PREPARATI ON OF DI ALKYL CARBONATE FI ELD OF THE mé\%':?\'
The present invention relates to a process for pre- paring a di dRQ§IS Lol

carbonate. In nore detail, the inven- tion relates to an inprovenent in the
preparation of a dial kyl carbonate froma dial kyl oxal ate.
BACKGROUND OF THE | NVENTI ON The di al kyl carbonate is utilized in

i ndustry to prepare pharmaceutically active conpounds, agricultural

chem cal s, urethane, and pol ycar bonat ebr is as such utilized as a sol vent.
United States Patent No. 4,544,507 discloses that the dial kyl carbonate can
be prepared by heating a dialkyl oxalate in a liquid phase at a tenperature
of 50 to 150[err]Cin the presence of an al cohoI ate catal yst, by which the
di al kyl oxal ate is decar boRREBE 4i ] j AIARBONATBcess in the liquid
phase has di sadvant ageous features in that separatlon and recovery of the
produced dialkyl carbonate and the cat aI st fromthe reaction m xture
require conplicated procedures. hbxigd 4, &85s i s not satisfactory
fromthe viewoint of indus- trial productlon because the yield of the
target dial kyl carhgnate is Iov,vandfurth the selectivity to the tar- get
di al kyl carbonate P@‘q BREFEL JONER jﬁ &3 P %&&Pﬂ%s i BCgi ve
various by- pr qehurirgy a dialkyl carbonateSUMﬂ%rélaéﬁdi]J,NVbﬁﬁTHﬁ\*en-_

tion relates to an improvement in the preparation of a
dialkyl carbonate from a dialkyl oxalate.

o) TON

The dialkyl carbonate is utilized in industry to
prepare pharmaceutically active compounds, 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 50
to 150°C in the presence of an alcoholate catalyst, by
which the dialkyl oxalate is decarbonylated. This prepa-
ration process in the liquid phase has disadvantagecus
features in that separation and recovery of the produced
dialkyl carbonate and the catalyst from the reaction
mixture require complicated procedures. Moreover, this
process is not satisfactory 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 accompanying side-
reactions which give various by-products.

SUMMARY OF THE INVENTION
It is an object of the invention to provide an im-

proved process of the preparation of a dialkyl carbonate
by decarbonylation of a dialkyl oxalate which enables



It is an object of the invention to provide an im proved process of the
preparation of a dialkyl carbonate by decarbonyl ation of a dial kyl oxal ate
whi'ch enabl es -2- production of the dialkyl
carbonate in a high yield, specificalliy a high space tine yield, and a high
selec- tivity with no necessity of conpid—cat ed procedures for separation
and recovery. The present invention resides in a process for pre-

paring a dial kyl carbhonat i chy.C rJ ses_.decar bqonyl a; .tion of di al kyl
oxal ate in a Mﬁ:%s‘)& ngﬁ rﬁj&%sl m%&”éﬁkﬁgml‘ﬂomound.
(I;)ETIALLFD DESCI%@MG’E&I@HE :Iﬁf@‘.‘l\l Bpdde time Wl]ﬁl,lom af taighr wl’eicn-g a

i al kyl carbo 1 ql at & ca. rat oWs: -
[err] wherei WS‘{%%@S&*'%’&GAI’%%%’%% t ﬁ%t“ pﬁﬁ%}gghr&c%%fgo&oup_

In these formaeparatian andiyegovegmup having 1 to 20, preferably 1 to 4,
carbon atons, such - HpEe]s l3ad O - j.sobut yl
and tert- butyl. .%ﬁ%&% orwa%ﬁg%%?ggn%e&%)@geﬁf rom
each other. ERBHIMG Sididliwly icashanatss which conpirisesy desaakenyladi et hyl
oxal ate, and regdyyloddia®idl |ddflate in B GadRCRiD BRMSA! O A pirledn

according to the inven-
J ence Of an alkali metal compound.

DETAT F

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

QOQR ?R
COOR - COCR + 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. Examples of dialkyl oxalates 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 compound catalyst. The alkali metal com-
pound can be an organic acid salt of an alkali metal, an
inorganic acid salt of an alkali metal, a hydroxide of an
alkali metal, or an oxide of alkali metal. Two or more
alkali metal ‘compounds can be employed in combination.

