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Abstract

Employing ethylene glycol (EG) as the solvent, ZnO micro/nanostructures were prepared by a
simple solvothermal method with the aid of polyvinylpyrrolidone (PVP). In this paper, the effects
of different reaction parameters (reaction time, amount of PVP) on the size, crystal phase and mor-
phology of the as-prepared hollow spherical ZnO were investigated. The products were characte-
rized by X-ray powder diffraction (XRD) and scanning electron microscopy (SEM). The SEM results
show that, with the prolonging of reaction time, the voids of the hollow spherical ZnO micro/nano-
structures are increased. In the reaction system, PVP is used as a structure-directing agent and a
dispersing agent. When the amount is 0.08 g, the obtained product has the best dispersion effect. It
was found that the hollow sphere structure of ZnO is mesoporous with a BET specific surface area
of 83.26 m2/g. At the same time, glacial acetic acid was used to change the pH value of K,Cr,07 so-
lution. Under the irradiation of UV light (250 W high-pressure mercury lamp), hollow spherical
Zn0 showed excellent photocatalytic properties by the degradation of K,Cr,07 solution, as a result,
pH = 5 is the best condition.
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ZnO & — M L IhRERIRS TN RE . TT LARI Y AR BRI R RE, et R/, Wk
BUH B SRR I RE I 55 . 9K DR ZnO H T HRSFI4amitl, E15499°K 5% ZnO 5 HHARGK M KR EE,
BHAMR R 5 PN NSRS RO [1] 55 RE . 5 b SRR EHEE, ZnO 99KAT R
B TEm. EiE. 6 BAH IR AR 5 2] [3] [4] [5], 3R L0 00 T Seha kst AT Mk i S F Ay
18,

TERIRIIE Cr FERILH Cr(v)A Cr(i), o Cr(VIEL Cr()EtE. i RR S PE 5.
TR BB A RIIBOEIEE, Cr(VI) T35 E S8 /47 & (USEPA) FI A AL e is5 et 2 —[6]
P CB V2 B Cr(VIIIER, Wb 2A0tie[7]. B 1Fac#[8]. FEMR[9]. ADGMALIEF[10]. Hrpufi
Wk JFFERA TR 24 R R R 0 a, AT DAZE B AR (B N 5B oK P i 4 s, 8 id ok
IR S AR R fE TN Cr(I) . ZnO KU B A BOR TR FI R SR B i, X B S5 R RFAE 7] A
G WIS G o A5 Ok 2D FIR T L, Fk ZnO AT DME B FE JE Cr(vl) [11] [12]. FrbL
WAREER 7% Zn0 HHT Cr(VI IR 4 B F EEE L.

AT, PVP AE RS TR IEE RN, ] DLZE YA A B S AR 7 sk IS R A9
ASCEIEA PVP B FIHIEA R Zn0, VLA ZEEE N, it PVP [ H A NI 8], &
FEIEE R ZnO TALKATRL, IR FAE R ADEHIIRE T, & ZnO EANE pH X Cr(VI) B FE AR,
MR 78 H3E LK) pH X6 Cr(VI 6 (A A R 5
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2. SCIGERSY
2.1 AF SN

X-S 2By R AT (Bruker D8-Advance). 14 HL T B (Hitachi S-4800). LR THIFR T (ASAP-
2020C). £4b - v WAy e fEiH(TU-1901) {8 #E =0 pH 1(ST3100/B); % ZJ&MES Kl (PVP). Zn(OAC),~
L BE(EG). VKEEFR(CH3COOH). FEASTRHN (K,CrO7) ¥ o dralifb 2457, LA 245 35l B T E 25 4 14
=R FARAF .

2.2. HRERIE

PRSI E Bruker D8-AdvanceX-5f £k R ATHHMY (Cu Ka radiation 4 = 0.15418 nm) 7> #r I &AL,
P H B 7 A% (SEM,  Hitachi S-4800) K RALFE M MTES . T R &t 4 o {8 A bb 2 T AR 3 B A
(ASAP-2020C)ill#5 N2 W Bt - BiBt&5ia 2k, 4 A Brunauer-Emmett-Teller (BET) ik it 5 HFE M I LR
[ L. £ Shimadzu UV-3600 7366 TR MIA3 B AR ¥ 4 A ] DL S0 1 1

