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Abstract: The electrodeposition of rhenium from acidic solution was studied by cyclic
voltammetry, potentiostatic electrodeposition and electrochemical quartz microcrystal balance
(EQCM). It is found 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
rhenium, increasing the concentration of ReOs can promote the electrodeposition of rhenium,
while there are obvious cracks in the morphology of metal rhenium. The electrodeposition
potential of rhenium was determined to be -0.68V in solutions containing with 1.0 mmol/L ReO,
(pH = 1). Current efficiency for different conditions is up to 5.62%, obtained by potentiostatic
electrodeposition.
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ARk, FEBRIRPTBERE S, AN AT R NRIZUR A, BOL IE A T S i
P, MELAE H AL OSSR . AL A ST R P BOR (BQCM) T RASE I il F It
RIS fgf ol 2 o AR FELAN 4 S5 AR A A LR A, SO T F FEL R T SR R R AR 22 AT R it T
HRIE TR,

N T B P R BRAE R YRR T R UTARAT O, FEAR TR, @G AL TR A
R R FRATRF 7T . R H 7 B (SEM), X SFERRETE /- HT(EDS)M X S AT 5 74
(XRD) 7 W HLUTAR RIS . e A Ay, e s AL ORI i E L r IR AR

1 E5

FH - S50 ) 9 A1 FH A0 AT R0 AR 4K (18MQem) il 45« BRI B T I Tk
ENRHEEIR AR, GBI T E 2R F ARG R A, F CABCHIZS [F R A ReO4 ¥R
IV 2 T 9 KV R b LS00 FELA 2 S R ) T8, TESEIR AT, W iE NS
20 4rd, SRJGFERURE T T e 2k sk .

K HI2E E Ametek A F] PARSTAT 4000A &Y HaAL % TAESG#EAT AL S 5000 o 3R (R 2258
B FIE H AL TR SRS R = AR R e AR HUBRADNS S 980 s 2 b B A oK v
PR(SCE). LA HUBR A A ARAERE AL FH AT, 1 55 H] 0.05pum 20 SR AT BRI Y
PEEEWRIE AR L )A A Ve 20min, SRJE FAE LK LR AR 4K o 4y 8
20min, )5 ALK FTA LR e =R N7,

TR 2 R R 10mV/se St T4 A TR SEE:, YR AL N-0.80 V, YIRS
624 5000 s. FLUTAREE ARG, PR H TAE AR IR 25 85 17K gk B R T AR AR 1) FL AR
PR T, JFETFETERMAE 75 C T T RAM 2 €4 Phenom ProX B4
TEEAI TG ER AR, W RN 15 kV. KA H A% Rigaku SMARTLAB3KW %Y X 52T
SHU(XRD)EAE IR =P , DIRK HE A 40 kV, HURZEFE 30mA, H94#53# % 4 8 °/min.

KA RO T RUTR B, e g HHEIREE%], m U TG AR AR 1 R
Bg], n NEBIBRTHIn=T], F LR EHH[96485 C/mol], O HHIUTRIHAER K
fi[Cl, M ONBRIIAEXTJEF &, Mre~=186.21 g/mol.
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AL AR R T SE G (EQCM) Y AT F bl /2 AT-cut A7 9 fh AR 5A S IR Fr F bl (FE e
K f=9.0 MHz, AR HH 4=0.198 cm®), MR H T, S EBEMAH Rk, &
PR A (AN 5 T AR (Am) Z 18] (1155 R Sauerbrey J7 F KAt >

Am= K xAf (2)
s A NATERR IR AR . Am A SRR RIR A BT E A . K A9 ik
s R I RS 28, AT QCM922A 9 MHz fhA, 1 Hz IARK25 T 1.068 ng.
AR VR 5 s

Am=xAq 3)

AN MOATURRIBE R T [g/mol], F Aididis o $[96485 C/mol], Ag AN THAER L H
fi[C), z AZ S RMNIHE TR, S HIHTE L2, LIS

:FXE:FX g

M Am —Kx4f
z

“)

M/z A8, RIRARER T S RENAF 1 mol HL 7 HE A2 I 51 S ) o AR A, A UM S 36 1) o A
ARG AT oSG MYz A AT DAHEDN Y R AR i SRR A AR B 7R 5

2 GRE50H

B 1 REARFERE&MF R 5.0 mmol/L ReO, VM H MG R %2k, 7E 5.0 mmol/L
ReOy4 (pH = 3)iF i S a At A b, ZEA R AL T I 1 3B Jf i, 2 AR iE A Crv Cos
Csv  Cyo HH, Cy AR RHI A RN ITRER N 5, Co AR R A AL S BT FE 2K
AT 6, Cy AN ) FRALEE MU SE s Cy REHRRE I () HL Ak 2 7 5 R oA R 70 T
WS S FLIU UG C FEAE 5 T BRI IE R0 2 ) FELE Cy T AZE BRIC) R DO AR B S I 4R 8
e, fEIER SRS, ERA-0.32 V AL A IR, Xf R IE(E IR % BN 0.26

mA/em’, HHIEH 14.80 uC.

