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Effect of Dissolved Oxygen on the Rates of Evaporation of Liquid
Iron and Copper

Shizunori HAYARAWA, Tuakao CHOH, and Mickio INOUYE

Synopsis:

The rates of evaporation of liquid iron and copper under reduced pressure of 0.001~600 mmHg
Ar were measured at several temperature levels by using a recording micro-balance.

In the pressure range of residual gas below 0.1 mmHg Ar, the rates of evaporation are independent

of pressure, although the rates at above 0.1 mmHg Ar decrease with increasing the pressure of argon,
probably because of the collision between the evaporated metal atom and argon as described already
by previous investigators.
"It is also found that the rates for both metals decrease with increasing oxygen concentration in liquid
metal. Considering that oxygen dissolved in liquid metal behaves as a surface active element, it seems
reasonable to regard that the rates are controlled by the evaporation reaction at metal surface where
oxygen adsorbes. Namely the present results suggest that most of metal atoms vaporize through the
oxygen free site.

Moreover, it is confirmed that the values of surface tensions of liquid metals estimated from the

present work agree approximately with those in the literatures.
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Fig. 1. Shematic diagram of experimental
apparatus.
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Fig. 2. Evaporation of liquid iron at 1550°C.
(0.0087250, 1.9~3.0x10-3 mmHg)
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Fig. 3. Influence of residual pressure of argon
on the rate of evaporation of pure liquid
iron at 1550°C.
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Table 1. Effect of oxygen on the rate of
evaporation of liquid iron

Temp. | Initial Final Holding | Evapo -
oxygen oxygen rate
concent. | concent. | time (g/ (s-
LO1; [O1s, cm?)),

°C) | (wtog) (wt 2%) (min) x 104

1550 0.0087 0.0086 12 1.48
0.021 54 1.32
0.030 0.026 50 1.17
0.043 0.023 47 1.13
0.074 0.040 44 1.13
0.092 0.047 45 1.16
0.150 0.049 48 1.14
0.160 0.049 51 1.12
1580 0.014 12 2.35
0.027 0.023 11 1.99
0.046 11 1.70
0.082 15 1.59
0.113 0.095 13 1.71
0.153 0.146 11 1.70
1610 0.021 0.032 15 3.43
0.027 0.034 13 3.13
0.043 0.034 18 2.76
0.056 15 2.64
0.074 0.070 18 2.56
0.102 0.070 20 2.42
0.153 0.168 17 2.38 -
0.160 0.108 17 2.23

Table 2. Effect of oxygen on the rate of
evaporation of liquid copper.

Temp. | Initial Final Holding | Evapo -
oxygen oxygen rate
concent. | concent. | time (g/(s -
[O]b [O]f: cmz))’

(°C) | (wt o) (wt 2) (min) | x10¢
1100 0.011 0.003 60 0.04
0.025 35 0.034
0.055 0.038 34 0.034
0.126 0.093 34 0.033
1230 0.003 0.006 29 0.67
0.011 0.004 64 0.50
0.025 44 0.43
0.037 0.029 9 0.36
0.055 0.042 10 0.40
0.080 0.054 46 0.36
0.126 0.063 44 0.35
1300 0.003 0.005 24 2.12
0.011 0.005 27 1.69
0.025 0.021 8 1.36
0.037 0.027 10 1.06
0.055 0.039 12 1.00
0.080 10 1.03
0.252 0.137 42 1.04
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Fig. 4. Dependence of rate constant of evapora-
tion on oxygen concentration for Fe-O
system.
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Fig. 5. Dependence of rate constant of evapora-
tion on oxygen concentration for Cu-O
system.,
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Table 3. Values of ratio (W,—W,)/W,

Fe-O
Tempera- | (W,—W,) /W,;| Tempera-| (W,—W,)/W,
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QG (=) (°Q) (=)
1610 0.54 1300 0.66
1 580 0.58 1230 0.62
1 550 0.58 1100 0.63
average 0.57 average 0.64
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Fig. 12. Estimation of surface tension of liquid
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Fig. 13. Estimation of surface tension of liquid
copper from the rate of evaporation.

44 WMEENFEEBELLCRRBEE

REIEEYENSEATCHFE T 2HEGOKBEROR
HHS ¥ LR KREEOWEBENCE T 5 BRI ksr b
mxh, BERSFIELS L-WEBENIE ) FEIC X
HERBENC X v EHEZT, oM X >THhER
BN LSBT A LB LN IR T 51,

F o TRBEDE 2 J70 Hifigis X ORigk DZ&FE b KiH
i LThEr Ui hudi bigund o EEEL,
DAIT#EER Nz THo.

