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On Carbldes in Tungsten ngh Speed Steels.

(Study on carbldes in commercial. spec1a1 steels by electrolytlc 1solat10n—VII)

Tomoo Sato, Dr. Eng., Taiji Nishizawa and Kousuke Murai.

Synopsis:

The carbides isolated electrolytically from two kinds of high speed steels—18-4-1 and 11-

4-2—swere studied by chemical analysis and X-ray examination.

follows.

The results obtained are as

(1) The carbides in the annealed structure of these high speed steels are composed of
MeC, M23Cs and a little amount of MC, as reported by many investigators.
(2) By austenitizing treatment, M23Cs completely dissolves into matrix, but most part of

MeC remains as undissolved carbides.

By the same treatment, MC in 18-4-1 steel is dissolved

completely, but in the case of 11-4-2 steel, a part of it remains.
(3) The chemical composition of the matrix of these steels quenched from 1250°C are

very similar as follows:
18-4-1;
: 11-4-2;
(4) On tempering above 400°C,

0°59,C, 7°49%W, 4°59%Cr, 0°929,V
0°69,C, 6°59%W, 4°79Cr,
cementite appears first, and then W.C, MC ‘and M;Cs

1°39%V

transmonally precipitate, and finaly MsC and My3Cs are formed.

A ve vevlibta eI -

\:)) The lungsien’ Tonceniration iii pLCLLy;LaLCu Carbides inTIcascs 1 aduauy' VWL viiv TioU

of tempering temperature.

* FAFN 32 £ 10 AASBMEKCTHER
O RILAFIFEBERTER

But the vanadium concentration in precipitated carbides reaches

*ORGEREIEHEAE, THE

S
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to a maximum percentage, and then dicreases with the rise of tempering temperature.

This -

may result from the fact that the rate of carbide formation of tungsten is slower than that
of vanadium, and so the previously formed vanadxum carbides are diluted by the later formed

tungsten carbides.

L #%

ERIZ B WCIE, 18-4-1 BEEEN (SKH2)
LR BUNT 11-4-2 RETEE (SKHe6) oR{bimico
WTEMSHEC X D2MEES TV, (1) EEdhiEgkh
DAL ORRL, FELR, BHRE, FIUCTh & EET
HUMBRDOMK, (2) BEADdDIERIC X 54 — 27+
4 P~DORICHDOWEFRIRT, Q) BRIC X Wi 55%
{EOFERB &R E2RPTEZ L 2T, £
SR OIE2HERIE Table 1 iWR3 & < T 5.

II FEEREETORET S
E ot

EEE AT T 5 B L THESRE T b
eI BT £ 545, Zh BoRf3Em T Bain,
Grossmann®® $34Tiz 1924 4, 18-4-1 RIELHEEHR
ORI E IR X > CEMRSEL, TOMKES
ML TEDZ LIXFEIC{#i+%. Westgren, Phragm-
en®, Gill¥ jx L 18-4-1 BMEEESP O R{biic >
WX E B TV, Zhuk FesWoC 2 :fk kL,
Cr, VEEBFL-ERILWTH DL LT, (Fe, W,Cr,
V)eC LECL 7-.
E, AE® LREREBITOW T o KiE MEHEL,
FesWsC, 875 500 FesWs 2 fRkAa & L 7- EIRT ik R

il

ZWRELTvW5. 0%, Cohen™®, Goldschmidti® -

DIk EEOEEEB P ORI OV TR IE Y &

Tisvy, EERERORME f:bib%)x%ﬂﬁ?&ﬁh iy (Fe, W,
Cr, V) GC——-D/L_F ) MGC & %‘E Crzace & |=]
—HEEDRIL MysCo, 7 HUNT ViCs ke 43

% 7z Grossmann, Bain®, FtE, it

AT ENTc L FRRIT, KERS 2 MeC Al

Rt MC BEETHZ E2PELMIT L. LL
ZhixtL T Kuo® 3 MgC, MxnCs, MC ofihiiz,
EH1T CriCs MR ETHRLY MiCs bHEET S &
HEL TW5S.

