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PREPARATION OF DIALKYL CARBONATE 

FIELD OF THE INVENTION 

~ ~ <!-'Sf7 =t-- ~ 

!VOS 'S \A1~VJ 

T.he present invention relates to a process for pre­
paring a dialkyl carbonate. In more detail, . the inven­
tion relates to an improvement in the pr~ration of a 
dialkyl car~te from a dialkyl oxalate. 

BAQ(GROt1ND OF THE INYENTION 

'Ihe dialkyl carbonate is utilized in industry to 
prepare phal:ma.ceutically active cortpOUDds, agricultural 
chemicals, urethane, and polycarbonate or is as such 
utilized as a solvent: 

United States Patent No. 4,544,507 discloses that 
the dialkyl carbonate can be prepared by heating a 
dialkyl oxalate in a liquid.phase at a temperature of so 
to lSO°C in the presence of an alcoholate catalyst, by 

which the dialkyl oxalate is decarbonylated. This prepa­
ration process in the liquid phase has disadvantageous 
features in t:bat separation and recovery of the produced 
dialkyl carbonate and the catalyst from the reaction 
mixture require catplicated procedures .. Moreover, this 
process is not satisfactoty from the viewpoint of indus­
trial production, because the yield of the target dialkyl 
carbonate is low and further the selectivity to the tar­
get dialkyl carbonate.is low due to accorrq;>anying side­
reactions which give various by-products. 

stffWS_Y OF THE INVENTION 

It is an object of the invention to provide an im­
proved process of the.pr~aration of a dialkyl carbonate 
by decarbonylati~n of a dialkyl oxalate which enables 



--------------------------·-···---···---·-

-2-

production of the dialkyl carbonate in a high yield, 
specifically a high space time yield, and a high selec­
tivity with_ no necessity of conplicated procedures for 
separation and recovery. 

The present invention resides in a process for pre­
paring a dialkyl ~bona.ta which conprises decarbonyla­
tion of a dialkyl oxalate in a gaseous phase in the pres­
ence of an alkali metal conpound. 

DETAII·BP DESCRIPTION OF 'IHE INVENTION 

The process for preparing a dialkyl carbonate from a 
dialkyl oxalate can be illustrated as follows: 

COOR OR 
I I 

COOR - COOR + CO 

wherein R stands for an unsubstituted or substituted 
alkyl group. · 

In these formulas, R is an alkyl group having 1 to 
20, preferably 1 to 4, carbon atoms, _such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl and tert­
butyl. Two R in one formula can be the same or different 
from each other. Exanples of dialkyl oxa.lates include 
dimethyl oxalate, diethyl oxalate, and methyl ethyl oxa­
late. 

The decarbonylation reaction according to the inven­
tion is performed in a gaseous phase in the presence of 
an alkali metal corrpound catalyst. T.ne alkali metal com­
pound can be an organic acid salt of an alkali metal, an 
inorganic acid salt of a:n alkali metal, a hydroxide of an 
alkali metal, or an oxide of alkali metal. Two or more 
:1.lkali metal conprunds can be employed in combination. 

. The organic acid salt of an alkali metal Can. be an 
1lkali metal aliphatic · _monoearboxy late having l to 10 · 
:arbon atoms such as sodium acetate, potassium acetate, 

.. 
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rubidium acetate, cesium acetate, sodium propionate, 
potassium propionate, rubidium propionate, cesium propio­
nate, sodium butarioa.te, potassium butanoate, rubidium 
butanoate, cesium bu.tanoate, sodium methyl oxalate, po­
tassium methyl oxalate, rubidium methyl oxalate, or cesi­
um methyl oxalate; an alkali metal aliphatic dicarboxy­
late having 2 to 10 carbon atoms such as sodium oxalate, 
potassium oxalate, rubidium oxalate, cesium oxalate, 
sodium adipate, potassium adipate, rubidium adipate, or 
cesium adipate; or an alkali metal aromatic carboxylate 
having 7 to 12 carbon atoms such as sodium benzoate, . 
potassium benzoate, rubidium benzoate, or cesium benzo­
ate. 

The inorganic acid salt of an alkali metal can be an 
alkali metal carboxlate such as sodium carbonate, potassi­
um carbonate, sodium potassium carbonate, nibidium car­
bonate, cesium carbonate, sodium methyl carbonate, potas­
sium methyl carbonate, :rubidium methyl carbonate, or · 
cesium methyl carbonate; an alkali metal halide s\.ich as 
potassium chloride, rubidium chloride, cesium chloride, 
potassium bromide, rubidium bromide, or cesium bromide; 
an alkali metal nitrate such as potassium nitrate, rubid­
ium nitrate, or cesium nitrate; an alkali metal phosphate 
such as potas~ium phosphate, rubidium phosphate, or cesi­
um phosphate. 

The hydroxide of an alkali. metal can be potassium 
hydroxide, ~idium hydroxide, or cesium.hydroxide. . 