2.3 Bmbl&E

& 1 mmol Zn (OAC), 77 BUTE 25 mL £ %, FEREIhittas B=E P 30 min, eV A MA
0.08 g PVP 4kZE45+ 30 min. KT3I 2] 30 mL RVUR N IHA T, FER % BE AN
JERMZEEH, TRONHAR 150°Cn#k 24 ho W45 55 @ 15500 10 min (5000 r-min™ #4368 e fl 4y 55 51
UTE, I HZETRAKMITE K CRES Pl =k, FRE i SEAE AR IR SOX T84 75°C R )% 3 h, 153
BEATER) e N T RFUA R NS00 SERG ISR, FRATTRGUEEAT T B AR A 20 PVP &1 — R
H S o
2.4, RUWHEFEMHAR

P ZnO FIGIEALIE 238 5 X KoCrO7 ¥ (20 ma/L) HIVG AL B Al SR E AT R AL A« 4 P AT AR
S 840 (=365 nm) ) 250 W s FER AT VR ROGUR, DG TR IR BV AW 12 cm. #4451 % 1¥) 30 mg ZnO #+
m M EI3EA 50 mL K,CrO7 i (20 mo/L) IR o KRG UE T RIE IS b, R4t ds 1Lk
P b 30 min. F1HF i e R AT 2 B RS VA VL, 55 1P 7] IR 4 2450 10 o HESF I 1R], DAZE 52 BT TR AT (3 min),
MR N2 HOE SR AAFRYZ) 3.5 mL TR, 12— E P HART N R 5 1 15 mL 3.0 E . st
EUE B QIR KRR R FNE BT 70 8, B RS- O BT 5256 5 Ko Cr07 IR
SN

3. BR5WiE
3.1 REMEXEE RTFEHRETE

I XRD BRI AR, PRFFHAR I RS AR S DL R, BEFT T RIS [ AR A0 4
SEENERIREI . & 1 BT, A% ZnO IRESE XRD &, RAE AT SIS H BRI HIAE [7) 7N 75 £F 860 ZnO
(JCPDS 5 36-1451), FFA KIMHARRI AR, A] &7 2 =Y 8 sAH Hmai B n) . ik 1(a), &l 1(b)
B, 9 S TE] 3 h 24 h B4 (1974 1) XRD 25 5, 1% 3% B SN2 (1% 7= 1) i AH B IR AN K, SR
SN 24 h i) 25 TP AT S U SE IR I, s H PR R RO R ST B 28 i PR S 2 i o S N B[] (18] i K 1 38
N

JEIL SEM w] LARAE ATl 4 PR R SRS . [ 2(a) WAEH 25 mL EG RIEF, MK 1 mmol
Zn(OAc), #110.08 g PVP, fE 150°C Fn#k 3 /Nif BT 3R1G 1) SEM R, HIESH N .LBRIR ZnO, fHH
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Figure 1. The XRD patterns of ZnO at different reaction times: (a)
3h;(b)24h
& 1. AR FEHE B &9 ZnO B9 XRD E: (a) 3h; (b) 24 h

5 T 73 BUE A ZnO FESElivE, IEEE] ZnO (KA EASACR LIRS . NI ] 6 h i, i
2(b), WTLAE H ZnO M EARZI 1 pm, JEREHN 511 nm. %25 0IOIRK ZnO A BUE S5, HILR ZnO
T EREEHIB WU T E K2R SER MR 12 h (W01 2(c)), P13 ZnO S LBREE K,
ZERIEAEZ90 500 nm, JF H 5 6 h il % 1 ZnO Mt , B4R K BRTEIE FEHA Fridi/D, 1M 23 KR AN BT K.
A LHRERMBARZ /N, IHFETFZ R, DI KRNI 2 24 h (nfE] 2(d)), 64
1 ZnO BABONMKER) . AR, AAEVFZ /MR, 220 0ERR ZnO M EARMECT SN 12 h
i, AN, H ZnO K585 B AR — 80N

Figure 2. The SEM images of ZnO at different reaction times:
(@) 3h; (b)6h;(c)12h; (d) 24 h

2. NER A E P & 8074980 SEM Elf&: () 3 h; (b) 6
h; (¢) 12 h; (d) 24 h

RS, ANE R S (R 7E A AN R 544 ZnO i R AR G BEVE T, 25 D ERIR (1 ZnO S el K&
AR BURLHERR T B, I HiZ 2 DBIR ZnO 45 BB S N2 [T I O, 1T 57 P 52 P O o ) 3264 Uik
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o DRIBE, FRATTRT LIS I 12 S SR ), ] PASE ] ZnO JES BN eAe
3.2. PVP IR EX Y& RTFESHHRm

