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‘Effect of Nickel, Cobalt, Molybdenum, Chromium
and Vanadium on the Solubility in Liquid Iron.

(Solubility of nitrogen in liquid iron and iron alloys—II)

Shizuya Maekawa and Yoshitaka Nakagawa

Synopsis:

The solubilities of nitrogen in liquid Fe-Ni, Fe-Co, Fe-Mo,.Fe-Cr, and Fe-V alloys were
measured at 1600~1750°C under 760mmHg pressure by the same method as in the report-1

(ib., Tetsu-to-Hagané, Vol. 46 (1960), 748).
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The results obtained were as follows;
(1)
cobalt content.
and vanadium content..

The solubility of nitrogen in the liquid iron was decreased with increasing nickel and
But the solubility was increased with increasing molybdenum, chromium

{2) The effect of alloying elements on the acthty coefficient Of nitrogen in liquid iron was

summarized as follows:
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10ngVV) =—0°11-%V V <89

I. #%

1D OYFsigk, Fe-Si, Fe-Mn RicU &5
% Fe-Ni, Fe-Co, Fe-Mo, Fe-Cr 3 XX Fe-V %
VA& O BEBRE ORI EHR OV THRET 5,

I

II. * & 5/ &

Fe~Ni, Fe-Co, Fe-Mo, Fe-Cr kXX Fe-VFZoD
TS ST —RIEDERA A b T LD, —SERsR &
EXGHABEZERRL, ERELER L CEEMMIEHRG
TR RO, EREE S X OERIREIER S ST e
Eok L AR TERT 5. SE&TEELTHRNT 3
LBOMERTEBZR IRV OV

 EIEBOMERSEDITLLTHS.

A Ni Co Mo Cr A"

’ % 99°28 99°57 9993 99°0 99'78
Eir, =oFav, AN, EYTFL, o AKX
NI Y L OSHIIEARESMTRSE S EEIC X > TR
7.

II1. £ 8B & B8

(1) FeNiklUFeCOTFﬂA$®% m%&
o BIRINVMIRERTFFESTELL, &bhiC
STHRAMEETOESBTEL, ThEhoghes P T
VM X 3 R EBE T L0 L BES LS.
. 1600~1700°C DiREE#IFA D4 Fe-Ni Ri3{4 90 4
Fe-Co R 100 HTRAKBMMBIGEL TV 5. =
EOBREL — v BXTa g EOBFHRE Fig.
LR, ‘
Fibb, =vrARICI L R EOMINT &bk
DOTEBEOBEIIEAL TWa. L LEoBERE

1600~1700°C
1600~1750°C
o 1600°C
. /700°C
=0 ————3
Tt ——e e
E Co
S
S
S e
—'A"—.o—
Ni
J00
20 40 &0 &0
FPercent alloying element
Fig. 1. Effect of nickel and cobalt- content

on the solubility of nitrogen in liquid
iron. -

- BTHB. FRRET X HIEREDERIIA LI Thn

D7z
(2) Fe-Mo ¥ X ¢ Fe-Cr —ﬁr“miAﬁ@%ﬂaﬁ@Jx
EVITFBX smw

V7o alidedic : ;;/
TEAMEROE /
6BICIE L Tw o /7
5. ThThogk o \J¢
E&FTEBE § |/ o g00c| |
suymrms S| | A4 - e
DrifgsEEns. | Y

le00~1700°C s
DIBEHHEOBE .
Fe-Mok % UfFe- | e :
Cr oWiRE D 80 I 2=

, aopl=s—"T* ,

~90%3 T FaFOvs i 20 20 &0 70

. Percent alloying element
BIGEL TV 5. 4

BEOBMEL
YT F BV
o A e OBRE
Fig. 2 &R7T

Fig. 2. Effect of molybdenum
and chromium content on the
solubility of nitrogen in_ liquid
iron. '

— 33 —



974 & &

EaF B9 F ’

Thbbet ) ITFUBEIRI v AOEMICE B 72T
EROBREVIHML TW5H. LTy v AiEdOiinT
L AEFIFEMEOHMEEGIVLT B L. Fi, (REE
WX BVERREE D% RIIH b Tish D7,

(3) Fe-V R EEDERIBRE

BROBRE

EiT VT, ‘ Yo
A < 1600°C
1600°C Dhko> 1 o sspc : L
REECIzgM0s | 10T -
TREE Cafms g §7ﬂw
BIEL T : A
5. BEOW R
o 1000 5
BN+ A /e
& & OB RE ﬁ;;//n
Fig. 3 LR 5aor [

Tixbb, N 20 40 60 a0
Fuw notn FPercent Vdﬂa.d/U/l-l
. Fig. 3. Effect of vanadium con-
& EBHIAWET tent on the solubility of nit-
ZERVARE IS

rogen in liquid iron.
T 5. i, BERKXSERE OERIH L T
V.

