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Abstract

With a special solvent, the mixture of ethylene glycol (EG) and triethylenetetramine (TETA),
plate-like kesterite Cu;ZnSnS, (CZTS) microparticles were successfully synthesized by a rapid and
low-cost microwave-assisted method. In comparison with the traditional solution process for
preparing CuzZnSnS,; powders, the reaction time was merely 3 minutes. The samples were charac-
terized by X-ray diffraction, Raman spectroscopy, scanning electronic microscope, transmission
electron microscopy and UV-vis spectrophotometer. The results showed that the kesterite
Cu2ZnSnS; microparticles have single phase and stoichiometric composition with plate-like di-
ameters ranging from 300 nm to 1000 nm. The CZTS microparticles have an optical band gap of
1.5 eV, which matches well with optimal direct band gap (~1.5 eV).
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A3 —E LB 2 — B (EG)RI= Z 4R MU R (TETA)R S IR AW, B BRIE | RAA ORI B T
FRINE R T BB WS (Cu2ZnSnS,, CZTS)WRL. 5&4iH % CuZnSnS S RIEHIEMLE, K
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1. 5|

IEAESR, HROKBHREEIBTE SRR B NSRRI R R, HAARAM,. B8RS TSR A. 7F
FH S8 K BH B H b (1 AN [R) R 2 g R S p kb o, 4R ER fifi (CulnGaSe,, CIGS) IR MERERR 2, BEiriRIA
20% LA F 1T R B FE R PHBEMR WSO BL 2 —[1] [2]. #ATf, HRAERAN R B2 B A 35 Hon] FIVEAG,  SRRIER AR
N BB BT BELAS T AR AR 1 — 0 O BRI (CZTS) A e B BR(~1.5 eV) R R
FH(>10* e ) IE HILER R, SIS se s BEE MAREE, 3 T 84C CIGS iR PH A% Fa it 3]
Uk4h, JEid Shockley-Queisser Y1 ~Fifit4a, Hi%EE 85 i 5K PH e Futh Y BRI A PR 200 32.2%, (R
IRK IO ZS (B[4, T4 MR e 2 B SRR R IO MERE, T SRR 22 (T 50 & 0F U B i e
X BH R LI R B FH 5] [6] -

& B S B ORI 3 BT AR G N[4] [7] [8]. VAAIFA[O] [10] BREE[11] [12]F0— A2 [13] [14]
o DL EYRARE AN, AL T B ok it A (R SO e B B [15] 0 SR T I 75 B AT R BB V2 (115
AR I A HBE A BRI s VA TR B T B i R A R A RESRAS BT R 7=, I HoE Ll AR,
IXLE T [ SR (] 30 2 2R 48 /NBY, SR (VR o R B B A S v AR B A F vt A2 — e b Y
IS 2 AR, BT DA AR S S AR FHIST [R) 42 AT A ps Ml 75 5K o sl 6 E 2R A Tl F )z A8
PRI BGARA, & B A A& a5, ORER )RR 46 45 AR S [16] [17]. Sl # e o 50 7 7 A EAE
FA B ST 7 A A RN, ARl A D — MR A I S A 40 7P AR AR AR R S T AR Ak, TRUAT R
BRI 5878 3% LD A B R B e AR ), AR e A AN RE B IR A0 B R U R, S B0
WA RATE S T, TS BRSO 2R FE R, — B s R O Bee, IR AEAL R B B 15 LT
Tm#. BT AR B A% G0 #4580 s D, JE I A A g s BTG TR, 8 B PR I A
IRCR s Hong S5 #E T B Hm S L il 4 CZTS 9K, [ RIS [B] 9D 3] 21 43 /e 47 [18] - Kim &5 11 Sarswat
5T ok SR PR AR 2 B A SR B A e e TR gk — 2P 4 A B 10~15 43 BR[19] [20]. LbAh, VFZHEFI/INA
P T M AW b SR A R PR V4% BAS[18] [19] [20]. Shen 2557 F i v 46 1 4B BB ks, s S I} i)
iR 5 408, AHE AR ZnS KIAETE[21].
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SelEqE 4%

BRI, AR 2 (EG) M =1 Z R PUZ(TETA) (EG:TETA HIAFIEL Jy 1:6) [22] K4 FRIE & 1 7
FERASAT A I o FR A s e iR ks, HEAAPOE . . PR E RS . AR T —
ol 5 AL PR Sl B 2%, FH R PR AR CE AN IR K A L F T Al AR B S B A B R Aok, S N R[]
1 3 4l

2. KM SR

Hil & JE W R s K 2 mmol F AL (1) = /KA %) (CuCly2H,0), 1.25 mmol ZFREE() /K&
(Zn(CH3CO00),-2H,0), 1 mmol F k(1) /K &4(SnCly-2H,0), 6 mmol FifR(CH4N,S)¥% T 6 mL 2.
BE(EG)F1 36 mL = V. ZFEVURZ(TETA)H o K 5k 58 AV e A HILIR & 1 7 45 B AT SRRV, SRS TN
i A 477 (2.45 GHz,  fe KT 800 W) H o BT BRARFEGMBE S M2 Nk B 73+, 76 e i A v VR € DA
WA N, N 5E G BT 300 (8000 rpm, 6 min)iE P ZEERN & B TR BIK . BUE KT R R B
DUEPITE 60°C 1325 FIRAA Hh 08 6 /NSF . BEAN SRIG R TE AT AT SR LRI IR 858 N AT 1Y o

