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The Effect of Selenium and Tellurium on the Surface
Tension of Molten Iron and Wettability of Solid Oxide

Kazumi OcINO, Kiyoshi Nocl, and Osamu YAMASE

Synopsis:

Effect of alloying elements (oxygen, sulfur, selenium and tellurium) on the surface tension of mol-
ten iron and contact angle of molten iron on solid oxide (sintered alumina) were investigated with
sessile drop method at 1600°C. The surface tension of molten iron decreased with addition of these
elements and tellurium was highest surface active element in this work(Te>Se>S>0). The contact
angle of molten iron on alumina decreased with increasing of oxygen content in molten iron but
increased with increasing of selenium or tellurium content in molten iron. The sulfur content did
not have effect on the contact angle. The work of adhesion and interfacial energy between molten iron
and alumina were calculated by using the experimental values of surface tension and contact angle.
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Table 1. Oxygen and nitrogen content in Fe-Se
and Fe-Te alloys.

Se or Te Oxygen content|Nitrogen
Alloy content (Wt%) (ppm) |content (ppm)
0.000 16 3
0.013 16 4
0.022 29 5
Fe-Sel  0.029 19 4
0.120 13 4
0.247 17 6
0.410 59 12
0.005 17 8
0.012 17 7
0.021 19 6
Fe-Te 0.043 18 10
0.060 16 7
0.099 16 10
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Fig. 1. Apparatus measurement of surface tension
of molten iron alloy and contact angle on
alumina. (1) Metal dropping assembly
(2) Molybdenum heater (3) Alumina pipe
(4) Observating window (5) Metal drop
(6) Alumina plate (7) Leveller (8) Elect-
rode (9) Thermocouple (10) Water jacket.
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Fig. 2. Apparatus for measurement of surface ten-
sion of molten iron alloy (1) Thermocouple
(2) Se or Te shots (3) Water jacket (4)
Alumina reaction tube (5) X-ray film (6)
Carbon heater (7) Alumina pipe (8) Ther-
mocouple (9) ‘Metal drop (10) X-ray
source.
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. 3. Change in surface tension of molten Fe-
0.247wto;Se alloy with time at 1600°C.
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Fig. 4. Change in selenium concentration of mol-
ten Fe-0.247wt9,Se alloy with time at
1 600°C.

Apams OFRX FAWEEEORERS), Bk-71 3 rHO
AL EH L.

4. BRLEE

H, BHEZH T ollEGEREo 14l% Fig. 3 i
. Fig. 3 5 LI Sinie X 5 1WAl Fe-0.247 wt%Se
A& DEREENEEOFBIC & > TABRIIERL
TWBZ Ehbnd. 2 OREED OB ICER IR
D Se BEOBAIIGTH b0 EBbhs. LDk
DfE 4 ORETREZAB L Se ORER ST LCHER
% Fig. 4 wm3. Se OWHEE 0.247 wtZf T
B 0.176 wi% w4 L, 5 min izt 0.043 tw
% it k5 KHEENLREOEET b
Se BEAZKELTWAZ Enb, Hy ZHKHD
ZRBOEFEEIC DV T THOEL T % 253
BEE7en R, AR\ I FTEROERERS, #
B OMEY 2B RESORKF D Se Bouit Te RE
XG5 EE UCEA Lie., TeREEED, BEAO
HliEEE TR EFh£25dyn/cm, £1.5° OHEARD

T —T N T
s Kozakevitch et al at 1550 C
E/&OO o Kingery at 1570°C
S ' oe Present Work
S ( O.under Ha atm.
§ ® under Ar atm. containing Se vapor
/400 }
<
&
<
R 1000kt
3 oo |
"g < I e
3 600 ‘ | >
o] (0¥} o2 o3 04 05

Selenium  Concentration (Wt %)

Fig. 5. Effect of selenium on the surface tension
of molten iron at 1600°C.
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Fig. 6. Effect of tellurium on the surface tension
of molten iron at 1600°C.
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Fig. 7. Effect of alloying element on the surface
tension of molten iron at 1600°C.
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Table 2. Excess surface concentration of alloying
element and area per atom absorbed at
metal surface.