The oxide of an alkali metal can be potassium.oxide, 
:rubidium oxide, or cesium oxide. 

Pref erred are an inorganic acid salt of an alkali 
metal and an organic acid salt of an alkali metal. Par­
ticularly preferred are an alkali metal carbonate, ai:i 
al~li metal aliphatic tronOCarboxylate, and an alkali 
metal aliphatic dicarboxylate such as an alkali metal 
oxalate. 

The alkali metal corrpound, which serves as a cata-
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lyst, can be utilized per se in the form of a powder, 
granules, pulverized pieces, beads, or a m:>lded article. 
If necessary, the alkali metal corrpound can be deposited 
on a carrier such as an active carbon, silica, alumina 
{a-alumina or y-alumina), silica alumina, spinel, spinel­
like naterial, si~icon carbide, titania, magnesia, zir­
conia, or molecular sieves. 'the alkali.metal compound 
can be deposited on a carrier by a known method such as 
impregnation, . mixing I or kneading• The carri,er on which 
the alkali metal conpound is deposited is preferably 
dried to l00-700°C under an atllX>spheric condition or in a 
stream of a nitrogen gas. The alkali metal corrpound is 
preferably deposited on a carrier in an amount of 0.01 to 
BO weight %, more preferably ~an amunt of 0.1 to SO 

weight %, in terms of t~ amount of alkali metal. 
The carrier can be utilized in the form of a powder, 

granules, pi.tl verized pieces, beads or a molded article. 
The powder can be a· mass of fine particles having a diam­
eter in the range of 20 to 100 µ.m. The granules, pulver­
ized pieces, and beads can have a size of 4 to 200 mesh­
es. The molded article can have a length of O. 5 to 10 
nm. Th.e carrier preferably has a specific surface area 
in the range of 0.1 to 3,000 m2/g, mere preferably 10 to 
3, 000 rcf-/g, which is measured by the known BET method. 

The decarbonylation reaction of a dialkyl oxalate 
according to the invention is performed in a gaseous 
phase by heatizlg the dialkyl oxalate in the presence of 
the alkali metal corrpound (i.e., catalyst) which is pref­
erably deposited ori. a carrier·. Under the conditions, the 

dialkyl OJ<alate is ·converted into a dialkyl carbonate, 
according to the aforementioned reaction e~tion. In 

··the reaction, carbon m.:mo.xide is prodl.lced. The catalyst 
can be utilized on a fixed bed or on a fluid bed. Gener­
ally, the fixed bed is enplcyed. The reaction vessel 
preferably is a reaction pipe of stainless steel or 
quartz. 
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In indust:i::y, the decarbonylation reaction of the in­
vention is preferably perfoimed according to a continuous 
reaction system. In the contiriuous reaction system, a 
gaseous mixture containing a dialkyl oxalate is passed 
into a reaction vessel charged with the cataly8t, prefer­
ably, at a space velocity in the range of 100 to 5,000 

h-1 , trore preferably 400 to 3, 000 h·1 • The gaseous mixture 
can comprise the dialkyl oxalate, an o~ic solvent 
(e.g. , an alcohol or an aromatic hydrocarbon such as 
toluene}, and an inert gas (e.g., nitrogen gas). The 

reaction temperature is preferably adjusted to li'0-450°C, 
more preferably 200-400°C, nv:>st preferably 200-300°C. The 

reaction can be performed under an atmospheric pressure, 
an elevated pressure, or a reduced pressure. 

b gaseous mixture containing a dialkyl oxalate can 
be produced by vaporizing a solution of a dialkyl oxalate 
in an organic solvent (e.g. , alcohol) , optionally in a 
Stream Of an inert gas. (e.g. I nitrogen gas) in a vaporiz­
er or a reaction vessel. The dialkyl oxalate solution 
preferably has a dialkyl oxalate concentration ~f 10 wt.% 

or t00re. A dialkyl oxalate alone can be vaporized in the 

vaporizer or a reaction vessel, if.desired. 
After the reaction is conplete, the produced dialkyl 

carbonate is separated and recovered by taking a gaseous 
reaction mixture out of the reaction vessel,· condensing 

it, and subjectiDg it ·to distiilation. 
The present invention is further described by the 

following exarcples. 
In the eXatrples, the "conversion ratio of dialkyl 

oxalate", "selectivity to dialkyl carbonate", and 11 STY 
(space time yield) of dialkyl carbonate) are defined by 

the following equations .. , 

Conversion ratio of dialkyl oxalate (%) = 100 x 
[amount of consumed dialkyl oxalate Cmnol/h)]/[amount of 
supplied dialkyl 6.xalate {tmt>l/h)] 
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Selectivity to dialk:yl carbonate (%) = 100 x (amount 

of produced dialkyl carbonate (rrmol/h} ] I (amount of con­

sumed dialkyl oxalate (mnol/h)] 

Space time yield (STY) of dialkyl carbonate {g/L • h) 

= 100 x [amount of produced dialkyl carbonate (g) ] I 
[amount of catal~t (L) x reaction time (h) ] . 

