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Abstract: Dimethyl carbonate is a versatile environmentally benign organic synthesis intermediate. The synthesis of
dimethyl carbonate from carbon dioxide can availably utilize carbon dioxide resource and has great significance in the
fields of environmental protection and green synthetic chemistry. The progress in various catalysts and catalytic
mechanisms for synthesis of dimethyl carbonate from carbon dioxide is reviewed,including organometallic catalyst, oxide

catalyst, base catalyst, supported metallic catalyst and acetate catalyst. Future development directions are also proposed.

Key words: carbon dioxide; dimethyl carbonate; methanol; catalyst

i R — W B ( dimethyl carbonate, DMC) J& /7 4E
KB B2 R B — R R ) Z I A A AL Bl
AR, 2 N T R BRI | S SRR B
I R 7 T BRI R S Ak T Y
WFSEFIT K BEGE{E CO, A RUH L AEAL ], 32 5
DMC RPN 2 H H CO, N IRk 5 LB iR
THIERREOR G, BT, B I A AR F B AR
AP R HEAL TR | TR A 0] | e A7) | 1 20
455 o AL ) LA S BERRER AL )55 o AR S T2 20 )
FH CO, Ry JUkl G B filk i — FF g 1 44 Ak 75 K% 78 4k
FNE L3R TS TR B 5 0 R A 2R AT T 2838, IFE X
R AT AT TR

1 BHEREELHT

AL AT BIF S 2 O A LB e S
a” " — kN, CO, Ske el A Py it

A SN 3% Ak, T R 3 P v (B A — 25 5
PE/EFAE B DMC, AR AL 175 206 2R

Choi 2" BF 9% T 16 Bu,SnO fi# 1k 7 #
[ Ph,NH, ]OTf By #4E A T, CO, Fl CH,OH 2,2-_
AR S G i DMC Sz, 3804 A [ Ph,NH, ] OTf
WAk, e 5 s 73 30 MPa S iz it J& 180°C | [ )il
fFE] 24 b HEE 100 mmol , 2,2 - = HT 4 5 N b
50 mmol ,Bu,SnO L7 2 mmol )54, DMC )
PEEN 7% o TE AR &4 T, A 0.2 mmol
[ Ph,NH, ] OTf By 7], DMC #9734 &, 5 3
40% . WHFEFW], 75 Bu,SnO FEALTIH, 23530 i A
H,S0, HCl H,PO, 2B %f DMC £ B A & 3] fie
PR

Sakakura 25" BF 5% T 7E Bu,Sn( OMe ), fifk 5
fEH T, CO, #il CH,OH H #: & & DMC () )2 [,
DMC )7 1 52 3 2 B F4 g 2 SR A= il 1Y

W Hm B EA:2011 -01 -06

EETE 5750 /KRR TV BT G 01 H (GYGG - 09010) 5 575705 /K KA T AR HUNTRHITIR 2 SRR F R0 H (2010k - 208 )
EBER T B =W (1973 ) 55 Wk BB, RIS b2 TR TS, 2hyypp@ 163. com; FMER (1960 - ), 55, Hi%, {8 L2 S il

T NI TR AT, @ IR R A , sundezhi@ bjfu. edu. cn,



2011 5 B

H, O 15 [ AR TG 4 AR 2 407 1 PR A 52
INA L 45 , B SR IS [ (345 i, DMC = i g e
&I, BTN 2 45 1 RE A% A R0 e i A 2 S niz 44
JI2E R o 73— 11, CO, Ji g XA 7] 35 2L
PP EE R, R I CO, [T, DMC
(R i PRV E AR AT 2 1 Blss o 4R A SO LB AN
K 1,R,Sn(OMe), (1) 5 A B 3 B R 2 BUZ 4514,
CO, R AFE 1 HAERF 2 S EIE ik Bk i 2
B2, 2 R A N — € 1) DMC Al (R,Sn0),
HIaMAR . o5 —J7 T, AE N, BRIE R S 00T, 2
BHRE CO, TP, F350,1 A2 2 [a] f-F-fi
eI S B IE T CO, (Y B BRI B
I, FERONERLEE 180°C i i, 7 AR AH N R BE Y 2.
CARTERIVE R Mt 2R 58 P K T AN AR S A
WA . (RySn0), )R- T B A T AR B
1, SE AR AP 1 A

