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Table 1 The composition of In—Bi binary alloy

used in the experiment
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Fig.1 High temperature vacuum distillation furnace
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Table 2 Experimental conditions and results of

In-Bi alloy distillation

i JFORHR  ZEER FEmer sk HERY)
/g JE/K [&]/h Fite/g  Bii/g

1* 40. 00 1183 2.00 29.32 10. 68
2# 40. 00 1183 2.50 28. 65 11.35
3# 40. 00 1183 3.00 28.01 11.09
4* 40. 00 1183 3.17 27.74 12.26
5% 40. 00 1213 3.00 25. 16 14. 24
6" 40. 00 1243 2.83 23.52 16. 48

%3 0 In-Bi SEZEWELRAFMPTER, R
3 A, 1183 K i, 5k B M In £48 0 80. 80% I,
R Bi SR 97.17% FRWIR A 7500 0]
S In-Bi 5. Jioh, B ZE IR THR , In 45
KA ANTAHBEZ  HZIR BT R 2 1243 K, UM
Hi In B A 2. 83% 38 2 18.32%

®3 In-Bi GeRIELRMLEIIE
Table 3 Chemical analysis results of In—Bi alloy distillation experiment
A A
/K In Bi In Bi
Bt a8y % Bt/ g Bkt 5 % Bt/ g Bt o5 % Bt/ g Btk o 5 % Bt/ g
1183 80. 80 22.413 19.20 5.326 2.83 0. 347 97.17 11.913
1213 80. 94 20. 849 19. 07 4.911 13.42 1.911 86. 58 12.329
1243 83.93 19. 740 16. 07 3.779 18.32 3.019 81. 68 13. 460
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WK MIVM 315 In - Bi 45 4 4 o0 19 5 )5 2 Al
FEM o

HAZEURIHE AKX (16) 3 7 S Tt
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ZH VLE %, R 350 -5 00 BE3 RS 1 S2 56 ek
FIRFEE, BRI 8 PR

logP* =AT™' = BlgT + CT + D (16)
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Table 4 Parameters required for MIVM to calculate activity

TLEHE T,./K v,/ cm® smol 7! AH,./kJ-mol ™' d, /10 % em  &,/107% cm B; B;
In 430 16.30[1 +0.97 x 10 ~* (T -430) ] 3.260 2. 880 2. 640 1.956 3 0. 386
Bi 544 20.87[1+1.17 x10 4 (T -544) ] 10. 88 3.380 2.920

£5 In-Bi AALIEI KK HE R BOFALE 5 00 (5 (T =600 K) L
Table 5 Comparison between the calculated and experimental values (7' =600 K) of the activity

and activity coefficient of In—Bi alloy components

S THEE
Xn ;i
ay, agi Yin Vi agy, ag; Yin VBi
1. 000 0. 000 1. 000 0. 001 1. 000 0. 275 1. 000 0. 000 1. 000 0. 396
0. 900 0. 100 0. 883 0.041 0.981 0. 407 0. 893 0. 046 0.992 0. 458
0. 800 0. 200 0. 750 0. 105 0.938 0.527 0.774 0. 106 0.967 0.529
0. 700 0. 300 0.618 0.189 0. 883 0.631 0. 646 0. 183 0.923 0. 609
0. 600 0. 400 0.493 0. 289 0. 821 0.723 0.515 0.279 0. 859 0. 696
0. 500 0. 500 0.376 0.403 0.752 0. 805 0. 388 0.393 0.777 0.786
0. 400 0. 600 0.271 0.527 0.677 0. 878 0.274 0.524 0. 684 0.873
0. 300 0. 700 0. 180 0. 656 0. 600 0.937 0.177 0. 662 0. 590 0. 946
0. 200 0. 800 0. 106 0.782 0.529 0.978 0. 102 0.79% 0.511 0.992
0. 100 0. 900 0. 048 0. 897 0.475 0.997 0. 048 0. 906 0.477 1. 006
0. 000 1. 000 0. 001 1. 000 0. 455 1. 000 0. 000 1. 000 0.574 1. 000
HEUTHORAIRET,, | L0
¢ T
2 0.8+ ® a g
BE—F B0 {1, FERFIT= 22T, — v
B8 R T adl . 4
¢ E( "Bi
SR BT T AT R U LW
FHMIVMITSR T T 0.2+
BTG R Ay, \

TH=T"~f (TYLF(TY ‘ : . :

| HHEK Y, | A %,

B3 In-Bi G440iEE MIVM HH5AE
HELEAE (T =600 K) Xf b
Fig.3 In-Bi alloy component activity MIVM

calculated value and experimental value

(T=600 K) comparison

B2 —joé4 VLE (HiHEmRRE M8 nIF H, In-Bi &R VLE HHRHEY
Fig.2 Calculation flow chart of VLE value SEIREM) Ao i T RN E I L VLE RS

of binary alloy SEHAE B VLE SHE(E L a2 H T8 4 o i
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Table 6 The mean standard deviation and mean