Exa.nple 1 

[Preparation of catalyst/ carrier composition] 

To an aqueous solution of potassium carboIJate (l ·g) 

in water (SO mL) was added 10 g of· active carbon having a 

specific surface area of 1, 000 m2 /g. The _mixt~e was 

placed under a reduced pressure of 30 ll1l1Hg and heated 

from room temperature to 80°C for gradually evaporating 

water. T.hereafter, the residue was dried in a nitrogen 

gas at 200°C for one. hour. The potassimn carbonate was 

deposited on the active. carbon {carrier) at a ratio of 

5.7 weight % in teJ:mS of the axrount of potassium . 

. [Preparation of dimethyl carbonate] 

In a·qua.rtz reaction tube (inner diameter: 18 mm, 

length: 400 nm) was charged 5 mL of the catalyst/carrier 

COt'CPlSition obtained above to fo:i::m a catalyst layer. The 

catalyst was he~ted and maintained at 205°C. From the top 

of the reaction tube, fused dimethyl oxaiate was intro-

. duced at a rate of 66.7 mnol/h. The introduced dimethyl 

Ox.alate Wa.s·evaporated before_ it arrived at.the catalyst 

layer~ . Then, the evaporated ~~thyl oxalat~ was reacted 

on the catalyst at 205°C under ~ atmospheric pressure. 

After the reaction was carried out for two hours, the 

gaseous reac~ion·mixture was caught in an ice-chilled 

trap. The obtained liquid reaction mixture was analyzed 

by gas chromatography. The analysis indicated that a 

conversi~ ratio of dimethyl oxalate was 100%, a selec­

tivity to di~thyl carbonate was 95.0%, and a space time 
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yield (STY) of dimethyl car:bonate was 1, 142 g/L·h. 

Exaxm;?le 2 

· [Pr~tion of catalyst/carr;i.er composition) 
The procedures of EJcatrP1e 1 were repeated except for 

replacing 1 g of potassium carbonate with i g of sodium 

carbonate, to give a catalyst deposited on ~ active 

carbon. The sodium carbonate was deposited· on the active 

carbon at a ratio of 4.3 weight ~ in terms of the amount 

of sodium. 
[Preparation of dimethyl carbonate] 

In a quartz ·reaction tube having the same size as 

that of Exanple. 1 was charged 5 mL of the catalyst/car­

rier conposition obtained above to foxm a catalyst layer. 

The catalyst was heated and maintained at 2so0c. From the 

top of the reaction tube, fused dimethyl oxalate was 

introduced at a rate of 55. 6 mnol/h. Tbe introduced 

dimethyl oxalate was evaporated before it arrived at the· 

catalyst layer. Then, the evaporated dimethyl oxalate 

was reacted on the catalyst at 2SO°C under an atmospheric 

pressure. After the reaction was carried out for four 

hours, the gaseous reaction mixture was caught in an ice­

chilled trap. '!he obtained liquid reaction mixture was 

analyzed by gas chromatography. The analysis indicated 

that a conversion ratio of dimethyl oxalate was 87 .2%, a 

selectivity to dimethyl car:bOnate was 75~1%, and a space 

time yield (STY) of dimethyl carbonate was 656 g/L·h. 

Exar(ple 3 

[Preparation of catalist/carrier conposition] 

T.he procedures of Exanple 1 were repeated except for · 

replacing l g of potassium carbonate with l .9 of sodi­

um-potassium carbonate, to give a catalyst deposited On. 

an active carbon. The sodium·potassium carbonate ~s · 

deposited.on the active carbon at a ratio of S.1·weight. % 

in terms of the atoounts of sodium and potassium . 
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[Preparation of dimethyl carbonate} 
T.he·pr9ce~s of Exanple 1 were repeated using 5 mL 

of the above-prepared catalyst/carrier composition except 
that the reaction temperature was changed to 230°C and 

fused dimethyl oxalate was introduced at a rate of 56.3 

mnol/h. The reaction was cont~ed for 18 hours. At a 

lapse of 4 hours, a portion of the reaction ~xture was 
taken out and subjected to gas chromatographic analysis. 

Gas chromatographic analysis-of the'liquid reaction 
mixture taken out after 4 hrs. reaction indicated that a 
conversion ratio of dimethyl oxalate was 98.8%, a selec­
tivity to dimethyl carbonate was 85.1%, and a gpace time 
yield (STY') ~s 853 ·g/L·h. Gas chromatographic analysis 

of the liquid reaction mixture taken out after 18 hrs. 
reaction indicated that a conversion ratio of dimethyl 
oxalate was 99.0%, a selectivity to dimethyl carbonate 
was 88. 7%, and a ·space time yield (STY) of dimethyl car­
bonate was 891 g/L·h. 

