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Fig. 1 Flow chat of synthesis of dimethyl carbonate
induced by electrode activated carbon
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Table 1 Ccomparison result of elemental analysis of
dimethyl carbonate
I JLR & E=/%
H 0
PN (] 53.2872 6.0142 39.9987
SEME 53.1944 6.0313 40.0046
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Fig. 2 FITR of dimethyl carbonate
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Fig. 3 Gas chromatogram of dimethyl carbonate
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Table 2 Influence of dissolution of CO, in different solution
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Table 3 Influence of productivity of electric current in

sl EEN Y HIRE/(g-mL™)
H.0 0.293
HH 0.410
I 0.360
pS 0.220
EBHGE 0.060
FHOR 0.301
PN ] 0.820
M 0.440
ZNE + NI A% 0.528
L+ LRI R 0.509

actived time
CEREAY HAL /A 773 %
1.5 1.25 69.3
2.5 1.25 73.3
3.0 1.25 73.9
3.5 1.25 73.3
4.0 1.25 71.8
5.0 1.25 69.9
2.4 1.50 75.7
2.5 1.50 78.7
2.6 1.50 79.9
2.7 1.50 83.8
2.8 1.50 83.6
29 1.50 83.4
3.0 1.50 81.3
2.7 1.75 86.2
2.7 2.00 79.3
2.7 2.20 87.6
2.7 2.40 90.7
2.7 2.60 98.9
2.7 2.80 99.3
2.7 3.00 95.2
2.7 3.20 934
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Table 4 Influence of productivity of actived time

LA 36 AR st ] /min DMC = 5/%
2 26.2
5 43.5
10 79.6
20 89.7
25 99.3
30 99.6
35 99.5
40 99.3
45 99.2
50 98.7
60 98.8
100 98.2

x5 RELREX DMC =&y
Table 5 Influence of productivity of DMC of
reaction temperature
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BXF DMC 7= 2R M X et T 2 B, AR50 4 78 I mT LA 255
P DMC By 7=, 10024 00 2 FE IR Ak 8 - 204 1:30 1, DMC
[ 7= 2] Lk 51 99.6% , [H L, 76 LS80 i, DU 23R 1R Ak # 11)
AR T EDTA . Garcia %" fL & 256 I COL
TR IRAE KA DMC, {5 30 ¢ T Bk 5 nl i 15
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Table 7 Influence of productivity of DMC of catalyst

SN BE/C novc/mol
42 0.3
50 0.4
60 1.2
70 1.1
80 1.0

TELE A 60°C s 35 3 d5g KA, {HL Bl 52 17 B 1 — 5 T, DMC
PRSI, X AR 2R e T O
Bl 1241 B P B 3 Y T R O R A R RN A
COL 3T AL, A2 2 S R HEAT 5 (H COL FlHH B B2 ;& i DMC
AN, DN AT 2 1 A B, R 3 e s B T 23 B
il 52N R IHEAT , DRI SR 3 7 2 R 2 A DE e ) e S g
T EE R 60°C,

4) VIR R . 78O IR R 60°CI 25 T, 558
SIS TR] T COL T HH P2 B 422 S A5 B DMC 77 2852 ], 45 R
F6 7R o SV [R] AR fh B 6% A 8 S e | i 25 2 . e [
FYRELS , DMC AR BCE G N, O HLAE 2 h 5 RN EEAS 15 5
AT , AR AE K Bz 7 IS TE] DMC A2 i AR B A 28 4k, X
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Table 6 Influence of productivity of DMC of reaction time

AT DMC P #/%

TotEfkF: 2N 54.2

1 ¢ EDTA: 10 mL ZJi§ 66.9

1 g EDTA:20 mL ZJi§ 84.7

1 g EDTA:30 mL ZJi% 72.3

1 ¢ EDTA:40 mL ZJif 78.5

1 g EDTA:50 mL ZJi% 54.8

1 g ZFEERIEL - 10 mL 2 72.6
1 g ZFERAEE :20 mL 2 85.1
1 g ZFERAEE :30 mL 2 99.6
1 g ZFERAMEL :40 mL 2 99.3
1 g ZFERAEE : 50 mL 2 97.8

J2 0 B[] /b DMC = %/%
1 76.0
2 99.6
3 99.6
4 99.5
5 99.4

VU 2 IR R I A5 S AR T AR TS Ak 4 i 1o
L N A 150 mL Z B 1402 g VU 238 Ak e, H s s 1o A=
JUR T FF TG 5 Pl 3k Rl rb AR B R BA BT A
I FE B SR R L B SR i S 700 00 S5 A i iR —
i (B o 275 50 A VR P A 5 - T A s Y
AL