IV. RERBROER -

(1) EEOFEEERKCRIET =y, a5t
Y TFy, 70 aBIUNFT VY AORH

2D LRATESEC FO MBI R
wRD, FRENROEKE = v, 30k, 2T
Fi, yusBiOi Nt vy sgEEOREFEEKRDS S
Fig. 4~6 WRT L L TH 5.

Fiiot, log fFP—= vy, log fFP —as
Wi, log fPP—= ) TFUE, logf¥Y —soa

S Xotlog FV—/ 57 o AR, ThPNERBIG
FRLTVWS.
IoTINnLOEERLY

005 I
CoBf | —
= . | —ec
K3 2 g /F/
§,005 o_L~
~ )t:/’-/
E/_s/ \IV/'
0=l L
20 40 &0 &0

Percent alloying element

Fig. 4. Effect of nickel and cobalt content
on logarithms of the activity coefficient
of nitrogen.

B
_\_Q\
.
'0’ \°$
o [~ \\
S= Cr
M
%'02 ]
S N
'ﬂ'q .
-03
0 3 L i
] o O~y o} — Mlo
0! 20 40 60 . 80

Percent alloying element
Fig. 5 Effect of molybdenum and chromium
content on the logarithms of activity
coefficient of nitrogen.

I
_ o
-02 = \
S &
SR
04 N
- N
\lQ AA
.\
-06 \\
° [ X
Xo t
°. a
N, |
20 40 &0 g0
Percent vanadium
Fig. 6. Effect of vanadium content on the
logarithms of activity coefficient of
nitrogen. '
log Q= +0°007 - % Ni 1
(Cod__ . ' y
log f{*’=+0"005 - % Co 1600~1700°C-
log f§®=—00i3 - % Mo
log f{F=—0"057 - %Cr
log fW’=—0"11-%V 1600~1750°C

" BELND.

(2) GERDUIFRER & DK

(1) ZEEOBEME

EEDIFHECSIET =y, 7 asvh, Y S
Fr, ZuiaklNS A7) Lo)?ﬁg{.:ggg-g,js% 7 EE '
AR OER L ATMEORR L OLt#% Fig. 7 ak X

SO BICIRL f2.

M, ERIIAPIEERELRLZ. AFROFERE,
EPOMEERE PR VR DTV EDEETTEEDOL
(LIS T BIEREDZELEIEE, = v B XU
oY AOESIT Vasavar 5, 2,0 D& Sce-



'J@EK@%%OD?’E%)EK%; 9=y,

a NI b,

EYITF, dua, XFooLOEE 975

4L T
502 @
MWWV?%

s
S
S S Wi; A’as/‘yap et al

200 <—

B
kR
\
\‘

R Co S
_ I \g nftwa?elz/

AR
/

i
1, San0, et al

Ni; Sthenck,et a.

lppm)

30”

@

1500 ¢

W
T 1000, ,r

S0

20 40 6.0 - 80
Percent alloying element
Effect of alloying elements on the
solubility of nitrogen in liquid iron
alloys at 1600°C.

Fig. 7.

ENCK b, ¥ 0 ADPAIEER SR X0 WeNTRUP B0
FERITT .

(i) ZROEZRK

¢) Fe-Ni %

FROEREEIT OV THIE, RRDEH B,
Fed B XY WENTRUP, REIF-")@%%%%; )

logf(Nl) 0+005 - %_N_l 1600'\-»165000
logfg\l;mzo-oog; " %Ni  1600°C
BIG .
log f §°=0002 - %Ni 1600°C
ENEND I LTV 5.
LANGENBERGOZ
logf%l;li);o-oog . %Ei 1600°C
ZARLTWD.

