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Effects of morphology of plate-like ZnO on
performance of Co/ZnO catalysts
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Abstract: Two kinds of plate-like ZnO are hydrothermally synthesized from zinc acetate and hexamethylene
tetramine by tuning the reaction temperature. The morphology and structure of the obtained ZnO are characterized by
scanning electron microscopy ( SEM) , X-ray diffraction (XRD) and low temperature N, adsorption. According to the
intensity ratio of (002) to (100) in the XRD patterns, the ZnO synthesized at 100°C (Z100) is rich of polar facet on
the surface , while the ZnO synthesized at 140°C (Z140) is mainly composed by nonpolar facet. The specific surface area
of Z100 (6. 63 m’/g) is only about one half of Z140 (13.50 m’/g). Co/Zn0 catalysts are prepared by wetness
impregnation method using two kinds of ZnO as supports, respectively. Catalyst CZ100 is more active than CZ140 in
Fischer-Tropsch synthesis measured by fixed-bed reactor, which is attributed to small size of Co; 0, particles deposited on

the polar facet.

Key words: ZnO; hydrothermal synthesis; polar surface; Co catalyst; Fischer-Tropsch synthesis

BATA WU AT LI — SRR A A I 2
EY), R TR RIA: ) 5 e A A 5 T T S A
BHOZDE A, AR F AL TR kR [
R, BRIE AN FEAAL TR A SR AT 5 SO B 2345
AP AR, FE b R R AR B T 1 L U
PP R K AR 0 I 45 12 L 9 4
Mo BT RGBT A PR, — R 0 R 3
TR EVEAL R, a0 Sio," 43 7% (AL O,
Ti0, " \Zr0,"" BREERFRE AN ZnO""" 25 5 W]
VEEAR, Horh ZnO HAT JBBR & 0 1 B 1 4 20
i, BB o 4 S AL R O BB AR RE R
AR HORE B0 AS DRI BE O A B X
Co/ZnO HEALTA A ) £ 71220 AL B 500X A 78] B2 bz
W B AT TR R O 4 1Y
Co/ZnO AL AA R AFIOIRIR IS F R RE ™

Liu %1% 3L ALO, BT Co/ALO, Ak 5]

SER AR REA 5 FZLRLIA, ZnO a] LAl & Ak |
FAR AEARFIERCIR AR EEHY , i HA A AR
eI IR ABIF Zn0 JESL S Co/ZnO fiEAL,
IO 2R, BB 2t — 2 23 Co/ZnO HEALT 1Y
PACE WSO ERE o 2B 1A MU 7K A Rl 7
# Zn0, ARAFHAT A R A S ARS8, IF R
Co/ZnO HEALFIZSF ML REREST THTSE

1 SCIEER4Sy

1.1 ZnO &R

RO ¢ LR ¥ (Zn (CH,CO0), +2H,0, 734
4l VLI BT Re b e A R A R A7) 55.76 g
NUCH D iz (CoH,, N, 23 B 2, V75 5 B D) g4k
AR A PR A J A7) A 100 mL AR H, A
72 g KB FOKBEFEA R 10 min, PR ERER 2
200 mL ZKFZE N, % A K I OF B T HLAR A 24 h,

75 A H#A:2014 - 01 -20

ESIWE W04 ARRA 4 (Y14B030012) 5 |8 5B 30 #4311 (2014BAD02BO0S )
EEEI ST 51l (1989 - ) 5 il /E, 1151209500@ qq. com; F3CA (1968 — ), 5 18-, B B85, A 03 il & AL RN B DS 45 0T ¢, 3

HIE & A, ningwensheng@ zjut. edu. cn,



- 102 - 4K AL L

HEFRRLEE 735124 100°C A1 140°C AR U K A& A
SRV AN 2 2 5 3 A B0 A B R L B TE , 25
B KRR T 120°C HEAE b T4, TS 19 Zn0O
AT IRIAST BARIC A P100 il P140 5 2 500°C K555 14
Zn0O Z R4 5FRiE A 2100 F1 2140,
L2 fEHFIEEE