6) BRI . JFORMAD H AR fhF SOy e )
TESHZ— T CO M B H 424 % DMC Y e 5
BHEC L, A6 S50 rh 25 4 T w0 FF R A R 2R AT SN, BN 45
mE SR,

Wit 5 52 7 49 P PR o P 8 o, B [l 1F 7 1) 64T, DMC
() A R R TR O, FEAE BT A 35 mL I DMC AR B b
SR, AR EEH 2R 45 mL B, DMC A= B
SR DD 3% g i T S 7 28 2 g kA T, I
N7 4 AR RR R 2, FR B 3 et 1 0 25 S 3028 P COLAH X ¥
O T N 31 e Y S A O

79 N



—t

2,

www.kjdb.org

¥ SR 2017,35(24)

%8 HEEH=X DMC =X
Table 8 Influence of productivity of DMC dosage of
methyl alcohol

P R /mL novc/mol
5 0.3
15 1.1
25 2.5
35 33
45 2.0
55 1.6
3 #ig

o T AT R AR R PR AR PR L S T A B R
I TS B 5% v SO S 8T 20 L T 20 4% 0 2 B A AR A1 25 )
1 AR SCOF T —Ff [ A, A 1) 7 26 COL A 706
1k, 1 B i ad B2 R WD 78 CO, ZE 000 RN, 75 51) B i 15 AL 5
THLFR o V35 S 591, T A5 AR TR — P TG, A e T 6 A SRR AR S5 o
Hﬁo

1) Ve Z AT DU 2 FET AR B A TG 7 2 A [ R
W, COYSMRIE A LR B BUBLFIT V, COL I iR B R 0.528
g/ml

2) JH AR %) 2B COL 78 1B 7 8 HH R A e R A 7
HLAE2ATE A 20 min, COBE MR A = FAE T A i3k )+ 5
Fe e 7] DY 2 SR VR T 1) B S T B S ), T 8 1) 5 )
A A B 2 17 A D 2, B TR A e — Bk IR FFY M 85 - %o, L
i R P TR BH 25 1 3 A o e Ak 3 7 P oo A i i iR —
HTE

3) 7F HL g B e ) [ VA VP R 24l A CO,, R T
CO, P AR Ak 1t 5 16 AR ORI Pl 1.9 Vi
FAE 1.9 A AT HELAR 5 min, RGPS A 2.7 V, LA
2.8 A, AREEFLAE 30 min. FLARZE SRS B A ARG TL S A TR
MR AL 2 B O IR, A B, R R e /375 S5, i
A BB 1 0.005%~0.01% , 7F 60°CIA1 3 120 min.,

4) T W R AR SRR R R B AR
99.6% , i T F G Ab A0 A ik A0 5 AL = 22 2K 40 15 Uk
[t [ O WP S = e 110/ G Bl 8

23 30 Hik (References)

(1] ANERE . L SRS JSORR A T S BOR BT ERELT]. £ A T
I, 2011(2): 42-46.
Sun Yanhui. The research progress of chemical products with carbon di-
oxide as raw materials[J]. Petroleum & Chemical Energy Conservation,
2011(2); 42-46.

(2] ZE5eiit. S m A N R 28 IO 2 BRI & (M. Bt
AE L, 2016.

Li Kegiang. Government work report of the fourth session of the 12th

National People’s Congress|[M]. Beijing: People’s Publishing House,
2016.

[3] Tollefson J. World looks ahead post—copenhagen|J]. Nature, 2009, 462
(7276): 966-967.

[4] Sakakura T, Choi J C, Yasuda H, et al. Transformation of carbon diox-
ide[J]. Chemical Reviews, 2007, 107(6): 2365-2387.

[5] Sakakura T, Kohno K. The synthesis of organic carbonates from carbon
dioxide[J]. Chemical Communications, 2009, 11(11): 1312.

[6] TR ELE. XURE:, RIEW], 5. ZAUM Bk CO2 & muakig — ik
BYBFFE[I]. B AR T, 2016, 45(9): 1601-1605.

Zhang Yuting, Liu Suqin, Zhao Kuangmin, et al. Synthesis of dimethyl
carbonate from electro—reduction CO2 on porous copper electrodelJ].
Applied Chemical Industry, 2016, 45(9): 1601-1605.

|7] Cipris D, Mador I L. Anodic synthesis of organic carbonates[J]. Journal
of the Electrochemical Society, 1978, 125(12): 1954-1959.

