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BIRAF], BRI T H 258 B iR R A A,
FH CAFE S 5] R FE R Re O, W JEE VAW . N 1 By IE
KR HH R S SO0 R 2 S N3 R IR T3, TE SRR
R, SHABGEANE/S 20 min, SRJEER R T
1T E e .

K F 35 [E Ametek 22 5] PARSTAT 4000A % Hi 4k,
22 TAE SN BAT B AL 556 o (IR AR 2 S 56 A FELAT
DRI R — A R G TAF FAR AN F R3S
Mh, BN REB(SCE). T/ERK
F BARAE R AL AT, B 5 H 0.05 um FEALES
MR AT HUAI s, B TR BRI W (R N
1) A IESE 20 min, A5 FHETG/K SBEANE 4l
JK A3 AR 75 AL BE 20 min, fieE FEALKEYE. T
A SEIOTE = IR N IAT .

MEIR R 2 G RSE 10 mV/s. AL HE
HAL TR SEEG I, JURR AL 4-0.80 V, JLARI [A]
N 5000 s. HAUTRRZE WS, PRIEHCH TAE Ak I+
F 25 B Tk phde AR SR T B A ) ARV, PR IR
T, FETHTEANLE 75 CFTHE. RAHM
227K 44 Phenom ProX 443 Hr =) TSR AN T 2 41
B, MR RN 15 kV.e SR H A 2 Rigaku
SMARTLAB3KW % X 2547 4% (XRD)FRAE BT
SR, AR 40 kV, HIREE 30
mA, fAiE# )y 8 (°)/min.

KA () TR AR

,;:”g;jxloO% (1)

XA AHRBBCE, %; m NEIUFTE TAEH
WHIR BRI, g5 n NEBKBTE, n=7; FH
b B H, 96485 C/mol; O N HLITRRTH KB
far, C; M NBRBIFHNT R &, Mre=186.21 g/mol.

FELA 27 A AR R P SR IR (EQCMY) 1Y AR A
A& AT-cut A9 A R i AR GEHEITR £=9.0
MHz, AR 4=0.198 cm®), % B,
Z L AR MR H R Bl . FEARAT R AR (AN 5
BAR(Am)Z [A]{155 Z ] Sauerbrey 75 F2 ik >
Am =—K x Af (2)

A AF AR EIR T RN Am A
TR SR P IR Bk K AT SR R A1
REEREG XTT QCM9I22A 9 MHz #44k, 1 Hz ¥
JFi AN 1.068 ng.

bR, S BRVEWE PRI R ITAT N 749
MR L 2 o 1
m
Am = x A 3
o F A (3)

Xt m NPT BRI E, g/mol; Ag N H
FEEHAT, C z AZ RN TR, X IHHT
AR, AT LU R

M Am —KxAf

—=Fx—=Fx
z Agq Agq

M)z RN ARER T S NI 1 mol FL T RE I 5
AL R . T DUAR A S 6 ) 5T AR A A R A
AT o SR MYz AT AHEDN Y r AR IR
LIRAL /) PN

2 HR5TH

(4)

Bl 1 iR AEAFEREZ %/ 5.0 mmol/L
ReO, ¥ W T I FE AR % #i 2. #£ 5.0 mmol/L
ReO, (pH=3)&E Mg #2r, EARH
AR I IR, 43 AFRiE N Criv Cov Cse Cao
Hodr, Cp Ab AT R B Ak 2 S 87 FE N (5)
Co ACARNT B () HLA 5 S B 7 FE A (6),  Cs AbAH
Xof L) FAL 25 A HT U R, C AR AFXT BE [ AL 2 J
R R AR BT AR B Cy A
T BRI [ IR Cy HUAL, P DATEBR IR TR I
FEMT AR N RS AR . (6 IE MR R, e
—0.32 'V Ak HH IR A A X L PR WS A HEL IR R
0.26 mA/cm’, HHIEH 14.80 uC.