Exarcple 4 

[Preparation of catalyst/carrier conposition] 
'Ihe procedures of Example l were repeated except for 

replacing l g of potassium carboDa~e with 1 g of rubidium 
carbonate, to give a catalyst deposited on an active car­
bon. 'Ihe rubidium carbonate was deposited on the active 
carbon at a ra·tio of 7. 4 weight % in teilllS of the amount 
of rubidium. 

[Preparation of ·dimethyl carbonate] 
lhe procedures of Exarrple 1 were repeated using 5 mL 

of the·at>ove-prepared catalyst/carrier composition except 
· that· the reaction . tenperature was changed to 220°c and 

fused dimethyl oxalate was introduced.at a rate of 57.6 
~l/h. 'Ihe reaction.was continuecf for 6 hours. 

Gas chromatographic analysis of the liquid reaction 
mixture indicated t~t a conversion ratio of dimethyl 
oxalate was 100%, a selectivity to dimethyl carbonate was 
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95 .1%, and a spac_e time yield (STY) _of dimethyl carbonate 
was 987 g/L·h. 

Ex;mple S 
[Preparation of Ca.talyst/ carrier compositionJ 

The procedures of Exan-ple 1 were repeated except for 
replacing 1 g of potassium ~arbona.te with 1 g of cesium 
carbonate, to give a catalyst deposited on an active car­
bon. The cesium carbonate was depositecLon the active 
carbon at a ratio of 8.2 weight % in tei:ms of the amount 
of cesium. 
[Preparation of dimethyl carbonate] 

The procedures of Exanple 1 were repeated using S mL 

of the above-prepared catalyst/carrier cooposition except 
that the reaction terrperature was chailged to 220°C and 
fused dimethyl oxalate was introduced at a rate of 57.4 
mnol/h. The reaction was continued for 6 hours. 

Gas chromatographic analysis of the liquid reaction 
mixture indicated that a conversion ratio of dimethyl 
oxalate was 100%, a selectivity to dimethyl carbonate was 
94.6%, arid a.space time yield (S'I"f} of dimethyl carbonate 
was 978 g/L·h. 

Exanple 6 
[Preparation of catalyst/carrier corrposition] 

'1he procedures of Exan'ple 1 were repeated except for 
replacing l g of potassium carbonate with 2 g of potassi­

. um hydroxide, to give a catalyst deposited on an active 
. . 

carbon. The potassium hydroxide was _deposited on the ac-
tive carbon at a ~tio of 13.9 weight % in te:cms of the 

am::runt of potassi~. 
(P:r;eparation of dimethyl carbonate] 

The procedures of Exarcple l were repeated using.the 
above-prepared catalyst/carrier COtti>Osition.except that 
the reaction tertl;)erature was changed to 200°C and fused 
dimethyl oxalate was introduced at a rate of ·54.0 mmol/h. 
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Gas chromatographic analysis of the liquid reaction 
mixture obtained after 2 hrs. reaction indicated that a 
conversion ratio of dimethyl oxalate was 92.7%, a selec­
tivity to dimethyl cai;bonate was 90.8%, and a space time 
yield (STY) of dimethyl carbonate was 819 g/L·h. 

Exarrple 7 
[Preparation of catalyst/carrie~ composition] 

. The procedures of Exanple 1 were repe~ted except for 
replacing 1 g of potassium carlxmate with 1 g of potassi­
um chloride, to give a catalyst deposited on an active 
carbon. The potassium chloride was deposited on the ac­
tive carbon at a ratio.of 5.2 weight% in terms of the 
amount of potassium. 
[Preparation of dimethyl carl:xma.te] 
~ proced.Ures of Exanple 1 were repeated using 5 mL 

of the above-prepared catalyst/carrier corrposition except 
that the reaction temperature was changed to 21ooc and 
fused dimethyl oxalate was· introduced at a rate of 66.8 
mool/h. The reaction was continued for 4 hours. 

Gas chroinatographic analysis of the liquid rea~tion 
mixture indicated that a conversion ratio of dimethyl 
oxalate was 100%, a selectivity to dimethyl carbonate was 
95. 0% ,. and a space time yield (STY) of dimethyl carbonate 
was l,143 g/L·h. 

Exanple 8 
[Prepar.ation of catalyst/carrier.compositi90] 

The procedures. of Exampl~ 1 were repeated except for 
replacing 1 g of potassium carbonate with 1 g of potassi-. 
um bromide, to give a catalyst deposited on an active 
carbon.· The potassium bromide was dep9s.ited on the ac­
tive carbon at a ratio of 3. 3 weig~t % in terms of .the . . . . . 

amount of potassium. 
[Preparation of di~thyl carbonate] 

The p~ocedures of _~le l were repeated using·s mL 
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of the above-prepared catalyst/carrier composition except 
that the reaction tenperature was changed to 210°C and 
fused dimethyl oxalate was introduced at a rate of 66.9 
mnol/h. 

