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Abstract — In order to improve the reactivity for the direct synthesis of dimethyl carbonate (DMC) using methanol and
carbon dioxide, the various additives were used in the DMC synthesis using Ce,, ¢Zr, ,0, catalyst, and then effect of the
additives was investigated. The various additives were molecular sieves 3A and the compounds having the various func-
tional groups such as sulfate, carbonate, nitrate and phosphate. As a result, the compound such as K,SO, and Na,SO,
having sulfate group were the most effective additive among the various additives. When K,SO, was used as an addi-
tive in the direct synthesis of DMC, the amount of DMC was about 0.91 mmol, which was the highest mount of DMC
among using only-Ce, 3Zr,,0, catalyst and the various additives.
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2CH,0H +2NaOH +COCl, - (CH;0),CO +2NaCl +2H,0

2CH;OH+CO+ %02—>(CH3O)2CO+H20

2CH3OH+2NC+%Oz—>2CH3ONO+H20

2CH,0NO+CO - (CH,0),CO+2NO
(CH,0),0+C0,->(CH,0),CO
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(CH,0),CO+2CH;0H —> (CH;0),CO +(CH,0H), (6)
2CH,0H +CO0, < (CH;0),CO+H,0 )
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2-1. =0 ®I= U 2A

Ce,_Zr,0, F1|= citric complexation method= #1225 $) 0+, =1
T Z3= cerium nitrate hexahydrate [Ce(NO5);6H,0, Aldrich Chem.]
¢} zirconyl nitrate oxide dihydrate [ZrO(NO;),-2H,0, Kanto Chem.]
7F AREE AT, Ce/Zr 1] (Ce/Zr E1]=1/0, 8/2, 5/5, 2/8, 0/1)°1] 3

o= Cedt Zr AFAES citric acid [C;H,(OH)(COOH);-H,0,
Ducksan Chem.]¢} €7 S5l 2314171 %, rotary evaporators
olg3te] BFAIA FE AAE Ak A AAE A&
o]-g3to] 110°Celx] 24 h < FAIA, F8E solid foam© = Ay
A2 F, 600 °ColA 4 h B9 2AJAIA Cey Zr, 0, H3EEATS}
= FuiE Azl

S| Az Ay 2 kg H$0] Zujje] Aol wskE et
7] $18}9] XRD spectra(X-ray diffractometer spectra, D/MAX-2500,
Rigaku)= #28}51t).
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ek g, UﬂE}i 247 mmolZ 813t W%
& U 2:19]
HIS fA1E 5 Qe ’6}"3@ o] s A1 = A=
: 1291 150~160 °C7HA] 7FA3H3TE. olafe] ¢
60~65 atm 7Y =3Itk 218} 9ol kel =R ¥ 2 hE
S WA WS Felle Whg7] REE e ¥zt

=
0§ ARE BEE £ %% 72 5300f M) N5

l
o
ki
i
)
i
el
4w
30
i
ol
2

3-1. DMC 2IF S0l LSt Ce, Zr,0, SOHS| Ce/Zr 2H|2| At

Ce/Zr EH]o|| w2} 2% Ce, Zr,0, S| qm 338 24}
3171 8l & Aol AZE Ce, Zr,0, FNES 217F DMC 2
7 el A8t DMC A @S AT ESkt) o] o] RS
247 mmol?] #IEHET} 114 mmol®] CO/F FYH oM, HH- 1
oF ¥ 717} 150 °CS} 60 atmo|SItt. Fig. 1> Cey,Zr,0, v
9] Ce/zr En]el] k2 DMC Aot} 1 A}, Ce/zr ZH]7} 1/
091 7359 Ce0, FME Al Ce ] 571245 DMC
Aol T7HEE & UAATh wEbA Cezr E1]7T 8291
Cey §719,0, 7} -85 DMC 24 F/dnkgolld 7 322 0.6
mmol®] DMC 7o FR1= It} Seo ol &3l 2HA71742] &
Zd7el gl vhgo] X3EE= WANES-Ell 2Ja] DMC 24