JEBeIE ) ZnO AE B, R FEER %S (Co(NO; ), «
6H,0, 73t 2k, E 255 Wk 2= a0 A R A /] AR 7 ) 7K
TRE IR S AR 5T 1 ) A e AR 7], 35 U= 5T 24 h ),
F120°C T 45 24 h, F-AF 500°C 5562 6 h, 15 %
Co/ZnO HEALF , 4k T 20 5% fEAHR 3 7R Ry
CZ100-5 F1 CZ140-5 , 4 7 38 10% [ fEAk 7] 3
WFE8 K CZ100-10 Fi1 CZ140-10,
1.3 fEHFIFRIE

ZnO 51 H H 4 Hitachi S —4700 Il Z 4548 & F
RIS SR AR ZE A i H R Rigaku 23 7] A Ultima
VA X S RAT AL 3T 3 ZnO 44 1 LR T AR LA K
FLEEF 25 [ 22 7 gs ASAP2020 EU{IGIE N, — 33
MR RS 2
1.4 EAFEETES

TE R RS s (RS ARH A TR A R A ™) Hp
VRN AR PR T 5 U NVERE , SR HT H, 7E 250°C 6
J5 6 h, FEREERGVHHA n(H,):n(CO):n(N,) =
6:3: 1R A THEZR 2. 0 MPa #E4T [0 , 1 B AR
R A WAy N 220°C F1 3 600 mL/(h-g—cat. ),
P A 2 WSCER[13 ],

2 SRS
2.1 ZnO FHEKFH

ARG BE R A S ZnO - BT SRR AR B8 I

FIMEEOH

ZnO Mg SEM N 1 iR, P100 i AR 454
B BN N, BHCRIE S, KR 5 B R 50 ~
100 nm Jr AR AEAR; P140 |y RTS8 1 Fr AR 45 4
PABRALK, T 500°C K5 hefa U P45 RoRIESR, (5 7= 1E
TREHALI . Wang 27 o WL 3 AR 03 7E
400°C K be S B 5 ~20 nm K/NEYFLI

(a)P100 (b)Z100

500 nm 500 nm

(¢)P140 (d)Z140
1 KA RIEES Zn0 T4 8 %

2.2 ZnO K BIELEH

RIFIK G BE A B ZnO S FR S5 AN 18] 2
o AFRPGREE T A1 Zn0 Ay 38 AR 2544 A 1R
RZE5H,P100 1) 2T IR Ny ZnO {4 (PDEF
36-1451) , 4 /04 Zns (CO,),(OH) , A& (PDF 19~
1458) JLA7 1M P140 H ) S 5 Zn; (CO;), (OH),4
F ZnCO, (PDF;08-0449)2 25, Fr &) C Fl H 2 F
JURIERTBEIL R 2 L CO, A1 H,O B s H | iX

J& Z140 H I BLALIA A R, S LA 1 (d) o X T

(3% 100 1)
[9] Fernandes A, Gregoriadis G. The effect of polysialylation on the im-

munogenicity and antigenicity of asparaginase: Implication in its
pharmacokinetics [ J ]. International Journal of Pharmaceutics,
2001,217(1) ;215 -224.

[10] Jain S, Hreczuk-Hirst D H,McCormack B, et al. Polysialylated insu-
lin ; Synthesis , characterization and biological activity in vivo[ J].
Biochimica et Biophysica Acta,2003,1622(1) .42 —49.

[11] Wu J R,Zhan X B,Lin Y et al. Improvement of the CuZn-superox-
ide dismutase enzyme activity and stability as therapeutic agent by
modification with polysialic acids[ J]. Biotechnology Letters,2010,
32(12) :1939 —1945.

[12] Chen C,Constantinou A,Kerry A, et al. Glycoengineering approach
to half-life extension of recombinant biotherapeutics[ J]. Bioconju-
gate Chemistry,2012,23(8) ;1524 - 1533.

[13] Maarouf A E,Petridis A K, Rutishauser U. Use of polysialic acid in

repair of the central nervous system[ J]. Proceedings of the National
Academy of Sciences 2006, 103 (45) ;16989 — 16994.

[14] Bruns S,Stark Y, Roker S, et al. Collagen biomaterial doped with
colominic acid for cell culture applications with regard to peripheral
nerve repair[ J]. Journal of Biotechnology,2007,131(3) 335 -
345.