The organic acid salt of an alkali metal can be an
alkali metal aliphatic monocarboxylate having 1 to 10

~ tarbon atoms such as sodium acetate, potassium acetate,



tion is performed in a gaseous phase in the presence of an alkali netal
conpound catalyst. The al kali netal com pound can be an organic acid salt
of an alkali metal, an inorganic acid salt of an alkali netal, a hydroxide
of an alkali netal, or an oxide of alkali nmetal. Two or nore-al kali netal
conpounds can be enployed I n conbi nati on. The organic acid salt of an
al kali netal can be an alkali netal al rPhatic nonocarboxylate having 1 to
10 carbon atons such as sodium acetate, potassium acetate,

-3- rubidium agetat e, ceS| um acet ate, sodi um propionate ot assi um

pr opi onat e, LPB&H‘:%M“}) T3S e COSIUM ACEEBEPo- SAGTER Eﬁ‘wg‘ﬁ?‘% anoate, .
pot i’istsi um but tagsmsmm rijpiforities n eabi diams] nopbonaueateesmdlpmpmhyl
oxal ate, po- tassium esi -
methyl oxal at &2 %&W iR hbﬁgégéﬁﬁ?g%%w%?&@eﬁi to 10 |
carbon atons slmzﬁazm@sdlaﬁsmammpmmassodmummahyl mmlaltemmal at e,
cesi um oxal at %%5;3 S

cesi um adi pat gtaor an al kdl to%(atlglg'.tegr?‘n"}a5 I C ca‘?‘b’ox ?‘ avi ndéf/aéésli
carbon atons S¥B et @MasE; a3 alkadiametam B@hﬁ%ﬁac ‘ﬂ-}ﬁg@?‘%ﬁ _
benzoate, or cmennéwﬂg)-z a!505‘10 carbbiicat8fB08GtE asi Sodbhh Gkabars) kal i

nmetal can be an_al kali car bonat.e such _as, sodi um car bonat pot assi -
U car bonat o, BRERSHHY CHETANA+c FBGHIFE SrRURtRar PRI ORATECe coni m
?rg{ lrololnatcglr bz(r)]obmddmmtddalpa:m O potassipnt aﬂ;. patem nabbdiumaadlmte, g:gb!sdlcﬁm
as pot assi um ?IE]? :P“l&éeéﬂi?blqul Bcé%ﬁ %ﬁ'?‘%gg %‘gg?'g '}f'ﬁgg é@* ?ﬁisél\um
bromi de, rubi mmm;%mmm as sbdium lnenmamz rate such
as potassi um nhd¢dSunt Birfboate, rubidium benzoate, or cesium benzo-

ate. 3 '

The inorganic acid salt of an alkali metal can be an
alkali metal carbonate such as sodium carbonate, potassi-
um carbonate, sodium potassium carbonate, rubidium car-
bonate, cesium carbonate, sodium methyl carbonate, potas-
sium wmethyl carbonate, rubidium methyl carxbonate, or-
cesium methyl carbonate; an alkali metal halide such 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 potassium phosphate, rubidium phosphate, or cesi-
um phosphate. |

The hydroxide of an alkali metal can be potassium
hydrox:.de rubidium hydroxide, or cesium ‘hydroxide.

The oxide of an alkali metal can be potassium oxide,
rubidium oxide, or cesium oxide. _ _ .
' Preferred 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 carbecnate, an
alkali metal aliphatic monocarboxylate, and an alkali
metal aliphatic d.tcarboxylate such as an alkali metal
oxalate.

The alkali metal compound, wh:.ch serves as a cata-



fumnitrate, or cesiumnitrate; an alkali netal phosphate such as potassium

phosphat e, rubi di um phosphate, or cesi- um phosphate. The hydroxi de of
an al kali netal can be potassium hydroxi de, rubidium hydroxi de, or cesium
hydr oxi de. The oxide of an alkali netal can be potassi um oxi de,

rubkdi um oxi de, or cesium oxi de. Preferred are an inorganic acid salt

of ah alkali netal and an organic acid falt of an alkali netal. Par-
ticularly preferred are an al kali netal*carbonate, an al kali netal
al i phati c nonocar boxyl ate, and an al kali netal aliphatic dicarboxylate such

as an al kal'i rﬁt.atq: %?é%%eeutlllzeahﬁef'l kal iﬁ”ﬁﬁ?'f&ﬁmww serves as

a cat a- utili ed per se
in the form ofgzaarpﬂmmr pudrvexized ppeces: i beadspi éé’ésa ti£1%1 ded
article. If noge a&SF@h'ga KB Bhne T PEMASCEET din Gep Egicesd ted a
carrier such as an actl car