Gas chromatographic analysis of the liquid reaction 
mixture obtained after 2 hrs. reaction indicated that a 
conver~ion r~tio of dimethyl oxalate was 100%, a selec­
tivity to dimethyl carbonate was 95.3%, and a· space time 
yield (STY) of dimethyl carbonate was 1, 149 ·g/L·h. 

Exanple 9 
[Preparation of catalyst/carrier corcposition] 

The procedures of Example l were. repeated except for 
replacing 1 g of potassium carbonate with 1 g of potassi­
um nitrate, to givea catalyst deposited on an active 
carbon. The potassium nitrate was deposited on the ac­
tive carbon at a ratio of 3. 9 weight % in terms of the 
amount of potassium. 
[Preparation. of dimethyl carbonate] 

The procedures of Exanple l we:i::~ repeated.using 5 mL 
of the above-prepared catalyst/carrier conposition except 
that the reaction tenperature was ~ed to 210°C and 
fused dimethyl oxalate was introduced at a rate of 66.5 

.. arrol/h.. The reaction was continued for 4 hours. 
Gas chromatographic analysis of the liquid reaction 

:nixture indicated·that a conversion ratio of dimethyl 
:)xalatewas 100%, a selectivity·to dimethyl carbonate was 
34. 7%, and a space time yield (STY) of dimethyl. carbo~te 
111a.S l,135 g/L·h. 

The results ~f Exanples 1 to 9 are set forth in 
cable 1. 
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~le Catalyst 
No. 

Example 1 Ki°'3· 
E:xample 2 Na2~ 
E:xan'ple 3 Na~ 

E:xample 4 ~°'3 
E!xample 5 Cs2CO, 
~le 6 KOH. 

;:xample 7 KCl 
~le a KBr 
~nple·9 I<N03 
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Table 1 

DMO Tern. Time !MO 
(mool} (°C) (br.} Con. 

(%) 

66.7 ·20s 2· 100 
55.6 250 4 87.2 
56.3 230 4 98.8 

18 99.0 
57.6 220 6 100 
57.4 220· 6 100 
54.0 200 2 92.7 
66.8 210 4 100 
66.9 210 2 100 
66.5 210 4 100 

. Remarks: J:l'P -- dimethyl oxalate · _ . 
IMC. -- dimethyl carboriate 

· E:xarrP,le 10 
[Preparation of catalyst/carrier couposition] 

I:MC r:MC 

Sel. STY 
(%} (g/L·h} 

95.0 1,142 
75.1 656 
85.l 853 
88.7 891 
95.l 987 
94.6 978 
90.8 819 
95.0 1,143 
95.3 1,149 
94."7 l,135 

The procedures of Example 1 were repeated except for 
~eplacing l g of· potas.sium carbonate with 1 g of potassi­
im acetate, to give a· catalyst deposited on an active 
:arbon. The potassium acetate was deposited on the ac-
-~ ve carbon at a ratio of 4. O weight % in te:cms of the 
mount of potassium. 
Preparation of dimethyl car.bonate] 

The procedures of Example 1 were repeat~d us~g 5 mL 
f the above_;prepared catalyst/carrier composition except 
hat ~he reaction tenper~ture was changed to 210°c and 
used dimethyl oxalate was introduced at a rate of 66.3 
mol/h. 

Gas chronatographic analysis of the liquid reaction 
ixture obtained after 2 hrs. reaction indicated that a 
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conversion ratio of dimethyl oxalate was 100%, a selec­
tivity to dimethyl carbonate was 95.1%, and a space time 
yield (STY') of dimethyl carbonate was 1,136 g/L·h. 

~le 11 
[Preparation of catalyst/ carrier conp>si tion] . 

The procedures of .Exanple 1 were repeated except for 
replacing 1 g of potassium carbonate wi~ 1 g of potassi­
um oxalate, to give a catalyst deposited on an active 
carbon. The potassium oxalate ·was <iepc?sited on the ac­
tive carbon at a ratio of 4.7 weight% in tei:ms of the 
am:runt of potassium. 
[Preparation of dimethyl carbonate] 

The procedures of Exanple 1 were repeated using s mL 
of the above-prepared catalyst/carrier conposition except·. 
that the reaction tenperature was changed to 200°C and 
fused dimethyl oxalate was introduced at a rate of 32.S 
:rmol/h. 

Gas chromatographic analysis of the liquid reaction 
:nixture obtained after 2 hrs. reaction indicated that a 
:onversion ratio of dimethyl oxalate was 100%, a selec­
:ivity to dimethyl carbonate was 95.4%', and a space time 
field (STY) of dimethyl carbonate was 559 g/L·h. 

