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H BT E G = 2008 1X 107 tat, i A 1<10°
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Table 1 Main chemical components and redox potential of flue gas acid washing solution

Re content/mg L. Cu content/mg L™ As content/mg L. Sb content/mg L™ Bi content/mgL™* H,SO,content/g L E/mV

22.06 2.67 9550 60.53 30.11 43.41 471
2 #FRE5iTE

tar 2.1 DM

08} T4 16 0B 0 e A RSB A A
> 04k o, SO, WA T 1AV (0 S A I B i r, T B 2 B 0 f
oob o T St Re (0 U R o A 50 3o 0 V1 25 R SO,
ol N 7R S VA A B P L, T R VA PR -
ol Re [ I 9 % P61, % B2 VA R A % VR W HaSO, Tk E X

2 0 2 4 6 8 10 12 14 16
pH

K1 Re-HO ZHAi-pH FHFE (25 C)
Fig.1 Potential-pH balance diagram of Re-H,0 system (25 C)

300 mm 1 D 40 mm>L 400 mm) 1, FHiFEzhE
(BT50S-DG ) MRRUEM 5l A, =R T 4] —
SERIE, FRRHR AR S B D & R B KR

B — W Z KW . NaOH . NH,SCN
W2 ik D296 T g, =i T 45— E Wk,
RR WA 5 > B R B TR e . i E EHOR
B JS VAR AR AR I R 326 43 T

ERE W R R BN (R AARK &

LD
R,S0,+2Re0, =2RRe0,+S0,* (1)
R,S0,+2Bi0SO, =2RBi0S0,+S0,* (2)
R,S0,+2Sb0S0O, =2RSh0OS0,+S0,* (3)

RSbOSO,+2NH,0H=ROH+SbOOH+(NH,),SO, (4)

RBiOSO,+2NaOH =ROH+BiOOH+Na,S0,  (5)

RReO,+NH,SCN= RSCN + NH,ReO, (6)

KH ICP-AES 7 HTBR¥e il WM e i~ fi i s Wi
IRy, SR A A T A T I 2 3 VR ) AR AL IR
JREAL, SR FH W A D S R

M I B (X) BB AR

X=(1-C1V4/CoV) <100% @)
M A (Y) R AR T
Y=C2V2/m><100% (8)

K, MfL%E Re. Sbak Bi, m Mg E M &,
mg: Co NRIEM S M WIERIKEE, mgl™t: Vo ARRYE
WARRL Ls CoONMRIR W M BRBIRE, mg L™ V)
SRS AR, Ly Co MRS V& MOk, mg L7
Vo NIER BARL, Lo

Re/Sb/Bi W [t 2 () 5200, 790 E D296 # JiE X+ Re 1)1
Bt p 2
2.1.1 B AR A A BR SRR WA 69 B e

HU 100 mL FR¥ei o mlBINBER b, B0 8K
HUHE OB SR, SAMEN 42 Lmint, HEEA
R[] % R e v FEL AL By s, A5 AN 2 Fros

B 2 AT, 4IE A RN T 1.5 h B, BREE
AN I 368 SRR T P K T 3G s 408 S A 1.5 h B
TSV AL 567 mV/ 5 4k 252 4 K38 A I T 5 ¥ LA
S AN K .
2.1.2 ka4t Re/Sb/Bi B % 44 %t

W E IR AN 5] H AL ) R P A il BN B 10 mL
D296 R MHEE I, Il E IR G #h, MM
T NER (25 C), S IE 4 h, #3120 rmin™
W, HEEWCEAIXT Re. Sby Bi WM R m, H
ZERE 3 s

P 3 "TAn, RN Re. Bi MBI R &AM
5, Re W B 224 KT 98%, Bi W B K 45K T 93%:;
B 2495 Az /T 570 mV I, Sb T Iy R EEARAR,
ARSI R AL, Sb IR RGN, X T Y
W (pH %3 0.05) HA7 KT 570 mV B SbO* &1

570+ _/_/./-
560 -
>
5 550 - o
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B2 3 TR TR e R L A S
Fig.2 Effect of ventilation time on potential of acid washing

solution
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91 ISR AN, 2 H,SO, ¥R Z/NT 100 gL i, Sb