3. MG REITL

TR X5 ZAT SR (XRD) RIL 2 ' T T 785 1 A0 B 3 45 B Ok ) 225 it L ANAH 0 R o A BE 4 4 PR 5%
(EDS) R4 H 7 2. S5 (SEM) 7 BT 5 ™ WD TR A5 R AL B A5 FH 58 40 W L 23 D66 BE VHAIT L BT AR 1R 06
AR

3.1. YISt

Kl 1(a) s 7 7E 800 W 3 min 251 F il il & I 7= 0 i) XRD &3 o 8] 27 26 2 18.21°, 28.40°,
32.93°, 47.30°, 56.16°, 69.24°, 76.42°[FIfiT 5 XS N £ ¥ B 1™ 4 BE 23 B 45 449 (JCPDS No. 26-0575)f#1(101),
(112), (200), (220), (312), (008)F1(332)fhHi[23]. Z%45HI 5777 ZnS AU TS Cu,SnSs 264B1[24]. AT bAA
THRE— BRI A A AR ORI A0 R, SR A B B i — D RAE . W& 1(b)Fis, BESRTE 327 cm™
HEL—AN 0, 3% TR e S e X M B B HERH . SR, S5 ZnS Fi 27 7E 351
cm 11274 cm™, U5 Cu,SnS, Hi S U&7 Jy 318 cm L 1 348 em * [25] [26]. 1M il iz & I 5 P 14 A1)
A, FTCAP=P N AR B G B R, A

3.2. KSR

2(a)E/R T/E 800 W+ 3 min M4 & RIHI BBk K SEM BlR . EIFRHIE MBS N
Bk, BEARR/MEEY 300 nm #] 1000 nm. £T EDS St RERH (A 2(b), FWIRFA N
Cu:Zn:Sn:S = 2.3:0.58:1:3.61, ¢ &t /b AJ B H T~ SSL I TR PR T ASE 4 AN i 56 4 1E N SO NAR ZR e

3 NEFHEGN MG TEM, o451k X o7 #7 5 (SAED) FI /&1 43 # 3% S i 1 Sk Bl Bt
(HRTEM). & 3(a) ik ¥ R ~F 2925 350 nm, 5 SEM Bk & R4 5 B 9 300~1000 nm W4 . SAED
P (1] 3(a) i ) R I IMORL 2 i, [RIG CZTS R B RAFIEE L. 18] 3(b) Eom ™4 BA BT (1 it
a0, nkEREE N 0.27 nm X 4% SR A4 K B £ B 57 1 (200) 1Hi -

3.3. JtEERE

£ B B K 58 A0 -] LRI SO B N 1] 4(a) BT o e AT LU H 2 RHZE BT L3 Rl A 6
WA FRASIE], 7 400 nm B IRSCECSS, Bl S SIS IR SOZ T 5, B3 680 nm y— /MK, BT
PSRN E BRI R E0 2 R AR (ahv) = A(hw - EQ), (a= WO, h= HEATHEE, v=
SR, Eg= WHAR, ANEE). ELH(ahv)’ FOEFRER hy MEREOERIE, RJERASMELE B
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Figure 1. (a) XRD patterns and (b) Raman spectra of the typical sample synthesized at 800 W for 3 min
Bl 1. #£800 W\ 3min FHTEM~HIE: (2) XRD Eli, (b) RBAHE

5 Element At% (b)

31.34

Figure 2. (a) An SEM image; (b) The EDS spectrum of the CZTS microparticles synthe-

sized at 800 W for 3 min
2. fE£800 W, 3 min £HTE&KMEFEHRHRA: (2) SEM EiL; (b) EDS Jik

Figure 3. (@) The TEM and (b) HRTEM images of the kesterite CZTS (the inset of Figure
3(a) shows the SAED of the microparticles)
E 3. SFARH HEHIMAY: (a) TEM B, (b) HRTEM SEi%(E 3(a) F #R AN E Ak
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Figure 4. (a) The UV-vis absorption spectrum; (b) The plot of (ahv)? versus photon energy of the keste-
rite CZTS microcrystals

B 4 JESHASESRMEN: (a) KINZEE; (b) (chv)’ ~hv BiZE

HWRMEI G S, BUZEA R . W 40) st #aimage s 1.5 eV, X530k
PR R O 25 B (1.4~1.56 eV) A #F[4] [9] [10].

4, g5ig

L LTk, SR EG M TETA — € LU SV FIVE NI B A I 77, AE 8 H 26 F T 800 W i@
5, AT K/ A 300~1000 nm FISRACIREE B0 AR BB IO o SR I R AR A B AR O 92 1 4
BEBRI N, S NI (RN 5B 3 43k, A& E A N SCRRFRE 1) 5 R s SIS T o sk 8 AR AT R R
BRI 1A BN 1.5 eV, IR TG K B g Fth S R b 25 A BV L

E&WE

[ 5 H 2R %5 4:(N0.61764010) .
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