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4ReS,+150,(g)=2Re,0; (g)+8S0x(g) (1)

Re,04(g)+H,0=—=2HReO4(aq) 2)

A ER R R B AR g8 Tk Tk — &
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Table 1 Solvent extraction systems for enrichment and separation of rhenium

Oil-aqueous Efficiency/ Separation
Extraction system Original liquid 4 . o coefficient, Eluant Application Reference
phase ratio %
ﬂRe/Mo
30%N235+40% sec-octyl Ammonia
1 mol/L H,SO 1:2 97.5 N d . Metall 22
alcohol+30% kerosene o o onee liquor crafurgy [22]
20%N235+15% sec-octyl 7 mol/L
1. I/L H 1:2 > - Metall 2
alcohol +65% kerosene > mol/L HoSO, 70 NH;-H,O ctallurgy [23]
30%N235+20% sec-octyl 17%
25 g/L HCI1 1:2 5.2 N Metall 25
alcohol +50% kerosene gL HC ? o need NH;-H,O ctatlurgy [25]
20%N235+30%TBP+50% 3 18%
H9 1:1 96.8 1.7X10 Metall 29
kerosene p NH;-H,O ctatlurey [29]
Acetone 5 mol/L KOH 1:2 - Without Mo  No need Detection [28]
Cyclohexanone pH 10 1:1 - - H,0, CHCl;  Detection [27]
Methyl ethyl ketone 5 mol/L NaOH 2:1 >90 Without Mo  No need Detection [32]
30% polyethyl lycol+ .
7 polyethylene glyco Neutral - >90  About9.5 - Detection  [30-31]

N aOH+(NH4)2 S 04
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A VLB AT (Wi R = T e (TBP))IE & 1E N
ERRGIA S I FIRERUA R, HHEKR KR
PREIEFEMEZLE, M OKHE S Mo EEUE . CAO
SEIID) R = T WS (TBP) = kR MU (N235) A KL i I
GRZERGN, ERPERR . AR G A Ik B AR R,
HERR, BRIEEREN 96.8%, TMHH AL
7%, 5B R Premo BE 1.7X10°

G 6T IR R Bk 43 AT I Ak B 7 A U 5595 e ]
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WY R BB SR AR, e PR B S
SERAME R T B BRI AR S i R A s b, b e ik
SrEAE . 3R 2 BTN LR SRR IR X BRI R K
W B 75

XIONG PR 4-F %-1,2,4- =M IF (4-ATR)
X Re(VIDFIW P18, R ILTEIRE 298 K. pH=2.6 ]
HAc-NaAc /)i, Re(VITE 4-ATR [ i 25 %
N 82X107° s, WRHHAT NFF 4 Freundlich #5174, A%
B 45 24818 AH=—11.8 kJ/mol, 4-ATR X} Re( VIl FHK B
HEA 354 mg/g, Wt Re JE IR TR A 4.0 mol/L
HClVEBGHAT VR A A . S8Muldth, RAEHGEEPURE
7 D301 B BRI B R - 7EIRFE 298 K pH=2.7
() HAc-NaAc ZZMigilr, #AMAImg s & 715
mg/g, FMMWHHERFEHCN 7.2X107° s, TR
() AH=—4.4 kJ/mol. FfE RSP M D296 Wi
TR 2 LR B 728 e b T [ WP 77 il & 49
Wk, KITERVESRAMT, WARMAER 114
mg/g; P 8%NH,SCN ¥t HAR b, %
A1k 98%. FATHI ZP7HE5L T PuroliteA170 4 R 7E 5
24> Re B Mo Y& 5 Re. Mo XU ARV 55 4%
PR R, RIERA R R Re MRS R H
R WAL IR, AR O TR U R T
VRN