Exang>le 12 
[Preparation of dimethyl carbonate] 

The procedures of Exanple 1 were repeated using s mL 
>f the catalyst/carrier corrpos.ition obtained in Exanple 
.1 except that the reaction tmperature was changed to 
~00°C and ftised dimethyl oxalate was iritroduced at a rate 
>f 58. 3 mnol/h. · 

Gas chromatographic analysis of the liquid reaction 
. d.xture obtained after 2 hrs. reaction indicated that a 
~onversion ratio of dimethyl oxalate was 100%, a selec-· 
.ivity to Q.irnethyl carbonate was 96.3%, and a sp~ce time 
"ield (STY) of dimethyl carbonate Was ·1,011 g/L·h. 
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Example 13 
[Preparation of ·dimethyl- carbonate] 

'lb.e procedures of Example 1 were repeated using 5 mL 

of the catalyst/carrier c6ttposition obtained in Example 
11 except that the reaction tettperature was changed to 
210°C and fused dimethyl oxalate was introduced. at a rate 
of 122.6 mnol/h. 

Gas chromatographic analysis of the.liquid reaction 
mixture obtained after 2 hrs. ·reaction indicated that a 
conversion ratio of dimethyl oxalate was 93.9%, a selec­
tivity to dimethyl carbonate was 96.9%, and a space time 
yield (STY') of dimethyl carlDlate was 2,010 g/L·h. 

Exig>le 14 
[Preparation of dimethyl carbonate] 

The procedures of Exaq:>le 1 were rep~ted using 5 mL 

of the catalyst/carrier conposition obtained in Exanple 
11 except that the reaction t~rature was changed to 

. 220°C and fused dimethyl oxalate was introduced at a rate 
of 180.8 rrmol/h. 

Gas chrorratogra:Phic analysis o~-.the liquid reaction 
mixture.obtained after 2 hrs. reaction indicated that.a 
conversion ratio of dimethyl oxalate was 100%, a selec­
tivity to dimethyl carbonate was 96.1%~ and.a space time 
yield (STY) of dimethyl carbonate was 3, 130 g/L·h. 

Exanple 15 
[Preparation of dimethyl carbonate] 

- The procedures of Exanple l were repeated using 5 mL 
::>f.the catalyst/carrier conposition obtained in Example 
11 excei;)t that the reaction tenperature·wa.s changed to 
230°C and fused dimethyl oxalate wa·s · introduced .at a rate 
:>f 279.3.mnol/h. 

Gas chromatographic analysis of the liquid reaction·· 
nixture obtained· after 2 hrs .. reaction ·indicated that a 
::onversion ratio o.f dimethyl oxalate was 90. 3%, a selec-

• 
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tivity to dimethyl carbonate was· 9.5. 0%, and a space time 
yield (STY) _of dimethyl carbonate was 4,317 g/L·h. 

Ex.atg?le 16 

[Preparation o~ catalyst/carrier composi~ion] 
The procedures of Exatrple 1 were repeated except for 

replacing 1 g of potassium carbonB.te with l g of nlbidium 
oxalate, to give a catalyst deposited on an active car­
bon. The rµbidium oxalate was deposited on the active 
carbon at a ratio of 6.6 weight % in terms of the amount 
of rubidium. 
[Preparation of dimethyl carbonate] 

ni.e procedures of EXample l were repeated using 5 mL 

·of the above-prepared catalyst/carrier composition exc~t 
that the reaction tenperature was changed to 210°C and 
fused dimethyl oxalate was introduced at a rate of 56.4 
mix>l/h. 

Gas chromatographic analysis of the liquid reaction 
mixture obtained after 2 brs. reaction indicated that a 
conversion ratio of dimethyl oxalate was 100%, a selec­
tivity to dimethyl carbonate was 95.9%, and a space time 
yield (STY) of dimethyl carbonate was 974 g/L·h. 

E!xaqlle 17 

[Preparation of catalyst/carrier composition] 
The procedures of Example 1 were repeated except for . 

replacing 1 g of potassium carbonate with 1 g of cesium 
oxalate, to give a ~talyst deposited on an active car­
bon. 'Ihe cesium oxalate was deposited on the active car­
borl at a ratio of 7.5 weighe % in texms of the amount of 
cesium. 

(Preparation of dimetbyl carl;xxlate] 
The procedures of Exarrple 1 were repeated using 5 mL 

of the above-prepared catalyst/carrier composition e~ept 
that the reaction tenperature Was changed to 210°c and · 

fused dimethyl oxalate was introduced at a rate of 56.4 
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nmol/h. The reaction was continued for 6 hours. 
Gas ~oma.tog:raphic analysis of the liquid r~ction 

mixture· indicated that a conversion ;ratio of dimethyl· 
oxalate was 100%, a selectivity to dimethyl carbonate was 
95.2%, and a space time yield (STY) of dimethyl carbonate 
was 967 g/L·h. 