32 O 2 B R T YA oS04 YR JEE I N T A, %

5 e ke H,SO, W KT 100 gL W, Sh W B 2 b 2 vk ik

S 5l DY H, SO ¥ JEE (O B AT 44 1. ¥ P15 R0, W JS 0K Re

< 40} B BB HoSO, R BE HI T8 AN, 4 H,S0, W % %1

30} . . 300 gL IF, WRBH A Re &4 1.05 mg Lt [HUL,

20 530ﬁ 540 5éo 560 "570 AT BRI Re W B 2%, J& BR R VE B (H,SO,

E/mV

B3 a5t Re/Sh/Bi Wk Bt 5 1) Sz i
Fig.3 Effect of solution potential on Re/Sb/Bi adsorption rate

A4 SO B 791, D296 [ B 144 Hg Wt SbOs
MM K Sb W F 2. S 46, WHATEE R Cu
As WREFRARAS, 0] D296 B AR AW E W+ Cu
FAse R R B8 728 ik A B R e v, TE 7
TWHEAT B SO, AbFH
2.1.3 &k H,SO, R JEAT Re/Sh/Bi R Mt & 69 %A

HY 100 mL FRBEM, EIEEINHER HoSO, R HEM
(19 HoSO, ¥R B, HABSAFAAR, BRI HoSO, W FEXT
Re. Sb. Bi W(pftZefysgmy, HabSuE 4 fE 5 fs.
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Fig.4 Effect of H,SO, concentration on Re/Sh/Bi adsorption rate
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Fig.5 Effect of H,SO, concentration on Re adsorption rate and

Re content in adsorbed solution

WREN 43.41 gL HEHATUR AL EE, URE Re. Sb. Bi
W B 23 591y 98.80% - 26.05%F1 98.49% .
2.1.4 Re M £ 690 &

4 20 mL D296 W flg ke NI Z AL, B 2L
PR B G R BI AMIRR, Mii# A 5 BVsh?
(BF 100 mL h™h) B, =i FH R R Re & RFT
HRAR T AR g B, R E 6 .

f 6 AT, 4 R AR RLA 2] 1200 mL B, A
HEPR ERIGF 5555, A Re BT Mt &~ 26.16 mg,
WG PR 2 5% 25 8 26.16 mg/20 mL, H 1.308 gL
L R AR R IR B 2000 mL I, RS R 2 © NI R
PEi Re Bt Ml &y 35.46 mg, MK EAIA R
y 35.46 mg/20 mL, B 1.773 gLt BRI ARIKZ 1
FIF 220% 1.308/1.773=73.77%, B3 B 244 Jig R 2
FAEN, AL U4 R B3 e AT,

AHL9.5 L MR ¥E i (E=483 mV, H,S0, Kk J& Ny 43.81
gi™), {FHIRZ 200 mL D296 #AE, FEHIFHEN 5
BVsh' (Bl 1L 0™, feRllaifmds, HEE 7K
MULSY SN s SR s -5 VS L SR R R LN A B 0
FEAMTIR W Rey Sb. Bi ikJE, 4R % 2 iR,

& 2 T %1, 200 mL D296 HHE A FLI T 274.55 mg
Re, BI4E7t D296 WM F 1.373 g Re, #R4E Re Wbt
Mgk, tbrt D296 W AERIZE%E, H Re. Sb. Bi W
E4 59 100%. 6.55%F1 89.05%, TJ W, D296 Y fig
YRRV Rey Bi HA R UF AW B4R, TR A %
Bt > & Sb.
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Table 2 Results of adsorption amplification test

Re Sh Bi

content/ content/ content/ Volume/
mgi? mgi? mgi?
Stock solution 28.9 55.5 43.1 9.5
Adsorbed solution 0 50.6 2.62 9.5
Wash solution 0 8.0 13.3 15
Adsorption capacity/mg 27455 3455 364.61
Adsorption rate/% 100 6.55 89.05