0CO,Me

Me
2

K1 Bu,Sn(OMe), ¥ 1& 15| & & DMC
BRI HLEE

Fan 2" BF9E T (Me0),CISi( CH, ) ,SnCl, £ #1
Bk B AR AE Lk HC -EtOH 5 1 2 BUBLBR T
FMVEPER Y SBA -15 43 F 4 £ (idky Sn/SBA -
150 mon AL ) , FH T CO, Fl CHOH 4% & B
DMC Jz Jwi. fEfEAL 0.1 ¢ (Sn Jii & 70 %k K
9.08% ) H 20 mL.CO, £/ 18.2 MPa J3 i/ ik i
180°C S Wi ] 10 h (4544, DMC 75y 0. 41
mol/Sn (mol ) . fff 5% 45 R K W], 71 8 7E SBA -
1501 _gon A HL Sn AL PERBIC T H 17 2R 7E SBA -
1 6HC] -EtOH J: o

2 |

ALY AL A 5T A Z 1 & CeO,  Zr0, DL I
Ce0, -Zr0, B E AW, i 47 MgO | W R it V, 0,4
AL F A B DMC S, DMC (1) 326 5 P 5 ik
BUF o

Yoshida Z£" B9 T CO, F1 CH,OH B34 i

RS : — R G RbER — BPESEEIL IOV R <17

DMC Sz )i CeO, fEALF A HEALTERE . CeO, fHEAL )
P14 L 2 T RR B R e Tk 2 198 b T AR AT, % 58 i 3 A
873 K DI MW it BE I, 2 i DMC By it JL-F S5 fE Ak
FIRTEABOE G . SR, 7ERS BRI 673 K i), CeO,
PR 7t e U AR T AU s o AR Y
RALLIRTE  AER BRI 673 K I, CeO, AL
AAYBEE R TG E B A . AR, K5 B I B 7 873 K
T e i E IS, AR TC 2 T AR L 2R A, X 15d ]
R A A Lt 24 T R A B g T PR B9 4R ] . 72 CH,OH
1 CO, Tt k& 192 mmol : 200 mmol, %% K& 5 &
873 K, CeO, AL 100 me, 5 37 ik B 403 K, JZ i
Bfa] 4 h {2544 F , DMC (177547 0. 71 mmol ,

Tomishige %>/ 55 T CO, #1 CH,OH B4
i DMC [z i ZeO, HEALT 0 AL 1 BE , 72 SO 90 46
JE41}9'5 MPa,CH,OH F1 CO, B k& 82 mmol: 250
mmol , IV 1 B 443 K, ZrO, fiAk5] 0. 04 g, Sz )i Fif
@] 16 h A5 ,DMC 97~ 543 0. 42 mmol ,

Tomishige 25" WF 5% T Lk CeO, —Zr0O, K {4k
#,CO, Al CH,OH B 5 i DMC [ [, BF5EsR
W, b1 T A2 DMC 8 52 3 4 2 B, - 1 B
CH,OH AR AR HAR, Dy 1 I Bk S A4 28 v AR
Hy7K R 2,2-ZHHAA N GE (DMP) FlK 2Rz LA 3k 3
K HE o IAG B DMC R 4 28 Hr i) DMP g
EH AR I 5 CH,OH Y 56 4632, (B 55 & b fin
A DMP EATE A Y, EEEH T DMC A i 4
WA EL A= R 7 — W ik, E SOV R J) 6 MPa, [
Wy iR 383 K, CH,OH A1 CO, F kA 192 mmol: 200
mmol , {4 7 CeO, =ZrO, [ n(Ce)/n(Ce + Zr) =
0.2]750.5 g, K5BiRE 1 273 K, J W I [A] 16 h [
ZAF T, DMC #7758y 0. 78 mmol ; 7 H A 25 74 A
A% AN 30 mmol {1 DMP, 2 i i 5] 140 h, DMC )
FEIAE] 6.9 mmol,