o] xlgjgo] AqAA=Z E_LEJ up e 18-19]. B3 o]2] gk DMC
A% FAolM g 7Vt Cep 21,0, FHE FolH T3 B4
Hor ZAgah= A8 ok} Al717F 7P 8 Cey 71y ,0,
7} 7P =2 WS AUl 9lgo] Hare vl 9k wEhA
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Fig. 1. Effect of x on the direct DMC synthesis using MeOH and CO,
over Ce,_Zr, O, catalysts.
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71(COsH)E AUE Na,CO;  LiyCO;, nitrate 71(NO,»)YE A&
NH,NO;, phosphate 7](PO,*)& A4 H,PO,, molecular sieves 3A
Solqlth. Fig. 2= vlgk&} olakalekas o] 838 DMC FF 3
oA CeygZry,0, Fule} T AREE BheFet 3d71A12] ddel of
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Fig. 2. Effect of the various additives on the direct DMC synthesis
using MeOH and CO, over CegZr,,0, catalyst (1: K,SO,, 2:
Na,SO,, 3: Na,CO;, 4: LiCO;, 5: NH,NO;, 6: H;PO,, 7: P,05, 8:
Molecular sieves 3A, and 9: Only-Ce4Zr, ,0, catalyst).
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AJeFo]t}, TSk carbonate W nitrate, phosphate 7] 5= AU+
714l 2 molecular sieves 3A 52 F7HAI7} CeygZry,0, S} &
Aol AL 7ol 2318 DMC AAR0] AAEs 207 1
o} CeygZry,0, 5 BAHE FATE IS v = 2 oE 3
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Fig. 3. XRD patterns of the fresh and used Ce,4Zr,,0, catalysts (@:
Zr(OH)SO,).



Ce 71,0, Fl Zgol] wlh&a} olsfetis o

S5 edu, 91219] A7) A o Aol 9 AL uls

3 ANE DS 5 AT AR WS A9 CeyyZr,0, S0}

HES F AZAIS BAle) ARG F IR Mk T CeyyZny 10

o] 39 2 Aolilo] BRHUTE. L AolHL Wk Aol B
&

A A2
CeysZty,0, 9} sulfate 28715 A= H71A17F BAlo] DMC
A4 el AE¥ 3%, DMC A7 NS =Z Aol 50,2/
Ce5Zr),0,7 3k m], FEgh o] 5k A7 2 ¥s) wiitel DMC 4
Aol E NS & 7 Atk

CegZry,0, Frl9} SAlel AREE H71A17F DMC B35
ZBAIZIE T A Q1o mH] 7HdNkgl DMC A5 IREE®R
2 (5))eIA Dol F3E B DMC o] golst gukg
2 FIEshths Aot AEellA ddgsiale] wgkEa} CoLE ©l
23 DMC A7 AIHES-S Gibbs free energy”} 100 °CE} 500 °C
ol Z¥z} 12.2 keal/mol X 30.2 keal/molEA] AR&-AFe] wh-S-%
AeM= 28E]7] ol dogh4] By 54 A4 Sk
2hA] olefgh d9sha g AN F ol 10 E H,0 T2
FARES AAS Fo=M ZAREE 2] HA o o3l vksE Alo]
o] NSRS (S)yE WS folahAl oEM DMC S
SUAAZ 5= A& Zlolrt. 183l Na,SO, E K,S0,= 552 A
AT F Qi EFAIEA A Stk i ATkelA] DMC gt
oA H7HAZA AREE Na,SO, 2 K,S0,7F B4l &fgkzA] 4
AEE SRS AAANZCZA DMC RS Stir7)e 592

ATk S},

13

o
Mo

[}
o

l
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9l AxfeA AAE H7FAI9E CeygZry,0, FHI7F 546 DMC
A4 FINksel Ae8 A7, 7P =2 DMC S 98 &
AN K,S0,5 77417 7ReH] Cey 71,0, F 2] & W8HA|
71 DMC A% Fdu-gel wx= J&FS AvHeltt Fig 4+
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Fig. 4. Effect of the catalyst amount on the direct DMC synthesis by
adding K,SO, as dehydrating agent over Ce,3Zr,,0, catalyst.
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Fig. S. Effect of the additive amount on the direct DMC synthesis over
Cey3Zr,,0, catalyst.

& 217} 150 °C9F 60~65 atme|$loH, 133 H7HAIR] K,S0, %
1.0 g0 % 1AHEG 01, CepoZry,0, ZTE] %2 0.07~0.25 g2
H2lellA A7 =Sict 1 Ax 7S] ¥l 0.07 g2 HE] 0.15
g0 7 7w AAEE DMC AAHE B9 2F 0.4 mmol=
HE 091 mmol7A] S QAR 21 o]de] FHnljgo] F91=A
DMC A %o] 7ha= it webx] HA9] Ce4Zr,,0, FHlE>
0.15 go]glom, o] w DMC A4S 2F 0.92 mmolo| it}