%7, Kasuvap, PARLEE? 0)’;%5@,‘%‘ RoREX g
E DA KD BRI ~
log £ §"?=0-007 -
THbH.
ScueEnck, FROHBERG 35X U8 GRAF® I+ DEBREER
& Kasuvap, PARLEEPDFER L I 1

%Ni  1700°C

log f ' =00095 - 9%, Ni 1600°C
HHIA TS,

DLEDRERD S b, HBWH L WEBRRBRICD &5<

fiEv ""%%U)beu‘ﬁ}:jﬂﬁl {—HLTWD

@ Fe-Co %
EKROBMELEWT>PWTOERIETHE D ARVH  Scu-

" ENcK, FrouBERG 3 KUY Grar®iX

log £ §°°=—0°0072 + 95Co  1550~1650°C
TERLDbLTWT, EELORESDMEL TV B,
KBORMELEX VLT, KEXLK—FHL TV EEx
bha. '
¢y Fe-Mo %
ASRITDOVT D Kasuyap,
L X DEELRDIBERIT,

log f §1°°=—0"0%8 - %Mo 1700°C
T&H Y Scuenck, FrouBrerc 35X U0 GrRar® X

PARLEE? DEEER DN

log f §1®= —0"0043 - %Mo  1550~1650°C
ZIRLTW5. '
AT at U TEE L ORIX Kasavar, PArRLEeDIES
R

& Fe-Cr #% )
HISs, D BIERDE < OEBRFERFHIBL C
log f§§™=—0045 - %Cr  1600°C
FRHEY ORBRERIY

log f §§*=—0"060 - %Cr,
Eenehg s
EH oo EE ORI F%%ﬁ%TL'C\/\é
@ Fe-V &

FROBRIE LT DWW “Cfijif FiRY OEBRFEROX
Xy

log f§°=—0"19 - %V 1600°C
F7- Kasuvap, PArLee® DR X D [ﬁlﬁ%o{_
log f §°=—0%095 - 9%V 1700°C

BRDLEMBTES.
%i%@fﬁ”%@%Aabm@ﬂw%w%bew
5.

i

V. 5

BlE, B OBEOBRECRSIET =94, o
Novh, EYTFU, JusBIUNFUY AOREIC
DVTEERL .

T ORER, BHPOBEDBRIREX= v 7V,
FPOBLECIOTHRALEYVITF, 7 oaklit
Y MR OTHINT . ZOEINI S Uy A DHE

NIV

— 35 —



976

& & @

B FE B9 H

Table 1. Values of the interaction parameter ¢ P=log f§° at1%X
Alloying element x Temperature Range of element .
X e N s X . (%) Worker
0°007 1600~1700 < 5°0 This research
0°009 1600 <20°0 LANGENBERG®?
Ni 0°007*1 1700 <100 Kasuvap, PARLEE?
: 0-002 WEeNTRUP, RETF®
0*005 1600~1650 0~100 Sarto® *2
0°004 1600 <16°0 Sano & Minowa® *2
Co 0°005 1600~~1700 < 70 This research
0-0072 1550~1650 <240 | ScueNcK, FROHBERG, GRAF®
—0°013 1600~1700 < 7°0 This Research
Mo —0°0098*1 1700 <10°0 Kasavap, PARLEED .
—0°0043 1550~1650 <18°0 . ScuENCK, FROHBERG, GRAF®
—0*057 1600~1700 < 5°0 This research
Cr —0°045 MaTtoBa & Fuwa®
: —006 1600~1650 <13-11 SarTod - *2
—0°11 1600~1750 < 8°0 This research
v —Qr 9% 1600 < 3°75 Sano & Minowa®
—0"095%! 1700 <10°0 Kasuyapr, PARLEE™

*1; Calculated from figure in thase paper.
*2; Reproduction from reference®
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Composition of Cementite during Various Heat-Treatment
Processes on Ball-Bearing Steel.
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Synopsis:

As the fundamental concept to get the uniform martensite that was effective to the life of
ball bearing, the author considered the behavior of cementite during various heat-treatment
processes to arrive at the spherodizing annealed structure on the manufacturing process.

The primary-eutectoid net-work cementite was sharp and the Cr content in it decreased with
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