Bhanage " B} T LA MgO S AL, R ML
H¥).CO, 1 CH,OH — 24 i DMC, % — 02
WA e s AN e S CO, SO AR R L A BRIR
BRIR TR , 5 — 20 R AR R ER R 5 CH,OH HEAT 1R 22
S WA R DMC, SEBR BT, MgO X3k 2 20 [ iy 4
A EACTEHE R FEE , 753 4 £ 8% 29. 2 mmol , CO,
J£77 8 MPa MgO HEALHI 1 g, S Bl B2 150°C | S
WFIE] 15 h B, S — 20 RO A LR AR B R T 11
TEREVE Ry 64.0% , 7 3K 52. 4% ; AR KR R 5
CH,OH Pt kb4 2 mmol: 25 mmol ,CH,OH &4 200
mmol ,CO, JfJj 8 MPa MgO f#:4L51] 0. 5 g S I it B
150°C | Jse g Bf (8] 4 h (1 2510 F, 58 =20 SO A



- 18 - FAX AL L

DMC 3L #EPEIRF 100% , 72388 66. 1% o K FF
A &% .CO, Fil CH,OH — k4 8 DMC, 7 CO, &
718 MPa, H iZ 200 mmol , 3f 5, Z ki 62 mmol , MgO
HEALF 0.5 g JSOW IR FE 150°C S i) 15 h ) 4%
fF R, DMC BEFE ALy 28. 0% , FoAth &1 7y Y &
PEMER . AT L, 2B — P B il DMC &Y
R,

Wu 2 BESE T BERRRCHE ) T 48 AL LA
T CO, #1 CH,OH H 4245 i DMC S 4 i Ak 1
B FESNIES) 0. 6 MPa Sl i 413 K CH,OH/
CO, i k2l 500 mmol/250 mmol | 4 1k 7 H,PO,/
V,05 9 0.5 g (54T, 7EAK P/V BE/R LI, DMC
(7= R AR E . CH, OH % AL R # & H,PO, &
YIS, 24 P/V EEJRE O 0. 20 BF, DMC 1)
7o I R 8 B B K, 43 i 4. 50 mmol A
92.12% ,CH,OH %54k H 1. 954% |

3w

B AR 32 B HE B 4 SR A kL
FEERE, HATXTIR 4 R BRI R R 2 . BiFoe KR
TE CH, T 85— A 1) 40 L P ] i i AL 7R M e

Li 25V B 58 T KOH/4A 4y 7 fifi i 46 590 15 1
T, RN B CO, 5 R ik R N 945 TP 5 P B
PEAT il 28 $e S A i DMC, 76 2 B il B 453 K|
CO, WUk KN 7 3 MPa ., 2 i B[] 6 h | A 4 7]
5 g IEWLE N 58. 1 mL CH,0H y 50 mL (1 {i{k
2T ,DMC /=535 5 16. 8% ., WFFERM, LI 4A
43T 43 3 61 2% KOH ,NaOH  KNO, K, CO, b5
H1 , KOH/4A 73 AL PE R & B ar 1Y o

Fujita 2 BF58 T A LSRG AT 11 2% NaOH
PRBEAEALFIE TR, R4 b CO, Fil CH,OH — 25
G DMC [ |, 78 CO, SR s J) 6 MPa S i
B 150°C S WA [i] 3 h i k7] 0.5 g IR N ot
28.6 mmol .CH,OH 3} 8 em’ {55, DMC )72
H24% ., BFFERM BN BE . CO, Fil CH,OH —25
BB i DMC 2 o A 03 1 B e Tk ) L rp 4
5HR JEE RIS B 87 B A B

Fang 2 WF58 716 LA CHLT 42 3R Bl fit Ak
FIFERT, CO, Fil CH,OH B4 5, DMC S (1) i
APERE , 7E SO R J7 5. 0 MPa | [ il 100°C | s i
BffE 2 h,CO, 24 200 mmol , CH,OH >4 192 mmol ,
K,CO, k51 3 mmol ,CH,T {2 HE5 24 mmol (1) 514
T ,DMC #7752 11.9 mmol . BFFERY], 7E— R4
FRR A BE e AR R R SR A AL R P K, CO, i b