L Area per atom | Excess concentration
ST absorbed (A2) | (‘mol/ cm?x 10)
Fe-O 7.2 23.0
Fe-S 11.2 14.9
Fe-Se 12.9 12.8
Fe-Te 15.0 10.4

30 B S EBEREOD 7.245 65 Te © 15.0A
FCIRREN LCW5. BEEBCE VT, hbiE
ﬁ*ﬁﬁ?@ﬁfﬁﬁbfb%&ﬁ%bfﬁﬁbt#%
1% O, S, Se, Teth‘f%h%h,llA 34A
135, 5.98 Lich. —F Chb REAIA 4L
LCEECEE LTV 5 & Fhig e hZh 6.0, 10.6
A, 12.3A, 15.3R L 705, ¥ hEE@HLHER Fe
O, Fe-S, Fe-Se, Fe- Te %L@Eﬁ%ﬁf B Eh 5B
LFaug, 8.2A, 11.8R, 13.0A, 16.0A »7cn. &
Proei R & ch S OFBIE & 2 BT 5 L BB ORE T
RN DHEMILEBPERTF ELTEELTV S EE 2
BIDEBLAMAVELTHEELCWSEEL D L
BTEL., LHLIhbLDEFREEYHET XS
KREBREOEHOBOBEEZIN Y REL, iz
RERDOMEORKEE (KRR TIX+25dyn/cm), FINTG
ROPTRBEFC I OTRENRFELZTHLELDN
Bhb, B A 4 vE LTCEEBEYHELTW50
2, BHBHWE Fe-O, Fe-S, Fe-Se, Fe-Te 0 X 57t
BEOWEBHENRERE LR LT 5% Do Aok 5
DHREGTIRDE bICT B L TE .
4.2 ARt Fe-Se, Fe-Te &% &MEFE{bWeE DEEM

B, RETRILE

Fig. 8, Fig. 9 i@l Fe-Se, Fe-Te 54 & 713
FHEIOEMAOELRT. BEE 70 > L OBMAIX
Se, Te OABOTIMNC IO TABMIHEA L, FoME
12 Te ©F2\ % L% Lus. Fig. 5, Fig. 6 OEmEES
DfE & Fig. 8, Fig. 9 DA DEL 5 Youne ©
R (1) ZACTHEBEETAIFEOMORE= 3 1F
DEHTES.

PSY=TSL—TLVCOS s+ reseervesennnnnninnennenn (1)

ZZC rsv: T3 DEME =RAF (750 erg/
cm?)?, yry @ WEROEE = X V¥ (erg/cm?), rep: ¥
B roOMORE=51F (erg/cm?), 6:%
gk 73 FHEOERF (degree)

()R XD TRD 7 HH = & ¥ OER LT s
LicEhl Fe-O2, Fe-S% £& L7103 FLDREH=%

— 14 —




BHROEEENS L OCBEEBILYOBAKITE X IE3 Se, Te DEsus 183

160 | ‘ :
e ———————————— -1—-
- 8
~ 150
2
2
<C %
- /40/
8
5
Q
30
1596 0.1 02 03 04

Selenium Concentration {wt %}

Fig. 8. Effect of selenium on the contact angle of
molten iron on alumina at 1600°C.
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Fig. 9. Effect of tellurium on the contact of mol-
ten iron on alumina at 1 600°C.
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Fig. 10. Effect of alloying element on the inter-
facial energy between molten iron and
alumina at 1600°C.
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Table 3. Excess interface concentration of alloying
element and area per atom absorbed at
metal/oxide interface.

System | Area per atom | Excess concentration
absorbed (Az) ( mol/ cm?2 x 1010)

Fe-S 12.1 13.7
Fe-Se 18.0 9.3
Fe-Te 23.2 7.2
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Fig. 11. Effect of alloying element on the work of
adhesion between molten iron and alu-
mina at 1600°C
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Fig. 12. Relation between work of adhesion bet-
ween molten iron alloy and sintered
alumina and standard free energy of
oxide formation.
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