E rlor

3-4. DMC ZF gHg9ESol chet A7IMe| Yol njxl= A&k

Ce sZr,,0, FFo] HAskH 7kt 7P =& DMC 3%
S AE F AW K80, 9 Na,SO, 7 7H4 A7 el thato] z+
78] 7118 ko] DMC A5 @Al WA= o] Ak ATt
Fig. 5% Cey3Z1,,0, F] 938 117 T F 714 7141 2] o
< gelsle DMC 2% @Rkl 283t Aypza ol DMC
Ageolct, ojuf WS- 9 b2 150 °C2F 60~65 atm©] 3] o1,
THE CepoZry,0, Y R A 2A35lE 0.15 golet 1
A, H7H7F Na,S0,8t K80, 789, F7HAI2] <ol 1.0 g ©]
3lR1 Z39-elli= 719 o) S7FGE DMC B3 %0] T71==
S Helom, 1.0 g oVde] dGelM= 7S ol SRS
= DMC o] 238 HAase 2&S Jehldch uehA
Na,S0,% K,S0, H7H 5 1.0 g& FUsIsie o 71 243}
| RREAS UERISleH, 7P & DMC AN ES os 7 9l
At o] W, Cey gZry,0, Z LS4l K80, 2 Na,SO, H7HIE 4]
|3t 739, 71 32 DMC A% 27} 0.91 mmol 2 0.89 mmol

oI3it}.

olo

-

3-5. DMC 2 2HgHI30]| 0jXl= [MeOH)/[CO,] SH|2| At

Hgh&7} CO,E ©]4-8 DMC A5 dRES<IA CeyZr),0, 5
e} FAlel K,S0, 7HAI9] ool A sle 7ot ZH2te] whgx
A Foll A WHe-EQ] wlg-g3} O, FA0) HhEol mX|E= o]
AFE At} Fig. 62 [MeOHJ/[CO,] E¥]5 #3IA|7]dA #ztd
DMC A5 Rkl 4 €] DMC Aot} o] wf Hhg-=%i= oF
150 °C, &2 60~65 atm, Ce,4Zry,0, ] %2 0.15 g, K,SO,
7119 9k 1.0 g1t o] W] RES-E3d © 24 [MeOH]/[CO,]
8= 242 1L0E] 3.0714] WEkE St 1 A, [MeOH)/[CO,]

Korean Chem. Eng. Res., Vol. 45, No. 6, December, 2007



558 SE|E. - Bl

1.0

0.8 1

0.6 1

0.4 1

Amount of DMC (mmol)

0.2 1

0.0 T T r r T
1.0 1.5 2.0 25 3.0
[MeOH]/[CO,] molar ratio

Fig. 6. Effect of the [MeOH]/[CO,| molar ratio on the direct DMC
synthesis by adding K,SO, as additive over Ce,¢Zr,0, catalyst.
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014)7] wjit-ell DMC A o] g o = Stk ¥hd [MeOH)/
[CO,] =1]7} 2.0 o] WLlelldi= COell nlsl Wighe-2] o] &
ojx 7 wghgo] FANSER FOo7H wSAo] AaES &
T Utk WA Cey 421 ,0, FHISE K,S0, H7HAZE SAlel 28
© DMC A3 koA 23k [MeOH)/[CO,] =HIE= 2.00]
At} o= DMC A Fdnt-gell Lot nkg-Eol sidshs 3sh

FEH|2F A|BIH, 71 W=0] Cey 71,0, U7} #-8-¥ DMC
A3 INEEE FAT Seo 5O AT} FAT A At

o|tH18-19].

3-6. DMC 2 &tgUiS0] O|X|l= HES AlZIe] et
DMC 241 SHEHRSoI HEgAIZIo] s o]
. Fig. 72 RESAIZES: W3] 7ked] dojxl
Zolt}h. DMC 23 @ dukgolA dast vke-
9] k& 27} oF 247 mmol¥} 114 mmol®] 2™, Cey4Zr,,0,
w2} K,S0, H7HAI] ok Z17F 0.15 g 2 1.0 ] ATk FESF WHEA]

A PN ©

—_ —
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Fig. 7. Effect of the reaction time on the direct DMC synthesis by add-
ing K,SO, as additive over Ce, 3Zr,,0, catalyst calcined at 600 °C.
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I 7P & DMC S 95 7 ASITh olefgh vk 3k
< sulfate 715 U= 3EC] Cey 421y ,0, F1Y XASAES 7N
ZArZ13E FAlel DMC A3 SHdREg-ollM HaF CeygZry,0, =
wie] BFR1 AHE B Al 98-S slo] DMC AN
= AR Flolk, B3k 7RIS Cey 571y ,0, FUH7F EAlOl A
£ DMC 27 dnksolx H et opekst mex1S 43t
Ark. DS HEEE(150 °C) 2 943 (60~65 atm)e] 17 7
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