B TR A R T AR R A, NS5
THRE TR . ZU SBRH y /RIS K 4-
LT T e el BRI 2 (PSR -, i 24 4k
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Table 2 Maximum adsorption capacity for adsorption of Re on typical ion exchange resins
Resin iﬁ:z::j (Sn‘igtgif’f; Ing?(lv‘;[(;l/lézg?f)()f Solution pH Function group Reference
4-ATR 354 170 2.6 N [33]
D301(R) 715 333 2.7 Tertiary amine [35]
D318 3514 400 5.4 Tertiary amine [40]
XSD-296 3304 5000 32 N [41]
F3 259.7 100 0.7 Tertiary amine [42]
D302-11 166 460 2.0 Tertiary amine [43]

A R T R T I Sl
(PS-G-4VP-IE). Z#W Jlg X} & Bk 2 25 ( ReO; ) I e KK
By 75BN 252 mg/g, 7E pH N 1.5~6 MIKJEEA,
B RIS . TERESEIR, R BRI s %
B Wb AR E IR MR 8 IR, A PS-g-4vp-1E
7F & 4 ReO, A TRUFHIFI FIHT 5t - MARKOVIC %51
K FH L AR R 46 7K H i Bk (GMA) R — FE B AR R 2
T BEFR(EGDMA) &7 FL SR IM  RFLAS R R Y, 5
AT 9K Fes04 HH M =Wk 4T T ThEetl. i
195 1R 2 2 Ty R A AR5 Jie i A 2 5 [R] I 22 5 W Bl
YEFfZ g, B, 76 298 K. pH=2 I, %M B0tk %
W Re(VIHFI Mo( V) B B 2253 511 9 92%F1 98%

BT AR AR T LT 2 N . HE
PR SAET RFANER, A=AV MRERT
FAMEAEH . (A2, B Hm ek siiz,
LB oA 7 i 3L R SE O BRI 2 B S 4tk BTG
TR IS RV R B O A 2 s B T AC e e A B
Fese M I ANEAR s A T A I P2 AR ) AR B i R
B, Rk, A ROERErELr . RS, SR
IR, [EI ORIE BS 28 e IR A B (1) 52 58 M2 12000,
WA F B R R T

23 ZEHBIAE

MM RREE & T A ZEI S B 2 He B Fh o3 25 7
PR AL SNBSS EDE B A Hm IEARAL, S EEEL
BB THZAED TR ERZH, HkgE
FE TS A ARG Y, H SR
AL BEEEBEIRSAEN . RIS HGR . B &
HUR ISR AR,

JIA 210 g FiY N - Ik e sl 2 B 25 7 T e
o B8k 54H, 16 pH=6.25 i, BRAIEICE AN 93.3%,
B ESCRAUN 5.1% REMZEWYIHEFT T LA P350 3£
WA AR AT e A CABR VA VRO IRt 2l AH RE R (3% 4y B

Bk, H TR i ERk, KR 2 mol/L kg
N EAER S 4 mol/L TR AR BER « A NG rI Ak
A, AEERCR 5V VD B (1D,
BD. EK(IV) &S A 3.

MOON Z:48M%. Aliquat 336( 3 = 3 5 fh 505
%] XAD-4 M, & 7 ZEBGIIREM A, H
TR B SEEM4r B . 1 g XAD-4 Wi tE
I ELZIN 0. 4g Aliquat 336 A4 i o 1l 4 FORE R S 7
B A RN 2 21 0 2R P R4 2 B R 1 A
PERE, TE L5022 20 A 2 v DA PR e K B 25
53318 374 mg/g Fl 366.8 mg/g.
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DMSO( — B §00) ¥ 7 ¥ 55 = Fh A [\ 1) 77 72 il 2%
Aliquat 336-PAN(E R ) A i, R ILAIR B0E
73 PAN-A336 X8k 7 B AR e lf o e JBAEPOSR
M= HBE B ( N235 ) ZEMB IR B B & %, AL
T N235 FEH BT BR(VID-S4E (VD) ISREUEH, I
IR RINEFI R EHE W )R R IA A Ry
NCl +ReO, =R;NReO,+CIl -

