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Evaporation Rate of Copper in High Carbon Iron Melt under Reduced Pressure
Xiaoyu Cuen, Naoko Ito, Kunihiko Naxasuma and Katsumi Mor

Synopsis

: For clarifying the evaporation behavior of copper from liquid iron, the evaporation rate of copper has been studied under

reduced pressures of several hundred Pa in the temperature range from 1723K to 1823K. Also, the effect of alloying
element on the evaporation rate were examined.

The experimental results obtained are summarized as follows :
(1) The first order rate equation can be applied to the change of copper content in iron with time, and then the
evaporation rate of copper increased with decreasing the pressure. This fact indicates that the mass transport step in
the gas phase is a rate determining step under the present experimental conditions, because the mass transfer
coefficient in the gas phase is inversely proportional to pressure.
(2) The apparent activation energy for removal rate of copper was calculated to be about 230 kJ/mol including the
enthalpy change for the copper evaporation.
(3) The evaporation rate of copper was promoted by adding sulfur, but the additions of nickel or chromium lead to

the decrease of the evaporation rate of copper.
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Fig. 1. Experimental apparatus.
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Table 1. Condition and result of the experiments.

Heat No. Temp(K) P.(Pa) [Cu%]e [C%]s [%S]o [Ni%]l, [Cr%], Rey(g-cm™2s7)
Cu-11 1723 4 0.897 3.76 0 0 0 9.28X10-°
Cu-22 0.908 3.73 1.34X10°®
Cu-53 1.005 3.68 2.22X10-°
Cu-62 1773 4 0.969 3.83 0 0 0 1.94X10°®
Cu-55N 1.040 3.93 2.51 X105
Cu-27 267 0.759 4.29 2.24 X108
Cu-30 1067 0.822 3.85 1.01 X103
Cu-5 1773 101325 0.917 3.80 0 0 0 1.08X10~°
Cu-63N 101325 0.895 3.83 6.94 X107
Cu-13 1823 533 0.917 3.68 4] 0 0 2.03x10-%
Cu-10 1873 1.039 3.78 3.18 X103
Cu-19 0.921 3.80 0.010 1.87X10°®
Cu-26 0.693 3.70 0.017 1.24 X107%
Cu-33 1773 533 0.878 3.79 0.025 0 0 1.89 <1073
Cu-28 0.910 3.82 0.092 1.17X10°°
Cu-29 0.904 3.78 0.280 2.59X10-°
Cu-32 0.935 3.74 0.309 2.50X10°%
Cu-41 0.972 3.91 9.61 1.50X1078
Cu-42 1773 533 0.895 3.93 0 5.73 0 1.68X10°°
Cu-40N 0.724 3.82 5.53 2.18x 1075
Cu-46 0.885 3.89 9.50 1.45x10°°
Cu-56N 0.989 3.68 8.38 2.02x107°
Cu-47 1773 533 0.813 3.99 0 0 5.19 1.69X10°%
Cu-50 0.990 3.56 6.69 1.50x 1075
Cu-49 0.734 3.72 18.4 1.66X10°°

The letter “N” in Heat No. means that the furnace was filled by N, for Ar in other heats to take metal samples.
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Fig. 2. Effect of furnace pressure on the rate of
copper removal at 1773K.
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Fig. 3. Effect of pressure on the apparent rate co-

efficient R, for the removal of copper and
elements under reduced pressure.
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coefficient for removal of copper.

WIETIZ %0 2 @RBESKPOFOFERAEE 963 M

1.9
AN I
—~ 18}
" acCr
g 1.7 Oy
o
~ B [m]
mg 1.6
3
& 1.5 =} A
- a
1.4 L +
0 10 20
[mass%)o

Fig. 6. Effect of nickel and chromium on apparent
rate coefficient for removal of copper.

