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Abstract : The synthesis of dimethyl carbonate (DMC) with Cu catalysts was investigated in a semi-batch
high-pressure reactor. DMC was synthesized via the direct oxidative carbonylation of carbon monoxide with
oxygen in methanol. The corrosion rate was evaluated fro the weight change for SUS test pieces which had
been added into the reactor. In order to reduce the corrosion rate without significantly losing DMC yield,
various additives such as amines, olefins, and other metal salts were used. When 1-methylimidazole was used
as an additive, 18.6% of DMC yield could be obtained without corrosion. If the amount of 1-methylimidazole
was decreased, a high DMC yield (33.2%) could be obtained with a low corrosion rate (0.5%).
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Figure 1. The schematic diagram of experimental apparatus.
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Table 1. DMC synthesis using catalysts with/without
support or co-catalyst

Conversion Selectivity Yield Corrosion rate

Catalyst %) (%) (%) (%, mglh)
CuCl, 41.5 94.5 39.2 100, -
CuCl,/AlLL,O4 42.3 93.6 39.6 100, -
CuCl,+MnCl, 39.4 88.5 34.8 7.6, 11.3
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Figure 2. Effect of support and cocatalyst. (a) CuCl,, (b)
CuCL/ALLO;, (¢) CuCl and (d) CuCl+ MnCl,
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Table 2. DMC synthesis with 1-methylimidazole additive

M Methanol Conversion Selectivity Yield Corrosion rate
(ml) (ml) (%) (%) (%) (%, mg/h)

- 150 50.6 97.5 494 22,92

75 75 18.8 96.8 18.2 0, 0

25 125 19.1 97.3 18.6 0, 0

22 128 24.3 96.8 235 0.05, 0.2
18 132 28.1 97.5 274 04, 1.8
13 137 34.0 97.6 33.2 0.5, 1.8

Pressure (MPa)

Time (h)

Figure 3. Effect of amine additives. (a) STD, (b) MI 25
ml, (c) triethylamine 25 ml, (d) diethylamine 25
ml, (e) triethanolamime25 ml, (f) MI75 ml
and (g) triethylamine 75 ml.

Pressure (MPa)

Time (hr)

Figure 4. Effect of ionic liquid addition. (a) STD, (b)
CuCl123 g+BMIMCIS g, (¢) CuCl23 g+
BMIMCI16 g, (d) BMIMCI21.3 g and (e)
blank test.

Table 3. DMC synthesis with BMIMCI additive

Catalyst BMIMCl Conversion Selectivity Yield Corrosion rate

(g  (mo)) (%) (%) (%) (%, mgh)
23 - 50.6 975 494 22,920
23 0.03 47.0 952 447 1.6, 6.80
23 0.09 46.2 951 439 28, 120

Aol vlslel AUl o & DMC 58S Helo|x 27
5 oled Ak TANE
2 s okt MI2) 33} ofnl ko] 4538 wIS-2
2

=

3.3, 1-MIQ] X7t0f| = Hgk

I-MIE 7= ARESlE 89 72412 AL 23
UGk O} Figure 304 HIzo] REgo] IH Fof Edta}
O o AR kom g DMC F§o] oF 18%= Thi ot
th wgbA] DMCE] &S Fo|7] $13l] MI9] H7legol 2
stz FojA DMC @/duks-S AAsisien, o1 Avs
Table 2] YJeERSITE M1 H7FES 75 mlo]A] 25 ml7}X]
skl DMCE] &ofl= & s} glglon), MIe] 7t
F5 25 mloA] 13 ml= TAaAZE wolli= DMCE] F§0]
18.6%14 33.2% = Z7}3lat). 12U o] 9 EA o -2 w7}
0%l 0.5%% S7Fehz Aas Atk dAl dazr= F
2lo] 3] glo] AT = Sliz DMCO] FHuj 82 18%o]ct.

i

S

£ 30 B

3.4, 0l=2y Ao Hutol E Het

ol Al FHE FFLvE ZHES T glon, de
a7l Al =49 spetrxrt 1M1 vl fARske
[10]. 7 ZolAE 7P AR 0 2 AMEE & o] 24 dAll= ¢
3} e eo]u]tyEe]3(1-butylmethylimidazolium chloride,
BMIMCI)o]| 1, 7] Ae) 22727} o] u]thZ(ID: imidazole)
2 TAEo] QItH11]. BMIMCLE H7MA|= o]8-8fe] DMC
SHAHES-S- Al o, 1 AFE Table 33} Figure 49
e Stk BMIMCIRE 3718kl DMC @988 AAI8H]
= A5 3RS fAke s f9len, o] BMIMCIZ}
DMC fgutgol 68 Bolahd 2es o + Utk £

BMIMCI= 71 7ol #AIgl0] vbe= 4788719 e W

O



164 &&0/= #1427 73=, 20084 92

Table 4. DMC synthesis with 1-methylimidazole and BMIMCI as additives

M Methanol BMIMCl Conversion  Selectivity Yield Corrosion rate
(ml) (ml) ® (%) (%) (%) (%, mg/h)
25 125 - 19.1 97.3 18.6 0, 0

25 125 9.5 23.1 98.5 22.7 0.1, 0.4

25 125 18.9 24.2 98.3 23.8 0.2, 0.8

Table 5. DMC synthesis with various additives

Additive Methanol MI  CuCl Conversion Selectivity Yield Corrosion rate
(ml) (ml)  (mol) (%) (%) (%) (%, mg/h)
25 cc 150 0 0.23 38.1 97.1 37.0 1.1, 4.6
a-olefin 25 cc 150 10 0.23 13.5 97.1 13.1 0.05, 0.2
12,5 cc 150 13 0.20 32.2 96.9 31.2 0.5, 2.0
15 g 150 0.23 34.1 96.7 323 1.2, 4.6
451 g 150 0 0.23 14.3 96.8 13.8 0.05, 0.2
g(l)lwder 752 g 150 0.23 15.7 96.5 15.1 0.5, 2.0
075 g 150 10 0.20 30.4 96.5 29.3 0.9, 3.6
075 g 150 13 0.20 24.5 96.8 23.7 0.1, 0.4
05 g 150 13 0.20 31.4 96.8 30.4 0.3, 1.1
1.0 g 150 13 0.20 32.0 96.7 30.9 0.3, 1.2
Pb(NO:3), 20 g 150 13 0.20 33.2 96.7 31.1 0.3, 14
05 g 150 19.2 0.20 24.5 97.1 23.8 0, 0
1.0 g 150 19.2 0.20 24.7 96.9 239 0, 0
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Figure 5. Effect of 1-methylimidazole and BMIMCI as
additives. (a) STD, (b) IM25 ml+ BMIMCI

9.5 ml and (¢) IM 25 ml + BMIM 18.9 ml.
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