REIRA R Bk 7 B BOR AT, H A RO PR 4
FRAARG R o AT R D ZE BRI IAL 2« 2 v T 2 iR
FE A2 75 B — 2D R R 1 I R

SV

2.4 FLiRER

FULACTBUIER B 7KAR < JHIAR N N R T 7 277 S5 s
FITTE AAK RT IR e kL, AT TE . B
KRR, BHTERE TR MR
P BN PSRt k. MR E S BT
%, HEARAEEST, T 5HMyBRARLGE
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Table 3 Separation of rhenium and molybdenum by emulsion extraction system

Content ratio of

Separation

H of Effici il- ippi
Extraction system . p 0. . Mo and Re in iciency/ coefficient, Oi aqueO}l s Strlppl.n g Reference
original liquid .. .. % phase ratio extraction
original liquid Premo
7%L113B-4%DBC-89% B B ] High voltage
n-hexane-NaClOy4 2 mol/L H>S04 100 = static [51]
3%L113B-9%TBP-1%
isoamylol-3% liquid High voltage
2 mol/L H,SO. 480:4 99.6 - 3:50 52
paraffin-84% sulfonated o P static [52]
kerosene-4%NH,NO;
20%TritonX-100/10%N235/
30% isoamylol/ 0.1 mol/L HCI 160:20 68-73 7.07-217 1:3 6 mol/L HC1 [53]
40% n-heptane/NaCl
10%N263/10%TBP/ 20%NH,SCN
0.01 mol/L HCI 10:100 96.58 2795 1:3 54
79% n-heptane/1%NaCl mo wsonnct Y

B (BRARICFER) 4 DI, TERMAMT,
BRIGIREL B4) A 99.4%LL E, EHM ReO, £
WHL R, &R BRI A ELE 99.9% L . LOU 25 i ]
TritonX-100/N235/IAA/1E Bibt/NaCl l FLB AR 5 M 2
FRVAI P AL Re(VIN), Moy, “EHIR 2 ZRg R
(TritonX-100) 9 R HVEVEFA, 7 EE(IAA) LR HTE
PEF, e RR(N23S) AZERGH . A AR 7L T LR
TERRTE 264 T Re(VIDIAEHUHLER, HEWTZREEC AR
(R;NH' ReOyj )-(TritonX-100)-(1AA),. {EFERULFEH,
TritonX-100 2 2| [ 35 5 7~ 3 [ P 70 A0 B 22 BRI 1)
YER S NI T BRI ZE B 12 AL R R AT Re(VIT)
BAEEENE, Re(VI)5 Mo(VI)HI4 8 Bl 1Al ik 200 £
Ho XEEAEFILHET 1K N263/TBP/IEPifi/NaCl
PRFL AR 22 M R R VAV 2L Re(VID R FECY . 2840
H, FE =AU B (N263 . Aliquat 336) B &1
TE PSRRI ZE GRS EAE o AL B B 72 #
% E&, EWW A ERN RCHN RO, 5
(R;CH;3N'CIN)-(NH4ReO,), H LA 1:3. FEALIL 21
T, Re(VIDAyEEMEFR IR L 90%.

25 WRMiE

W PR IR LI 2088 7 V2 S T IR K%
REEA . TR AT AR W SRR . IR
ST R B AR o 002 A5 55T 3 e % R B T
HoE, HFRM, 15 pH 82 K, 2 REL Sremo
KT 30000 LE7TEEEPRT SUN 7R FH B fi 28 22
B 5(CDI), FIH EI T BT EIR R, KR AN ]
BTRETEE. BrE. MEEARPNRE, CUE
PERIF TS T = A7 AR PE AR X, iy BRI AR L B 608 2]