[15] Haile Y,Berski S, Drager G,et al. The effect of modified polysialic
acid based hydrogels on the adhesion and viability of primary neu-
rons and glial cells[ J]. Biomaterials,2008,29(12) ;1880 —1891.

[16] Yang T C,Chou T C,Li C F. Preparation , water solubility and rheo-

[

logical property of the N-alkylated mono or disaccharide chitosan
derivatives[ J |. Food Research International ,2002,35(8) :707 -
713.

[17] Dubois M, Gilles K A ,Hamilton J K, et al. Colorimetric method for
determination of sugars and related substances [ J ]. Analytical

Chemistry,1956,28(3) :350 -356. H



2014 £ 6 B MFRE: F AR Zn0 FZ37X Co/ZnO ELTIERESZ D - 103 -
4 Zn (OH),(CH,C00), 70
¥ ZnCO, 60
" ZnO L P100 ~
A qu L) %050
A E 40
P140 EN 30
Aaral w Taal a §,20 2//
10 ...mm-nnm-M‘*““‘,‘;‘?*:i:‘.:‘::l 1
I ” 7100 g
I . 0 02 04 06 0.8 1.0
- * plp,
I .K r 7140 1—7100;2—7140

10 20 30 40 50 60 70 80
20/(°)

W2 Kihg KR E T Zn0 5 A 454 8 % v

BEJG ) 2 A FE &, R LRI 2 ZnO 5 A A7 S e, (5
HAT145 A P B S AR ] . 2100 1 Z140 ()
3 A f 5 AT S 06 A ) BRAE 20 = 31,7 .34, 4° Al
36. 2°f &, 3 BIXT R T ZnO Fh R (100) | (002) il
(101) &7, Hedr (002) @ A ZnO iy (4 A Al 4 1o
MM (100 ) F1 (101 ) & TA7 A2 B % T, Z100 1y
(002) i 1 5 (100) 5 1 AT S 138 U A A 1. 64,
Z140 xRy 2 AN ST 06 5 BE LU AE AN R 0. 33, BB
7100 #) 3 i = B2 e AR P A A 5 MR, 2140 i
F2 = fl A A P AL K, L (002) TEF AT T AL BE
ﬁj\%ﬁ[l9,21—24] .
2.3 ZnO FHIEREM A

2100 F1 2140 ) He 2 A4 51k 6. 63 m’/g Fil
13.50 m*/ g, KA I BE A A T Zn0 36
TR AT A LA 43 A 0 B I R 255 35 28 4 51 4
B3 F14 fron. N3 Al 0L, 2 AN 1Y 8 Al JLAL
BR300 34. 8 nm F130. 4 nm, FLAs BT, {H 2100
LA B /N F 2140, 3% 02 2100 B 3% 1 AR /N )
JFH . AR TUPAC (94326 B 4 v 2 ASRE R[]
A AR IR T H3 B AR S P A FLUR B P B e g% LR
HE R AR50 iR PR IR 1 TR g FE SRS, AT LLIA
i 2100 F1 Z140 () fLAE Bl BOR A R Y SR
ok

—0.20
= 0.18}
£ 0.16}
T, 0.14}
< 0.12f
50.10-
< 0.08f

0.06}
K L
1 0.04
< 0.02f
010 20 30 40 50 60 70

FLEA/um

1—7100 ;2—7140

B3 ZnO 28 IL2 2

W4 ZnO 8K N, -4 38 R M IR 25 1R 4
2.4 EUFIBEREESE

4 MEAFIE) CO R R anE S fin. TESG T
AR I, Z100 £ 28 1 4 Ak 70 B 1 37 PR T v T
Z140, f1 T 7100 Ay L 18 AL (6. 63 m’/g) HZ K
Z140(13.50 m*/g) f—>F, UL AN P 1T 1 3% 10 4
Eb A AR P T 07 R Al s oy 6 1 v o A SRR
4 BT JBURL R BTN g 2 445 M A AR s o 7
SN TG e R AR F 4 A ) A IR R/ NI, T LA,
T TN E 1) CoyO, UKL/, 38 5 5 1) 42 J &l
SR, ML 25 AR MR T A Co, 0, iRE
KRG BTG R LD 7E 48 h SR A ) P 4
kN 5% BAHEALT I 10% RHEAL I FE E , 1X 2
T ZnO ARk TR JIT 67 28 A0 A A i 1) 1 0
T & @ aked | AR AR G 2K 0 B e RO &k AR
KRG, TEAEXTAS 7] i 18P £ 0460 i Ao Pk ik
139370

