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Fig. 1 Schematic diagram of band alignment at electrode/electrolyte interface during cathodic photo-electrochemical deposition on

p-type semiconductor electrode: (a) Dark state; (b) [llumination state



28 455 2

KIFVE, A AR SRR SR T R —— LU 399

HAZE. IR, LT ReE v KT AR IR v
Eg W, ESABEOR PE AEF-SO, RELLU I
S 1) BT LTE, RN, B
(ApL < App) FEIK; 2) FKAES L TF, BENFES HiRN
25 [i] B4y DX (1) FL SO0 3 A < Agd YD 3) i
R R TN SN 7 B SR X NN R TR
(A@? > Agd )N, (LU 5 N IEEAT s 4) 389t
R, AR TSR FH SR H % P TR

G SRR LU A AR AR T 1R, DAk
FUURRECE ST R B LU —RAILH

1) FRARRREIE . PR EA GRS, B
AR KT B B B RO DU = AR AR LT
=IO, ARG IR B, R i, nTLL
JERZA MR A€ P TIE IS SR X v s L P
JCHTRRA AR Bl in) R AR AR SR N 2 — o DRItk )
e AL 22RO R SR SR B 6 fE 3 v ]
)27 S R IV YT AL A R R NG R R T S
1) v LA O AR

2) WAL R, SRR, S/ R
WA SERR B —M 4y, T DUR B> BG4 H
=25 7O YT 6 T BIAR R POR p R AR (I A
AR p B P ARUS, BRI RS AR A S Pt o p B,
MEFLERFRTRINZETEINT 4, B p By,
FA R TOCA o m R, S B T IR/
HLR A T F A 22, JRRE TR B N AT, st T
BRIt R, I m T HmsE.

3) PBERARAE HL He o ' B RS 23008 1 1) EE 8T 23 AT (2 )
HEf7 2 (R i IR IS & 38 B & 91 FoK R
TN PR REAT S iU, A A ) L 2
P PE A2, AR T B H .

4) PEmnlR MBI . 2 S ALE B A
I, p T2 (A H AT X AR, FA R N AT A TR
DL CHEAR SN, UL 8 PR AN B It R A R G I T B4, T
protide | o o N R 1= 9 VR /N 1 DB i B U i
A DR IR, MG K s N AT,
T4 DR T F I rE % B, i R 6 (1) 4
Tt

5) ARG NI A AN, AT ORI M
i, 7E SRR ER TR SR, AT
AJ DA AR 4 i r Ak 22 PURE v A9 4k 4 8 1 e T
FRERIT22 3 — R E A g0t PAR TG Z AT T
WILEBY B, SEBr et Ak b8 BrcR) 4 = H i
S8 R AR A o TR S5 = R R A

T LA BT, AR S ks R, .
ET— R B R AT R RICTEA, mASER

DAEIR AR IR, LS TR A A - SRR
2R R T RN OB R AT SR AL R R
HAERNE, SRS Y - SR T Re i
I A AR ) 6 (OGRS Y FH AR L 445 2
— SIS, e R sRAG T AR B A X sk
Wt AR TR R A5 30 78 50 AR IR IE, 13X 4 1%
AR FAAOCE B YUBUA SR T HER FIEAR T
Y HE. MISHRA Z5PHGHE T 5 i R0 A Ha 2
NXFHLGUR p AL CdTe AW SRR 20, K
PR BEfEE Cd™ R HTeO, 1) Ha AL 43 J5US N, itk
BARR TR P . SUGIMOTO 254U % L CdTe frITTAN
TR 6 IR (17 5 AR E . MURASE 2525056
HIAL2AUUR CdTe BHT TAIBITY, RIDERFERK
MR AL AE YA CdTe 2= AT I M i 26 B LA I
AR, T DU O R F R AR, 9t
BB TIREERR, S ro TR HL it o fe
30%5E T2 97%, AHIRIDTAR & BT FH ISR AT A 2298 min
B4 47 min, BIYUBUE R B4 mokl 50 15 . A< RS
g UARE TR A A DRI #% CulnSe, 5
YRl SRR, BT 7R I A o] W S22 5 CulnSe,
VTR PR B RT3, T HL R S5 I (1) T2 30
i T SEE . W T RAICER, Bl AR SRS
AT SeTF TSIy e v Ak 2 TR e T — 2
VLI, SRR, Ak g b 240 iR, ot
AL 24 ORI P23 SR vy B B Bt 25 BRI, L
TR IR0 0 30 o XA 7R FH 2 b 22 1 g vk
PRI Se AT RE, JFRET Se IRBUAEMIFIESE, [H
IS 4 SR Bk 23047 Te ISR T BRSAK I -
AR SCAE R R IX 2 T AR FERE L, DL Te i Tl A A =
WA R %, KRG E DU I 7T Te
FOBREL, JH I A SR BAIE e AL 22 VR R A g