93%, *FSO;  Cl Fl NO3 &5 HAth B 1 i 35 /N T
1%, AENETERMEL 5 R AEBIR, S8R CO B
B AEAEFE S WAE skt R A — E I R .
HAE 1970 4F, JEKAEE O B i B8 R n]
M b 4. Bk, HHRIBRE SR T KA
S5 NASFH SR 2R R I R 22 FLIR TR SRR 5T HAAEAS [F) A
JoE R BRI B BE 77, 45 R WA SRR A o o 41
B BRI R KT 97%, EEMECH 1X10% %W
Bt 53 B v AT AR T AL B R T b AR E T 4R
W ARHERE SR B . BRI, REUZHIA LT
VER WAV RL AT DA IR B 2 Fh &R B 1, (H2
H AT SRR R T8k & SR BT 70 T L350 H it
.
RIRHITEERY™ . AN BREEAEPIR I N0 5 o
R — B M E R SICIEIER, RS 3 mBkiR
HRAEJF R ReO,, AT XTSRS 2 [ & IFE H « AET5 G4tz
AR, X B AT FE SRR £ BR R K A T ] A0
HI T BR 5 HAB TSR PR TC R, B AR T R AR
e 1 ot HoAh R M R n R A A .

3 RERTSROHEIR MR

HI IR AR AR Z RS, ATR AT AT K
TVFZHTR AR, IR T BRI S B . —
FCTTT 55 o 0 2R AR MR PR 7R A2 DA K e IR BRI i
R E O, MREBR IS R AR, 5 T [l @ FVE R,
Al BT AR RE (Y BRI SE B % Re O SEVELT
S HAt ) B I TP s WP TRUR R MRS T v
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FERE . AR, #HEBROTR 0 B S E R A
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A SRR FLRER R A DY KK

3.1 IhEERARAR

YRR AT LR HIRUR, IR B RESR V47 A
FERPRIIT A AT b A . 5 T R R R AR R R B
PR, W2 W S EGURMRL I 1 2
BEAT SO, 30T BRI R P R R

ZHANG 2R H NHHCO; e Eghk S Ak gR
R B E AR PR, T 8 5 R K R
Re(VIDE . 255K, 7£ pH {HM 2.0~3.0 FEHEI A,
Re(VIDTEMEA K ALO; LMWL B 2 TT ik 94%L) L,
AR AR ALOS W ZRANAT 8.3%. FXF Rt )
NI GIRIIFHAT TS, I I1FSHRR T R
RN EERAGSRE . ERSEPF A, A1 ORIk
TEEAGREM BHEAT RS, 80 T R UER
MR e, FT TR /K A R 2 85 S8k -5 4 1 o
JE T ZE A 4B e & . 7E pH BN 1~3 [ITEEN,
ReO, A FEZA R E BN ik 92%LL |, MoOy~
JUTFAIEf; 76 pH {9 6~8 TEHEIN, MoO3™ (It
LN 94%, T ReOy MM FH R IE/NT 10%. I,
S AR AT 3@ 1T AN R pHL SR SE I BREH 1 [F]
435 . VOSOUGH 251 R skA Z 7 HuAf 5d° A
WA RRBANZER, J&—FiRE S . A5
TEIEVEIR ) FesOq MBI I g0 KL TR W B 57,
TEBRIR L) 4500 me/L FIRF R, Bk R B 2 T ik
82%.

32 EYIEMR

RIEE g4 KE, 3R YR 7
Vo RF RN IR T 7= SR A 7 SR Tl R
KA R B T I RS R, AU TR Tl ik
JRAEEHER, B0 PR ORI 7 B R R P A
IR X BETLERIG Z PR 7AW A R T Bk 4H
G B BT RHRE o AT B R A B, AT
B 1O07OT) | A3l OOV A Ay ORI S 3 24 (¥ R T e
JE AR B AP TR R R, R I R bkt Tl
KA R iRt Wi TR FE R E A KRN
BT AT, VR IR A 3L 19 B P A8 B AT B BB (CPT)
A 8 (VD) B8 7 3 35 M W B, A Bk 4 5 I 7
Priore=1640 WEFE Y BING 2 — . — M =2 =
PG E Y TAS T I 22 ORI RS B 4P iR b, il & T