ReO; (aq)+2H +e—Re0s(s)+H,0, 0=0.77 V. (5)
ReOs(s)+2H +2e—ReO,(s)+H,0, ¢=0.4 V (6)
ReO,(s)+4H +4e—Re(s)+H,0, ¢=0.251 V (7
ReO, (aq)+8H'+7e—Re(s)+4H,0, p=0.363 V  (8)

7E 5.0 mmol/L ReO; (pH=6)% ¥ H II7E 1E M]3
Wit 2R, 7ERAI-0.54 V AL T AL, X
U A FL U7 %% B 24 0.09 mA/em?, FLHLE 4 4.93 uC.
7£ 5.0 mmol/L  ReO; (pH=1){&¥R H AT IEIF R 24
FEE, A Z AL ) IR R, B
NN, A AR 265 I m 2
FHAZ, TER T B AR R, X 72 FL 2 df itz 7%
(s S 2, X T AR R A R R A b
m, BRI Z BRI SR E I A (8). IR
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Fig. 1 CV curves in solutions containing 5 mmol/L ReO,
with different pH (a) and enlarged figures (b) of cyclic
voltammetry curves of 5.0mmol /L. ReO, (pH=3) and 5.0
mmol /L. ReO, (pH=6) in solution as shown in Fig. 1(a)
(Scanning rate of 10 mV/s, room temperature)

i FEF, 1E0.73 V A I A I, HIGE(E R
PN 65.30 mA/em®, HHLEN 413 mC. M 3 Fh
ZHTHAEERERMEER LLAE, £ 5.0
mmol/L ReO; (pH=1)¥ER+ , TERZ S E
H R SR A U R IR R L B T KT S AN RN AR AR R
1. XUYIERER ENAN T, EEE &R
e BRI 2, SRR HRITRECRN S S, XS
S5 T BT TR — B

Kl 2 B AR E R FE (pH=1)2% 1}~ A [ ReO,
WE IR R 222k BT RIZUN RN, Tk
WS B BRIP)IE S50 . (HR] DTS REHE 2, 78 3 Mok
TR IR R 22 R b, IE A R R B 4
g, FLUAH FRIR %5 B2 43 7l 9 65.30. 40.67 F121.83

mA/em?, HHE 59 4.13. 2.00 1 129 mC. B
KA G R R E IR P IIR T EL
4 mak. XU R ReO; WA F T 8% J5
SREAT, HETIEE R T BRI R ITRLE R

100
0 L A
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Fig. 2 ()% with  different
concentrations of ReO, (pH=1) (Scanning rate of 10 mV/s,

curves in solutions

room temperature)

M AT, $EEER T A ReO; ¥ FE 1 AT LA 3
BRERTHYTAR . 7E 5.0 mmol/L ReO, (pH=1)¥A¥K 11/
IR FE A, BT BRIIE SR TR S B R AR TE BT AL
SSLTHA X, HrE s B EAER RIZL, Bk iE
JRIERE S, WMSEREM IR G B, HE L
WE BRI U LA Fk, BEAT T A 2R A
RSP SEE, FSkiE— P HEFEAE 1.0 mmol/L ReO,
(PH=1)¥E AR 221 72

K 3 ffi7s AEE 1.0 mmol/L ReO, (pH=1)7i
MIIEIR 22 28 AR R R B4k . 7E-0.36 V 4b
L SR RS, B R TAT AT AR AL, X AT
SR NG A, FE-0.68 V AL R RGN, [,
MR A WL 258 S, 18 B I 2 B 38 JE
WAL, I R B R 2L BT SR B fT i a5 . 7R IE
RS AR, 7R 0.29 V A HEBVEAL R, B2
R R IR ZIAR L, BESR R, B8 F R
EAENA TG E . XU/ 1.0 mmol/L
ReO;, (pH=1)¥#E+H & @Bk AL 2 029 V,
HERM A B R B RE B

i AR T, Bk 2 2D R T i 5 (8)
Firme BRRAILIR SN, M (Mge) N 186.21g/mol,
z N7, FARME M/z N 26.57 g/mol. FEERITIEIEM
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Fig. 3

solutions containing 1 mmol/L ReO, (pH=1) (Scanning

CV curve and corresponding mass change in

rate of 10 mV/s, room temperature)

B, fERGEE AL R, AR SR AR R BT E AR A
Am H 15.62 pg, HEARLAQ N 2.74 C. fR#EZ(9)
A5, SLIGAH Miz N 0.55 g/mol. X BA7EBRIE R
LR, TR SR T S AL, BTN
HFET KEMHT, SFEHETIA0EK, il
A3 SEIGME MYz LLERASAE MYz /M3, XBRIT
BRI TR B IR SR AR AR

