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Mass-Transfer from Graphite Cylinder into Liquid Fe-C Alloy
Mineo Kosaxka and Susumu MiNowa

Synopsis:

The rates of dissolution of carbon from the rotating or stationary graphite rods into liquid Fe-C
alloy were studied in the temperature range 1270~1550°C.

It was concluded that the dissolution process was controlled by mass-transfer in the liquid.

Applying non-dimensional correlation of mass-transfer under the forced convection to the experimental
results on the rotating rods, the effective interdiffusivity De (cm2/sec) in liquid Fe-C alloy were estimated.
In other hand, mass-transfer coefficient k (cm/sec) on the stationary rods were estimated by using
non-dimmensional correlation under the free convection and compared with the experimental results.

Employing effective interdiffusivity De, experimental results on the stationary rods can be summerized

as follows:

(Sh) =0-115(Gr-m x Sc) /3

Furthermore, effects of the heat of solution of carbon and the rates of heat-transfer on the dissolu-

tion process were briefly discussed.

(Received 20 June 1967)
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Fig. 1. Variation of the carbon concentration in
liquid alloy, Cp, and the weight loss of

graphite rods, 4G, with immersed time, t.

BROBEBSIWEABSHETH S E LT, BHRPOR
HREOZLWCHERTH L, —IRCRAMBRILT 5.
dcb/d[,—_-k.A/V. [cs—cb] .( 1)
WMo
In [(Cs—Cp1) /(Cs—Cp)]=k-A/V-t - (2)
k=(V/At) In [(Cs—Cupi)/(Cs—Cpt)1--(2)'
Tk AR EMRE t - kR
A ERAER Cs: fafRE wt%
Vo SRR
Cpi, Cps:t=0, t=t TKIFHIEFHPORE
Linh, @ AhoMEBIRE L OEZHETES.
iRl <, EeloBEfRecEBETS L, O
FEBEE Vr WEIHRE 4G L ORIC
Y=dodG/4Got=VI‘—Vf.t/do (3)
do : BB DOBEMOERE 4G : HRRRE
Go : EHERI S OBMOER
ORMEMBRIIL, t=0 DL X YoVr ThhHrb, Vr
Z AG QEE» LHRDDH T LN TEBD. LIATRE
FERSBICE D E, BAORmEICOWT
dw/dt=psVr=ka (qu.ﬂﬁb) .(4)
ps; oL ¢ BURHERR) 3 X O Sk (HRK) DFEEE
dw/dt =T g ERHHRE g/ cm?- sec
Co:Co DFBE(Z DB EERSRELESD)
Ce: i (7 4 )
ORRGREBEILT 5, 5(3), (H)RC X2 THWEBLE
Rk DFUEZ KD B LBARETH 5.

30 T T
Key HF ExpNo Temp.°C Vem® Acm?® Yo
© SCR GA3 1502 152 247 293
x 2 GA 4 1450 I55 249 256
s VT ©BO 1398 158 250 311
A ]

GB 7 I/?)éG 148 243 32

(V) 1n [{cs~Cpi )/ (Cs—Cp )]

200 300

Time {sec)

Fig. 2. Relation between (V/A) In[(Cs—Cpi)/
(Cs—Cp)] and time, t.



BHAES» SRR GUBEHRT~OMEB D

1469

30 T T
Key HF  ExpNo Temp.°C Thwt% Gog
o SCR GAS8 1549 2'89 810
. 4 GA 2 1403 309 778
A VT GB 6 1452 287 808
A * GB 5 1303 346 799
. l
o 20
>
o]
:‘8 \o
[} 1)
< \o .
S
[l
> 10
!\‘\. I \o
L \.\' )
a T
T — T
A~——d_|
\Aﬁ\s
N
4 A Yy A A A
0
0 60 120 180
Time (sec)

Fig. 3. Calculation of the rates of dsssolution, Vr,
from the weight loss of specimen by eq.(3).
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Table 1. Mass-transfer coefficients, & (cm/sec), obtained by two H. F. furnaces
as a preliminary experiment.

H. F. furnace Exp. No. Temp. °C Cp, Cpi wt.2% = *kx10%,eq.(1) k%102, eq.(3)
SCR GA 8 1549 2-89 — 1-8,
3-2 Ke GA 3 1502 2-93 1-74 —

GA 4 1450 2-59 1-4, —
GA 2 1403 3-09 — 1.3
GA 9 135043 3-25 0-93, 0-87,

Vac. Tube GB 2 1502 4-4 2-96 0-59, 0.62,

500 Kc GB 6 1452 2-89 — 0-56,
GB 9 1398 311 0- 46, —
GB 7 1346 321 0°38; —
GB 5 1303 3:46 — 0.22

* V=146~161cm3, A=24'0~26"5cm?
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Fig. 4. Schematic representation of appratus.
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Table 2. Typical values of mass-transfer coeffi-
cient, £ (cm/sec), on the rotating gra-
phite rods at the various experimental

conditions.

Exp Temp. |Cb, Cpi, U, kx102

No. °C Wt *L, cm cm/sec | cm/ sec
GC 15 1502 4-12 1-22 48'0 3-0,
GC 8 1470 4-08 0-973 19-1 14,
GC 3 1451 3-86 1-03 65'5 3-6,
GC 2 1448 3-47 134 322 2:0,
GC 11 1405 3-53 0988 361 1-9,
GC 14 1399 3-12 0'865| 254 |- 1-54
GC 13 1351 3-48 0'884 | 375 1:64
GC 18 1353 384 1'31 46°1 1-8; -
GC 9 1302 3-74 0:913 21:2 0.86,
GC 22 1297 3-85 1-27 562 1-54

* averaged diameter

Table 3. Typical values of mass-transfer coeffi-
cient, £ (cm/sec), on the stationary
graphite rods at the various experimental

conditions.

Exp. Temp. Eba ij, kx 103,

No. °C wt.% *L, em 14 p X102 cm/ sec
GD 21 1548 4-28 525 3:28 8- 1g
GD 17 1503 404 6°00 373 64,
GD 9 1495 3:52 4-45 5-23 7°9,
GD 11 1453 2-57 721 6-64 714
GD 16 1451 3-06 6-78 5-71 7-0,
GD 5 1406 2:30 7-35 6-50 61,
GD 6 1398 2-93 5-33 5-42 564
GD 23 1361 3-91 4-29 2-43 4-1g
GD 19 1303 3-29 6-78 4-08 33
GD 14 1297 4-04 8-12 2-13 27,

* immersed length
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Fig. 5. Shape of corrosion on the stationary graphite
rods in compared with that on the rotating
graphite rods.
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Fig. 7. Relation between buoyancy factor, 4p,
and carbon concentration of Fe-C melt.
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Table 4. Effective diffusion coefficient, D,(cm2/sec),
estimated from Fig. 9 and Schmidt’s Number,
(Sc).corresponded to this coefficient.
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Fig. 10. Experimental results of mass-transfer co-
efficient, £, on the stationary graphite rods
in comparison with estimated curves from
nondimensional correlation of mass-trans-
fer under the free convection by eq. (15).
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Fig. 11. Nondimensional correlation of mass-transfer

on the stationary graphite ds.
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Fig. 12. Mass transfer coeflicient, k, obtained by
preliminary test using high
indction furnace (H.F.)
with estimated curves by eq. (18).

frequency
in comparison
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Fig. 13. Estimated temperature drop, 4T, at the
solid-liquid interface on the rotating gra-
phite rods by eq. (21), (22).
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On Mechanism of Formation of Negative Segregation Zone
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Origin of (Macroscopic Oxide) Inclusions Appeared in This Zone.
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