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Effects of Chromlum, Copper, Niobium, Sulphur, T1n and

Vanadium on the Activity of Carbon in Liquid Iron.

(Activity of carbon in liquid iron alloys—II)
Tasuku Fuwa and Jonn Chipman

Synopsis:

The effects of various elements on the activity coefficient of carbon in liquid iron have
been studied by two experimental methods: ‘
(1) Equilibration with controlled mlxtures of CO and COy; (2) the solub111ty of graph1te

in the melt.
The relationship between the act1v1ty of carbon and alloying elements, 7, are expressed by
the following parameters:

scg’)=(51nf0/5N,-) ve
For dilute solutions, ¢ % is obtained as follows:
S 12°0; Cu 4+2; Sn0; Cr —5°1; V —8'0; Nb —23-0
For C-saturated solution, ?2’5 is as follows:

V —6'1; Nb —11°5
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T, INLOTLEOHBEPOREOEEILE LT TEH C (in liquid iron or iron alloys)
BB Ly, SHPREAMHNL T D LICLBERILT +CO0:(gas) =2C0(gas) ---ooveeerereees (1)
B, ZEWEHLBBHRAPORRREDERFHHICK K' % Fe-C ZRORMIOREEK, K' %2iRmTE
W, BEOERCEIET 2oy, IANN, Z jEEY Fe-C-j ROR»FOFEHEKE THAE
YIAT v, Y TFTUOREBEOVTHRED Lic. K K'(or K'') = (Pco)?/Pco,[9%C] ++werei(2)
WITFEMRIC CO & COr DIBAFAEZMAWT, IHIKY HOFEEMKEKIR K' OEEEHFORERE [%C]

vn, i, =FT, HE, § NFOYLADEREDK ZECHBRLTEOLNDS. REOERGEBHZIERED -
FKOERICHLIETHELHELP L2 b0OTHS. BRI ENITREBEOERGI fc=ac/[%C] b, =
|D 4 TR, ELEHEVDOT, EB LDEES D1z Fe-C RITHWTIE K'/K, Fe-C-i Rtk

BT L0, BAER b, _ T K'/K &L <hb.
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10gK’=2-72+o~20[%C] (4)
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+ (0 log fc/0 Nj)wcdN;
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Table 1. Analyses of charged materials.
Elements percent
Materials —
Fe C 0] S P Si Ni Co Cu Mn
Eleétro]ytic iron
Commercial . . . . . . . . .
analysis 99°85 ' 0+018 0-080 0+004 {0*005 | 0*007{ 0°008 0-007 0°*008
Reduced in H 0+002 0002 0003> 0°003>
Vacuum-melted 0+003 ' 1
iron rod
? Ashes
Graphite —
check analysis o . 0°079
Chromium 0*006 | 0°02 0443 006 . 99-28 0005
Electrolytic : Pb Ag _Sb&Sn
copper 0°003 0°00t 0°003 0+0005 0*0002| 0*Q05
Electrolytic 0012
manganese
Niobium 0°11 004 v
Ferro-
phosphorus 70 0-002 | 25°4 [ 040 | O-°1 2+03
Iron sulphide 32°26 020 | N 0-89 H
‘Vanadium 0°04 | 0°09 007 L0016

EEAMT, DO /22X LT U TESEREEIC X

DEERERE L. 72750 18% Mn 13 3% C %%

Z, Y LU TRRBHRRTE RV 0T, RIKE
Lﬁﬁ%ﬁ%ﬂﬁbfww%%ﬁﬁﬂmﬂpt.
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RBEHAOH A EEMICHEL, $»DZOF ALY

—EIEo T &, BERIEAEMRCL, » 22— EICHkE
DL EDEBELL T LIIFTHRY OB THS. LHROEGER
OEHHEE MR EF L v & HE Lichs, Fe-Cu RO
&4k Smith & Chipman® OHlE L E#BWT
WIEL~.

AR THML72&BITb U, R THATTRERTER
EB—FCEVOT, FIRTHEE LS 2ED LS
HEEILICEBETOLERD O,

(1) £&EBOEK[E

Yk R D & BOKRLEICO\WTIZ{Er I Morris &
Zellars® OMERHHIETTH D, LI 2> THBIFIC
X0 T kb4 BB B 2 RAE TR 438 U
TGS DT B L0 L HET B &, BADIRE
St < > # T 0°0365mol/k (20% Mn ZHiz7-
W), 4% 0°0lmol/h DB (7°5% P ZIMXIE) &
$ (23% Cu ZMNx/kE) TH5H. ZOFAKOEERTRT
TN RN, HARH 90 QAN ZIRMT B LK
ELTCh, HANLTHEE T HER2511 29 LUFC, B
SRDEEE 1 %ITHIEL R V.