T BE— SR TR AL O Bk ) FL TR R,
I Al 2 AR AT 7 AR S5 . & 4
TR NAEANFIER B 264 1) 5.0 mmol/L - ReO;, R H T
—0.80 V TULH 5000 s 8k 1E AL YIR T2 . BT
A e B A PTAR & # A B F RS —JFihd
TN, I —ANEE I, B S IR,
RGBT RGE, KRB IR H 45 R . R
1 i NTEARFIRR L 26 5.0 mmol/L ReO, ¥l
BRI TR R AR . B3R 1 AT, BEE IR
#m, BPTRYIR RGN, RIS . H
S AT T, BRIFIIE 5 B —ANHFE 8 A H I 2 20 3%
HAGEE N, TER BLTFIRM B, H AL 2 38
(17, BT CAHLJTAR I EERY B A R K . (HBEAE SR8
BIRIE K, HWKEIEAE, RS TR, Xt
fSTAGIE 5 S B (R IEAT AR AR IR A, 38 R HL R AR /N,
S IR R R AR EAS . T T B I P R 11 3 iR
PIVESE PN Ji- AR

Kl 5 Fros APEAHRIBR FZ (pH=D) 2 1F T, AN[F
ReO;, I FER T 1E—0.80 V I [ B A7 TAR i 28
2 FIRNIEAE ReO; IR E R AW (pH=1)H [ H

Time/ks
4 TEAFRRERMFT 5.0 mmol/L ReO, &R BRI

(ELER A/ AY TR

Fig. 4 Potentiostatic electrodeposition curves of Re in
solutions containing with 5.0 mmol/L. ReO, with different
pH (Electrodeposition potential of —0.80 V, electro-

deposition time of 5000 s, room temperature)

Fz1 EAFRBRERMT 5.0 mmol/L ReO;, K H BEI1
Hh AL

Table 1 Current efficiency of Re in solutions containing
with 5.0 mmol/L ReO, with different pH

H Electrodeposition Electrodeposit Current
P time/s mass/mg efficiency/%
6 5000 0 0
5000 6.8 1.03
1 5000 96.6 5.62
-80
& =90
=
2
< 100k
g 100
>
g -110
3
g -120¢ —— 1.0mmol/L NH,ReO, (pH=1)
g —— 2.5 mmol/L NH,ReO, (pH=1)
O “130+ — 5.0 mmol/L NH,ReO, (pH=1)
0 I 2 3 4 5

Time/ks
5 TEAARIRREE (pH=1)2% 1+ T A A ReO, W R & W+
BRATE A AU 25
Fig. 5 Potentiostatic electrodeposition curves of Re in
solutions containing with different concentrations of ReO,
(pH=1) (Electrodeposition potential of —0.80 V, electro-

deposition time of 5000 s, room temperature)
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WAF, B ReO, IRFEMIGIM, WYY &
WBE S8, FIR SR I . X U0 $E 1 ReO),
JEE A R T Bk 8 SR

Kl 6 B AEAFE M F-0.80 V fEHALITA
FAFHI =IO SRR . ) EDS TG 04T« 76
(1.0 mmol/L - ReO;, (pH=6))[KIIA R+, % H
RIS, Sk AN ERER . A
BT IO E iR (LI 6(a)~(c)), TEAH ]

2 EMFEBRE(EH=1)% FAE ReO, W T IR
BRI AL R

Table 2 Current efficiency of Re in solutions containing
with different concentrations of ReO, (pH=1)

ReO; Electro- Electro- Current
concentrations/ deposition deposit efficiency/
(mmol-L™") times/ks mass/mg %
1.0 5 28.0 1.46
2.5 5 58.1 3.21
5.0 5 96.6 5.62

10 um
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Cl
©) Re Element
e Re
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10 12
Energy/keV

FEA FIZRAT T 3RAF I TR = M0 O TE 3R EDS B i

Fig. 6 SEM images((a), (b), (c), (d)) and EDS data((a"), (b), (c), (d")) of electrodeposition products obtained from different
composition solutions: (a), (a’) 1.0 mmol/L ReO, (pH=1); (b), (b") 2.5 mmol/L ReO, (pH=1); (c), (¢') 5.0 mmol/L ReO,
(pH=1); (d), (d") 5.0 mmol/L ReO, (pH=3)

