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Preparation and characterization of SO~ /Zr0O,-TiO, and

its catalytic synthesis of n-butyl propionate

DONG Cheng, WANG Gang, HOU Xing, XU Jun, ZHANG Liqing
(School of Biological and Chemical Engineering, Zhejiang University of Science and

Technology, Hangzhou 310023, China)

Abstract: The n-butyl propionate was synthesized by SO?™ /ZrO,-TiO, prepared by dip-impregnation
method. Under the conditions that n(Zr) : n(Ti) =1 : 1, H,SO, solution was 1. 0 mol/L,
calcination temperature was 600 °C, the catalyst had high activity. And the optimum
synthesized conditions were reaction time 2. 5 h, the amount of catalyst 1.0 g, molar ratio of
acid to alcohol 1 ¢ 1, the yield of ester 77. 36%. Then the catalyst was characterized by
methods of Hammett indicator, BET, FT-IR, TEM and XRD. Results showed that the
catalyst had suitable specific area and its H,<C—11. 93. Structure of Zr-O-Ti and chelating
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SO}~ were formed during cacination and no crystall was found. The surface structure changed
obviously after reaction.
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1.1 UiE-REE S & SOI™ /Zr0,-TiO, B {858 8 L 7

FREL 7.98 g ZrOCl, « 8H,O 3 F 252 mL & F/K P XA T K 13. 6 mL #) TiCl, 2% 12 i
A HEFEZ 5 min, LLEKHUITER] A S0P T 218 A . 2 RV pH B R 9, SR Z20HE 2510 min,
DUVE M AEARIR T WA 2y 24 b gl Fe b 8 L Pe 08 DF B 208 78 CL & i (A 0. 1 mol/L ) AgNO; %K
R 8 2= JCUCTE 7~ D) . K UEPE T 110 'CF T2y 12 h HEE . i 120 B SEE 6. JH 1. 0 mol/L /Yy
H, SO, VW5 4 h 5wl kg D80T 2 6 h RN oS 5 78 5 g b 1 600 “C b 3 h, 45 3 [E 1k
MR SO/ ZrO,-TiO, fE4LFIS,
1.2 EUAEFINRLE

JH Hammett $§ 7% 77035 W05 4 A0 F0RE & 0 R i B . 1 TW-00 789 260 /< 36 T W R ASCARG: T 44 £k 391 1) e 3%
T o SR FHIRALER T R vk -l AVATARS70 BUAE ST 21 A0 5 3% ORI, X6 BT 45 A6 P13 0 47 0 7 5 O 5 4 o
B HEAT X B, SR H LA R A7 1 H-7650 RY 37 5 L B R LS 10 500 AE o (8 08 30 SASURL K /NS .
fif == PANalytical (BHZARL 23 742 77 9 X Pert PRO B X HFE A7 MU (XRDY 4341 . X HH£E 6 A Cu # Ka
FH£ (A=0.154 056 nm), B JE 40 kV, B 40 mA,
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TEAT A 43 K5 250 mL = 11 B B AR OO AT 38 A TR IR L 1E T I A — a2 1 9 4R b 391 B
0B [ AR S IR AR R R IR AR 120~ 130 °C, B W H R I B2 0 A I K A3 . ORI L 45 1k
OB 3K AR TR 2 IE RN R Ve A A I U O R s AR R SRR A A U S, IS
HABFKUEG. RKE . BRZ IR BRI DE R 2 pHAE N 7. F0 25K)2 . R HHE R L
BFKUER . RK)Z . BRIZHICKERR S T 1%, ¥ TR M TR IE T Fa oL & o B 28 18, 4R 140~
145 “C R4 NHZAR o3 BEAT 20 BT I R EUBT &, THER IR
1.4 F=@RaW

SR FH VR S o BT A5 7 i R A 20 A S T S, o i A5 19 [R5 E AT 40 BT« I 5 B o 41 A0 RS AE H A .
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2.1 EAFHERETELFEAORm
2.1.1 Zr/Ti JRF W EARLE G R

TE AR AL oAt ) 45 2 E AN AR B8 0 R L A 2 A8 ZrOCL, « 8H,0 5 TiCl, i+ 2 8] 59 b i) . A 48 4
SV %% Ze/ T 5 HOHBE AR R AR AL 16 PR 2 0, SCIR 45 R IR 1.
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Table 1 Effects of atomic ratio on catalytic activity

