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Morphology and Desulfurization Performance of ZnO Nanorods

KANG Lei', BIAN Yankun', TAI Weiwei*, SUN Na', BAI Yingzhi"
(1. School of Petrochemical Engineerin, Liaoning Petrochemical University, Fushun 113001, China;
2. China Coal Technology & Engineering Group Shenyang Research Institute, Shenyang, 113122, China)

Abstract: In the field of catalysis, ZnO nanorods have attracted much attention because of their small size effect in the radial
direction and the macroscopic characteristics of bulk materials in the longitudinal direction. In this paper, ZnO nanorods were
synthesized by an improved solvothermal method, and Zn>* ions and NaOH were added by a step-by-step method. The samples were
characterized by X-ray diffraction and scanning electron microscopy. The mechanism of PEG-assisted synthesis of ZnO nanorods and
the effect of NaOH addition on the morphology of ZnO nanorods were investigated. The desulfurization performance of ZnO
nanorods with different length to diameter ratios was analyzed. The results show that the molecular weight of PEG has a significant
effect on the morphology of ZnO nanorods. ZnO nanorods with a length of 3—4 um and a diameter of approximately 250 nm can be
synthesized under mild solvothermal conditions when the molecular weight of PEG is 20000. Also, the step-by-step method of adding
NaOH is better than the one-step method of adding NaOH. NiO is loaded on the synthesized ZnO nanorods as a desulfurizer. The
desulfurization rate of ZnO nanorods desulfurizer with a large length to diameter ratio can achieve 98.2%, and the desulfurizer has a
better regeneration performance.
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a: Template agent is PEG2000; b: Template agent is PEG10000; c: Template
agent is PEG20000.

Bl 1 RFESF81 PEG 4 11 ZnO K1) XRD i#%
Fig. 1 XRD patterns of ZnO samples prepared by different
PEG molecular weights
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EH .

PEG 738X ZnO JEF MM, WK 2. HE
2a AL, 34 PEG 43 F& A 2 000 i, ZnO [T
KA IR, B BEAE 100~700 nm 2 [8],

(a) PEG2000

B EARTE 50~100 nm Z[A]; 4 PEG 7> F&EIGINN
10000 i, WL 2b, ZnO HITE3RA R A1 A FEIR
B FEAE 2~3 pm Z [8], #EEARZN 400 nm, K/4%
/NF 105 4 PEG 4rF &35 0125 20 000 B, 40 2¢
Froc, ZnO WIKEESEINA 3~4 um, BEAEB/NA
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% PEG 2 T BRI, ZnO K3 IZ 8T i —4E Lk 1t
AR, KRB HTIE R, [FIFE b 35 5 15 21 28
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PEG ¥& T 4BE, PEG MK EETE LRy i th g 58
TR LG AR, <2 3R TH 43 A A VF 2 # e 11 45U
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F1 FESTENPEG &8 ZnO HmMERIRT. &
mEMBHRSH
Table 1 Crystal size, crystallinity and cell parameters of
ZnO samples prepared by different PEG
molecular mass

Particle size Crystal cell parameters/A

Sample Dinm Crystallinity B o p

PEG2000 41.6 85.6% 3.2877 32877 52323
PEG10000 40.2 88.8% 32692 3.2692 52171
PEG20000 33.4 90.4% 32277 3.2277 5.2013

(b) PEG10000

a's b's c'is cell parameter index.

(¢) PEG20000

B2 AFEZ TR PEG il #%1) ZnO Ff i) SEM B
Fig.2 SEM images of ZnO samples prepared by different PEG molecular weights
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K3 KBr3:fkH Zn*-PEG20000 Bl A (M40 S i
Fig.3 FTIR spectrum of Zn*"-PEG20000 complex in KBr matrix

2 iznom
[Zn(OH)F-

Kl 4 ZnO —4E9KRIESE IR =

Fig. 4 Diagram of one-dimensional ZnO nanostructure formation

(a) Solvent is water

(b) Zn(AC), and NaOH were added at the same time

K5 AN A4 1 ZnORE it I SEME F
Fig. 5 SEM images of ZnO samples prepared by different methods
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A HUHBOR % 3 F15 U e ZnO B AE KA E 2
(PIsem, 7K B R B TR 950 H )
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K FH UL B AE ¥ 7 B TR 3 7 1R SR B il — 4 gl
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NaOH (NN T7 Xt ZnO 4Kt 504 % B 2
S, SR 4B IE (AR — 5k B) 2 Bl il % ZnO, 2
BTV IAN ] 5552 NaOH BN FASF: A J7ik
S INEERR e, J5hn NaOH, FESTESINE 2¢; B 77
TEBETR S AT NaOH [RIB INAZVE R, Ff 5 TESIL
K 5b.