F31 55 H

PERE R I iF Ay o B A S BEHLER AN 2, CH, OH 78
BRAELLTT AR F R 35 AL TE B CH;0 7, CO, 4 AJE A%
[CH,0C(0)0] ,[CH,0C(0)0] ™5 CH,I x4
i, DMC, CH;OH 5 HI Jz i A= Ji CH, T, "] DL 35
il

CH,OH + fiz——CH,0~ +H"*

i

o,
—[CH,0C(0)0] " +H~ ik

CH,1
——CH,0C(0)OCH, + HI + i
CH,OH + HI ——CH, I + H,0

B 2w E A (CH LR L)) & K
DMC R i .22

Cai %' [ CH,OK fifififk50) & CH,1 f77E R,
R A OV AFSE CO, A1 CH,OH 4 i, DMC, 5%
P WY, e 2B R PR R R DMC R AR IR T
CH, OK /KR 2 1A & 1E L, S A AE &I S,
B AE RIS e m DMC 7321 508 . 78 CH,OK fi
1 0. 051 mol .CH,OH 3 0. 85 mol .CH,I 3% 0. 08
mol | JZ i it i 80°C | )2 i s J3 7.3 MPa J iy I} [A]
10 h B 5514 F, DMC =& & 0.069 mol, ;=& K
16.2% . CO, 1 CH,OH 41, DMC FURE A 17 1%
WA (L) FT(2) @l SO (3) 1 (4) , M3 S by AT
M1, CH, OK BE 2 4k 50 SO R i ), HoHR & 4 T fE
B DMC 1722,

CH,0K + 2C0, + CH,0H = (CH,0),C =0 + KHCO,
(1)
CH,0H + KHCO; == CH,0K + CO, + H,0 (2)
CH,OK + CO, + H,0 ==KHCO, + CH,0H  (3)
CH,0K + HI=—=KI + CH,0H (4)

Yuan 25 BESE T AE 1T 3 -3 - FJEBR e s 3
([bmim ] Br) £ 73 .CH, OK 1 CH,OH 1 {140
HBRAEFTT ,CO, 54k DMC [ e Ak 2 AL 76 1
(SR Y1 IE 77 303 K. CHLOK i fl 1 0. 0154
mol . [ bmim | Br B 74 0. 137 mol 1414 F , DMC
HIEEFEPEILF) 88.4% , %K 3.9% , & Ak
OV HIIENE 3,C0, 52 2 W B AE IR By KT
HIEEM, fTER R F4E2 1 Ml E ol

0=C=0 CO; + CH,0H CH,0C0
| b I | CH,0 (bulk)
K K K K K
A%
\ CH,0H \
CH,0K 0
+
H,0 MeO)kOMe

B3 4 DMC t @ At % R R ALEE



2011 5 B

CO, ,CO; 5jWRHAE r i) bRy CH,OH AF T, A= i
CH,0CO" [ B ¥ #1 KOH, CH,0CO" FH & ¥ A
CH,O " Jz Wk i, DMC, 1fif KOH Y5 CH,OH Jz Jij A= Ji%,
CH,OK,, fiEAL RGN 1

4 GHRBEEELN

I SR AR S AR TS Iz ) —
HAEbF), DL Cu-Ni X4 @ 17 2% AL 7 B 5%
2% , R FH BRI AR 45 1) B 0% e A AL R0 A 1 RE o

Bian 25 BF5E T4 Cu-Ni/f7 S48k 2 A Ak
FIFEFR, CO, Al CH,OH B 4% 4 B DMC 1 i o
PEALF /R T & 5 DMC 116 vk sk ek s oE
. 7 CH,OH 5 CO, EE/RKEb>h 2: 1 ,CuO F1 NiO 1
N 20% (e 508 (Cu 5 Ni FEIREE R 201 i
65 1.0 g S h H 77 1.2 MPa J i i B 100°C 9 5%
T ,CH,OH 145463k 10. 13% ,DMC {2 £
KE]90.2% , JLAF T Cu-Ni/f S 495K 5 A 4L
FIIE VERF o BESE R, A Ak 700 Y o T 1k 2 2
JHHF Cu Ni 4J& ,Cu-Ni &4 2 [ %} CH,OH #0
CO, EALR P FIAVE ] A 25 B URE S5 48 D) K 4 @ hr
T H5ERZ A EAE .