FTEASTEYRE LACMPEORBBRC K TR

— 97 _



476 # & 4R

% 66 4 (1980) 5=

HTHE PR sy L IEREERE 45 2B LT
HETTHLDET S, LN OTBMENEE LVES
BRBECE binws, REIBREOREB TEBHLh T
BB ERRTIRAECII-48 oftEvy 1L, JER
BHE 4S % H LESR LT HIER SR, LD T
MG D 2\ BN RIS T A BRI L E L A IR
TERDRCRRMEL T HHFE L ZOfEEZMLE +
4S8 wichd., ¥ BORNTOERREELY W, &
THE, TOBEORREEILUTOLICRENS.
Wo=W(1—0o) =W/ (1 +kaa[%O]) -+ (20)
Wo=Chexp [— (E+IT-48)/(KT)] -+ (21)
i, @QHREREW TS L,
In Wo=In C,—E/(kT) —1II- A4S/ (kT) ---+- (22)
55, T CTAMRERC2)REHEA L TR S,
WwWE Fe-O Rz oWTit F.A. HALDEN 51038 T X
P.KozakevitcH B, X bz Cu-O HiIoWLCikfy
5 DEBEIfEER VT OfixRD, 22)K0 InW,
LILEDBFR 7 =y 135k, Fig 14 308 Fig. 15
CRTIOE, WTEhoBEbmER X CERBFRTE
Ehs. Thbbo OBRZIFRER DOEKBET
REREECH Lc4E, o ) ARENLZEBC AL
BB EYTHBZ EEAR LTS, FREROAR
2Bk 48 DENMELRSE, ChiREENDOWER
RODEHMIWIREBRRIRTOLD 5 REROME &
Table 4 TH#: L. Thic Lhid, RBFED 5\ L5
KOEBEENHE CORERELEEL Th, P.Koza-
KEVITCH 1) D Fe-O REBRTCHEEZ IR D T uvw—
BRLTWALZRT L\ ZOERLDEMEL 5
&, BBRC I DHWEEORCAEZE LM E0RR
BRETCHMBEN T 1 HOREREY RE» DLTh

-8 T T T
+ O F.A.Haiden,et al.(1570°C)

< ® P. Kozakevitch, et al (1550°C)

-1

0 200 400 600 800
T, (dyne /cm)

Fig. 14. Relation between In Wy and surface
pressure I in Fe-O system.
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Fig. 15. Relation between In Wy and surface
pressure I7 in Cu-O system.

Table 4. Values of 48 for Fe-O and
Cu-O systems.

Tempera-| 4§
tur(tic) (A2)

Area per adsorbed atom

at saturation, (Az2)

1570 7.6 | 7.62 (F. A. HALDEN, et. al)
Fe-O

1550 7.3 | 9.2 (P. KOZAKEVITCH et. al)

1300 | 15.3 | 14.44 (K. MonMA et. al.)
Cu-O

1230 | 15.6 | 15.96 (K. MoNMA et. al.)

PDIEBEE LDBERTIIEELZBRS. L Liah
b, ZOERMIBEOREBRER TERRCHTHICEE
B LDk, 45 OEBEYES L CERTH L HE
THSS5. —HEBREBEOBEIIED X 5 ItkE
BROBEXH S MBWEORREILI-EBHhBM,
T 2 EBRIICZBENBRE L, FECREBREN
FETHEY, BEBRROBEEMOKA X X LI EEIR
A4S 25 RGgOEFENEBCEE LT Shicith
e B2 B3 b s,

5. & &

B X OB OBREEEC RITTHEDOHEY HIE
L, ROMER%E 2 7.

1) Beks JOBHOREEEIPERONRER LA
B4 0.1 mmHgAr BT OEZ2EE O F\ MES Tl R
SENOEERYZ T2, 0.1 mmHgAr [ FCiL7
nTVEADO LR EEBET Lie. S hEBESED
DEFCH > BREBOVBHBATROETEESL B
DLEbhS.

2) WS X OWHOEREE IR OKFI 2T
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ZILETTS. ChiiBEOKERE~ORE A
L, RREIMROBEAS LOFRERCTET B, &
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3) ARBEEILToORTCEIIS.

Fe-O % : WN=P\/L 1_0.57<M_>]

2%zRT 1 +k2a[%O]
CFR o Wy= M [ _ﬁﬂﬁgLﬂ
Cu-C % : Wy P\/anT[l 0'64<1+kad[%01

DA TPEEBIUTORCEIhS.
Fe-O 3% : log kyq=15000/T—6.4
Cu-O 3% : log kyq=5500/T—1.5
RBAMEO—F A BY INZHFBRARFERERE
e, RGBT W) MILEERT) 5 HFiE RS
DEERLET.
& =
Q: BREOFEE  (—)
Cl: %ﬁ (g.cm—z.s—l)
E:EBRAERTORREOERIL= KL ¥
(erg-atm-1)
k : Boltzmann 5% (erg-deg-1l.atm-1)
kaa : BIERE (%Y
Ko: KEEEEH (g-cm-2.571)
kiuky,: B3 (8- cm2-s-1)
M: ZEEBORTE (g-mol-?)
P :#KE (g-s~2-cm-1)
Pt : lRUET] (mmHg)
R :KthEH (g cm?-572- mol-K-1)
S REMERK (cm?)
45 1 FEFoERBICLERERE  (cm?)
T : #ExhiRE  (°K)
W : KE&EE (g -cm-2.571)
Wo: i B o B F R EE  ((g cm-2-5-1)
W,: BRFERBEETOEREE (g cm-2.571)

Wy: BRRBERTORRBEE (g cm-2.571)
Wy : #FERBEE (g cm-2.5-1)

@ EERE (-)

I' : ®7%& (mol-cm~-2)

Ie: fafik7EE (mol-cm-2)

Oo: BFER (—)

II: ®KEE (dyn-cm-1)

ot KEEN (dyn-cm-1)

oo BUEDKMIRS (dyn-cm-1)

do: EHRI D= (dyn-cm~l)
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