ReO, g+ 2 H' + & >ReO; ( + H,0 Bg =077V )
ReO; 5+ 2 H' +2 e —ReO, ) T H,OE; =04V (6)
ReO, s+ 4 H' +4 e —Re ) + H,0 Eg = 0.251V )
ReO, (aq+ 8 H' +7 e >Re g +4 H,0 By = 0.363 V ®

£ 5.0 mmol/L ReOy4 (pH = 6)I& ¥R FIFE IE M3k FE b, fEHLA7-0.54 V AL H R T %L

e, 3K 7 [ 2 FRLI 35 9 0.09 mA/em®, LA 4.93 pCo #E 5.0 mmol/L ReOy (pH = 1)
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XY TR T BRAE AR B A A, BRI 2 P BRI R AR G I 8. FE IE M i
Frf, 7E0.73 VAR AL, A IR N 65.30 mA/em®, AN 4.13 mC. W
=M B E A U R AT L B T UKNGE, £E 5.0 mmol/L ReOy (pH=1)F¥E M, fEH R %2
FAFERLAE P 0 A 0 L YA R Bz KT 3 AR o A o X T B AE R FE B s B AT T, EIE
JRR SRR PR A R 2, A RBR I TR R B 3K 5 i R T — 3P,

a
10 — 50 mmoliL NH,ReO, (pH=1)
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€,/ ———50mmoll NH,ReO, (pH=6/\
O
E ‘:,g 0.5
> -100 -
2 32 0.0
& E
E _200_ %‘ —0.5'
© S -1.04
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3 -300 T -1.5;
5
O -2.0+— . . . .
T -12 -0.8 -04 00 04 08
Potential (V vs. SCE)
e s e e

Potential (V vs. SCE)

Bl 1a) FEARRBREEZM T 5.0 mmol/L ReO VAR H FIFEFA 22 #h£5; b) NI 1a 1] 5.0
mmol/L ReOy” (pH = 3) 1 5.0 mmol/L ReOy (pH = 6)V&E T G R 22 i £k UK B (3333
Z:10mV/s, BE: =)

Fig. 1 a) CV curves in solutions containing with 5 mmol/L ReO, with different pH; b) is the
enlarged figure of cyclic voltammetry curves of 5.0mmol /L. ReO4 ™ (pH = 3) and 5.0mmol /L
ReO4 (pH = 6) in solution as shown in Fig. 1 a. (Scan rate: 10mV/s, Temperature: room
temperature)

Kl 2 REMHFERRE(pH = DRMFT, AFE ReO IR MR I 2. BT RIZIRIHT A
SN, ToiE MBI BR IR SR . (AT DTS R B, A2 =Fh S AF R PR R 2 fE T, IR
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129 mA/em’ HEHESHIN 4.13 mC, 2.00 mC, 1.29 mC. 5 A A LI FLI 26 W 25 703 SR L A2
130 PR TEZIEIEMK. XYL T T ReOy R EEA FI T 9k M8 S5 S VAT, #2078k
131 JUBUEE.
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c
2
= 2004 / — 1.0 mmol/L NH ReO, (pH=1)
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-300
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Potential (V vs. SCE)
132
133 Bl 2 FEM RIRR 2 (pH = 1) 26 HE R, AN[F] ReO, MR FEVE R - G FA AR 22 ih Ze (A 4k
134 F:10mV/s, WHE: =)
135 Fig. 2 CV curves in solutions containing with different concentrations of ReO, (pH = 1)
136 (Scan rate: 10mV/s, Temperature: room temperature)
137
138 B ERTAT, BOE RR FE A ReO, W FE AT IR IEBR T FEUTAR . 7E 5.0 mmol/L ReOy4 (pH = 1)

139 VEWAIIEIAR 2T AR , B TPk 038 J5L S I R AR FE BT S S L 1) A DX 3 A, A 2 S 1 =l Jail 24
140 KBRS JFIERE G AT, WS BOREM S I FIEA B, A DA E BRI TR AL, Bk, 2
141 47 7 AL A DO R T 92408, FSREE— DB FEAE 1.0 mmol/L ReOy4™ (pH = 1) &R I
142 fRzidiz.

