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Fig.1 Schematic diagram of experimental furnace
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Table 1 Experimental electromotive force value

/K E eas/mV Ego/mV K - Eg./mV
465.33 283. 61 283. 44 0.17
455. 51 281.41 281.29 0.12
445,77 279.22 279. 16 0. 06
426.24 274.93 274.89 0.04
406. 89 270.7 270.5 0.21
404. 02 270. 06 270. 1 -0.04
402. 06 269. 63 269. 82 -0.19
392.52 268. 08 268. 47 -0.39
368. 51 264. 85 265.09 -0.24
359.09 263.74 263.76 -0.02
349. 65 262.41 262.43 -0.02
350. 41 262. 05 262.58 -0.53
360. 01 264. 03 263. 96 0.07
369. 64 265. 85 265. 34 0.51
379.32 267. 06 266. 73 0.33
388.95 267.98 268. 11 -0.12
398.71 269. 13 269. 51 -0.38
408. 44 271.02 270. 98 0.04
418.2 273.12 273.12 0. 00
427.91 275.22 275.24 -0.02
437. 67 277.32 277.37 -0.06
447. 47 279. 43 279.52 -0.09
457.33 281.59 281. 67 -0.09
467. 17 283.8 283.82 -0.02
476. 99 286. 12 285.97 0.15
486. 85 288.24 288.13 0.12
496.77 290. 13 290. 29 -0.16
AS, ..« =2F (@) = (42.18 £0.22) J-K " ~mol '
B-AgoSe aT
(9)
AS._ . o =2F (@) =(27.95+1.53) J-K " +mol '
a-hse oT
(10)
AH, o =2F [ T(g—?) —E] -
— (40. 87 0. 58) kJ/mol (11)
My =2F [T(22) - F] =
—(35.06 £0.099) kJ/mol (12)
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Table 2 Comparison of standard thermodynamic values of silver and selenide

i fkAR ~AG/(kJ-mol 1) AS/(J-K~"emol 1) — AH/(kJ-mol ") S0k

a-Ag, Se 49.47 0. 13 144.99 +0. 56 42.73+0.29 Osadchii & Fchmaeva [9]
a-Ag,Se 48.90 £1.0 148.2 42.70 Nasar & Shamsuddin [10]
a-Ag, Se 49.59 149. 20 43.09 Voronin & Osadchii [6]
a-Ag, Se 49.24 +0. 46 154. 60 +0.22 41.12 +0.58 AR L 2 R
B-Ag,Se 47.43 £0.29 169. 01 +0. 78 35.02 £0.48 Osadchii & Echmaeva [9]
B-Ag,Se 48.87 148. 20 42.70 Nasar [10]
B-Ag,Se 47.58 169. 44 35.04 Voronin & Osadchii [6]
B-Ag,Se 47.64 £0. 07 169.57 +1.53 35.06 0. 099 B
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Thermodynamics of silver selenide in copper anode slime refining

FENG Dawei' >
(1. School of Metallurgy and Ecology, University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Key Laboratory for Green Recycling and Extraction of Rare and Precious Metals, Beijing 100083, China;
3. National Key Laboratory of Green and Low Carbon Steel Metallurgy, Beijing 100083, China)

Abstract; Copper anode slime is a by-product of anode copper electrolytic refining, which contains a large amount
of silver, selenium, copper and gold. Slime is usually melted to recover silver and gold. The melting
thermodynamics of this selenium rich material has received little attention. This article uses the electromotive force
method to measure the ultrafast ion conductor RbAg, I in solid state primary batteries as solid electrolytes. The
numerical value of the standard thermodynamic function for Ag, Se was obtained. The silver selenide was
synthesized using pure elements from vacuum quartz glass ampoules as raw materials, and its homogeneity was
detected using scanning electron microscopy and energy dispersive spectroscopy. Based on experimental data,
Analytical equation for Ag,Se polymorphic forms was obtained.

Key words: copper anode slime; silver selenide; thermodynamic analysis; standard thermodynamic function;

Gibbs energy