B2, W57 PVP FHEX IR, XRD 45 R & 3 fin. & 3(a)& KA PVP i BTl %1
P, FTAATSHIEE A UAJE R ZnO KIIEAZAH(ICPDS K5 36-1451), JoHAhZ: s fIA74E, LR T s
B2 40 ZnO. 24 PVP BJHEA WIS, & 0=l 3(b)~(f)Fias, XRD TS i BiA
KA, (HSRFERE PVP S &M AR M A4 T 808, R PVP & Ebks, WHRE!, ZnO M4 & E
HLF . X PVP & ZnO I AR7EAT T 0 W . B RO IIEAT, FIAETE R ZnO SREEARSR T b i —LLyE
PEOL SUCKE B 7 ARG, AT T B O BRIR T 2 14
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Figure 3. The XRD patterns of ZnO prepared by PVP with
different contents

E 3. FEIEE PVP 4% ZnO 119 XRD &

Pl At S N 46 AR, 438 PVP AR, it SEM X4 ZnO MITESRBEITRAE, W& 4 FiR.
M PVP 154 10 mg B, T2 R T RSF2975 3 pm (125G BRIR ZnO, (H =) (1) B R I BN B R (14 4()) -
Wi 4(0) iz, N 20 mg PVP I, JE i 23 O ERR ZnO FESR B R RARAE, RSFBS G0N, 2954 2.5 um,
MBS A BT = 4 PVP & 80 mg B (1 4(c)), A3 2IM7=40 R~ i/NR 2.1 pme 24 PVP
4 160 mg B (] 4(d)), ZnO BITESFFEA L, HRSFE—B/NE] 1.7 um, (EFYEHFHERER. H
SEM & 4(a)~(c)Hrr &1, FH PVP AE N HGH, HHBhE R ZnO RSF2xBE%E PVP (13 & 58 Iz ik
/N,

II0 PVP X M 1 % P 77 AT 3R 1538 &) HER SR BUD A K 858074, FrLAUIMNGE & PVP I, 73k
RABE PVP FHER KA BT . T A B RN 2 1 PVP B, 23 7= ARG 5 4, AT BHAS 25+
T PVP UINE Y K8 m ik ROVREEE, Tkl B2 ZnO B 3R 1 2 (A7 FHAL R, S B0
TBIPEPRRAR, FEAS A% A9 BORIBE K, S A3k N O O A . IRk, ROSE AR/ IN P RE 2 F T30 1)
T B R b R 2R K 02

3.3. FHCENMRIAR

TCHEAFIRIIES . R S R EAEERN EZR R, K, HREHRER, 5
TS QIR R AR BOR, e 7R e R el isvs o 3RATE I LE 2R T AR 20 #7 A (ASAP-2020C) il i
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THE, B BET 5 H 2 0ERIR Zno (1 ELR HIFZ 83.26 m¥g. HIELT ZnO 442K J(34.578 m?/g),
OERIR ZnO BA S S I LR THIAR . W1l 5 22 N WeFf - BB SR 2k 7R T 0.2 < PIPg < 1.0 Z[AIfF7E B i
[ 128, ULEA 2O ERIR ZnO &2 —Fi LM RL, X5 SEM 453 —%.

Figure 4. The SEM images of ZnO by different content of PVP: (a)

10 mg; (b) 20 mg; (c) 80 mg; (d) 160 mg

E 4. T"EIE 28 PVP B2IBI=4 ZnO B9 SEM E: (a) 10 mg; (b)

20 mg; (c) 80 mg; (d) 160 mg
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Figure 5. N, adsorption-desorption isotherm of the ZnO hollow

microsphere

5. ZILERIR ZnO B9 N, IRBH - Bt iR sk

LA KoCroO7 BN 5 36, A AR AT R 203K ZnO AE 6 AL, SR UKEEER IR T 20

mg/L K Cr,O7 iR 1 pH (AT AL B AR, 15 6 AT pH T KoCroO VR DG HE A B AR R O 3 . M
BT DA H, BEE AR H K, KoCrO; ¥ RAE 375 nm AbFIRFIEIR O BT %, ELAt i
RIS, pH=6.31<pH=4.03<pH=451<pH=552<pH=5.03. pH £y 5 K%M, ZnO k%
RS R (5] 6(d)). AFELSEEG A B, %2 OERIR ZnO AT DAZESSRRVE RIS R, R IR R AT Bgpl 28 4k
FEHAT AL, TT DU KoCrO AT G 208 IR, HAR LIS SCHRIRIE 10 2518 — B [11] [12]. (R,
ZnO FLMEN—FrsE . makf e el
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Figure 6. The absorption spectra of K,Cr,0; solution with time change at different pH: (a) 4.03; (b) 5.52; (c) 6.31 and (d)
Comparison of photodegradation efficiency of ZnO at different pH values
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T ZnO M SPERFBUR T EL B

4, g5ig
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