BEMREICRS T 54E 2 v A DRLAEREBFOTH
IO EMESNCVBE, BBy o ADERR
H V5 K0°0034mol/h(25% Cr % hnx 7-FF) TH o7z, .

5

LI DO TAERTREREES AL L THBEHKER
BT BETIC, A H 2 DIRA TS 3§ 5813 log K"
E LT 4001 LI FTH 5.

(2) SBEALEEHZORG

A H A D HREECEE T 5T, b LEBRA
B 2500, FALEEZL 5D T, EROBEE LG
TBHHAD (Pco)?/Pco, WEDTERMERITK D .2
ERWEZT A DEERTZOVWHLUB LW TH S,

Mn (gas) +CO:(gas)
=MnO(solid) +CO(gas) +-w-weeverseeens (11)

20% Mn ZINZ 7o¥E8k 6 1 Biffli%ic 0°25g . MnO
HIHHBNEED SED S, TRV A AL 90 DIRAH
2ZHD 85% D CO» MR~ v # v L DFEISICIHE S
, FALEFEY 640 TELXL TV AT 5.

COBORGIC X BREZ BT 5100, KREEEOR
ETRRELBEABILINIV, FALOKEREEH A
FHWHBZLTHD. LHL CODHENEL D LB
o XS wsEEsik LD, CO DGR IGHEAT
TREH AR D BT ENTERLIBLDT, HALE
KE LT BT T ERABOMBER S b FBHCEE
EhiEin S,

(3) RFWH

H o H L X h

R THL L EE u%}i%ﬁ?ﬂj&m%ﬁ 500~600°C i
2C0O(gas) =C(solid) +COz(gas) --------- (12)

ThHDOLdBIHVY, HEHEOEBRINIGEE LB
CsLL{RETS. L
RO XLSCEVTF Do T E2—2HVH T 2T
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YEgk—H 2 SEARAIGE I X B RE, B & RS
S%#%2TC Fig. | »»5 Fig. 7 LF7¥T. £MOTHIX
R Ol & o IO VWIS O SRR & &
ERL, RERE—EDD LT, REOERRKCE X
EIRITROEH 2 Hoh LcbDTHS.

Fe-C-Cr #%

ZDHOFERVE Fig. 1it77+. Richardson & De-
nnis® OFRELL—FH L TV 5. 50 & OPEE

moL W, Mo 3 T
3= PN V,Nb, Co,Ni, P, Fe 24
. Cu, S, Sn, Cr L , ,'0/2‘2
e Ay g 26 0 BC -
JEHIT K Mn 3 1oz t02s 029
(4) ALZEIHT 2 24t 5%
PRBETRTRIC X 2 IR FOE B ITE T LTI HKR | 0975
. , o 27
RIRIIL 72 % @ OHICIII O ATH 5. Hlic MnO, : '
ICX D SO; DBRESRIES THO/k, BEHDIHD O 7 T o]
. . 1CNAMASON
MnO: #fiv:, FeS ¥ XU° CuS %HRHERUR ($h8kds X 2 : l :’;ﬁgms
CRFEM) CIE TR L 7ok, SO: AhichhEs & \%\ *
NTWBE L RFER L. 04 <&
(5) Mgkhofid y 9
. U0
BERAY T X B IR T T :, - N -
PASTEEIC X BRI %ZDU.)A'C fﬂ”~ ali,‘?"’\g . < 5 VG v VA
VWIESTR OB LD TH S, BMEORKEDFIRGRHMIC Percent chromium
HRIFT 2 H T BEEOEWIEFATRERE T % 5 5, Fig. 1. Effect of chromium on the activity
of carbon.
Table 2. Oxygen analysis
: ] : l
% Alloyin % All ‘
/aelemognlt g % Carbon % Qxygen ﬁelemoeyr:?g % Carbon % Oxygen
]
016 i 0°005, Mn=10"67 066 0°003s
022 0004, Mo = 9+95 019 0°005;
0+22 0°004 Mo =250 029 0°0044
Cr= 9-°86 026 0°013, Ni = 50 0°37 0+002.
Cr=18"5 0+40 0°027g Ni = 50 029 0°002;
Co= 875 013 0°004- Ni =100 0*13 0004,
Co=23-2 010 0°*C04 Ni =100 0*12 0°004,
Co=23"1 r O-1t 0+003, Ni =250 0*15 j 0002,
Cu= 8-36 i 012 i 0+007, Sn = 631 (ORB Y3 0°0084
Cu=14-62 0°09%9 ‘ 0008 W = 9482 018 0004,
Cu=15+32 009 i 0-0084q W =100 017 0+004;
Cu= 21°8 0+13 ! 0°005, W =250 018 0°003;
= 0°20 0°17 3 0°0l1g
S= 046 0-12 ) 0°0134
S= 065 016 f - 0°009;
S= 090 016 E 0+005;
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Fig. 2. Effect of copper on the activit*j
of carbon.
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D=4 THRRLME LTI LERY. TORT
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of carbon.
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Fig. 5. Effect of tin on the activity of
carbon.
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Yo fgatehi: 200~400g DEME> HHFEL, KEf
IR % 5 51T, 1500°~1700°C TiIF—{RE CH#
R 60 RS 5 T L EMER DT, —EIRET
Yasoh HAFTREHE R BT, WmTREIX, F—
IREEIC 60 AR, 3 HIMKEEBIL, 3105 N
TLEHINEZ T OJRFEFEX L. A

