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Fig.2 N, adsorption-desorption isotherm and pore size distribution

AT B0 R B O, U, TR AT
PSS+ DA P v R L7 B e A 50 A A1 PR 5 Ik
ZIa MR B AL T T A2 W S A iR

750 VL L, UL AL R B 52 A A RE AL AT

(iln serts)of SO* /Zr()2 at different calcination temperatures

K3 550 CHRJE SOF/7r0, [ ST gk
Fig.3 TEM image of SO? /7r0, calcined at 550 C



% 14 EEA.F A SOV /ZrO, W H & R AER B R 67

(a)
/;? 650.C L J\ :
e o8]
z 3
=z 150 C___A_ =
! . . . . L ! | ! , 650, C
10 20 30 40 50 60 70 80 1.0 .5 2.0 2.5 3.0 3.5 4.0
20/() 20/()
B4 BERMIAE 450, 550, 650 CHRUEISIIT A (a) I/ (b) XRD Pl
Fig.4 XRD patterns of samples (a,b) after calcination at 450, 550 and 650 C
100
650 ‘CHIFE — "
80t o —
550 “CIHRE o) C
o (wo
il = 60 .
Kl >~
8 CHER & -~
=) 450 ‘CIHIH = 3
e ﬁL/\/——/ 10 \Q/CA/‘
20 F o//
L L L L 0 / L L L L
200 400 600 800 0 1 2 3 4 5 6
J B ILEE /°C t/h
K5 AN[A) Rl BERE ) NH,-TPD B 6 ANMBI IR FE R T 1 SRS
Fig.5 NH-TPD of samples at different Fig.6 Reaction yields of samples at different
calcination temperatures calcination temperatures
100 95
901 T 90 1 '\.
I / 8 \
= Tor < 801 ™~
¥ 60f - I
= = Or
50 F
70
40 F
65
30F
1 ! ! 1 | 60 1 1 1 L 1
6 8 10 12 14 16 18 1 2 3 4 5
Mg+ Ny TEAIREL / IR
B 7 WES R & LR I #2m Pl 8 AR B S R RIS e
Fig. 7 Effect of the ratio of methanol Fig. 8 Effect of catalyst reuse on yield
and waste oil on yield
A
3 &

E B R8T 38 0k P AR L T B R T A KL R AR R AR S PR A L SOTT /ZrO,. fF FT-
IR, N, Yy H B, TEM, XRD, NH,-TPD FAEL5 R T, & 4 FL SO /ZrO, [ 4 1 5 2 4 4L 57 2 A
AR A R T T A A 8 L TE 2 A A AR KR R Tl 6 YRR S L 6 b JE A ISR A B 91064 FL I
AR R T AR Sy — ol SELAEL U A A TR L 7 SR A Tl Ak 1 R EL AT I 8 L FH 1L

2 % X #

[1] CORMA A,MARTINEZ A.ChemlInform Abstract: Chemistry, Catalysts,and Processes for Isoparaffin-Olefin Alkylation: Actual Situa-
tion and Future Trends[]J].Catalysis Reviews,1994,25 (10) :483-570.



68

TR F RO RAF ) 2020 4

(2]
(3]

(4]

(5]

L6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
(171

(18]

[19]

PLATON A, THOMSON W.Solid acid characteristics and isobutane/butene alkylation[ J]. Applied Catalysis A General,2005,282 (1):93-100.
HONG K,PHAM P,VO A.Preparation,characterization and thermal stability improvement of mesoporous sulfated zirconia for conver-
ting deodorizer distillate to methyl esters[ J].Journal of Porous Materials,2017,24 (2):411-419.

Pérez-LLuna M,COSLTCHI A, TOLEDO-ANTONIO J.et al.n-Pentane Isomerization Over Pt-and Ni-Pt-Promoted Sulfated Zirconia Cat-
alysts Supported on Aluminal J].Catalysis Letter.2009,131(1/2) :285-293.

SONG H.ZHAO L,WANG N.Rare earth metals modified Ni-S; O3~ /ZrO,-Al, O3 catalysts forn-pentane isomerization[ ] ].Chinese Jour-
nal of Chemical Engineering,2017,25.74-78.

STOJKOVIC N,VASIC M, MARINKOVIC M. A comparative study of n-hexane isomerization over solid acids catalysts: Sulfated and
phosphated zirconia[ J].Chemical Industry &. Chemical Engineering Quarterly,2012,18(2) ;209-220.