1AL 57 2 = V(TiCl,)/mL m(ZrOCl, « 8H;0) /g n(Zr) /n(T1) %/ %
S-Al 1.1 9.67 3:1 35.06
S-A2 1.1 6. 44 2:+1 35.22
S-A3 2.2 6. 44 1:1 37.76
S-A4 4.4 6. 44 1:2 37.42
S-A5 5.5 6. 44 1:2.5 31.98
S-A6 8.8 6. 44 1:4 30.03
S-A7 5.5 3.22 1:5 28. 96
HT 2 1T UL L A A L A P M T B B A Ze/ T T L /e K 3 R R T AL R 0
P SRS 5 S-AB 0 1 M 1k 05 M B 5 X R M BB BAG Z/Ti R F Il 1+ 1,
2.1.2 H,SO, ik K ENEALE M3 H
TE AL A 300 45 5% P R A8 O L A H2 B WO AL T 0 B
s H, SO, 1835 i 0 e B, A IR & [ v % Table 2 Effects of impregnating solution concentration
I 15 VA VR VR A Ak o A A R A T A 1 on catalytic activity
Wi, Sy 2k L L g 2 AL g5 H, SO, R/ (mol « L71) W/ %
4 2 AL HL SO, 1 10 B v B X A A7) o . o
B /AN e g s B 1 5 . Lo 6108
IEHER B FE 0. 5~1.5 mol/L Ju Bl N, T 7 S-B4 1.5 51.94
35 B A e 790 JEL A R X B R Al 3 5 G SB5 2.0 34.92
B3 Ak A (1 A AL 0 P R . 0K % 0] R (E Sl 20 28. 81
H,SO, BB HE N 1.0 mol/L,
2.1.3 BRI EXIEAE Y G
TE AR AR R JHL At ) & 25 R AN AR A4S DL T, X FT 3 e IR G AR IS M 09
AR HEAL T B R s TR B L R R A s v % 82 % Table 3 Effects of calcination temperature on catalytic activity
e A 3 A e 1 O L 5 B 2 SR L WA 5 e B/ C W %
%:z 3, S-C1 500 56. 77
2 3 TR0 A L 3 4 o o o
P K L F e 5 3 M0 2 £ A 0 £ 3 4 F ) 650 75
K% . 7E 550~650 °C N k%58 i) 44k 751 AT AH X 42 SC5 700 44, 82

T B HEAL TR 1 5 FErh S-C3 AR 70 B 4 A 35 1 ik
1o - X R B AR BE TR Ry 600 °C

ZEA E ARSI AT 10 45 L AT DURA 8 R B R R SO/ ZrO,-TiO, Ak 3 0y S 45 5 2 Zr/
TiJEF 1 15 H, SO, BB 1. 0 mol/L; k5Bl B 600 °C .,
2.2 SOi”/ ZrO,-TiO, [E {4 8 58 B fiE L F B RAE
2.2.1 B E A X

Hammett 48 7% 7 2700 2 45 5 WoR L il SOT / ZrO,-TiO, #E4LH] H,<<—11. 93, I iE B SO/
ZrO,-TiO, y [ 4 5 % o
2.2.2 A @l

BET v 72 45 5 875 3 fe AR il 45 S0 BT il SO/ ZrO,-TiO, fEALTIFE 5 b F 1 BLUA 58. 23 m* /g,
S 15 W SR FH 190 0 18 5k v o) 4 1 LA R SR R SO/ ZrO,-TiO, B A B AT (AL 16 Mk B 6 1 AR R
RK
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Fig. 1 Infrared spectrogram of catalyst
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Fig.2 TEM spectrogram of catalyst before and after reaction
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Fb A kR0 B N i JR TEM &1 3% BT 01, BN A1 J i A6 390 1 T8 2508 35 & 28 T AR KRAR K o BB Aif Y
SO/ ZrO,-TiO, #f i 3 A b, 2 B0 LB 3 20 0 AR 25 4 B B 9 1L 7 O 5 19 SOF -/ ZrO,-
TiO, £ & oA 4 rf, BT 4E 3K 1T B2 PR oA By 5 A7) BB 25 L B A5 L
2.2.5 XRD B4 47

M SOI/ ZrO.-TiO, i) XRD & B (E 3) 0l LU E . & & AR S ALY LLIC B AE7E . LT WA R 5
ZrO, F TiO, Y S AHAT S0 . ARPESCERC12 IR 4iE , X aT B2 i T TiO, 5 ZrO, K& T 5@ BAE . ff
Hf bt B2 3 T L AE 600 CREBSS . Zr0, 5 TiO, BN E & S UL T8 B S AETE.

2.3 SOi /ZrO,-TiO, EH EM RERIET B IE X X1 3500

Ry &5 2 e SN I TR) A R R R R R UK L
SAHEREXTTIRRIE T & B sZ i, R Lo (3°) 1IE 28
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Table 4 Levels and factors of catalytic synthesis of

3000 f

SR

. - . 1500 f
n-butyl propionate by SOi / ZrO,-TiO,
% A B (j 1 000 1 1 1 1 1 1 1 1 ]
AP RBIBEEL/D R BERRER I CEEE A
- 2-Theta/(°)

1 1.5 0.6 1.0:1

2 2.0 0.8 1.2:1 B3 ffkif XRD K%

3 2.5 1.0 1.4:1 Fig.3 XRD spectrogram of catalyst

A& 0. 20 mol,
F5 EXRZWERE S (L, (3°)

Table 5 Results and analysis of orthogonal experiment (Lo (37))

BELY A B C LB 45 R/ 7
1 1 1 1 67.94
2 1 2 2 67.68
3 1 3 3 71.77
4 2 1 2 66. 89
5 2 2 3 61.76
6 2 3 1 69. 21
7 3 1 3 65. 64
8 3 2 1 77.05
9 3 3 2 73.47
K, 207.39 200. 47 214. 20
K, 197. 86 206. 49 208. 04
K; 216.16 214.45 199. 17
Ji 69.13 66. 82 71. 40
Jo 65.95 68. 83 69. 35
Js 72.05 71.48 66.39
R 6.10 4.66 5.01
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