Li 2 W98 T L Cu-KF/MgSiO Ak 61 4%
TAAACRETCHILIES 3R I 0 e - — AR A A TR B L SR
e - A AR ERTE 5 HEE 3 RS oy 2 , o RSt Ab L
N4 T CO, F1 CH;OH B A i DMC 2 i i
5% . TER N EJT 0.4 MPa [ i i B2 130°C (%5 3
1480 h™" N, mF125 3 90 em’ (STP)/min,CH,OH
F1 CO, BEIRLE A 2. 45 LI, iy FH SR ot I Jiie - — 4 b ik
1RGN 2% #6471 CO, Fl CH,OH H %4 A DMC
BN, CHyOH 13463 9. 2% , DMC 1) ik £ 14 ik
] 96.0% . BRI, IR G BEEA WA 1 FAPE s A
KM FEIE B RO SR T, SR FRSEAE AL R 4%
B 26 A 22 B W2 45 55, DMC i B Pt Ay — 2
P

Wu 2 58 T CO, Fl CH,OH E{#43)& DMC
B Cu-Ni/V, 04 =Si0, AL ) HELTERE , IIF T8
WY, SO it FE T, CH, OHL (1) 5% Ak #83 K, DMC (1)
PEFEPEREAR, SO0 H 1 TH i, DMC ) 7= e R 35 5 1
IR, H Y Sy T 0.6 MPa J5, DMC (197 & Fl
VRPN It )P 22 . A6 ROV 413 K S
77 0.6 MPa, CH,OH/CO, J t 4 500 mmol /250
mmol AL 0.5 g {55/ T, DMC ) ) 1 ik
21 5. 3 mmol , DMC B43%3:M: 86. 75% .

RS : — R G RbER — BPESEEIL IOV R <19 -

5 EREREL(EMLHI

Zhao % BF 5E T AE T IR A & T, L
Ni( CH,C00),-4H,0 JHfitfL 7], CO, fl CH,OH P
4 I DMC 1 0, DMC P 3605 3] B 8w, B
NICE= YA o FER TR 7.4 ~10.3 MPa,
RN i B 305 K B i B fE] 2 h Ni ( CH,C00), -
4H,0 fit {651 4 mmol i fL.71] 5 CH,OH JEE /R Ly
1:25 254 F, DMC iy 7= 2 D4R im R 50T
1) 6 f5LA b, #E W 77 9.3 MPa i}, DMC 1) 38
KRBT, H 796% (FHXIHEALTI M EE /R AL 3 |
FEIG A AT DMC 7= 31 12 A, B R0 e ) %
DMC H)& g iR . % & CO, H iy A i+ iR
L Rk 428 T DMC JE & i 1) 3 A58, ik 4.
1 4E, CH,OH 5 1L 7 /E P i FF S BL 48, R U5
CO, " IEH " i ATE B LB IR £ . 2R Y g A
AR R R I R R E — 25 AR T AR 1 DMC, 7 Il 3¢
CO, 51T, CERHERIH AR, BEHTH G T 2R B Y
TR, W 7 DMC (A= i, $2 5 7 DMC [ 3£
PEo BT RET SN BRAR A Bl AE , T M I B A% 1 X
7R B T AU, IS 30U N A 1] 2R BT )