relative deviation of MIVM calculated values and

experimental values

Fradlot PR S AR ZE S,/ %
In 0.0139 11.216
Bi 0. 007 11.452 1

®7 HE In Bi UL S
Table 7 Parameters required to calculate the

saturated vapor pressure of In and Bi

L& A B C D BB R/K
In  -12580 -0.45 - 11.91 429 ~2333
Bi  -10400 -1.26 - 14.47 300 ~1 837

Pl 4l RS SRR (R R AT A — R i 22 , (HEA
W5, MR A MIVM B0 In - Bi 5 &K £ 1) VLE

&8 In-Bi 54 VLE HHES RN

Table 8 Comparison of calculated and experimental values of VLE for In—Bi alloys

MIVM -5 {5 S {H
/K In YT B 5 L Bi ¥y i i L In W) 5 (1) L Bi ¥ Lt
| v WA A V| M WA KA
1183 0.808 0 0.0627 0.1920 0.9373 0.8845 0.0503 0.1155 0.9497
1213 0.8820 0.1261 0.1180 0.8739 0.8854 0.2200 0.1146 0.7800
1243 0.9310 0.2339 0.069 0 0.766 1 0.904 8 0.2899 0.0952 0.7101
AR, TR S S (AR RS 1 S B D S
T:@ MIVM 25T BARN T8/, HE 478 L0l A = SKHRME
TSI A% P TC T i B AR P IR 75 5 Q7E & 4 251 ) ]
SEgeh A MBI A , A A L C R 2k < ioml B Q
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PEAARBT LG , 1T AE 2 5 500k B WAk 25 40 T 4% SR
PR @ H T R R4 T 4 5E 95— WOF s 1100 ot
FA T B A FE 5 3 F 4 4 1 28 10 5~ MOP A 5K N | . .
0 Y 0.2 04 0.6 0.8 %, 1.0

o MIVM J2 5 TV WA 2R N7 0, X T 6 4 1k
FHAE BB R AR 4 IR B L B S IE s — 5
SR SR MIVM HHEREE G 40 VLW {Hid
FHFAS TR 4 055 9 o b LG T 0 B 35 4 4, 38 Y 1)
L2y
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FLAS 7R S HR B SR A, WA In 194
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0.093 7, AJ UL, TR - VRV AH ], AT AR S50 2
BRI S B BT o I3 Ah A AT AR i 7
BT TE SIS BT T S gm 2 8. lan, <M
S (YRR L) & T 0.999 9,10 Pa Z&54 T
(IR AN BER T 1 078 K,

AN MIVM T 5 5 4 78 M SC A2

5

B4 In-Bi S 0RCHESERE S THRE T
Fig.4 Comparison of experimental and calculated

values of In—Bi alloy gas-liquid equilibrium
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Study on vapor-liquid equilibrium of In-Bi binary alloy in vacuum distillation
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XU Baoqgiang”™**, YANG Bin’**° | ZHANG Jiatao', PENG Jubo'
(1. R&D Center of Yunnan Tin Group Co. Ltd. , Kunming 650106, China;
2. National Engineering Research Center for Vacuum Metallurgy, Kunming University of Science and Technology
Kunming 650093, China;
3. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093 , China;
4. Yunnan Key Laboratory of Vacuum Metallurgy of Non-Ferrous Metals, Kunming 650093, China;
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Abstract: A large amount of waste containing In—Bi will be produced during processing the new high-performance
transparent conductive oxide film (IBO). In addition, with the wide application of IBO, IBO waste target will also
increase. In the process of vacuum distillation for separation and purification, the saturated vapor pressure of In and
Bi is similar, so it is difficult to obtain satisfactory process parameters. The vapor-liquid equilibrium (VLE) phase
diagram can be used to guide the practice of vacuum distillation. In this paper, vacuum distillation experiments
were carried out with the configured In -Bi alloy as raw material to obtain the VLE value of In-Bi alloy, and MIVM
was used to predict the activity and gas-liquid equilibrium data of In — Bi alloy components. The following
conclusions were obtained. under the conditions of system pressure of 5 ~ 10 Pa and distillation temperature of 1 183
K, when the In content in the residue is 80.80% , the Bi content in the volatiles reaches 97.17% , which
indicating that the In—Bi alloy can be separated by vacuum distillation. The molecular interaction volume model
(MIVM) was used to calculate the activity of components of In —Bi alloy. The average standard deviations of the
calculated values and the experimental data were + 0.013 9 and +0. 007, respectively, and the average relative
deviations were =+ 11.216% and =+ 11.452 1% , respectively. The results show that the MIVM is reliable for
predicting the activity of In—Bi alloy. The vapor-liquid equilibrium ( VLE) data of In-Bi alloy was predicted based
on the MIVM. A comparison shows that the predicted value is consistent with the experimental data determined in
this study, which indicates that the MIVM is reliable for predicting the VLE value of indium-based alloys and can
be used to guide the separation of indium-based alloy by vacuum distillation. The reliability of the MIVM model was
verified and the process parameters for vacuum distillation separation of indium-based alloys are also optimized
based on the model prediction and vacuum distillation experiments. This study will provide guidance for vacuum
separation and purification of indium-based alloys or processing of complex materials containing indium.

Key words: In — Bi alloy; separation of In — Bi; IBO waste target material; vacuum distillation; gas-liquid

equilibrium phase diagram; MIVM; activity prediction