o A JRIESCINBERREE, JEIN NaOH, BTk Rk
(1) ZnO YK B AHAHE 2T, GoK e 1K B 3~4 pum;
iM% B J7EkBERREE AT NaOH [R]H n N\ B3 7 v
W, AR R ZnO GKFRRHAE AN YY), H Ak &
FEARAERNAE 2 pme ISR NIE A Jiik, Wlh
Jepiie Zn®t, Zn® E 5 PEG 1E R R EE; % B
J7 VS ER A A1 NaOH [ I N B A e, de 4
BT Mtk AR K B G [ Zn(OH), T, i TS AL R,
[Zn(OH),]* #£ 5 PEG &5 &8¢ Zo® WRAE, XAk
3 ZnO £ PEG K1 (10 Bt A% 52 BH, iy 44 & h
FERKEMIFE ZnO 1%, X5 G R4,
AFITF ZnO LMK . FI R 7E B Sb AR al i, ZnO
TEAKES, AR M AMES K, 042 4L
AK, XWIEVE T ESRREEA NaOH [FII n N E
WHIRES, WM BIE R ZnO @ii% I K RE 58
Wt 7E PEG KT, #ATHEFAK. Fik, RH>
A VEMA NaOH, B F|T ZnO (WA 7 414
Koo 530k PP G 4 10 ZnO gk
BEAHLG, DRGSR ZnO 99K R K EHE
K, K/EEK.

2.2 ZnO KR ERIK/E X NiO/ZnO BEFT 7 AR i 14

RERY 2N

T AR BUR R, B3 RO F /R T A
BEYKFE K NIO J5, M BB 77 a#t. bH#. c#,
3 MR RS G R A WL 6. HHE 6 T
W, FAEER G 3 FhBLER R AR OR B 1 R SR R,
1M HAE PR 5y NiO 23 A3 50 3 Fof it At 70 1 e it
PEBE DL 7. a#t bALERL I BLAR 2 45 N 84.1%
F190.6%, 1H A& KA /A2 1) c# i it 7] Bt B 2K v 18

97.6%, K1tk NiO/ZnO it i 771 1 i 7 14k e It 25 40
K ZnO K/ERHE K2 S, ZnO 99 K¥E K TE
BEMRMEERRS T EREEMMEH.

(a) Prepared with PEG2000 as template

(b) Prepared with PEG10000 as template

(c) Prepared with PEG20000 as template

Bl6 AN /AR FINIO/ZnO AR B SEMI i A TC 3R 23 A1
Fig. 6 SEM images and EDS mapping of NiO/ZnO desulfurizers
with different length-diameter ratio
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Fig. 7 Desulfurization curves of NiO/ZnO desulfurizers with
different length-diameter ratio
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18 NisS, 4687 B A8 N, W A6 75 B 5 71 75
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WA, 3 B a2#. b2#. c2#MTE SR L
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Ja KA BN LR R BT KR REE 8a), 1M
K/ KB4t 2 WA E, PR R R
HIEF(E 8c). XL mEK/ALH ZnO YK,
TEYN 1A b 78 73 R I T A A ) 1 72 WA 1 (K
WK GR), A Rt ik G T 78S A G R R AR SRR

(a) Prepared with PEG2000 as template

(b) Prepared with PEG10000 as template

(c) Prepared with PEG20 000 as template

KIS AN/ e 22 i 2 K P AE S5 O T 3
Fig. 8 SEM images of desulfurizers with different length-diameter ratio after 2st

2058 2 IRFFAEJE ) 3 FPBLER T a2#. b2#. c2#
I PERE 2B LR 9, AT 9 Hriflizk ¢ IO, &
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NI B SEN T AR AR R 5 R (IR AOK
G010, T Ao A HE A R i AL P £ ]
i, SO RohalE G 1 AR R R 2R I R A b
g, BA T REMERMEHTERE. kARSI
T a2#, SN _EASBAT AT RHI 9 H 2 R
bR R h 5 T el . fk T WL, ZnO 9K
R P /A 68 it 1 7 P P it 1 E AT P 2B R e A R
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