[8] Bell R A. Electrochemical carbonate process: US 4310393[P]. 1982.

[9] Zhao Y, Liu S, Wang G, et al. Progress in synthesis of dimethyl carbon-
ate from ureal]]. Chemical Industry & Engineering Progress, 2004, 23
(10): 1049-1052.

[10] Filardo G, Galia A, Rivetti F, et al. Catalytic systems based on transi-
tion metals for the carbonylation of methanol to dimethylcarbonate|J].
Electrochimica Acta, 1997, 42(13/14): 1961-1965.

[11] Galia A, Filardo G, Gambino S, et al. Electrochemical activation of
transition metal complexes for the carbonylation of methanol to dimeth-
ylcarbonate|J|. Electrochimica Acta, 1996, 41(18): 2893-2896.

[12] Otsuka K, Yagi T, Yamanaka I. Synthesis of dimethyl carbonate by
electrolytic carbonylation of methanol in the gas phase[J]. Electrochim-
ica Acta, 1994, 39(14): 2109-2115.

[13] HAT7, BO0CC, RM,5 R COL R JFURHL & OB iR — ik
[J1. A HLEE, 2008, 28(5): 832-836.

Niu Dongfang, Luo Yiwen, Zhang Li, et al. Electrosynthesis of dimeth-
yl carbonate from CO. in mild condition[J]. Chinese Journal of Organ-
ic Chemistry, 2008, 28(5): 832-836.

[14] Zhang L, Niu D, Zhang K, et al. Electrochemical activation of CO, in
ionic liquid (BMIMBF4): synthesis of organic carbonates under mild
conditions|J]. Green Chemistry, 2007, 10(2): 202-206.

[15] I Garciaherrero 1, Cuéllarfranca R M, Alvarezguerra M, et al. Environ-
mental assessment of dimethyl carbonate production: comparison of a
novel electrosynthesis route utilizing CO, with a commercial oxidative
carbonylation process[J]. Acs Sustainable Chemistry & Engineering,
2016, 4(4): 2088-2097.

[16] Choi J C, He L N, Yasuda H, et al. Selective and high yield synthesis
of dimethyl carbonate directly from carbon dioxide and methanol[]J].
Green Chemistry, 2002, 4(3): 230-234.

[17] B, sk, FATr, 55 . BAIEAT T HUE AL COLA LBk R — I ik
[J1. BEHIAR2E, 2007, 24(9): 1071-1073.

Luo Yiwen, Zhang Li, Niu Dongfang,et al.Electro synthesis of dmi eth-
yl carbonate under mild conditions[J]. Chinese Journal of Applied
Chemistry, 2007, 24(9): 1071-1073.

[18] H BT, SRBTE, TR, 55 . B TR -Z IR G R i fiEfk co. 5
FH 3 AU — FH LT . 7412, 2009, 30(1): 43-47.

Xiao Liping, Zhang Guirong, Zhang Li, et al. Electrosynthesis of di-
methyl carbonate in [bmim| BF4-MeCN solvent[J]. Chinese Journal of
Catalysis, 2009, 30(1): 43-47.



—t

R S4R 2017,35(24) www.kjdb.org &

Synthesis of dimethyl carbonate induced by electrode activated carbon

LIU Jiexi', ZHU Yuxia', QIU Jinjia', LI Yue', ZHONG Haizheng’

1. High School Affiliated to Renmin University of China, Beijing 100080, China
2. College of Materials, Beijing Institute of Technology, Beijing 100081, China

Abstract The method for the methanol and the carbon dioxide to directly react to prepare the dimethyl carbonate suffers from several
deficiencies, such as too strict operation conditions, complex processing equipments, and low conversion rate of the methanol. A carbon—
absorption solution is developed in this paper, in which the saturation concentration of the carbon dioxide reaches 0.528¢g/ml; the
electrolysis is used to activate the carbon dioxide and in the electrolytic process the carbon dioxide is continuously added until saturation so
as to obtain the electrochemical activation solution; the methyl iodide is used as the inducer, which is refluxed for 120 minutes with the
methyl alcohol at 60°C, so as to obtain the dimethyl carbonate, with a purity of 99.0%, and the conversion rate of 99.5% (measured based
on the amount of the methanol).

Keywords dimethyl carbonate; carbon—ahsorption solution; electrode activation; carbon dioxide; electrochemical activation solution
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