70

of N
LI 1
S sof — =
¥ 40} /’ s s "
[/ "-‘..m' 3

&[ 301 e LI
=) / TV vyvevvvvvvrevy v o
S 201 | S 4

10}

0 10 20 30 40 50
R E] /h

CZ100-5 55 CZ140-5 F)S 451 g - BNk BE 2 220°C, S g [ )
4 2.0 MPa,1 800 mL/(g-h—cat. ) 8 CZ100-10 5 CZ140-10 %3
9 3 600 mL/ (g-h—cat.)

1—CZ100~10;2—CZ100-5 ;3—CZ140-10 ;4—CZ140-5

HS5 Co/ZnO 18 1k 7| 8 BN V& M

4 AMEALFITE S 46 h 5 1Y) oA 1 e
Ro HIZR T ATRAAEL, 2100 T8 fEALsm Y CO, B
P CH, BEFEVEFI C, _ SRR ZEPEPERMR T 2140 138
FHEALTRI, Bl 2100 ki AT BA R Y Cs, f
Bz o S ME N RS T R BV Y



- 104 - A AL T

&1 Co/ZnO BUFIFIEE MR =W

JEE IR 3B/ %o
HEAL ] Co, CH, Cy_y Cs,
CZ100-5 0 9.51 9.18 81.31
CZ140-5 0.12 12.59 11.49 75.91
CZ100-10 0.12 12.05 9.58 78.37
CZ140-10 0.21 14. 40 11.88 73.72

1 :CZ100-5 5 CZ140-5 J I 25452 < S BE R Ol 220°C, J2 hif
FEF34 2.0 MPa,1 800 mL/( g-h—cat. ) 5§ CZ100-10 5 CZ140-10 %5
oM 3 600 mL/(g-h—cat. ),

3 #ie

FEANGI AL TCHLZR B 5 2R v P i 1% Ol
T, AR R K I R E ] A A 1 T A [ Y
AR Zn0,100°C & J ) ZnO ELA (e 1A% 1 1T/ A )
PRV FCAE, T 140°C A LAY ZnO =5 Bl AR ARk 1 AS
BRI AEIR 5t 2t AR v, AP T 1Y) 43 R
FH 58 FHEAR P, (A5 L - 1800 Co, 0, FiUki/NF
e AL /Y Co O, ik, FTLL,100°C & A ZnO
E?ﬁﬁﬁ%ﬁﬁ%%ﬂﬁi@ﬁ}:,,ﬁmﬁﬁi}?ﬁé Co 73
B, AR o T AR A R RIS 1, IR T Cs,
SRR

S 3k

[1] Ning W, Koizumi N, Yamada M. Researching Fe catalyst suitable
for CO,-containing syngas for Fischer-Tropsch synthesis[ J]. Ener-
gy Fuels,2009,23.4696 —4700.

[2] INT 5, R, BN, 45 BeFGG nl b JE 4 Ak ) i) F 5 32k
[J]. 4k 24R ,2010,31:919 -927.

[3] Iglesia E. Design, synthesis, and use of cobalt-based Fischer-Trop-
sch synthesis catalysts [ J ]. Applied Catalysis A: General, 1997,
161:59 -78.

(4] i, AR A, 2K BE. Ru BI5RIXS Co/SiO, fEALFH 24T & ik
S PERERRE ML) ] . M Ak 24 ,2010,31:307 - 312.

[5] Rifgste, JHlsite, th =2 55, SBA -15 ()L BE Rk 515 1 X il At
SR S AL RE R 2 ma [ )], HE 4k 2% 41, 2011,31:1370 -
1375.

[6] Hilmen A M,Schanke D,Hanssen K F,et al. Study of the effect of

water on alumina supported cobalt Fischer-Tropsch catalysts[ J].
Applied Catalysis A :General ,1999,186.:169 — 188.
[7

[

Co/Mn/TiO, catalysts for Fischer-Tropsch synthesis[ J]. Journal of

Physical Chemistry B,2004,108 ;16201 - 16207.