2.2 R

AHE I SRR WA BRI E X Re.
Bi. Sb MR, PLSZIL Re/Sh/Bi 43 45 i -
2.2.1 FRURF) KA 2T Re/Sh/Bi MRk & 44 %k

B3 43 10 mL _Ei& D296 ik AE (4 Re 13.73
mg, Bi 18.23 mg, Sb 1.73 mg), /> %I FH 7.7% NH,SCN
W 7.5% /K 8% NaOH AW MR, = IR T 4%
WE N 4 BVs ™t (B 40 mL hh), Hf#WRS W g i
EE A 10:1 B, 25 S AN [ i I 55 6 Re/Sb/Bi i TR R0
HERWER 3 PR,

& 3 741, RH NH,SCN V&l iy, arit s
fiEE Re Al Sbs K A2 KM, mIRJafEN Sby K
F1 NaOH ¥ gy, aT A 5e i Sb A1 Bio AL,
Al KR Sb, FEFH NaOH ¥ Bi, o
Fi NH,SCN Wit Re.

RNIAE PR 7T R AT, 5HE 10 mL D296 fit
WG, WA 100 mL 12.5%% 7K. 100 mL 16%
NaOH ¥ ¥ 100 mL 10% NH,SCN ¥ & fift W o7 544 g »
HoAh AR, HARR RO R 4 s .

#3 TREBERFIX Re/Sh/Bi HERHR
Table 3 Desorption effect of different desorption agents on
Re/Sh/Bi

i 0,
Desorption agent Desorption rate/%

Re Sh Bi

NH,SCN 94.37 31.65 0

NH3 H,0 0.68 30.22 0
NaOH 0.3 20.57 12.83

Fz 4 TEBIRFIZ Re/Sb/Bi BRI R
Table 4 Desorption effect of different desorption agents on
Re/Sb/Bi

Concentration in

effluent /mg Lt Desorption rate/%

Desorption agent

Re Sh Bi Re Sh Bi

12.5% NH3 H,0 0.82 5.04 0.11 0.66 32.09 0.07
16% NaOH 0.16 0.24 30.30 0.13 153 18.28
10% NH,SCN 128 0.079 0.55 99.21 049 0.33

B 4 WA, @I e 2K AR Sb A1 NaOH #
WA Bi J5, KM NH,SCN &R Re, Fifg&
BRARW S I 4 Re 128 mg L™, 1 Sb. Bi ikJE /I
F 1mgL?, H Re f@RFEEF 99.21%. H KA “&
IKAE Sb—NaOH ¥R fE Bi—NH,SCN A il
Re” 77 &RAATHI.

i4h, 1E NaOH V&R oL FR v, R DR AR IR G
T A KRy A, iz KmuiiEw R4 F
FF XRF 2% 73 7 H 4 Bi R57% 80.01%. 1M 13 4 7] %01,
Bi AW AN 18.28%, IXIE A2 H TARHI/KEA S5
Bi fift R K
2.2.2 BABIREST RelBi fAR E 697

BhIK AT UE ) 2 TR BEAE R R IR JZ v, 2238 Bl i
WA TEA, HEEEEZAE . BT INA RS HEETE &
BRaEMBC S, BEMHI K R, L 10 mL D296
FARM G, 56 100 mL 12.5%% K% Sb 5, T H
100 mL NaOH-+ili 1 B VR & ¥ MUfF % Bi, >4 NaOH ik
FE I 58 9 16%0T, H Al S AR, 25 520 A0 R IR B %
Re. Bi f#M R M5, Ha R 7 fins.