143 K] 3 &7E 1.0 mmol/L ReOy (pH = 1) W& H G IR R 2 it 28 S AH B2 i & A8 4L . 76-0.36
144 Vb HBUEE BRI, FEEIFEAT A, X TR AR AR EAPY . £E-0.68 V
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WORIURIZIAE A, BESR T R, B Jm s A B AR B T T AR A2 B o X BLBAFE 1.0 mmol/L
ReOy4 (pH = D)iFR T & @ BRI AL Z 0.29 V,  HAERI A AT B IR TR BAR .
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_____________________________________ -0
-160 -
I . | d I 4 I o I . 1 i
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Potential (V vs. SCE)

K 3 7£ 1 mmol/L ReOy™ (pH = 1) JR 1 HITEFH R 22 i 48 SR L ) FEAR BT B AR Ak . (394
WA 10mV/s, A FEh)
Fig. 3 CV curve and corresponding mass change in solutions containing with 1 mmol/L
ReO, (pH = 1) (Scan rate: 10mV/s, Temperature: room temperature)

A AR, BRI P IRIE R AR W] PAR R 0 8 BRI . FE T (4),
BREDIE U B M (MRe) N 186.21 g/mol, z N 7, FEE{H M/z N 26.57 g/mol. FEBRHIIEJH
BB, fERGES AL T, RAESEIGAG R BT EAR L Am N 15.62 ng, HEZRLAQ N 2.74
C. MRHEX 9 71, SLIE M/z N 0.55 g/mol. XTI T IEBRIE R RO FE s, Hr v
& 7 SN, rERBEME T RERE T, SEHERMN AQ AR, BEMMSRE M/z
FEEIRE M/z /MR 2, X RIL T BRI B DTN F IR SR JEH ARG

N T R PR TR A RN Bk () R TAR S R, R AL 2 AR Sl kAT 1 HE s DTAR SE S
4 NEANFIIR L 26 AF 1) 5.0 mmol/L ReO, ¥ F-0.80 V R ULAR 5000 s (18R A 1E AL ITTAR
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2. FrA I AL DR A B A R A S — IR, Bl E R, B
JERUEEIE R, RIFETRE, RRBEOVMAR A RIRE. R 1 EA R
T 5.0 mmol/L ReO VAR BRI TR IR, BEEBREZRIHGIN, IR &1,
BRI . EHIE AT, BRI R S R N AR 8 A H M PRI 2 L, FER
REFITF AR B, HOHIHERZ 2 1, BT LA R UTAR AT AG B BR R FRIAL R . (B 5 2 P T8 £
BEAT, HBORRIEFE, R PR, Xt A0 5 S S AT AR A R o, 3 S PR R AR
Ny AEAF HLPTARE R AAG A8 . XU B R PR B (1034 L S A 2 5 9 E R

0
I
-20 -

5 4o ‘
<
£
=
=
z _
& 80
()]
5 _
g -100 —
3 ' ‘ —— 5.0 mmol/L NH,ReO, (pH=1)

o —— 5.0 mmol/L NH,ReO, (pH=3)

140 4 — 5.0 mmol/L NH ReO, (pH=6)

0 1000 2000 3000 4000 5000

Time (s)

K 4 FEAFRIREE AT 5.0 mmol/L ReO, 4 BR A 1E H AL TR H 2R (TR HLAz: -0.80 V,
DR [E]:5000 s, IELE: i)
Fig. 4 Potentiostatic electrodeposition curves of Re in solutions containing with 5.0 mmol/L
ReO4 with different pH (Electrodeposition potential: -0.80 V, Electrodeposition time: 5000 s,

Temperature: room temperature)
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® 1 EAFIRREE AT 5.0 mmol/L ReOy JR 8k 1) HLAR 2

Tablel Current efficiency of Re in solutions containing with 5.0 mmol/LReO, with different

pH
pH Electrodeposition  Electrodeposit Current
times / s mass/ g efficiency / %
6 5000 0 0
3 5000 0.0068 1.03
1 5000 0.0966 5.62

Kl 5 ATEMEIRREE (pH = 1)1, AR ReOs WL 7E-0.80 V N IHE HLALITAA

o R 2 NAEAIF ReO, WKL TVEH(pH = DI T HIRALE, BEE ReO WKL MM, IR
PEY R R EE L SN, R AR RGN . X IR R ReOy MR LA A T BRIVIE JUTAA .
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-90
5
> -100-
E
>
@ 110+
[
()]
§ -120 - —— 1.0 mmol/L NH,ReO, (pH=1)
3 —— 2.5 mmol/L NH,ReO, (pH=1)
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T T T Y T T T : T ' T
0 1000 2000 3000 4000 5000
Time (s)