W5 1 #%50 .
CH,0H
%ggﬁ3—- [NiOCH,J?*
co,
CH,0H [NiO(0)COCH, ]
————— ~ CH,C00C
MCOOCH | e
IEESZS
H,0 (CH,0),CO

K4 Ni(CH,C00),-4H,0 % & 1.7
4 & DMC 7 AL 32

6 Z5iE

A CO, D IR IO R — IR 19 T 20 B 4%
PR T ) 25T, AEMEAR TR SN LR A R SR A 2
SEIT AT T — REVAIBE SRR , R 512 Bh A7) |
% SN R LN U BT AN R = N A A - ey
SO RE BRI, LA I AR HR 2 %) DMC &
BGEE] TR R fE M H AT, FF 58 R R A AR
i R EUE CO, (AL IRIME, DMC 7™ A &
e, BFTERIT A RERS AT Ak fe 2 CO, 35 AL AT AL i A
F A T2 HOR 5 2R, 2 5 DMC 7= 2
RARWIE AR EEB; Ty 71 . B X CO, fhoy
WHERTIR A, CO, 1935 T R AL R ROR 2 Wiz 2



.20 - I AX, A T E31 B5FES5 H

]’%i\‘ , ﬂ:‘l“fﬁ C02 ﬁgﬁ){q%ﬁiﬁ}}}%@: EFI Elﬁﬁ)@)l%‘/ﬁ\% })lr[ [14] Yoshida Y, Arai Y, Kado S, et al. Direct synthesis of organic car-

'Elj ﬁﬁ% E]/‘J mﬂgﬁﬁ% bonates from the reaction of CO, with methanol and ethanol over
o

CeO, catalysts[ J]. Catalysis Today,2006,115 (1/2/3/4) .95 -

S % Xk 101.

[15

[

Tomishige K, Ikeda Y, Sakaihori T,et al. Catalytic properties and
[1] P8, 8k, Bl Bk— L L3R Ak - R [ M. e

5t Al ol ekt 2004 :185.
[2] Guo X C,Qin Z ¥,Wang G F et al. Critical temperatures and pres-

structure of zirconia catalysts for direct synthesis of dimethyl car-
bonate from methanol and carbon dioxide[ J]. Journal of Catalysis,

2000,192(2) :355 -362.

sures of reacting mixture in synthesis of dimethyl carbonate with
methanol and carbon dioxide[ J]. Chinese Chemical Letters,2008,
19(2) .249 -252.

[ 3] Pifiero R, Garcia J, Sokolova M et al. Modelling of the phase behav-

[16] Tomishige K, Kunimori K. Catalytic and direct synthesis of dimethyl
carbonate starting from carbon dioxide using Ce0O,-Zr0O, solid solu-
tion heterogeneous catalyst : Effect of H, O removal from the reaction
system[ J]. Applied Catalysis A :General ,2002,237(1/2) :103 -
109.

Bhanage B M, Fujita S I, Ikushima Y, et al. Synthesis of dimethyl

iour for the direct synthesis of dimethyl carbonate from CO, and
methanol at supercritical or near critical conditions [ J]. J Chem
Thermodynamics 2007 ,39(4) :536 —549.

(47 B2, WA, — A0 Al B Fn R 6 0Bk 19— FY TR A0F 5 0 e
[J]. A2k ,2002,14(5) ;368 —373.

[5] ndkoll, TLFF. FEbel Ao B B — 25 4 iR — W i
WFgE kR [J]. KRR T,2007,32(5) :72 -75,78.

[6] Kohno K, Choi J C,Ohshima Y ,et al. Reaction of dibutyltin oxide

(17

[

carbonate and glycols from carbon dioxide , epoxide and methanol u-
sing heterogeneous basic metal oxide catalysts with high activity and
selectivity[ J ]. Applied Catalysis A: General,2001,219 (1/2):
259 —266.

[18] Wu X L,Xiao M, Meng Y Z et al. Direct synthesis of dimethyl car-

bonate on H; PO, modified V,05[J]. Journal of Molecular Cataly-

sis A : Chemical ,2005,238(1/2) :158 —162.

Li Y, Zhao X Q,Wang Y J. Synthesis of dimethyl carbonate from

with methanol under CO, pressure relevant to catalytic dimethyl
carbonate synthesis [ J ]. Journal of Organometallic Chemistry,
2008,693(7) :1389 - 1392.