5|I|ca al um ha um na or -aI um na),
silica al unmi nsn ﬁ)lqﬁﬁrlej-’pl asi B AREEVeaFarkon; c%‘fi 'b| ani a,

magnesi a, Zir- emﬂ@:urﬁ o heallting) §veslidheatudiia, g zde 1o mpimel -can be
eposited on arrier a n net.ho c ng, or
kneadi ng. Theajc’gf? i gnaf: g?'aﬁe ﬁ%ﬂ%’oﬁ%és }e’pom ed is

preferably drlmhiaa, mmla]:cames anThenalslpaubxlme in a
stream of a ni4 a%% E;Ea( I }_. rsaﬁl-yggeposited
on a carrier |n an ano ntSio %% e &é % rmre r,ef erably .n an
anount of 0.1 ITOLRORALIAN, Fplxim gtvePiFB 5 r’fé’c:'ﬁh

The carrier caghdealitdli aestdll dorpoupdmief dépééﬂﬂed is preferably
dried to 100-700°C under an atmospheric condition or in a
stream of a nitrogen gas. The alkali metal compound is
preferably deposited on a carrier in an amount of 0.0l to
80 weight %, more preferably in an amount of 0.1 to 50
weight %, in terms of the amount of alkali metal.

The carrier can be utilized in the form of a powder,
granules, pulverized 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 um. 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 0.5 to 10
mn. The carrier preferably has a specific surface area
in the range of 0.1 to 3,000 m?/g, more preferably 10 to
3,000 m?/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 heating the dialkyl oxalate in the presence of
the alkali metal compound (i. e., catalyst) which is pref-
erably deposited on a carrier. Under the conditions, the .
dialkyl oxalate is converted into a dialkyl carbomate,
according to the aforementioned reaction equation. In

-the reaction, carbon monoxide is produced. The catalyst
can be utilized on a fixed bed or on a f£luid bed. Gener-
ally, the fixed bed is employed. The reaction vessel
preferably is a reaction pipe of sta:.nless steel or
quartz.



granul es, pul verized pieces, beads or a nolded article. . The powder can be a
mass of fine particles having a diam eter in the range of 20 to 100 pm
Thé granul es, pul ver- ized pieces, and beads can have a size of 4 to 200
mesh- es. The:-nolded article can have a length of 0.5 to 10 mm The carrier
preferably has a specific surface area in the range of 0.1 to 3,000
nferr]/g, more preferably 10 to 3,000 rderr]/g, which is neasured by the

known BET net hod. The decarbonylat on reaction of a dial kyl oxal ate
according to the invention is perforned in a gaseous phase by heating the
di al kyl oxal ate ingfh ]'Pﬁﬁ agg?f%@; 1 atEdR! rE2PPLI o f | tlge . in-
catalyst) which is %rg grgg g%p05| a carrjer. Under the

condi tions, twentienkys pzaferablg'penﬁ@xm@@ ACCOrALRT FR 2 CORBHHIPUS
according to Eagceigﬁe§§§Eéﬂned1ﬁeeﬁé'eanEﬂﬂ@éaénreé@tiaﬁ gpeeémpra car bon
nonoxi de i s produce e catal yst, can be d fixed bed or on a
fluid bed. GbﬁéﬁeoﬁﬁlleFHEefF?Eﬁabﬁﬂngsaeaﬁﬁt%ﬁﬁ Qﬁ%%gF%ai§lQﬁ§%%§se
pref e& ablty Ism:beacregatmoateygﬁselégcﬁg%edswtfﬁh the quatayst, pref?l; N
Lgr}grﬁédrg&cégg 03a5 %?IHEBBE Xa&Plgﬁe §§?é€1OEeﬂaéhgoc%hﬁéﬁuous Y
reaction syst hm, argas emabﬂyrGOOOnbaBmDOQ hidi afhel gasecuse mixtpxesed
vel ooty in t HE% ERDBr4PaIEHE! Glati Fee] 5?9?%% : %'%a%?i“a% "5 3 000
h[err]. The gdesgus Anxalcohodnoroapraremahacdhyirgcarken 3%0 a@Sor gani ¢
an inert gas i%ﬁ*ﬁ???%‘&i%naﬂ"%*eﬁw (816 P°RLERGGEH GadF . | OTHENC). and
reaction tempe rature is preferably adjusted to 170-450°C,
more prefexrably 200-400°C, most preferably 200-300°C. The .
reaction can be performed under an atmospheric pressure,
an elevated pressure, or a reduced preéssure. '
' The 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 gaa'(e.g., nitrogen gas) in a vaporiz-
er or a reaction vessel. The dialkyl oxalate solution
preferably has a dialkyl oxalate concentration of 10 wt.%
‘or more. A dialkyl oxalate alone can be vaporized in the
vaporizer or a reaction vessel, if desired. -
After the reaction is complete, the produced dialkyl
~carbonate is separated and recovered by taking a gaseous
reaction mixture out of the reaction vessel, condensing
it, and subjecting it to distillation.
The present invention is further described by the
follcw:\.ng examples.
In the eiamples, the "conversion ratio of dialkyl
oxalate", "selectivity to dialkyl carbonate", and "STY
 (space time yield) of d:.alkyl carbonate) are defined by
- the following equat:.ons -

