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1.1 AWig&ERAM
R AUT : OSLM-250 8 i 1 48 (bt

T AR MR A FRA ) 8 R v & it 2
BOm AR 250 mL &% i1 K 77 10 MPa, i% i1 &
300 °C $EHSEE 0 ~ 1 000 r/min; @GC-2020 KIS,
AT A, 4 I 28 25 1 FID (& KM B 1Ak 46l
)RRV A HE RS SE-54.0. 32 x 30, 4
FEIRE100 °C (fE ) , #EFE DR BE 150 C, FHESR
RS, K 28 T BE 120 °C A 5 1 5 e 2R
w2 pl,
RIS RN 1 Fis

Tab.1 Experimental materials and sources

JERH2A R 43T i CRE 3
BRI MgAl, O, Ve A Uk
efindes Zn(NO;), +61,0 GIHTE LT PR Ak T R A ]
TR Mg(NO; ), -6H,0 SrHrat WL T PGP AL T R
TR AI(NO3);-9H,0 SrHral Wk T PG P4 T A R
Tk CH;0H Faires KBTI & FRG AL T A PR
Fork C,HgO Vigirea KR I R
AR N, 99.999% TR EAE A IR A
AR Co, 99.999% TR EAESEARA
TR 2 M CyH,0, Figirea KT HUE = Tl FRA

1.2 EEFHFHE

1) M-8 e 12 Tl £ MgAL O, 2R A1 8044, H&
MEEE /R HE n(Mg) @ n (A1) = 1: 2 1 Ho 6l 43 51 Bk B
Mg(NO,),-6H,0 A1(NO,), -9H, 0, il Ak & )%
B TFKECAL 0.5 mol/L MV, IMA Y & J8 B 7%
JEE IR AT A% 1R O AN W ik 1 7280 i A 2K 98 15 pH
28, VEMRIETE 1 h, 7E 120 °C F T4 24 h, 7£ 900 °C
ThEBE 9 h, AT Al B 4 AR BLAT 1 MgAL O,
SN

2) IR H %5 Zn0 - MgAlL O, 38 44& . FREL— &
1 Zn(NO, ), -6H,0 ¥ T7KH, InAGE & (1) MgAl,
O, By AR$iFE 3 h, AE =R N E 21k 24 h J5,100 C
T 12 h, FE S 3R T AR (2 C/min) B
500 °C ,K5be 4 h, WHGFERASEH,

3) VA e - BRI v il £ MgO-AL O, ik, FREL—
FEHK Mg(NO,),-6H,0 Al(NO,), -9H,0, % fit 5
BA A 68 8 55 B R AR T A Wi
FEZ A Z KIS pH 2 7, 7F 80 C T I
FE3 h BEEEOIR, 120 °C T+ 24 h,500 °C T ki ke

4 h, 153 MgO - AL O, AL,

4) I - BEIRE L 4 Zn0 -MgO - AL O, AL
PRE—E 5/ Zn(NO, ), -6H,0 Mg (NO, ), -6H,0,
AL(NO;),-9H, 0, e 1R &, A 4 )8 1 155 g
IRAFPIGE IR I A W h 4, JF 22 % I A 2K 9375 pH
B2 7,76 80 C NIM#HE 3 h ZEEER, 120 CF
F424 h,500 C FHHE 4 h, 153 Zn0-MgO-AL, O,
e,

1.3 RMHIE

5, BT AL S R i Ae AR B CH, 0—
MH* I EC 7R P A7 s AE T B ili—C0—0—
CH,—CH—OH  [a] {&, #& J5 5 B &0 36 s g A= %
CH,0—C0—0—CH,—CH,—OH, , BfiJ5 , Bt S hr
“ks1d; CH, 0—CO—0—CH,—CH,—OH | Ak
HA, I i CH; 0—CO—F1—0—CH,—CH,—OH,
CH, 0—CO—Y CH, O—J I 4 i DMC, —O0—
CH,—CH,—OH 5 H* e B A= i, EG, B4k 2 i =X
(1) ~(4),

CH,0H —CH,0~ +H" (1)
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ASAP2460 A4 [ 2 b 3% i A FL B RE 43 A A
FE o AR B, DI B A Y R, B
TE 180 CHIFE %S 10 h, F 2 = I 1T BET M,
PR MBURH BET ikt AT h 5, L&k 48 43 A (&1l
it BIH 753545

K Rigaku Utima IV #9X 526777 5O 1L 571
FESHEAT X SPRAT 5 (XRD) AR 387, R Co-
Ko $H£E R, T./E B JE 40 kV, T /F HL i 40 mA,
X B HEHE R N 8°/min , FAFEIE N 10° ~80°,

K APREO U H# 7 2 S5 UL Z2 A AL 71 1Y
FMIES ., TAERIE R 100 kV, TAEH N 48 mA,
TAEREE N 6 mm,

CO,/NH,-TPD % | Chemisorb 2720 %Ik %1
BRSO AT A 0] BB 0. 2 o AL FIRE S 75 8 4l
He SR P FHE 2 200 °C, WAL EL 1 h, SRR HI =

50 C K2l He UMM RIAE CO,/NH, IR &K
B 1 h, FEMZREHMRANSS , LA 10 °C/min A9 T8 R A
B 50 CH#AZE 800 °C , W AE AL F, Wik TPD
ik,