3 ABUFIEEMHRIIIE—LL Te
A5l

31 X

HLAR A 1 mol/L Na,TeO; (99.99%) Al 2.5
mol/L NaOH B MR (B, ToMb 45 48), it s
TEA DL AR . AR DURR A FB A2 AT R E o R
PARSTAT 4000 7 Hifb 2% T ARG, SEi R E E iyl
AR R AR B BN = Hik R, b1k
B A R H R AR (SCE, ASHIFIY BT A v 3 el s
ANIIARN T2 LU AR, XA M S R, TAE
HLAR R 430 ANERAN o S0 T I ASER AN R0 e 2D R
H e VEACK AGER AT UE 10 min, 255 17K (18.2 MQ/cm)



400 hEA SR R

2018 42 A

A FEEYE 10 min, Jo/K OFFE FVEYE 10 min, L& T
/K(18.2 MQ/cm)B A& 10 min, o &4 .
e HAL ZE TR ] Newport 300 WG USTRL K BH G B
IR AR AR, BA RS AL R FZ—2A
THISE K 100 mW/em? .

FEERAR 22/ B AR 22 448 -1 S0 1) P i AR
JEATL R0 ' HEORE G S LA R s, e RS RERIRAS
NEMTIR, S 10 mV/s. fEHEAGTRI Y
W H A HI7E—0.75 V (vs SCE). T8 HL TR [ HL i 3%
£ 53 SPE HILE 100 A/m? F1 200 A/m?, [5] IFc Sl v 1
BE TR Ak o 1E R RDTR R S O AEEAN 7 8 7850 1
P S AR R LAV DU R B it . SR A 2% FEI
AR Quanta—200 BUIAEEFIHRE BTSRRI
HIOPIZZ R

32 #ER5IE

%24 1mol/L Na,TeO; F1 2.5mol/L NaOH [ Fi fi
WA RIATIEIAR MR, WK B #SERA 0.8 V
F-1.0 v, g5 2 frow. Mgk bnrbiossgs)—
AN SRR SR (Bl ORI AN EALIEhRiC A AL
N A2). S5 ZHTIIRE A Y, e JsgE C(4h
—0.75 V)X B+ Te IGUTRL, it TeO3™ (DY L 34 J5
HEAT, WLRN(1)e 858 BAEE MM Rl kA Te
Mtk s, IR N(2), LR Ter & 5
H ) NayTeOs & ARV N, FERK Te 5T, WL UW(3)o
T AW TR NayTeOs IR ERK, B 54
Te’ — H A Bt 2 L RIS HUi 1) Na,TeOs &£
Hh SN AR BSERTIR) T, AUAE A S5 I (2) B g 7 i 3 Ji 06 34
HRIMgK . deah, BATFAEE RN, 7F 5 a4
TERGE 5§ C 2 Fi1-0.5 V 1-0.7 V Ju [l N, iEA7ALE
AR SRR B 2 TP ), AR R AR Y. 1)
AR 55, AR A HEXT N T Te AEANVEEANHE)E 1
KAz NayTeOs [ PY HLF 04 JRIURR, - B Al 1) 5 J 200

*/[l[ZC)] .

TeO? +3H,0+4e—>Te+60H (1)
Tet+2e—>Te* (2)
2 Te* +3H,0+ TeOF —>3Tegent60OH 3)

h FEE G RO H A 2 TR Te 34 B R 5%,
Sr ARG RIS S AT R el th 2, 439
i HATEH A-0.5 V -0.95 V, 3353 E 4 10 mV/S,
LR GE R 3@)fFTn. HE 3@)ar g, eI i
(IR AR i WA RS 2 N R IR 4R 08 S Fe3A— 3, i
JE U LI R FICWA p B SRR A, HOk

A
I A N
) g
A K
5 2
=z 5-02
=] S
o -8t g
E & E 07 -0.6 -0.5
O © Potential (vs SCE)'V
_12 L " ' n
-1.0 -0.5 0 0.5
Potential (vs SCE)/V

2 ANPEANEEE E NayTeOs HEMRB A R TR 22 i 2k
Fig. 2 Cyclic voltammogram of Na,TeO; electrolyte system

on stainless steel substrate

0_
a
@ — Dark
& — Light
g 1
S 1
<
E g
ES :
5 -
2 z
g 3
E -3 i
= SO 07 <06 05
Potential (vs SCE)/V
_4 L 1 Il Il
-1.0 -0.9 -0.8 -0.7 -0.6 -0.5
Potential (vs SCE)/V
IR ®)
ON

o I
£ ON
é =2 oiF oN
= ON
>
§ -3 OFF -
3 OFF
e —4r OFF
g OFF
5 OFF
O -5t

_6 L 1 L L L L

0 200 400 600 800 1000 1200 1400

t/s

3 1 mol/L Na,TeO;+2.5 mol/L NaOH HLf#TRA RAEERE A
HUOGHUT BRZe R AR 22 M 2 DL AESE S oGRS N ri b
DURR IR P I 85 B — T [ il 2k (DTAR Fa 38 24-0.75 V (vs SCE))
Fig. 3 Linear sweep voltammograms of 1 mol/L Na,TeO;+2.5
mol/L electrolyte system under dark and light(a), cathodic
current-time curve in 1 mol/L Na,TeO;+2.5 mol/L electrolyte
system under chopped illumination (“on” and “off” stands for
under light and dark, respectively) at deposition potential of
—0.75 V (vs SCE)(b)



o 28 &4 2 )