Kl 5 FEMAFIEREE (pH = DA, AIF ReOy W EE T VAR H PR 1 1H R AL DU i Ze (DTN
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fir: -0.80 V, YIARIIE:5000s, JE: =ifi)

Fig. 5 Potentiostatic electrodeposition curves of Re in solutions containing with different
concentrations of ReO4 (pH=1) (Electrodeposition potential: -0.80V, Electrodeposition time:
5000s, Temperature: room temperature)

2 EMHFERRE (H=1)%MF T, AE ReOy W VA BRIC HL R AR

Table 2 Current efficiency of Re in solutions containing with different concentrations of

ReO4 (pH=1)
ReOy4 concentrations /  Electrodeposition Electrodeposit Current
mmol/L times / s mass/ g efficiency / %
1.0 5000 0.0280 1.46
2.5 5000 0.0581 3.21
5.0 5000 0.0966 5.62

Kl 6 RAEANFFMT, 7E-0.80V HHALDTRIRAR = W O T3 FIAH RE ) EDS Jo 3
T3HT e BB AR AR H (1.0 mmol/L ReOy (pH = 6)) IR, A 13 2 T4,
WIS AE S B 4 8 B R 1 o AN TORR P P B AOWL TE 3R 7 (Flig. 6(a-c)), FEAH [RIIREE(pH = 1),
ARl ReOy ¥R EE IR, 152 8 B TR I OWTESUAR LT J— A 2B T/l TR
HITARY)R M AHZL, XA Huang Q 2 AWM BIFIILER — 87 . I EDS s 9 #r4 Sfml
R, PRI A Rk, ARG, TEARMA%H: 7E 5.0 mmol/L ReOy (pH = 3)¥ifiH
SAFH TR PO E SN (Fig. 6d) /2 — BT/ IR, (HBEA HIIAREL.
M EDS ##iKE, Re 5 O MEFLILRN 1: 0.19, BB WEARERHE, HEHORE
AW. 535k, ATRER HUTBLERENS, PFroRa b mIbrra, HREEK(pH = 3)1)
FAET, BT Y2 6 R R SE .

N T BB AR FEAN R B 2644 R DAY I 5o, X UOR = EAT 1 XRD M,
SRNE 7. EREBE(H = DIFAET, R YoaE @k, A B B2 BE . JR10,
FERR AR (pH = 3) 25 T, I T ReO; FRFENE o B UL AT LARA 58 , FERR FE AR 564 T,
VIR b Bk ) AL 2 L ReO3 HITERAFAE, BUEH BT T A7 7E ReOs 5 Re TR G 17
TERILR . BRI, FREEXS F TR M) IO S AN A B R o0 2 5 R e PEAE T ReOy R EE
X BLYTURR = A0 Ao T 3 R0 2E SR 23 R R HEAS K o
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216 Bl 6 fEAFZAM NIRRT =IO L 3 AT EDS REi: () 1.0 mmol/L ReO4” (pH = 1);

217  (b) 2.5 mmol/L ReOy4 (pH = 1); (¢) 5.0 mmol/L ReOy4 (pH = 1); (d) 5.0 mmol/L ReO4 (pH = 1)
218 Fig. 6 The SEM image and EDS data of electrodeposition products obtained from different
219 composition solutions: (a) 1.0 mmol/L ReO4 (pH = 1); (b) 2.5 mmol/L ReO4 (pH = 1); (¢) 5.0

220 mmol/L ReO4 (pH = 1); (d) 5.0 mmol/L ReO4 (pH = 1),
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Fig 7 XRD patterns of electrodeposits obtained from different composition solutions: 5.0
mmol/L ReO,” (pH=1) and 5.0 mmol/L ReO,” (pH = 3).
3 &
K FH B AR AR 22 A AT B U RURT B A 2 A A T, o R I e T R 1 FRL AR
AT NHEAT THRTC . BRI AR J5 52 R ARV TV R FE AT ReOy TRIVR U, B0 AUER AT ReOy
W AT ARy FR R, (RIEBRA TR . FEVIRERI I (pH = 6)I), SIS <5 PR AfE LA
WP R FEREBIREH = )i, BITHFYHh SH RENYI(R0s); TERER R
(pH = D), TURF=YIRIRON TS A a8, BT WHs 2 & Jm ek R Bl 2 4 D80
A RSFEARTEFL T 1.0 mmol/L ReOy” (pH=1)¥A TR H BRI ELIE I, HfsE T BRIOHT H LA A
-0.68V.o EILE HLAL IR A S A BRI HLR R, i 5.62%.
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