[8] Kraum M, Baerns M. Fischer-Tropsch synthesis; The influence of

various cobalt compounds applied in the preparation of supported
cobalt catalysts on their performance[ J |. Applied Catalysis A ; Gen-
eral ,1999,186:189 —200.

Morals F,Groot F M F,Glatzel P, et al. In situ X-ray absorption of

E34BEH

(9] $BAEM, TS, RATIR , 45 16 PR o S 8 FE AL 0] |5 i
TR G EELT]. {41 ,2009,30 :825 - 829.

[10] Pan Z D, Bukur D B. Fischer-Tropsch synthesis on Co/ZnO cata-
lyst-Effect of pretreatment procedure[ J]. Applied Catalysis A : Gen-
eral ,2011,404 .74 - 80.

[11] HXCMIASE, RFER L 55 Zn0 £ 1808 HAE it BEAT 1 i A
MR R[], Al T, 2012,41:965 - 973.

[12] FE/NER, T30, XIS il 4 J5 5% B 4EG 1 Co/ZnO AL

PRI )] BRALAR S (fb2# 20 0F) ,2011,47 $11).291 -293.

[13] Wang X,Ning W,Hu L,et al. Influences of Al,O5 on the structure
and reactive performance of Co/ZnO catalyst[ J |. Catalysis Commu-
nication,2012,24 .61 - 64.

[14] Bk, A7k, IBE4 , 5. 18 S5k XS Co/ZnO fEALF ) F -T
ARCERER M [J]. Dol i1k ,2012,20(11) :6 - 8.

[15] Liu C C,Li J L,Zhang Y H,et al. Fischer-Tropsch synthesis over
cobalt catalysts supported on nanostructured alumina with various
morphologies [ J ]. Journal of Molecular Catalysis A; Chemical,
2012,363 -364.335 —342.

[16] Wang Z L. Zinc oxide nanostructures ; Growth , properties and appli-
cations [ J ]. Journal of Physics: Condensed Matter, 2004, 16
R829 - R858.

[17] Wall C. The chemistry and physic of zinc oxide surfaces[ J]. Pro-
gress in Surface Science,2007,82:55 —120.

[18] Baruah S,Dutta J. Hydrothermal growth of ZnO nanostructure[ J].
Science and Technology of Advanced Material ,2009,10:013001.

[19] Wang X,Cai W,Lin Y, et al. Mass production of micro/nanostruc-
tured porous ZnO plates and their strong structurally enhanced and
selective adsorption performance for environmental remediation
[J]. Journal of Material Chemistry,2010,20.8582 - 8590.

[20] Li G R,Hu T,Pan G L,et al. Morphology-function relationship of
Zn0:Polar planes, oxygen vacancies, and activity [ J ]. Journal of
Physical Chemistry B,2008 ,112:11859 —11864.

[21] Jang E S,Won J H,Hwang S J, et al. Fine tuning of the face orien-
tation of ZnO crystals to optimize their photocatalytic activity [ J].
Advanced Material ,2006,18 :3309 —3312.

[22] Cui Q Y, Yu K,Zhang N, et al. Porous ZnO nanobelts evolved from
layered basic zinc acetate nanobelts[ J]. Applied Surface Science,
2008,254.3517 - 3521.

[23] Jang E S,Won ] H,Kim Y W et al. Synthesis of porous and non-
porous ZnO nanobelt, multipod , and hierarchical nanostructure from
Zn-HDS[ J]. Journal of Solid State Chemistry,2010,183:1835 -
1840.

[24] Lei A H,Qu B H,Zhou W C,et al. Facile synthesis and enhanced
photocatalytic activity of hierarchical porous ZnO microspheres|[ J].
Materials Letters,2012,66 .72 —75.

[25] Sing K S W, Everett D H,Haul R A W et al. Reporting physisorp-
tion data for gas/solid system with special reference to the determi-
nation surface area and porosity[ J]. Pure and Applied Chemistry,
1985,57.603 - 619.

[26] Li J L,Coville N J. The effect of boron on the catalyst reducibility
and activity of Co/TiO, Fischer-Tropsch catalysts[ J]. Applied Ca-
talysis A:General,1999,181.:201 -208. H



