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CdTe powder prepared by coprecipitation—hydrogen
reduction method

LIU Yuan, ZHENG Ya-jie, SUN Zhao-ming

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

Abstract: CdTe powder was prepared by the coprecipitation—hydrogen reduction method using high purity CdCl,,
TeCl,; and ammonia as the raw materials. The preparation process of the Cd and Te coprecipitation product was
analyzed by thermodynamic calculation, and the relationship between metal ion concentration and pH at 25 ‘C for
Cd**-Te*"-NH;-H,0 system was established. The system is in the co-precipitation area of Cd and Te when 7.0<<pH<
8.0. The results show that the coprecipitation rate of is 99.5% as the concentrations of Cd and Te are 0.1 mol/L when
pH=7.1. XRD results show that the coprecipitation product is a mixture of Cd(OH),, TeO, and small amount of
Cd(NHj;),Cl,. The Cd and Te coprecipitation product is reduced by H,. As the reaction temperature is 400 ‘C, isothermal
time is 2.5 h, hydrogen flow is 40 L/h, the CdTe powder can be successfully synthesized.
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1.1 SRIJR#Y

S A AT Al Cd R Te JEURE N S50 5 i
AT, H TS R Ay e 1A 2 A AEF IR A
I Hral, AR SEE N 99.99%.

F 1 J5URL CdCI AT

Table 1 Impurities contents in raw material CdCl, (mg/kg)
Zn Pb Cu Ag As Fe
0.6 0.2 0.1 0.3 0.2 0.3

2 R TeCly 24 5 o &t

Table 2 Impurities contents in raw material TeCl, (mg/kg)

Ag Se Bi Cu Fe Pb Ni

0.1 0.8 0.5 0.3 0.9 0.8 0.3

1.2 ZIRPE

2 H8 n(Cd)/n(Te)=1:1, B CACL, # AT TeCl, i
Pl e 5 N Z KT pH (N 7.0, 13
B ILD TR, K ki T E B TR U,
A8 B BE T R IE A B R AR A 1

1.3 ShSEm

R FH LR A 25 5 O (Intrepid 1T XPS) /4T
YRk R A i SR Rint—2000 54 X SR AT
BT FE S 10 0 A0 41 s SR A 3 H B B8 JEOL
JSM—=5600LV )% Ff: fils () JE S EAT AL o
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2.1 Cd*-Te"- NH;-H,0 A ZHEBETRES pH
(EEIPSERS
7 Cd*"-Te*"- NH3-H,0 H A &, Cd(I)15 NH;
JEREZ AL EY), SR T AEAE AR U N, R
P R4 S, BB ERIC 25395 Cd(OH), T4,

T SRR ARG IS . A8 Cd> AN Te* /KT,
IINZKE, R ARG Y = (D) AIR) PR :
Te*'+40H =Te(OH),| (Ky,=3X 10 (D)
Cd*+20H =Cd(OH),| (K»n=7.2X10"") )

HADFQ) LA, RS Te de R AU
I, M o(Cd™)c(OH)*>7.2X 107", CA(OH), 45

Te(OH), L [FIUTHE. HHaR(D)AN2), HE T S v 15

o(Te*")c(OH )*=3 X 10> 3)

lge(Te* )=—4pH+2.48 4)
[EEEHEIEES

lge(Cd*")y=—2pH+12.8 (5)

23 2 1ge(Cd*) = 12.8-2pH 1 1ge(Te*") =
2.48—4pH I, JREERARER AILDTNE . fEbE R
WHER| CA AR AL G RN, ERREASEY,
SPPHTR R R, 2 5 ML T = i A
WIEELE. 25 CI, AR Cd™F1 NH; 104 80T
NS Fe AGR® sR(6) TRt

Cd(OH),+2NH;=Cd(NH;),” +20H"

(AG®=130.99 kJ/mol) (6)
ENOEEE]
AG=AGr®+RTInc[CA(NH;),]* +2R TInc(OH ) (7)
3
Inc[Cd(NH;),]*'=—2pH+14.8 ()

Cd(OH),+4NH;=Cd(NH;),* +40H"

(AG»°=39.32 kJ/mol) 9)
KOFTH
AGn=AG +RTInc[Cd(NH;),]* +4RTInc(OH)  (10)
4
Inc[Cd(NH3),]* =—2pH+18.15 11)

WA R@) (5). ®)FM(O9)AT4n, 7 Cd* -Te*-NHs-
H,O0 AR 4 e B 1R S A pH AE MR ILE 1),
1 AL HZ R IR Te(OH), Al CA(OH), [H A P-4 i}
XV TR pH (X R A TIRIFILITIES 2
HAR A = LR R S, AR N AE K]
1 IXIRIEAT, RO AR SL T 0E X .

2.2 SUKITUEEH &R ATUEY
KH CACL ¥ TeCly WL H Cd> H Te* ik
JE 4k 0.1mol/L [FIVR &y, AEBFEVER TN K
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B FMmwAL R, HE 2 T, ERET
n(Cd*)=n(Te*)=0.1 mol/L I, BK# pH {HKH N, i
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Hoh 99.5%. Bl pH {HARLEI N, WD F I G
NFE, pH=8 I, FRIEHIEICE 95.4%. 45518 1 7]
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304 '
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1 Cd*-Te*'- NH;-H,0 1A F& 1 Ige—pH K
Fig. 1 Relationship between Ige and pH of Cd*'-Te*'-
NH;-H,0 system
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Fig. 2 Coprecipitation rates of Te and Cd at different final pH

values
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Fig. 3 XRD pattern of coprecipitated product at final pH
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Fig. 4 SEM image of Te-Cd coprecipitated product
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WIFE TEpd, AR ERENTTUEEAR
o THEZR R, AR 2.5 he Bl S Bk
AN S R P2 XRD . & 5w, SR
AR SRR L DTE ), IR IR D 250~300 °C
i, IR = AFAE TeO, FI[CA(NH;),]CL A 24
SN T 400 “CH, TeO, AI[CA(NH;),]Cl, HIAH
o9, WIEFEYN A CdTe; 4R Th ik IR &
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Fig. 5
reduction temperatures: (a) 300 C; (b) 350 C; (c) 400 C; (d)
450 'C