WINELE IR ESDOERREEIEL 25 2 Lo,
A2)KX» 6, B> O DR EERBER - RIFT =
row, 72nsORE Ry ~DERLLTELONS, D
HEBRECRIET = v r v OBE R R TAHEERESIC
T OREMS L DT, BERII LRI 3 771k 2w D5,
=y EBEOERBREE NI T 20T v L#EL
Lh b,
BEEPOHOEBARE RITT 27 v 2 OMHEAER R
eShi2120.018' L —0. 102D FH DEHHE SN T 5,
$DOBRREECZRIFT 270 2D BOEL 5 L DIL, D
HERE~OBEBLERALT L, ERERE» L 270 212800
HERKE T 2/ERYD A LTFHRINE, 361220% 2
TZa ORMEBELPRRIELBEACFHOERRBEELEG
RAHARERCIODOCTERREIAHTH 5, SBREHEFOHDE
BRECRIZTEIXLEOBECIDWTRIET 2 LEHNH
3, :
3:5 KBHRAOHE

Fig 7TRT LI, PREZERAELE T 2000, BEXRP
TS A CICEA, AcVARIBOEES L Y, EREE
DWREMH AN B, REHRINT 372912, FRY2ER
FHRAL LIBRCEROER» AL, BURET 2 88T
ERVIEHE» ORI E Lo THIN S, [EFEEI L

05

0.0 i) e e O e
05 |

1.0 |

@ 533Pa, N:

1.5 L | A 533Pa, Ar

.20 [ [ © 1-013x10°Pa, N:

A 1.013x10°Pa, Ar

-2.5 1 1 1 1 1
0 10 20 30 40 50

t'Wm/s- 9"

In ([%Cu}/[%Culs)

Fig. 7. Comparison of removal rates of copper when
different gases were used.



M 964 5% & $@Vol. 81(1995)No.l0

LicizdtFrons,

4. B8

AEBRTISEELRE L ICHADBEHY 6 DRFEERE KX
TS, BE, XETRRTRES 2 OPE O TH
~ LITO#RDR 6 0L,

(1) AREBREETTIE, B> O HORAEE LT F
D DILEET H 5 LIEE I N2,

(2)EHDIET & b, HORREERES L FXHRH
OYEREMERIL & b kT 5,

(3)$ADZEFIIK & RBIRNZ S 0T, RED LA
PECEREEE LWL, FORRKEEDR» U OEELT
I —13#7230k]/mol T H - 72,

(4)BEE 2 TRINLI2BA I, SDEFEIMELES NI,

(5)10% 2 THO=vrrtzasdFEMis-T, #HD
PRI LT,

(6)FIEA R L LT, BERFALFHALILES, D%k
RYFTRAES LI,

22

b b AR O—E I (B) SRR SRR £ v X
— L OBMTITbNIZ LR L TEHOBEEERT,

X [N

T&BAZ S v 7L OHBOKRE > v RIY ATFRH(BARE
B2, (1990)

G.Van Drunen, J.K.Brimacombe and F.Weinberg . Ironmak-
ing and steelmaking, 2 (1975), p.125

F OWE, LFEFH, PEIE S LM, 80 (1994), p.294
R.Ohno and T.Ishida : J.Iron Steel Inst., 206 (1968), p.904
R.G.Ward : J.Iron Steel Inst., 201 (1963), p.11

R.G.Ward and T. D.Aurini : J.Iron Steel Inst., 204 (1966), p.920
W.A.Fischer und D.Janke : Arch. Eisenhiittenwes., 45 (1974),
p.509

ek, HWEOWHMEMER, (HARSKMHSW), (1972), p.195

F WE, BHEE— JIARE BEASBHAEE, 44 (1980),
p.1282

T, RN, BEEIL, BB C gk &R, 77 (1991), p.504
I.Barin . Thermochemical Data of Pure Substances, VCH
Publishers, New York (1989), p.490

A M.Katsnelson, L.Kuchar, V.I.Kashin, Y.D.Kuzmin and G.A.
Anachenko : #¥ & a2, 5 (1992), p.1013

H.Schenck und W.Spieker : Arch. Eisenhiittenwes., 30 (1959),
p.641

H.Wada : Trans. Nat. Res. Inst. Metals, 6 (1964), p.96

1)
2)
3)
4)
5)
6)
7)

8)
9)

10)
11)

12)
13)

14)