0 2 4 6 8 14

& 6

(d)
Re Element x/%  w/%
o Re 84.15 98.28
[0) 1588  1.72
0 Re
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Energy/keV



31 B3 W

BEbR, S BRUEIEC SRR TIIYT 753

IR B (pH=1), A[F] ReO, WREZ MR, HEIMIH
DUR= YO SR AR, 2 I 22 oy 3 ™ e R e A
S, AUTRYIREARRH AL, XA HUANG %P7
WELE IR —3. M EDS 5o ot s vl 50,
VIR R E ek, AR, TARM4R; 8
5.0 mmol/L ReO, (pH=3)¥A K - 3R15 1 TR = 4)
PO TESR(LE 6(d)), tHHILE 2 N/ L
IR, HRG R . M EDS ##EKE, Re 5
O MEE/REEA 1:0.19, HPIR=YIEA R Rk,
HEFLELENY . 75, RS BT R R g,
Fr ARG o AT AN, ERRFE B (pH=3) 1 2%
R, HTRR W2 e BR AN ) o

1k A R FE AN B ) 25 R TR
VAR RSy, ST AT 7 XRD Wik, 2553
DL 7. ERRER E(H=D)Z%MH T, HoBr=9)
REEek, WA HAWIRE . SR, 7ERR R RUIK
(PH=3)MI&M4 T, HIL T ReOs MIFFEIE. LT
DAt E , ERREEARIIFMET, VIR Bk )|
LN ReOs HITEAAFAE, BUEH IR
1F1E ReO3 5 Re IR G AFFEMIL R . Rk, BRFEXTH
DO = MO0 T S A 2 SR 70 A o e e PR
1M Re O < BEXT FLPTRR P W sk AL T 35 A0 4H 1l 1 4 5
i FE A K

A— Re
A *— ReO3

@ : B

10 20 30 40 50 60 70 80 90
260/(°)
7 FEANEIGEAT T SRAFH R UTR M XRD i
Fig. 7 XRD patterns of electrodeposits obtained from
different composition solutions: (a) 5.0 mmol/L ReO,
(pH=1); (b) 5.0 mmol/L ReO, (pH=3)

)

Eie

1) SR HAL AR 2 1B AL TR AT L AL
AR, P RAE BRI IR TR AT Dyt

17 THRFL . BRIV H AR L S5 32 VR PR R FE A Re O,

FRHC BE R, 2R PR IR T M Re O K B2 AT AR i v
AR, EBEBRI R IIAR . R IEEIE TP (pH=6)
I, <5 ) BRAE LAREE TR R s FE IR FE UK (pH=3)
I, IR Yh & BRI AN (ReOs); 1E
W P2 35 v (pH=1) I, JOAR P 1 B O I 3 8 A 2R
ar,  HA iR e < s k.

2) I AL A SRR R BORBE T T 1.0
mmol/L  ReO, (pH=1)¥ " Bk )AL IR, 12
TEREIAT HH HA N—-0.68 Vo dE I E AL PTRR TS AN
[l 26 A T BRI R RCR, FmiiliE 5.62%
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Electrodeposition of rhenium from acidic solution

HONG Biao"?, WANG You-bin"?, LI Feng”, WEI Yue-zhou"?, Toyohisa FUJITA"?

(1. Guangxi Key Laboratory of Processing for Non-ferrous Metal and Featured Materials,
Guangxi University, Nanning 530004, China;

2. School of Resources, Environment and Materials, Guangxi University, Nanning 530004, China)

Abstract: The electrodeposition of rhenium from acidic solution was studied by cyclic voltammetry, potentiostatic
electrodeposition and electrochemical quartz microcrystal balance (EQCM). The results show that metal rhenium is
difficult to be reduced from near neutral solutions (pH=6); the electrodeposition product contains rhenium oxide
(ReO;) from solutions with low acidity (pH=3); In solutions with high acidity (pH=1), the electrodeposition
product is metallic thenium, increasing the concentration of ReQO, can promote the electrodeposition of rhenium,
while there are obvious cracks in the morphology of metal rhenium. The electrodeposition potential of rhenium is
determined to be —0.68 V in solutions containing 1.0 mmol/L ReO, (pH=1). Current efficiency for different
conditions is up to 5.62%, obtained by potentiostatic electrodeposition.

Key words: rhenium; electrodeposition; current efficiency; electrochemical quartz microcrystal balance
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