2 iR v
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Fig. 1 Effects of different catalysts and active

components addition on catalytic reaction
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Hb RGN aR R B R B T MRS, HETT 4 TE DMC 1
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TE N A 170 °C R B[R] 24 300 min
n( WA :n(EC) =10: 1 AEAFI 2N EC BTE Y
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Fig.2 Effects of different ZnO contents of

catalyst on reaction
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Fig.3 Effects of reaction temperatures on

yield of DMC
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Fig.4 Effects of reaction time on yield of DMC
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Fig.5 Effects of catalyst dosage on yield of DMC
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Fig.6 Effects of different feed ratios on yield of DMC
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Fig.7 XRD patterns of ZnO-MgAl,O, and carrier
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Fig.8 XRD patterns of ZnO-MgO-Al, O,

SR (au.)

catalyst and carrier
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3.2 SEM #1 EDS
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Fig.9 SEM diagrams of catalyst
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Fig.10 Elemental analysis of 15% Zn0O-MgAl,O,
catalyst by EDS
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Fig.11 N, adsorption isotherms of catalyst

and support
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Tab.2 Specific surface area, pore size and pore

volume of catalyst

. BET lRmAY  fL#% fLIRBY
FE b - 3.1
(m*-g™") Rof/nm - (em’-g™!)
MgAL, O, 22.04 18.23 0.117
15% 7Zn0O-MgAl, O, 22.96 13.96 0. 089
MgO- AL, 0, 5.40 31.98 0.028
Zn0-MgO AL O, 7.26 28.96 0.032

3.4 CO,-TPD

FIH CO, =TPD WF5T T 1M AL (0 B 14 B 5 0
PEAL T (O BRE L R T A5 RN 12 Fis, V-
B il £ AL T B 7E 350 °C 22 A7 BRIG A , iX %
A7) EL AT P AP 4, T MgAl, O, 2R fib A1 7E
800 °C BT H 3 3t B e | ¢ Y JHC Ay s e Pk v 5,
ATEMELL 53 ZnO , W TR BH S 180, A 50 0 i 1 3

MgO-ALO0,
Zn0-MgO-ALO,

E P ’/"—\‘/ \\\/;

=2 S . il

3 MgO-ALO, [ \ A
ZnO-MgAL O \\/

~ ]\

200 360 460 560 6(|)0 700 800 O(I)()
REEC
B12 R SR CO,-TPD EAFIE K

Fig.12 CO,-TPD spectra of catalyst and support
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TR ZZ A R DMC (Y i BE B
3.5 NH,-TPD

XA B AR 54T T NH, - TPD i, 45
W13 FiR, ATLAE i I - B Ik i 45 i Ak
FITE 300 °C BiFIf H B RRF U | XoF 17 1% J2 P s R 1T
MgAl, 0, 2R 41 7E 400 °C K 800 °C it H B Bt | 43
SRR s R R R R, I AT PR 43 ZnO 2 {fi
SER TR 14) T i D /L, 5 TR P TR i 3 0, R ZnO IR
TR T AR 0 3R R R 67 s P3G I, A F 9T R
TR ML AR EC 5 FH B IR) f) PR 28 6 S g rh Ay AR
R RN o5 0T DL 5 76 Ak EC H B 3 i Bk
FRHESL IR AT EC FERRYEN AT
i —CO—0—CH,—CH,—OH i al{&, 5k 5 5 B
S B A Y CHy, 0—CO—0—CH,—CH,—OH,
Bt )5, R 1 A 5 4k 22 i CH, 0—CO—0—CH,—
CH,—OH I ny ¥k 54, JE il CH, 0—CO—HI—0—
CH,—CH,—OH, CH,0—CO—5 CH,0—JZ hj 4 i
DMC,—O0—CH,—CH,—OH 5 H* & I 4 i &
T
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— /
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/ it . / MgO-ALO,
[ ™\ Zn0-MgO-AlL0,

/ e

/ / 7 o= »

2(I)O 460 660 S(I)O
REIC
B 13 AR BT NH,-TPD EAR AT
Fig.13 NH,-TPD characterization of

catalyst and support
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R KB IR B A B MgAl O, AT o & i R P 16
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PRHEVERT R0 A P A TS
2) 3% MgAL, O, 171 A [R] L 5] (14 18 P 20 434
A BRI 2k BN 15% |, I IRHfE Ak 541 B d5 R PR
JE 1 87 B P2 o HAS K AR el
3) XA R AT RAE 5 23 B, Horh, BET 23 #7
FW] MgAl, O, HA B &5 19 LR AR, R A S £ it
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Synthesis of dimethyl carbonate via methanol and vinyl carbonate with
MgAl, O, and ZnO catalyst
LIU Qing-jie, LIU Shuai, MU Gui-lin, ZHANG Xin-tang, LIU Shan-shan
(College of Chemical and Biological Engincering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract; Dimethyl carbonate is widely used in the green chemical industry for its unique physical and chemical
properties and poison-free and damage-free characteristics. In the test, the catalytic reaction performance of
synthetic DMC wia transesterification of ethylene carbonate (EC) and methanol in the presence of MgAl,O, spinel
and ZnO (Zn-MgAl,0,) catalyst is explored and the influence of ZnO addition and reaction condition for yield of
dimethyl carbonate via reaction of methanol and EC is studied. The result suggests that; The catalytic activity
achieves the optimum condition with 15% of ZnO; when the reaction temperature is 170 C , the catalyst dosage is
4 wt% , feed ratio of n (EC):n (methanol) is 1: 10 and the reaction time is 4 h, the yield of DMC can achieve
95.2% . The conclusion can be drawn that acid position, basic position and specific surface area influence the
catalytic activity obviously through analysis on catalysts with characterization methods of SEM, XRD, BET, CO,-
TPD and NH,-TPD.
Key words: ZnO; MgAl, O, spinel; sol-gel method; dimethyl carbonate; transesterification; catalyst