Example 18 
[Preparation of catalyst/ carrier conposition] 

The procedures of Exanple 1 were repeated except for 
replacing 1 g of potassium carbonate with 1 g of potassi­
um phosphate, to give a catalyst deposited on an active 
carbon. 'the potassium phosphate was deposited on the ac­
tive carbon at a ratio of 5.5 weight % in te?:TnS of the 
am:runt of potassium. 
[Preparation of dimethyl carbonate] 

The procedures of Exairtple 1 were repeat~ using s mL 
of the above-prepared.catalyst/carrier conposition except 
that the reaction tenperature was changed to 210°C and 
fused ~methyl oxalate was introduced at a rate of 66.7 
tmel/h. The reaction was continued for 3 haurS. 

Gas chromatographic· analysis of .the liquid reaction . . 
mixture indicated ·that a conversion ratio of dimethyl 
oxalate was 100%, a selectivity to dimethyl carl:>onate was 
95.2%, and a space time yield (S'IY} of dimethyl carbonate 
was 1,140 g/L·h. 

· 'Iha results of ·Exanples ?aO to 18 are set forth in 
Table 2. 

·. , .. . .... ··· ... · ..... . 
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Table 2 

Example Catalyst DMO Tem. Time IM) tMC IMC 
No. (mool) {°C) (hr.) Con. Sel. STY 

{%) (%) · (g/L·h) 

· Exanple 10 KOCOCH, 66.3 210 2 100 . 95.l· l,136 
Exaxrple 11 ~C204 32.5 200 2 100 95.4 559 
Exa.ttple 12 KzCz04 58.3 200 2 100 96.3 1,011 
Exaxrple 13 Kzt;04 122.6 210 .· 2 93.9 96.9 2,010 
Example 14 KaCz04 180.B 220 2 100 96.1 3,130 
Exanple 15 KzC:zO, 279.3 230 2 90.3 95.0 4,317 
Example 16 ~Cz04 56.4 210 2 100 95.9 974 
Exanple 17 Cs2~04 . 56.4 210 6 100 95.2 967 
Exanple 18 l(9P04 66.7 210 j 100 95.2 1,140 

Remarks: IMO -- dimethyl oxalate 
IMC - - dimethyl carbonate 

~l~ 1~ 
[Preparation of catalyst composition] . 

Potassium carbonate was molded in a pres~e mol~ 
machine to give a catalyst corrposition having a granular 
size of approximately 3 nm. 
[Preparation of dimethyl carbonate] 

The procedures of ~le l were repeated using 10 
rnL of the above-prepared catalys~. composition except that 
t:he reaction teq>erature was· ~ed. tq 220°C ~d fused 
dimethyl oxalate was ilitrodu.ced· at a rate of 125~5 · 
:nrol/h. 

Gas chromatographic analysis of the l.iqUid reaction 
nixture obta:i.ned ~~ter 2 br~. r~ction indicated t,hat a 
::onvers;ion ratio of dimethyl ·0xa.1ate was. a2.3%, -a selec­
:ivity to dimethyl car.bOnate was 81.5%, ~·a si;>ace .. till1.e 
field (STY}· of· cli~thyl, Carbonate ~ 758 g/L·h. 

. ~ ...... ··~ ~. . ·; ., : . ... 
. ·. ~- .. ·' : . . ... . . .. : . ·,. ··.'.. . : '. :' ... · . .- ., ... :· .. . . ,: .. ;_ ,"' ;: . 

. .... . · 

' .. ··· .. 

··f·-· '···:·· 



-18-

Exa.m;>le 20 
[Preparation of catalyst composition] 

.Pptassium oxalate was nDlded in a pressure m:>lding 
machine to give a catalyst conposition having a granular 
size of approxinately 3 an. 
[Preparation of dimethyl carl:xmate] 

The procedures of Example 1 were repeated using ~o 
mL of the aboVe-prepared catalyst conposition except that 
the reaction tenperature was changed to 230°C and fused 
dimethyl oxalate was introduced at a rate of 56.4 mnol/h. 

Gas chl:oma.tographic analysis of the liquid reaction 
mixture obtained ~fter 2 hrs. reaction indicated. that a 
conversion ratio of dimethyl oxalate was 83.6%, a selec­
tivity to dimethyl carbonate was 98.1%, and a space time 
yield (STY) of dimethyl carbonate was 417 g/L·h. 

Exaig?le 21 

[Preparation of dimethyl carbonate] 
The procedures of E:xatrple 1 were ~ted using 10 

mL of the catalyst composition prepared in Example 20 ex­
cept that the reaction tenperature was changed to250°C 
and fused dime~hyi oialate was introduced at a rate of 
56.4 mool/h. 

Gas chromatographic analysis of the liquid·~eaction 
mixture obtained after 2 hrs. reaction indicated that a 
conversion ratio of dimethyl oxalat~ was.98.2%, a selec­
tivity to dimethyl carbonate ~s 97. 7%, and: a space time 
yield (STY) of dimethyl carbonate was 487 g/L·h. 