WANG Y G,NIE X A,LIU Z X.Biodiesel Synthesis from Styrax Tonkinensis Catalyzed by S; 0% /ZrO,-TiOs-Fe; O, [J]. Applied Me-
chanics & Materials,2015,521(6) :621-625.

RISCH M,WOLF E E.n-Butane and n-pentane isomerization over mesoporous and conventional sulfated zirconia catalysts[ ] ].Catalysis
Today,2000,62(2) :255-268.

CHANG B,FU J, TIAN Y,et al. Mesoporous solid acid catalysts of sulfated zirconia/SBA-15 derived from a vapor-induced hydrolysis
route[ J . Applied Catalysis A General,2012,437:149-154.

AKKARI R,GHORBEL A.,ESSAYEM N, et al.Synthesis and characterization of mesoporous silica-supported nano-crystalline sulfated
zirconia catalysts prepared by a sol-gel process: Effect of the S/Zr molar ratio[ J]. Applied Catalysis A General,2007,328(1):43-51.

YE F,.DONG Z,ZHANG H.Hexane isomerization over copper oxide-promoted sulfated zirconia supported on mesoporous silica J].Catal-
ysis Communications,2009,10(15) :2056-2059.

WAL R MCM-AL 58 SO /ZrO, i 38 FR MY PEREFFE [ ). 1 A 22 B 22 2412, 2000, 21(8) : 1240-1243.

LEI T,HUA W M,GAO Z,et al.Performance of MCM-41 loaded with SO7~ /ZrO» superacid[ ] ].Chemical Journal of Chinese Universi-
ties»2000,21 (8):1240-1243.

RA MR ERIE AL SOF /ZrO: Wil GRAE XA RELT TR 416 T..2009.26(9) . 878-881.

WU Q.LIN X D, YAN J P, et al. Preparation, Characterization and Properties of Mesoporous SO%~ /ZrO, [ ]]. Fine Chemicals, 2009,
26(9):878-881.

ZHANG L,HAN C, WANG H, et al. One-step synthesis of mesoporous nanosized sulfated zirconia via liquid-crystal template (LCT)
method[ J].Materials Research Bulletin,2012,47 (11):3931-3936.

LUO Y,MEI Z,LIU N,et al.Synthesis of mesoporous sulfated zirconia nanoparticles with high surface area and their applies for biodiesel
production as effective catalysts[ J].Catalysis Today.2017,298:99-108.

HARA S,MIYAYAMA M,et al.Proton conductivity of superacidic sulfated zirconia[ J].Solid State Ionics,2004,168(1):111-116.

YEE K F,WU J C S,LEE K T.A green catalyst for biodiesel production from jatropha oil: Optimization study[J].Biomass & Bioenergy.,
2011,35 (5):1739-1746.

KOBAYASHI H,ITO S, HARA K,et al.Conversion of glycerol to acrolein by mesoporous sulfated zirconia-silica catalyst[ ]J].Chinese
Journal of Catalysis,2017,38(3):420-425.

SHI G L,FENG Y U,YAN X L,et al.LI Rui-Feng Synthesis of tetragonal sulfated zirconia via a novel route for biodiesel production[]].
Journal of Fuel Chemistry & Technology.2017,45 (3):311-316.

Preparation, characterization and application of mesoporous SO’ /ZrQO,

Wang Yunjie, Yuan Hong, Liu Wei,Zhang Hong

(School of Chemistry and Chemical Engineering, North Minzu University, Yinchuan 750021, China)

Abstract: Using sixteen alkyl three methyl bromide (CTAB) as surface templating agent, zirconium oxychloride octa-

chloride as a source of zirconium and water as solvent, mesoporous SO% /ZrO, was successfully prepared. The structure was

characterized by FTIR analysis, N, physical adsorption. transmission electron microscopy (TEM) ,X-ray diffraction (XRD) and

ammonia temperature programmed desorption (NH;-TPD).The results showed that the sample after calcination at 550 °C had

a surface area of 179 m®/g and an average pore diameter of 4.1 nm. TEM showed that the sample was in the form of worms.The

NH;-TPD characterization showed that the catalyst after calcination at 550 °C has super acidity. The catalyst was applied to the

preparation of biodiesel frying waste oil methyl esterification reaction. It was found that the catalyst after calcination at 550 °C

has higher activity for preparing biodiesel. The yield of the reaction at 200 °C for 6 h reached 91%.

Keywords : mesoporous; sulfated zirconia;solid superacid; methyl esterification
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