FEREE D BERIC I D R{ILMDOETIc>vwTdH, =
REEBR SR EBEL TF < D RSB T 7t bhuioss,
Cohen 51218 3 300~-400°C DBERIC XD TE* 2
4 FDREM (0) BSHTHEL, 500°C Ll koBERiI X
DTV R L BT 4 5 2 & %2 XMW, BESH

REIRAIE S EORBRERD SHML 2. %/, Gold-
schmldt”’)(fi%ﬁgﬁﬁ]@%ﬁffﬁﬁmﬂ@F‘ft%% o iR ek
LT S XBoiil, KBS WL TIF T35

SRR MasCo & MsC & phPIOERAET5

B OTRIAL BEBHRILD TH S & Lizs, Kuo'ix
Z DEBHIRICHE MoC ERIUHRZRED W.C ThH
LHEREL TV 5.

RBERLBSUICER

(1) Begtsilich o RI1bR & e ik oo SR
#ROEHZ KT8t (900°C iz 3 WERIHNEAEE, 1 IERNHY20°C
OEETHRE) Loy S EMHSEc X oTELK
epithok (B %) L, DL BN X i
SHEER, 35 X OHgkD L ALK DETHE #5R % Table 2
17y
BESHOIEIE AR o RALIDIHESE D TSR

I11.

D~ 4z x> TS
it Tcdh v,

CHICBEL T MC BEHE#Es X 08 M Ce B {4
WARE 3 2 EHEIDbTr RSO, R0 X
218, KuoRAEHRICHERL 72 & SR E BT 5

Table 1. Chemical composition of specimens.
Steel I Si Mn P . s | W | cr ] v
18-4-1 (S ) 073 0°20 041 0026 0027 i 1858 417 00
11-4-2 (S ) 0 86 022 041 0-018 0+025 I 11-02 442 *97
Table 2. Metallographic analysis of carbide and ferrite in the annealed specimens. ’
Composition of carbide Composition of ferrite
Steel Amount of X-ray patterns (%) ‘ (%)
i 7 f carbid e -
carbide (wt%) |  of carbide <C><KW><Cr><V> [C] [W] [Cr]l [V]
18-4-1(SKH 2) | 27+0 MsC+MpCo(+MC) | 27 61°4 721 324 | — 21 31 01
11-4-2(SKHe6) ' 167 MsC + M Cs+MC 43 536 104 9*1 ., — 0-8 30 02
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1w 500 BRfEER) e M. Cs BR{LIOFETHZ &
FWEL TWHH, EREARSTCWEh O RILICHE
THMEWDOERZHBIEL TEETH L, BEEHOR

glsERp e MCo BUR{LMMBFE T & WREMISIEZ A

YEgEEBDRS. UL, BRTHILL, FMEER
DO HERME R IR ESBHO—2E LT M:Cs BUR{LM
DOWERT 5 L DTD L. :
(2) %1@%$®%@%ﬁﬁ%@i&ﬁ&,ﬁ&ﬁ
CHB DY ' '

30K
%25 \"—oﬂ
S _J\— PO
S 20— W5 o
3
£ |
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/0
3 \
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B I Y
asA. 900 000 100 1200 1300

Quenching temp. (C)

Fig. 1. Weight percentage of different
carbides in the quenched 18-4-1 steel.
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Fig. 2. Weight percentage of different
carbides in the quenched 11-4-2 steel.
Fig. 1 5 Xt Fig.2 RE4nLh 18-4-1 HE XK
11-4-2 MEEREROBAMSDOR BRERILD ORE
(MgC+MC+MasCs) 7 HUNCARIL © FEEDH
EMEER%ICTHALACDL O THD® ARCHLS
* e, —EENEORAULSEBRECALET 55
B, BRREGOBLRPIERICHRETS ST & IXHE
TdbH, EPFRCILNTAE, RO XBESH S
LURAESFEZBELT, RRAYORLZHE
Uz, BRI KRICEEART 5.

BT EL, MgCe 34 —RF 34 b KIEE LTS,

ZREEE FOEBECIMET 52 Eic k2T, BLALER

BTBERTHECHL T, MeC A — 27 14 MCBEfEL.