XTSRRI B AT R —— LU 401

HEORT HA A DT FBT AT 5 o AH— Bl 3 T
TR AR JE e A, IR R AR IR, el
IR B AR R PR W K TR AT B SR
W XA RS A AE D TR SR F AR [ R TR
HLL R, IR AR R P TR AT IE, R
EAH/AN B 30)FTR AT 1 mol/L NayTeO; fl 2.5
mol/L NaOH HUf¥ &k R{EiE (on) Wi(off) AR N1H
FEL AU RRTRD PR 2% 8 —IF I) o 2 (DTAR FL A 0 —0.75 V).
B 3P, FEIGIRBEN, A OR HL s
RN AR “OGAERIR T ), H BTG
HR(E )T, JLyUR s 8 SO RIS, 14 R 5 2k
PRAFIREMR I G R — 8 PR R DT
AWM R =K T3 A B AR s L 6T, T
WO R 7 R B A BT AR A T
=P o —JT T, A=A SO B IR I
TR, WA, REA A MDA ARRIC AR
A2 14 IR R 53 60 2 [ Hh gy DX (1) LA 22 20 s 59— T,
DGR HL A Y A LR 1 2R AR I MY R AR 1)
HLARIE 2 5 Na,TeOs [RIIEJ5 o 3 19 J7 1] 1) 5% i 1 2 14
K H R/ LR T P AR 2, (RO LI T Y
s, sEA AR R AE DT FE . L 1000~1200 s XA
WA G IR ], 76 1100 s A ZRAab TOB IO A

DU, WL IR BT, 3.1 mA/em® 25 %
4.5 mA/em®, P 45%, XRWIPIRRE RS RIHI N
Peim, AEASET AL E DR RO BE M KR 52 ok v]
it A 3(b)id n] 7 B Rl A PURRIN ] (1) G KOG A2 Hi gt
TR, 32 PR A R I T K e A 2 ORI P i A
KRS, GRS RIS 2 (10, AR 2 AR
HL =570, WOG HLR i bl 2 19K

TE BT TR MR 5 b A 25 DTS B IR BT R
MM 2. b T A= DIRIG S U A 2, Xt
4 1 mol/L Na,TeOs 1 2.5 mol/L NaOH HLfR W14 &4
JEIURIG A N RIHATE BRI, BRI A UOR H a5
%4 100 A/m* F1 200 A/m’,

DIBIRF I =i 30 WL 40 i) by %
S HLAL 2 PR IR R RO RS B K o 1 L T LA 3
ANUURR FRRES BB AR =0 (R RO B /s, A i ok
RS 2, RIYHTR R T ITRIE REA e 4%
P (2 AL OB ], B R BT R
Al . Z AR E (10 mmol/L Na,TeO5+2.5 mol/L
NaOH) i i & P IR 0, SRR S
i FLAR 22 TORRAT AR B B ik B AR e (3 o = 4
S U R B AR K o ARSZEG TR IR A
FEHRBAR R, M2 FlRZEMACK & B FC, K

4 RIS FRIGOR R R FEAE GG 2R AL 2= DU ) SEM 1%
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Table 1 Current efficiency, cell voltage and energy
comsuption of Te electrodeposition under illumination and dark

at different deposition currents

Curr@t Current Cell voltage/ Energ}f
density/ efficiency/% v consumption/
(A'm?) v (kW-h-kg ™)

100 (Dark) 98.36 1.85 1.55

100 (Light) 99.90 1.70 1.42

200 (Dark) 98.88 2.61 2.19

200 (Light) 99.99 2.25 1.94
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Photo-electrometallurgy for semiconductor elements
extraction—taking tellurium as example

LIU Fang-yang, FAN Yan-yun, JIANG Liang-xing, LAI Yan-qing, LI Jie, LIU Ye-xiang

(School of Metallurgy and Environment, Central South University, Changsha 410083, China

Abstract: Photo-electrometallurgy technique was proposed for electrochemical extraction of semiconductor elements in
this work aiming to solve the problems in electrometallurgy of semiconductor elements. Based on knowledge of
semiconductor characters and photo-electrochemistry, the advantages of the proposed photo-electrometallurgy technique
were revealed, and its superiority was experimentally confirmed by an example of tellurium (Te) electrochemical
extraction. The results indicate that the semiconductor deposits can absorb the incident photons with energy larger than its
band gap and be excited to generate electron-hole pair. The photon-generated electrons can flow from semiconductor
electrode into electrolyte, enhancing the electrochemical reduction rate and the photon-generated-carriers can decrease
the resistivity and band bending, reducing the potential drop at electrode. Compared with the traditional electrometallurgy,
photo-electrometallurgy shows the advantages in intensifying process, reducing cell voltage, improving depositing rate,
current efficiency and capacity, therefore exhibiting good development prospect. The issues that should be addressed in
the future were also put forward and the connotation was expanded.

Key words: semiconductor element; illumination; cell voltage; photo-electrometallurgy; electrodeposition
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