FRI B4 OW-en. OW-DEA #1 OW-TEAL®®), ix ik
W o 711553 2 P e KPR B 2 31l 9 OW-en (2.17 mol/kg)-
OW-TEA (1.26 mol/kg). OW-DEA (0.88 molkg). 5
Re(Vl). Pb(1l). Fell). Zn(1l). Mn(Vl). Ca(Il).
Cu(ll) FHEMAFEEE TR ERE LU, B ALt
B A% Mo(VD)y B M, W4T N7 E& Langmuir £
. Ca(OH), B ALJG AS e 4 4 3 b3 Ze(1V)
La(Ill). Ce(IIl). Fe(IIl) 4 Fh4:Ja FH 717, XK
(VD43 B 3E4T T W70 . A SRR MK (1.0 mmol/m’~3
kmol/m®), 4 FhEEINT Mo(VD)FIH W, HHFISRI 7
B RBUER Putore 1 62.78~1X10%

R A AR A FH R B R Mo B DL
XF Re (R B 1 2 Z2 5K 553 Re 5 Mo HI4r BS 1
BEZ MM RN 2 BRI X Re (I BRPETR Bk
UL Re MBS B BERAG A PRI, Rk,
fii, i, wERRE:, 2P, tkMEERel, fERENA
AP THFWINESES 7. BN, HR
WhEE, 9 F AR SRS . Wi S A
VIR AR b, 20 R 0 Bk A B 4 A R B 1 RE . pH=6
I, ZEERNT Re(VI 5 KRB 04 37.20 mg/g. 4
W pH>1 B, ) 20 00 T Ak B ) 4 8 Y T e Fe
(CAG) UEATR IS, 55K, LB L. M. 4.
B RRFIEE B BB E R, R Mo(VI) AT Re(VIT)
) B R BR300 9 65.90 mg/g 1 38.19 mg/g. CAG
A B T8 BB Mo(VI)FT Re(VIH R 7K

JEFE TR R B R E TR R4
RIRFRERSY, LOU V50 — Wk, 2. —
1E 2 i —-2- £ 3 CURAE U FORFTEEI, BIFFL T i
XF Re(VIN)5 Mo(VI)W Fft e J1 A BEPE 5200, I
B8R B A O IR S B ) ORI, AR R
BRI R (1.0 mol/L), XFfEEfxt Re( VI F e kI Bt
BN 98.69 mg/g, FIAENALERBRER KK TR Re(VID I
Bt 551

FERMER RN ZHENTESY), 5 C—OH. Cp—
NH,+ Cs—OH 3 FiEPEIE A LA 5 1% 37 4] 1 52
N IERAS SRR (CSO)BER, F T8 Cu(11)Ek Fe(I1T)
VW [EE Mo(VD), CSC il —OH A/5{—NH
RS Mo(VDE IS4G, AN EN 252.27
mg/g. VUK BN, & 5 T HABImHE T
FAk FesO, T 72 BB BR(FCS-DIBA) ", FCS-DIBA
XT Re (VI B A BT ()W B iz e, e R B B P ik 185
mg/g . . -2- £ B OB U 0 1 58 5 OB T ek
(FCS-DIOA)E Mo—Re —JCiRB A TE T Re(VI)[A]
Wt SR — 2 R B BOR (B R EL Promo /9 1.70~
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4.40), TEMEHAREILSES, —BRIET, st
ReO; WPt e 71 B R BRI =R . UG
fes Af, AEARYE BT R IR EE K RS R &R,
() 57 L 2 5 M M o2 e ) 2 TR 3

Nk 5 B R B R B TE M AL, A () ER
TEHEEAR A S G I E AR ARV 2 S 7. H
¥ BAR T (B TOEW M RLE ad fE oo, T s
BB T (B ), MMIERER B2 T (5F)
2 AL PR B ARk o T gl A5t 45 M B 755 I PR A
A 5L RO AR B . XIONG 2740 £ W
MR RS S FEHCNS S . BT HR R kR
ERRRAEAG,  DUEH 1) B SRR AR (B R B0 N B ISR TE
o RN B, H T BRI . 7E 303 K, WIHRBRE
IR 50 mg/L B, Wt 418.98 mg/g, AHELIAE
TR ) & Z 5 5 TR BB R R B & A
83.92 mg/g. TEEAM. B Hi. BRI AWM,
o BR P B R I A R ) SR R