<, TORBIBRERBE D E L CTRET 0O,
7i¥s, MCHITEA—RX7FF+4 MTIBERLEEVRLMT
HDEVHINLTWAZD™O, 18-4-1 FHDA121250°C
FHEDEEAD - DO X D THABFLEDTSE
LD, 18-4-1 it Ty MC o&FED, F—A7F
F4 MexTE MC oEBFIRX DbV EITED
ERIREN 5. _

}Lﬁbtiiﬁéﬁmmwﬁ—x?f4b«@%%ﬁ
DERVE, B AR O RBEARLDOILEEMAR & B
B oBFEicd S abh s, bbb, Fig.3
% X ¢ Fig. 4 M EEL 5RED LEANIIS &

72 :

w70 - rq,_‘lr—o—:i
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Fig. 3. W, Cr and V concentration in
_carbides in the quenched 18-4-1 steel.
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- carbides in the quenched 11-4-2 steel.
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Fig. 5. C,W,Cr and V concentration in
matrix in the quenched 18-4-1 steel.

iz, EHOBEANEE (1250°C) Tk o 53RBAR

Table 3.
quenched from 1250°C.

25+ 4 FOYE%E Table 3 t—EL TERL:.
(3) BERC X DRI 5D
TTIRETHROC B WTHEE L2 L ST, EREMe
A ZAMWO T L BAMBPICRIERR LD OBET S
MTE, TREBRLEOLEMRT L, BRICX BT
HB L & RIBRRIL E 232 LIRS L RIBTHIH X
NoHhb, FHRILDEKOAEEEE TS & o EE

8 035

8 0.8

7 07
R
é 6 W) /x a6 "
S5 o, 05§
R (¢ _ l//* ~ g
>~ 4 /‘"'- A 04 RS
‘33: 3 ﬁ/[,C] 033
X J 5 <

2 V.8 02

/ /? ) v 0/

/ | ]

g
0o 110 /700

Quenching temp.

0%
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Fig. 6. C, W, Cr and V concentration in
matrix in the quenched 11-4-2 steel.

THD. LehoT, BERICIHFERILHOEINE T
T H7oDIiE, BAMBPORE LFE—DMRERFL
IneBANIS, ECRBRRICIOBFEE L v 5 7%
HEPLETHD. TNERMBLHT S LT3, L
TOBRERICE Tz, Tabled [KRL7 L5 18-
4-1 AEEE O ALY (Table 3 21R) 2\l
B A3 508 (SKH2-M) 2HB8Lcate s L,
BERIC X BHTHRILIOM RS X O a2 L 7=

Fig.7 X XU Fig.8 3z pFEitsf (SKH2-M) %

Metallographic analysis of carbides and matrix in the specimens,

| Amount of

X-ray patterns

\Composition of carbide : Composition of ferrite

! (%) ' (%)

Steel - : i
bide (wto f carbide i
| carbide(wig))  of e |<C><W><Cr><V>, [C] [W] [Cr] [V]
18-4-1(SKH 2) ! 16°9 -,} MsC I 1°9 69°8 2°7 1*9 ' 05 7'4 45 0-9
11-4-2(S KH 6)l 85 }1 MsC+MC f 3*% 60°0 4°3 85 06 6*5 4*7 1+3
Té.b]e 4. Chemical composition bf matrix steel, which is prepared as similar
to the matrix of 18-4-1 steel quenched from 1250°C.
M. Steel | c Si | Ma | P s . W ¢ v
048 0-28 0+37 0028 0°024 3'36 [ 4-57 » 115

SKH2-M
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Fig. 7. Weight percentage of carbides in
the quenched, and in the tempered mat-
rix steel (SKH2-M), compared with those
of 18-4-1 steel (SKH 2).
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‘Fig. 8. Hardness of the quenched, and
the tempered matrix steel (SKH2-M),
compared with those of 18-4-1 steel
(SKH 2).