7 ATa, SR NaOH+iE A 2 VR A v TR
D296 M ARET, Bi AU 2 bl 0 A7 R AR S5 38 o i 3%
W, M A RRWE N 140 gLt B, Bi fRCRILF
99.9%; M ¥F 41 FR K 2 %t Re MR 2R 3% §4, NaOH+
WHBRBABWAM Re. H, KA 16%
NaOH+140 g L™ i £ FR VR & W A W Bi R fedE, o)
A %508 e Bi K

FRWET (E=516 mV, H,SO,KE KN 43.61gL™)
2 ik D296 B Mg W Bt — 12.5% % /K fi# W Sb—16%
NaOH+140 g/L 1l BRI A WER Bi—10%NH,SCN
WA Re J5, 2818k £, Hln B 5

FIzs
100
9}
8o}
70t

60
50 —=—Re
40+ —e—Bi
30F
20F
10
O mm— -

-10

Desorption Rate/%
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Concentration of Tartaric Acid/g L™
7 EABRIREXT Re/Bi R 210 5200
Fig.7 Effect of tartaric acid concentration on Re/Bi desorption

rate
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Table 5 Changes of main components of solution before and

after ion exchange treatment (mg L")

Re Cu As Sb  Bi
29.7 15.9 10600 51.1 47.2
116 0.19 0.44 0.049 0.13

Acid washing solution

Rhenium enrichment solution

5 A, BRI IE D296 ki i bt — ik
TFJa, W Cu. As. Sb. Bi ik/EHMFE 1 mgL?
LR, HRe BHET 4 4%, 1fi CHR[23]HRIE T “I140H
A AR 1A R AR S PR RV P Re M 4A I 25 mg LY,
28 3 WAL DUVE - N R 3R -3 JE TR -3 JiR i 9 1 A8 e
BERLFE, MEKRESEBT Re KEXEH 100
mgLt”, Bk, 54T ML, AR E %R
D296 4 fE WK bt & SRR Ve Bk, Re & AR AH Y H
G4 T LEWAE, B Re/Sb/Bi B L, Cu
Wb T 80 1%, As /b T 24 000 1%, Sh /> T 1000
%, BiJl/> T4 360 fif . {HBRE 5 WNIR [B] fif W BEAG
WRIF, BHRERS Re kEAR 2 gL UL, Fi&
B AT 28 R M A 45 Sh AT BRI B A

3 & it

1) SRH] D296 #f IR W BR e, ¥ FBAL X Re.
Sh. Bi W Bt 2% A B RZ0A, 1 IE ) HS0, WK E R
43.81 g1t LA Re. Sb. Bi W24 5124 100%.
6.55% 71 89.05%

2) D296 W AR I Re (1) % 7 2% & AL R0 25 & 45
W4 1.308 A1 1.773 gL, BHEFI I F AN 73.77%.

3) K H 12.5% % /K fi# " Sb, 16% NaOH+140 g L.
9 A R TR & TR TR W Bi AT 10%NH,SCN ¥ W fift "% Re,
Al Re/Sb/Bi 4 30 i, HAEHS M H Re B4R 4 1%,
W F Cus As. Sh. Bi IKEFHEE 1mgL AT,

&% 3k
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Separation and Enrichment of Rhenium from Acid Washing Solution of Copper
Smelting Flue Gas

Chen Kunkun?, Li Linbo!, Cao Qigao?, Zhang Bosheng?
(1. School of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The acid washing solution of copper smelting flue gas was adsorbed by D296 anion exchange resin, and then Sbh was desorbed
by ammonia, Bi was desorbed by NaOH and tartaric acid mixed solution, and Re was desorbed by NH,SCN solution. The step-by-step
desorption of Re/Sb/Bi was realized and rhenium enrichment solution was obtained. The results show that the potential of acid washing
solution has no significant effect on the adsorption rates of Re, Sb and Bi. The appropriate concentration of H,SO, in acid washing
solution is 43.81 gL, and the adsorption rates of Re, Sb and Bi are 100%, 6.55% and 89.05%, respectively. The breakthrough capacity
and saturation capacity of D296 resin for adsorption of Re are 1.308 and 1.773 gL, respectively, and the utilization rate of resin is
73.77%. Firstly, 12.5% ammonia is used to desorb Sh, and 16% NaOH+140 gL tartaric acid mixed solution is used to desorb Bi. The
hydrolysis of Bi can be effectively inhibited by adding tartaric acid, and then 10% NH,SCN solution is used to desorb Re to obtain
rhenium enrichment solution. The concentrations of Cu, As, Sb and Bi in rhenium enrichment solution decrease to less than 1 mg L. Re
concentration in acid washing solution is enriched four times.
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