33 SHAERK

SRR T e 1) R R B2 B 5 AT T
MR E . A B (GO)ER I A KEM & A
BRI, H R AR & BAR (T B A R . XTONG
SR B AR 23 B B AR B T iR, HE
St T & DhRe b A 55 0 S AL ) (GO-DEADIBA), X}
Re(VIN & 5 W 2605 95% LA |, HL I KR Bt & ml ik
140.82 mg/g, [ f# Re(VI)5 Cu®*. Zn*'. Mn*' FHE T
TERIER P8 BT Lh . XPS FRAEF B Hr
WS B 1) 2 A R R B T U N 5 BRI AR T )
N—O #M% 5.

34 NFLEEMARL

I AL BHRI I B R AR v HUbsRS e vk
PLAGER B LR TR, DRI, R — 2Rt R W A4
LEE 25UV i —4R3% & B T i A FU A HLEEA R
T Bk ERAR B, 75 pH=6.4 KRB F/KIAEEH
R [ B R IK B 99.6%, {E pH=1.2 [ R i 4514
TR B R AR TR R 80% LA F .

4 RE

BRICER AT DA NG TR, Ak Tk, [
B RS U A A T B IR . I LA,
Kk s+ ErbrB. BRERE A EMmWAD, A

A TR sb 5 R T S BRI 90 B et
SRR NEN SR P ESS & ST
RSN BT AT R BRI o
BT T BRI RIS 1) ST
AL, VP2 T I IR B2 DAL 7k,
BRI 2) BT IR R HAE
BIXEGURT, Wi RN, BOKH & SN, 4
EOSKIARAITR. 3) TR ATER RN
HRIE, BT REGT SR, # e
APV AN TR TALBEh U
MBI | K2 AEIORAIR Y. 4) SRS
BRI £ RO 2 BT S5
5 1 0 AT 5 T IF R T M R T
BRSNS ) 4 BHER 2 WS AT LU
T T A A L RAF TR
TR £ Rt A PR T B0 T b M
B

BRI LI R ORI R 4 AT
I, BRI R RIS RO . — 7,
R BT R T 2 HERIRIE, 5
HTL RV R R T B S
ek K 05 4 B VR L TR S O
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Researches progress on separation and enrichment of rhenium

LI Wen-jing', HUANG Long', TANG He-qging', DONG Xue-lin**, LU Ji-ping’, ZHU Li-hua’

(1. College of Resources and Environmental Science, South-Central University for Nationalities, Wuhan 430074, China;
2. School of Chemistry and Chemical Engineering, Huazhong University of Science and Technology,
Wuhan 430074, China;
3. Key Laboratory of Rare Mineral, Ministry of Land and Resources,
Geological Experimental Testing Center of Hubei Province, Wuhan 430034, China)

Abstract: Rhenium is an important strategic resource due to its wide potential applications in the fields of national
defense, acrospace and new high technologies. The content of rhenium in the Earth crust is very low, as a dilute metal.
The simple and efficient separation and enrichment method is very important for the exploitation and utilization of
rhenium. Here, the process flows of rhenium metal smelting and recovery process and the progress in recent years were
reviewed in terms of their advantages and disadvantages. The method of rhenium enrichment and separation which had
been studied and applied at present, such as organic solvent extraction, ion exchange, resin extraction, emulsion
extraction and adsorption, were reviewed. The new adsorption materials including bulky materials, nano-materials,
biomass materials and mesoporous silicon materials and their applications were preferably introduced for the enrichment
and separation of rhenium by aiming at the development and recovery of rhenium primary and secondary resources.
Finally, the new direction of enrichment and separation of rhenium and the new characteristics of technology was
prospected.
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