C3+MsC M;C3;+MC MeC +M:Cs | W,C+MC(+M;C) M;Cs
750°C X 1h | M;C3;+MC M;C;+MC MsC+M;C3+M323Cs| MgC4+M33Cs+MC M;C3+MysCs
800°C x 1h M:C3+MgC M,Cz;+MC MgC +MgCe MgC-+M23Cs+MC My Ce
800°C X 10h |M;C34+M:3Cs+MsC| M7Ca+MzsCe+MC| MgC +MgzCq | MeCHM23Co+MC M3 Ce
800°C X 100h |M;3C4+MeC(+MC)| M23Co+MsC+MC iMgC+MzaCs (+MC)| MgC+Mz3Cs+MC Mp;Coe
I {
Annealed ] Mz5Co+MsC(+MC)| M2sCs+MeC+MC }MsC+Mzacs(+MC) MsC+M23Ce+MC M3 C

* No reflection lines were detected
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Fig. 6. Rockwell hardness
of Cr-Mo-V hot-working
tool steels, compared with
those of W-Cr-V hot-work-
ing die steel and of high-C
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(i) Cr §f: MsC—M:Cs—>MaCs
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(V) W 8 MsC—WoC—>MeC+MuCo
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Effects of Tempering Time and Repeated Tempering |
| on Carbides in High Speed Steels.

" (Study on the carbides in high speed steels by electrolytic isolation—IV)

Sadao Koshiba, Shin Kimura and Hideki Harada.

Synopsis:

This report deals with 2 study on the effects of tempering time and repeated tempering
at 575°C for carbides in low-W high speed steels. .

The carbides were isolated electrolytically from specimens of several heat- treated high -
speed steels. Chemical composition and crystalline structure of the isolated carbides were
determined by chemical analysis and X-ray diffraction, and the shape of the cabides were
observed by electron microscopy. The results were obtaind as follows: ) "

(1) The amount of precipitated carbides was increased gradually with progress of temp-
ering time, but the amount of precipitated carbides during tempering at 575°Cx 100h were
less than at 650°CX th. The carbides in the steel on a short-time tempering were composed
of M¢C and MC types, while MgCs carbide appeared in the steel of tempering at more than
50 hours. -

(2) On the repeated tempering at 575°C, the amount of carbides was increased, especially
Qn twice-repeated tempering suddenly. The carbides in the steel on repeated tempering at
575°C were precipitated as much as those in the steel on continuous tempering of 10-50 hours

at the same temperature. Presumably it should promote the precipitation of carbides during

repeated tempering.
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