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The Effect of Surface Movement on the Evaporation Rates of
Alloying Elements from Liquid Iron under Vacuum

Synopsis:

Masamichi YAMAMOTO and FEiichi KATO

The rates of evaporation of alloying elements from Fe-Cu, Fe-Sn and Fe-Cr melts under vacuum
have been investigated by using an experimental apparatus which was made up of a LANGMUIR’s eva-
poration cell and of target plates for collecting evaporated material. These melts were so heated as
to change stirring conditions by resistance heater or high frequency induction.

The evaporation rates are of first order with respect to all the alloying elements. The evaporation

from Fe-Sn systems is mainly controlled by the evaporation step on the surface.

However, in the

cases of Fe-Cu and Fe-Cr systems, both the evaporation step and the diffusion step through the liquid
boundary layer are rate controlling, ie. in these systems, the total evaporation process is of mixed

controll.

The surface concentration of these alloying elements was obtained by analyzing the condensed mate-
rial on the target plates. The observed values are in good agreement with the theoretical values based
on the model proposed by R. G. WarD. This agreement implys that the vaporization coefficients of

these alloying elements are unity.

When tin which is surface active element is evaporated from the specimen, surface movement due to
surface pressure (Marangoni effect) is observed, and the mass transfer coeflicient is increased.

1. %

SRR R ORMMYBEBEEEICKE 1o B
Bz ALDE LT, REEERETRC L DRINER S
hCE7 ThbiIVvWbdaREIALLE LTabh T
205 FhbD 5 b TCHRERI & OREERNC X 5%
BREBEE~OBECOWCLRBH R EANEL, Ttk
2 IR BER TR AE RS T, E5F,FHFD X
37 = VR CORRE OB B 5 RHE
BoRE, WHE. KK, Bl FEICL D CO/CO,
Krh T ORI OBELAR T B 5 REEB O
LROIOMGREED D BT i,

T EEE S & D EERFEE OBIEITIE, WARDY,
KEOD H3 U E UTRESEEE { ORI HE ST
Tk b, Fe-S Ric P REEHETRYEDBROERC
“>\»TC %, FRUEHAN, TURKDOGAN®), KEP® {5 ¥ D
RGN DD 505 BIFAEBSIC O\ T ORE L FEIT

il

Bl

ABFFEIT, TE BT EMIEH T COKB-BRIERI
KT ABHRAERS OB AN E L, REEETER
1% E LT Fe-Sn &, Th~DBKEHR L LT Fe-Cu
%, Fe-Cr &Y, Zh LEREA S OBEERRBHE
DORPEE fT27.

2. ® R A &

21 RBREE

SRR FV 7B A Fig. 1 wiid. A%E i Lang-
muir X FDOEFEwNE, KEWEBET L — ¥
FEOHERER, COFBIRID, HEROERERIE
CRIEE L XhTey v T Y v SRR BRI 5 2 5
LD I Te DIEE O L WIIENN AT BRI I ofe. F iR
FIEERE OB #EIE b AIEE & 7o,

gk, BERREY B LI 5D EREnE (5
AP FEHRE: 500 kHz, S5KVA), & %\ 3K Grin 2 £ A

* 0 54 £ 4 AARSHBIEBARLSICTER WM 54 £9 B 7 HZMM (Received Sept. 7, 1979)
#k  Bfmm kM (Casting Research Laboratory, Waseda University, 2-8-26 Nishiwaseda
Shinjuku-ku 160)
wick  BElgom-fesep T 223 TfH (School of Science and Engineering, Waseda University)

— 8 —

L



\g

RSSO HERREEIC S IETAEEHORE 609

Vacuum Pump

B

/Target Plates(Au)

s mgen_
iqui Nntrogen\

Quartz Tube
Collimator
—S
creen Ejector Rod
I —View Port
Specimen — \% ’g‘/ Heater
Alumina 3 ()
Susceptor 8 o
Thermocouple —4 | X
777777777 4
\lnduction Coil

Fig. 1. Schematic diagram of experimental
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Fig. 2. Schematic diagram of evaporation cell.
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Table 1. Chemical composition of specimen(wt%).