XRD patterns of products prepared at various

Bl6 AFLEEE R~ SEM
Fig. 6
temperatures: (a) 400 C; (b) 450 'C

SEM images of products at different reduction

AR R RIS =i fe b, TR R A
2t S B 2 (12)~(16) T s

CdO+H,=Cd+H,0 (12)
TeO,+2H,=Te+2H,0 (13)
Cd+Te=CdTe (14)
[Cd(NH;),]Cl,=CdCl,+2NH; (15)

CdCl+TeO,+H,=CdTe+H,0 (16)

S5 RN R AT AT N BE T () 35 A 32 A ER RAG®
&3 s,

3 RRI B EATNEE FHAG

Table 3 AG® of some compositions in this system at different

temperatures

Temperature/ AG®/(kJ-mol )
K CdO TeO, CdCl, H,O  CdTe
600 —199.6 —216.18 —297.44 —214.08 —96.67
700 —189.0 —198.83 —281.65 —208.90 —94.79
800 -178.4 —179.70 —266.12 —203.60 —91.03

T AR R A12)~(16)HAG® 5 T 1%
Fo LA HY Y ROV T 600 K I, B4 AG <0,
BI7E 600 K LL_E3(12)~(16)#B n] RESEAT » FLitiE it fe
H A [CA(NH;), JCL 73 fi# 5 5 TeO, fEA MR
NIRJE A K CdTe, 5K 7K 530 N R TH TR 2
FLI, AR ARSIE)RAFH] CdTe.

7 FoR AR JEELE A 400 °C L 3B SR 4 1.
2.5, 3.5 F1 4.5 h N Frf3 =) XRD . B8 7 /%0,
TEIE BTy 1 h B, B fS =9 Bos B 8 )
CdClLyH,O HFMEVE, 15 BHAEIE b S TG I B A T
(15), 7E260 Jy 23.796°. 39.351°, 46.448°, 62.457°
SEALH L CdTe FRAENE, AL O W] R B CdTe
mg, RS, AT REIRES . WE 7 dik
ATLUE Y, BEA IS T 350, CdClL-H,O Ak
T, CdTe Fysf 06 am Wl aG K, Ui i g5k T
SEHE, TEIEJR 2.5 h IS, BR T L7 INBRRT 4544 1Y) CdTe
ARFEUE SN, AR IRILAB AT TG0, P=HAH 153
H—,

8 FIT 7N NAEIE JFJE Ay 400 Cy AN[)id 5t i i)
A3 =40 SEM 4. I 8 A LLE Y, B IL

+—CdTe
=—CdCl,"H,0
. @
A * i Jl :
| ) | “ j L (_E)
J L L9

B 7 ANFEREJRIN R P~ 8 XRD i
Fig. 7 XRD patterns of products prepared for different
reduction time: (a) 1 h; (b) 2.5h; (¢c) 3.5h;(d)4.5h
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Fig. 8 SEM images of products prepared at different reduction time: (a) 1 h; (b) 2.5 h; (¢) 3.5h; (d)4.5h

JRIS AN T, A BURLE B KK, 76 I8 SR [R)IE 4.5
h I, BRI S), TEARARTF AR, ok 412
BEER . XS T A I SR TR (R S, Nk ¥ i
ghih, HHARBURL TR Tk, KA. B
RN R T8 AR I AP 7 AR L
FERN 38 RS B S I T () 36 I 38 el ditohes
SRARWPURL R K o Bt 34 J BN ] PR 388 o, 4
bR A ER,  RDRLDX ORI T3 I, AR TR kAR
B AR K. DRI, PR AIE 7™ it JO o PR ) o 7 S gk 2>
SIS TR], AT A2 S s A Bk A R AR PR 384K

IR JEIELE 4 400 C 3B JE H] 24 2.5 h 443 21 i
BN PRIEAT ICP 23T, 3 4 FTgh 3 A SR S (1
By . B 4 ATA, ARV G TR SR A CdTe 1)
feEit L.

K5 AR BRI R R Th 22 i w . R
5 AT, B JRAG B )RR AT E IR S 99.99%.

F4 YT CdITHEM Te T MR
Table 4 Mass fractions of Cd and Te in product

Mass fraction/%
Sample No.
Te Cd
1 49.89 50.11
2 50.00 50.00
3 49.90 50.10
Average 49.93 50.07

RS LB CdTe H MRS =
Table 5 Impurities contents in CdTe powder (mg/kg)

Ag  Se Bi Cu Fe Pb Ni Zn  As
01 08 05 06 10 10 02 06 02

3 %t

1) MRS 2 S AR, 138 25 CIN Cd*'-Te*'-
NH;-H,0 AR 1) 1ge—pH . BRI 24 0 Hral 40,
VIR n(Cd*)=n(Te")=0.1 mol/L, 24 7<<pH<S8 I,
MR FR AL TR LTV X 3

2) DAGALHR . AR K A JRORE, AE K
Pl [ 2% 55 pH=7.1, % T HA Rt b = e
i B AL UCE . B D E Y E TEURT,
76 400 CTFIEIR 2.5 h JHfile& 707 NEERT 4544
CdTe WK, ik R HA Z L85, HAlEEiE 5] 99.99%.
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