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aqueous synthesis method and its process optimization
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Abstract: With a mixed solvent of triethylenetetramine-ethylene glycol (1:1, v/v), CulnS, micro-particles were

synthesized by an aqueous synthesis method at 200 ‘C for 2h under the open-air condition. The phase constituents,

morphology, structure and optical properties of the as-prepared CulnS, powders were characterized by X-ray diffraction

(XRD), scanning electron microscope (SEM), energy dispersive spectrometer (EDS) and ultraviolet-visible (UV-vis)

spectrophotometry. The results show that the synthesized products are chalcopyrite CulnS, micro-particles, which have

single phase, high crystallinity and stoichiometric composition, and their optical energy band gaps is 1.43 eV. The react

temperature has a great influence on phase and a little influence on morphology under the experimental condition. CulnS,

has the best property when the react temperature is chosen as 200 “C. The react time has a little influence both on phase

and morphology, the reaction is basically completed when the react time is up to 2 h.
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Table 1 Phase of as-prepared product under different

experimental conditions

Sample Time/ Temperature/
Solvent Product
No. h C
1 EG 12 200 CuS
2 TETA 12 200 CulnS,+CuySs
EN-EG
12 200 CulnS,
(1:1, v/v)
TETA-EG
4 12 200 CulnS,
(1:1, v/v)
TETA-EG
5 0.5 200 CulnS,
(1:1, v/v)
TETA-EG
6 1 200 CulnS,
(1:1, v/v)
TETA-EG
7 2 200 CulnS,
(1:1, v/v)
TETA-EG
8 2 180 CulnS,
(1:1, v/v)
TETA-EG
9 2 150 CulnS,
(1:1, v/v)
TETA-EG
10 2 120 CulnS,
(1:1, v/v)
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65—1572) VL Bc R &f, Ut B P A5 di Ak S AT 45 44
CulnS;. 534, HABRIRATH I 41(200/004). (220).
(116)~ (332/316)F1(424/228) B #5 CulnS, Frfi
(JCPDS No 65-1572)#HULHL, HE—PAiEFTfS =44
BT 544 CulnS, o VAT HA 2% T RFIE IR ARODL ¢ 21,
LB T A3 00 7=k s A TR CulnS, diAs e 4R —
(1) = LI VAR s s, RN = o2 3] T /b sk
ff) CuoSs Z%I&( JCPDS No 47-1748)(WLK 1(c)). 1K
B — 1 SRR HE IS, BT BIAT S Ve PR R i
FE 5 CuS Kbk A (JCPDS No 79-2321)AHILAL,
UEIRE i A 2l CuSUILKE 1(a)). 5341, L& -2



1382 A G A R

201345 H

112
(204)
312
o 47 Emg (332) (424)
() | (004) I\ | Culns, (316) (228)
: m— BN S

260/(°)
1 AEANF SN s 2107 M XRD 1%
Fig. 1 XRD patterns of as-prepared product under different
solvents: (a) EG; (b) EN-EG; (c) TETA; (d) TETA-EG
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Fig. 2 XRD patterns of as-prepared product under 200 ‘C for
different react times: (a) 0.5 h; (b) 1 h; (c) 2h
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Fig. 3 XRD patterns of as-prepared product under different
react temperatures for 2 h: (a) 120 °C; (b) 150 C; (¢) 180 'C
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Fig. 4 SEM images of as-prepared product under different
solvents: (a) TETA; (b) TETA-EG
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Fig. 5 EDS patterns of as-prepared product under different
solvents: (a) TETA; (b) TETA-EG
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Fig. 6

SEM images of as-prepared
product under different react times at 200
C:(a)0.5h;(b) L h;(c)2h
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Fig. 7 EDS patterns of as-prepared product
under different react times at 200 C: (a) 0.5
h;(b) Lh;(c)2h
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B8 FEAIFRELEE N SN 2 h i 1 SEM 14
Fig. 8 SEM images of as-prepared product under different
react temperatures for 2 h: (a) 120 ‘C; (b) 150 C; (¢) 180 'C

Kl 9 s A L= CI VU ii— £ g R AN ]
SN B 2 b S 1 EDS i . A& 9 AT LA
Ei, BPWHET Cul In A S JTEAN, BWH HAD
M2, X5 XRD g ROLE 3)—3. K
9(a). ()FI(c)™ Cu. In. S JE T HIEER LS9 K
1:0.90:1.78. 1:0.98:1.95 A1 1:0.99:1.96. " LIE L,
150~180 ‘C MV Isf, =ik 2ot s bl il 1:1:2,
Al aliig . TR R AP CulnS, My K. HE—30
SAHTRIL, AEF 9) T E Cu, XIEAERE T &I~
YIPA7AE CuS i

2.3 UV-vis 54
N T EELRE R R SRR, L 7 34T T
Sh=ml WOt e o Mo ARAE F 3 AR K BE i B IR

(@
S Element w/%  x/%
Cu 28.44 27.23
In 46.07 24.41
S 25.49 48.37
In
Cu
Cu
1 1 1

0 2 4 6

E/keV

8§ 10 12 14 16

(b)

Element w/%

x/%

S Cu
In
S

26.58 2541
4725 25.00
26.17 49.59

In

Cu

0 2 4 6

8 10
E/keV

2 14

©

S Element w/%

x/%

Cu
In
S

26.50 25.36
4735 25.07
26.15 49.58

Cu

Cu

e

0 2 4 6 8 10 12 14 16 18
E/keV

B9 FEAENR T K 2 h T4 #) ) EDS 1%
Fig. 9 EDS patterns of as-prepared product under different
react temperatures for 2 h: (a) 120 ‘C; (b) 150 C; (¢) 180 'C
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Fig. 10 Uv-vis pattern (a) and (ahv)>—hv curves (b) of
as-prepared product synthesized at 200 ‘C for 2 h in mixed

solvent of triethylenetetramine-ethylene glycol
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