C |s |Al |Cr|Cu|Sn|O | O%

_ | _ |ppm| ppm
Fe-Cr | 0.220.003/0.003| 0.94 Py PP
Fe-Cu| 0.0700.0030.004 — | 0.75 — | 24| 21-26
Fe-Sn 0.009/0.0050.001 — | — |1.03] 35 | 24-28

*  After experiment
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Fig. 3. Surface tensions for solutions of Cu, Sn, Cr,
O and S in liquid iron”®9 and excess
quantity of Sn.(¢=surface tension, /" =excess
quantity of solute element per unit area of
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Table 2. Experimental results on Fe-Cu systems.
Cu)S/(%Cu) B
. Temp. k ky kp (% AE}
Heat No. Heating °C) (%Gu), (cm/s) | (ecm/s) | (cm/s) (kcal /mol)
cal. meas.
R.H.-1 [Resistance 1560 0.298 [3.35x10-37.28x10-36.22x 10-3 0.46 0.45
-2 % 1576 0.375 3.71 #» 8.65 7~ 6.49 7 0.43 0.42 31
-3 % 1562 0.313 327 #~» (742 » |5.85 7 0.44 0.44
-4 % 1589 0.122 (3.73 » 9.92 7~ |5.98 7 0.38 0.37
I.LH.-1 |Induction 1570 0.494 4.44 ~» 8.10 7~ 8.99 7 0.55 —
-2 % 1576 0.435 |4.24 » 8,63 7~ |8.31 7 0.49 —
-3 4 1572 0.582 4.52 #» 8.29 7 9.96 7 0.55 o
-4 4 1574 0.521 |4.54 » 8.46 7~ 9.78 7 0.54
Table 3. Experimental results on Fe-Sn systems.
%Sn)S/(%Sn)B
. Temp. k kv kp (% AE,,
Heat No.| Heating 0 (%05n)
°C) (cm/s) | (cm/s) | (em/s) cal. meas. (kcal/mol)
R.H.-1 [Resistance 1593 0.438 |2.10x10-32.54x 10-3|12.0x 10-3]  0.83 0.84
-2 4 1579 0.422 (1.91 » 2.21 7» |14.0 7 0.86 0.87
-3 4 1581 0.165 (1.82 7» (2.26 7 9.3 7 0.80 0.80 50
-4 ” 1 592 0.350 |1.97 » 2,52 #» |8.9 7 0.78 0.77 :
-5 4 1592 0.344 2.04 7~ 2.52 7 |11.5 7 0.82 0.81
I.LH.-1 | Induction 1561 0.735 [1.66 #~ |1.85 7~ |16.2 7 0.90 —
-2 ” 1 564 0.637 |1.63 ~ [1.90 7~ |11.2 7 0.86
-3 7 1563 0.163 |{1.57 ~ |1.88 7~ | 9.5 7 0.84 — 59
-4 % 1574 0.243 |1.82 #» 2.11 7 |13.3 7 0.86 —
-5 4 1574 0.112 1.84 7~ |2.11 7 |(14.8 7 0.88 —
-6 4 1593 0.113 |2.04 ~» |2.55 7#» |10.2 7 0.80
Table 4. Experimental results on Fe-Cr systems.
%Ci)S/ (%Cr)®
. Temp. k kv kp (% AE
Heat No.| Heating | o (9%Cr), k
(°C) (cm/s) (cm/s) (cm/ s) cal. meas. (kcal/mol)
I1.H.-1 | Induction| 1572 | 0.895 |0.113x10-3{0.207x10-8|0 247x10-3| 0.54 -
-2 4 1576 | 0.902 (0.119 ~» [0.219 ~» |0.261 7 0.54 — -
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Fig. 9. Effect of temperature on surface concent-
rations of elements in liquid iron.
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Fig. 11. Effect of temperature on overall mass
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Fig. 13. Calculated influence of surface movement
on interfacial mass transfer.
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Fig. 14. Comparison of experimentally determined
tin concentrations with those estimated by
Higbie model.
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Fig. 15. Schematic view of observed surface
movement.
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