B EEFHC X D BIEL, ZOXEEFITRERT
R L AEGES 2 AV Pt-10% Rd Pt BT
FOHIE L. -

Vs kR O R EEAIGIRER O EFD L 5 ICA bhvic.

Table 3. Solubility of carbon in liquid iron.

Tempera- | % Carbon | Tempera- | % Carbon
ture °C (average) ture °C (average)
1540 - 5+21 1650 - 553
1560 527 1690 562

1620 - 545

4 9%%C Nb ZMX7-IE8krh O REDHHET 1580
°C & 1620°C THIEL, #RWE Fig. 7 rd. [RHA
OTRICH T BELHE log fc DEETT. ERER
THIE L RE @ D70, R XD = VGEITH

5.
dN;=(0"5585/ W ;)d[% 7 ]
10% V & T L7 i gkeh DR R OYRRIEE 1560°C

BMUT, BETRLE. W) RSk j ORFETSH
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Fig. 7. Effect of niobium on solubility and

activity coefficient of carbon.
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Fig. 8. Effect of vanadium on solubility and
activity coefficient of carbon.

fwﬁb,m@8®i5t%%%it.@ﬁ%ﬁgmk
B NFUY ADEBIIBMCLVRENTVS.
dlog Nc/dN; OEEFFRITTEDRIREDOHMBRDOR o
—Irbxbhh.

V. #& %
FE VEFRGREIC X 5 ERIHECIREBFRICERS

Table 4. Effect of eléments on the solubility of graphite in liquid iron.

nglp‘ Slope=dlogNc¢/dN; (8logfc/d Nja (81nfc/d8 Nj)we
Niobium 1580~1620 +1°8 —5°0 —11°5
‘Vanadium 1560 +095 —2°65 — 671
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Table 5. Effects of alloying elements on the activity coefficient of carbon.

Dilute solutions | C-saturated solutions

e Y2=6log fc/d [%7] e’=(31n fc/ON;)Ne (é1n fc/d N;)Ne
S ‘ 0°09 12-0 11°21
Cu 0*016 4-2 11+59 (6°4)18
Ni ﬂ 0:012 29 282 (3°5)10
Co % 0+012 29 — (1°7)16
Sn 0 0 —
w — 0003 — 23 — (0)1
Mo —0*009 — 3°5 — (—22)1®
Cr —0*024 - 5°1 — 2+718
v —0°038 — 8°0 — 6°1
Nb —0*060 — 230 —11°5
A]. - 6.7+14 1 7-514
Mn — — | — 17415
Si — — l 117218 15

ERELDTH BN, AERICI VMY OWREE TER
REDHETHAIND L EBRDLNAEDT, 0%
TRERIC X 0 B R DR FICE X F T THE O % Table
SITHEFEL, TTHROBRE Hbe T Fig. 9 WR.

Lu

) .42;::;fw
7

Co

- ~
| \//b \’/ . \ic

¢ a0% a0 a5 az0 azs
N

Fig. 9. Interaction between carbon and
other solutes in low-carbon melts.
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Measurement of Travel iﬁg Time of Blast Furnace Burden with “Co.

" Synopsis:

Avihiro Tominaga, Takeo Yatsuzuka,

Shivo Shono .and Jun Sawamura

The authors planned a experiment to presume the travelling time of blast furnace burden

using radioisotope, Co.

About | mc of 8°Co wire, shielded in a container of cast iron, steel

or iron ore, was charged from the taphole side of the top of No.8 or No. 10 blast furnace at

Kamaishi Iron Works.

The measurement of the travelling timelﬁwas carried out by counting the radioactivity of
samples taken from the molten pig iron on tapping, with a scintillation counter. _

It was proved that the travelling time was largely affected by the wind volume and the
volume of one charge which was governed by the volume of sinter.

Besides, to ascertain the time from the arrival in the tuyere zone to the .appearance 'in
the pig iron, 0°5~1'0 mc of 9Co wire was thrown into the blast furnace hearth from the

tuyere.

The RI thrown in from the tuyere near the taphole appeared after about 15mn.

in the molten iron, but the one which had been thrown from the opposite side of the taphole

took long time to appear.
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