©00~1300°C D ZIREED LEEANLICHE, R BT 1300
°C 7 B EE AU HE 800°C E TOAREIC | REHBERL
g aoR{LmE (F8%) Lk (Hre) % 18-4~13H
(SKH2) oxhbd LHBLTRLAEDDOTH S,
ﬁ@m%%#&i&<,%ﬁ%¢@ﬁ%%im,%%
’%ﬁ%%ﬁﬁ%TéiﬁH¢tVﬁ,ﬁl,ﬁﬁﬁﬁﬁ
5 BAb B O EROERE 18-4-1 CHE T 5 LA
BTk D, Ei, HEHMOENLHCICREREEOZEL
WA 18-4-1 X 2 A CRROBERE AT, 1L
18-4-1 SR KBRRILDBEOS VW TEESETE V.

(a) FHHAOBERI X VITHL 72pibiho XEoH
TR “

Table 5 i3t A0 EREMARIR S BEL 7o kiLh O

Cr-Ka $iC X 5 XS ORRCTH DT, 450°C B X

Ot 500°C EEREMERO R 13 2 & 4+ RO

C EREERET D 0 R TH B85, 650°C Ll EDEERHL

@CciE, WeCGRHR), MCGLER), MeC Grh&),
MiCa(ZH ), MasColSL 58 DEIFEATD B iz,
Lirl, —RE{LDH2EDVHU B LY 550°C 5
VT 600°C s HEERMB A S AL foR{bix
X o THENCoH H7dic, EHBEED C EMNTER
»oi.

Table 5. X-ray analysis of carbides isolated
from tempered matrix steel.

Tempering temp. (X'lh); Carbide phases

450°C 7

5007# [/}

5507 . . *

600 7. *

6507 : : WgC—i-MC.

7007 W.C+MC+M:Cs
7507 M5C+MC+M7C3
8007 MgC +MC +Mp3Cs

* no reflection lines were detected.
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(b) MO BERIT X D HTHE L 72 RILmO{LZES T

TS '

Fig. 913 400~800°C D &AIRE I | BB L /o2
S 5 EEL 7o R b W, Cr, V REO ST fRERTH
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—F i AAmY RIS AT, BREEO LFCH
71T, BECT 2EMAN DKL DRI ERIL
T 5 OSEAITH B. LBk, Fig.9 CRLE
RO SRR VTR, Ribho VIRER 650

C— 19 —



414 #® & 4\ A E B 4 B

R

(SKH 2-M)

//160
50

s 3
S
\

>

\c\
\
~
Vi
Q
W % in

Crn V % in carbides
N
.
[ A
N
>3
]
i
/
8 &
Carbides

7

I BV

3

2
0 400 500 - 600 700 800
Tempering temp. ()
Fig. 9. W, Cr and V concentrations in car-

bides, isolated from the matrix steel
(SKH2-M), tempered at various tem-
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carbides in the tempered matrix steel
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Behavior of Pure Iron under Impact Tensile anding.

Seita Sakui,' Dv. Eng., and Masanobu Omori.

‘Synopsis:

The behavior of pure .irbn‘ under impact tensile loading was studied with two kinds of pure
drons and a commercial low carbon steel. One half of specimens were annealed in vacuum
at 600, 700, 800, 850, 920 and 1000°C for 1 hour and the others were quenched in oil after
keeping them at these temperatures for 1 hour in vacuum.

At the impact tensile test, in which the specimen was loaded by the hammer, falling by
.gravity and weighing 25kg, the load acting on the specimen was meéasured by the use of pie-
:zoelectricity of quartz.crystals and the cathode ray oscillograph. X-direction of the oscillograph
-was fed by piezoelectricity, Y-axis  corresponded to time axis There was no electronic circuit
‘between quartz and a deflection plate of the oscillograph and the load-time curve was directly
recorded on the film inside the oscillograph. The strain rates at the impact tests were app-
roximately 20~120 1/sec

The results obtained in this investigation were as follows.

(1) The peak appeared in the load-time curve under impact test seemed to be upper yield

point.

(2) Yield stress and tensile strength were larger -and total elongation was smaller than
those under static test.
(3) Increasing the strain rate, both yield stress and tensile strength increased and total

elongation decreased slightly. The rate of increase of yield stress was greater than
that of tensile strength.
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