Bxazm.lle 22 
[Preparation of dimethyl carboIJatel 

The procedures of Exanple 1 were repeated using 10 
nL of the catalyst composition prepared in Exanple 20 ex­
::ept that the reaction tE!tlilerature was changed to 280°C 

md fused dimethyl oxalate was introdµced at a rate of 
;6. 4 mool/h. 

• 
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Gas chromatographic analysis of the liquid reaction 
mixture obtained after 2 hrs. reaction indicated that a 
conversion ratio of dimethyl oxalate was 100%, a selec­
tivity to dimethyl carbonate was 97.8%, and a space time 
yield (STY) of dimethyl carbonate was 497 g/L·h. 

Exanple 23 
[Preparation of catalyst conpositionJ 

Rubidium oxalate was m::>lded in a pressure m::>lding 
machine to give a catalyst conposition having a granular 
size of approximately 3 mn. 
[Preparation of dimethyl carbonate] 

'!be procedures of Exanple 1 were repeated using 5 mL 
of the above-prepared catalyst conposition except that 
the reaction tenperature was cbaxlged to 2SO°C and fused 
dimethyl oxalate was introduced at a rate of 56.4 nmol/h. 
rh.e reaction was continued for 4 hours. 

Ga~ chromatographic analysis of the liquid reaction 
:nixture indicated that a conversion ratio of dimethyl 
:>Xa.late was 64.4%, a selectivity to dimethyl carbonate 
flaS 97.3%, and a space time yield (STY) of dimethyl car­
oonate was 637 g/L·h. 

'!he results of Exanpies 19 to 23 are set forth in 
rable 3. 



-
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Table 3 

Example catalyst 1>10 Tern. Time IM) rM: DMC 
No. (mnol) (°C} (hr.) Con. Sel. ST.l 

(%) (%) (g/L·h) · 

Exatrple 19 K.z°'3 125.S 220 2 82.3 81.S 758 
Example 20 I<Q~04 56.4 230 2 83.6 98.1· 417 
Example 21 K.zCz04 56.4 250 2 98.2 97.7 487 
Exatrple 22 I<Q~04 56.4 280 2 100 97.8 497 
Exairple 23 Rb,i~04 56.4 250 4 64.4 97.3 637 

Remarks: IM> -- dimethyl oxalate 
IMC -- dimethyl carbonate 

• 

· .... • ..... : :-. 
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WHAT IS q AIMf!Q IS; 

l.. A· process for preparing a dialkyl carbonate 
which cooprises decarbonylation of a dialkyl oxalate in a 
gaseous phase in the presence of an alkali metal com-
pound. 

2. . 'lhe process of claim 1, wherein the· alkali 
metal carpound is an organic acid salt of .. ~ alkali net;­
al, an inorganic acid salt of an alkali metal, a hydrox­
ide of an alkali metal, or an oxide of an alkali metal. 

. . 

3. The process of. claim 1, whel;'ein the alkali 
metal compound is a carbonate of potassium, . sodium, sodi­
um·potassium, rubidium or cesium. 

4. The process of claim· 1; wherein the alkali 
metal conpound is a. halide of potassium, sodium, rubidi-qm 
or cesium. 

5. The process of claim 1,· wherein the alkali 
metal conpJU1ld is a nitrate of potassimn, sodium,. rubid­
ium, or cesium. 

6. The. process of claim 1, wherein the alkali 
metal catpOUnd is an aliphatic m:moc;:arhoxylate of.potas­
sium, sodium, rubidium or cesium. 

7. The process of claim l, wherein the alkali 
. . 

metal compound is a oxalate of potassium, sodium, rubid""-
. ium or cesium. 

a. The process of claim 1, wherein the alkali 
metal conpoUnd is a phosphate of. potassium, sodium, J:U­

bidium or cesium~ 

-. 



·~· -·--·-:--··---··-·---·-··· ······ 

111111111111111111111111111111 
* C L M S * 

-22-

9 . The process of claim 1, wherein the dialkyl 
carbonate and the dialkyl oxalate are a carbonate of two 
alkyl groups and an oxalate of tttJO alkyl groups, each: of 
which independently is an alkyl group having 1 to 4 car­
bon atans. 

10. The process of claim l, wherein the dia~l 
carbonate is dimethyl carbonate and the dialkyl oxalate 
is dimethyl oxalate. 

ll. The process of claim 1, ·wherein the alkali 
metal compound is deposited on a carrier in an anount of 
0.01 to 80 weight percents in tenns of the amount of 
alkali metal. 

· l2. The process of claim l, wherein the decarbon­
ylation is performed at a tenperature in the range of 170 
to 4SO°C. 

13. '1he process of claim 1, wherein the decarbon­
ylation is _contixfuously perfo?:med in a reaction vessel 
into.which a gaseouscoopositionconprising the·dialkyl 
oxalate is supplied at a space velocity of 100 to s,ooo. 
h·l. 

.. 