Wang Y J,Zhao X Q, Yuan B G, et al. Synthesis of dimethyl car-

—
—_
=)

[

07 methanol , propylene oxide and carbon dioxide over KOH/4A mo-

[

lecular sieve catalyst[ J]. Applied Catalysis A : General ,2005,279
(1/2) ;205 -208.

bonate by gas-phase oxidative carbonylation of methanol on the sup-

ported solid catalyst; I . Catalyst preparation and catalytic proper-

ties[ J]. Applied Catalysis A ;General ,1998 ,171(2) :255 —260.
[8] Dai W L,Luo S L,Yin S F,et al. The direct transformation of car-

[20] Fujita S I, Bhanage B M, Aoki D, et al. Mesoporous smectites incor-

porated with alkali metal cations as solid base catalysts [ J]. Ap-

bon dioxide to organic carbonates over heterogeneous catalysts[ J].
Applied Catalysis A :General ,2009,366(1) ;2 - 12.
[9

[

Aresta M, Dibenedetto A, Nocito F,et al. Comparison of the behav-
iour of supported homogeneous catalysts in the synthesis of dimeth-
ylcarbonate from methanol and carbon dioxide: Polystyrene-grafted
tin-metallorganic species versus silesquioxanes linked Nb-methoxo
species[ J ]. Inorganica Chimica Acta, 2008, 361 (11) ;3215 -

3220.

[10] Ballivet-Tkatchenko D ,Chambrey S, Keiski R, et al. Direct synthe-
sis of dimethyl carbonate with supercritical carbon dioxide ; Charac-
terization of a key organotin oxide intermediate [ J ]. Catalysis To-
day,2006,115(1/2/3/4) .80 - 87.

[11] Choi J C, Kohno K, Ohshima Y, et al. Tin- or titanium-catalyzed

dimethyl carbonate synthesis from carbon dioxide and methanol ;

Large promotion by a small amount of triflate salts[ J]. Catalysis

Communications 2008 ,9(7) :1630 — 1633.

Sakakura T, Choi J C,Saito Y, et al. Synthesis of dimethyl carbonate

—
—_
%]

(R

from carbon dioxide; Catalysis and mechanism [ J ]. Polyhedron,
2000,19(5) :573 - 576.

[13] Fan B B,Li H Y,Fan W B, et al. Organotin compounds immobi-
lized on mesoporous silicas as heterogeneous catalysts for direct
synthesis of dimethyl carbonate from methanol and carbon dioxide

[J]. Applied Catalysis A ;General ,2010,372(1) ;94 -102.

[

[

[N

[

plied Catalysis A ;General ,2006,313(2) :151 —159.

Fang S N, Fujimoto K. Direct synthesis of dimethyl carbonate from
carbon dioxide and methanol catalyzed by base[ J]. Applied Cataly-
sis A :General ,1996,142(1) .L1 - 13.

Cai Q H,Lu B,Guo L J,et al. Studies on synthesis of dimethyl car-
bonate from methanol and carbon dioxide[ J]. Catalysis Communi-
cations,2009,10(5) :605 —609.

Yuan D D,Yan C H,Lu B, et al. Electrochemical activation of car-
bon dioxide for synthesis of dimethyl carbonate in an ionic liquid
[J]. Electrochimica Acta,2009,54(10) :2912 -2915.

Bian J,Xiao M, Wang S J, et al. Highly effective synthesis of dime-
thyl carbonate from methanol and carbon dioxide using a novel cop-
per-nickel/graphite bimetallic nanocomposite catalyst[ J]. Chemi-
cal Engineering Journal ,2009,147(2/3) ;287 -296.

Li C F,Zhong S H. Study on application of membrane reactor in di-
rect synthesis DMC from CO, and CH; OH over Cu-KF/MgSiO cat-
alyst[ J]. Catalysis Today,2003,82(1/2/3/4) :83 -90.

Wu X L,Meng Y Z,Xiao M, et al. Direct synthesis of dimethyl car-
bonate (DMC) using Cu-Ni/VSO as catalyst[ J]. Journal of Molec-
ular Catalysis A ;Chemical ,2006,249(1/2) :93 -97.

Zhao T S,Han Y Z,Sun Y H. Novel reaction route for dimethyl car-
bonate synthesis from CO, and methanol[ J]. Fuel Processing Tech-

nology,2000,62(2/3) :187 - 194. B