Conversion ratio of dialkyl oxalate (%) = 100 x
~ [amount of consumed dialkyl oxalate (mmol/h)]/[amount of
supplied dialkyl oxalate (mmol/h)]



reaction tenperature is preferably adjusted to 170-450[err]C, nore
preferably 200-400[err]C, nost preferably 200-300[err] C. The reaction can
be perforned under an atnospheric pressure, an el evated pressure, or a
reduced pressure. The 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 i m&r stream of an inert gas (e.qg.
nitrogen gas) in a vaporiz- er or a reaction vessel. The dial kyl oxalate

solution preferably has a dial kyl _ox e cqnce aj.on af ¢ ore.
A di al kyl oxal ate &eba@tk‘ahtﬁetq ﬁigti QkP‘?F@%fa {ﬁ)r zeﬂ'ooo:—cht i %n
vessel , 1f deggr uced dié.ﬂéyl h@afmm@nrmobxmpr flamoutte @f ceRred

di al kyl carbonat te d rec by taking a gaseous reaction
m xture out oﬁu@ﬁ iﬁY %@g? 0%@?' ng it, and subjecting it to

di stillation. The present i nvention is further described by the
foll ow ng exanpl es t a | W) al kyl
oxalate"? "sergct|§9?9e SlﬁF ?ﬁeﬁé g§%§ﬁ ?Eh&lan STY S ggé f?ﬁ% y‘eld{
of dial kyl caebpoatx) [amountf oﬁeprcglucer@ dbaibw-nga % gg) /

Conver si on ratlw tdbfl Eég?ggg{._at(g)(}@re &0 tan@u(l) pf consuned di al kyl

oxal ate (mmuol / anount I'ted di a kyI oxal ate (mml / h)]
- 6- Selectivity to dralkyl carbonate (% = 100 x [anount of produced
di al kyl carbonate (mmol/h) /[anmount of con- suned di al kyl oxal ate

(mro. 1/ h)] Space t_r me yield (STE& of Jdr 3I kyl carbonate (g/L h)

[Preparation of catalyst/carrier composition]

To an aqueocus solution of potassimn carbcnate (1°9)
in water (50 mL) was added 10 g of active carben having a
specific surface area of 1,000 w’/g. The mixture was
placed under a reduced pressure of 30 man and heated
from room temperature to 80°C for gradually evaporating
water. Thereafter, the residue was dried in a nitrogen
gas at 200°C for one hour. The potassium carbonate was
deposited on the active carbon (carrier) at a ratio of
5.7 weight % in terms of the amount of potassium.
[Preparation of dimethyl carbonate]

In a quartz reaction tube (inner diameter: 18 mm,
length: 400 mm) was charged 5 mL of the catalyst/carrier
composition obtained above to form a catalyst layer. The
catalyst was heated and maintained at 205°C. From the top
of the reaction tube, fused dimethyl oxalate was intro-

duced at a rate of 66.7 mmol/h. The introduced dimethyl
oxalate was evaporated before it arrived at the catalyst
layer. Then, the evaporated dimethyl oxalate was reacted
on th_é catalyst at 205°C under an atmospheric pressure.

After the reaction was carried out for two hours, the

gaseoué reaction mixture was caught in an ice-chilled

trap. The obtained liquid reaction mixture was analyzed

by gas chromatography. The analysis indicated that a

| conversion ratio of dimethyl oxalate was 100%, a selec- |
tivity to d:Lmethyl carbonate was 95.0%, and a space time -




= 100 x [amount of produced dial kyl carbonate (g)]/ [ampbunt of catal yst (L)
X reaction time (h)] [ Preparation of catalyst/carrier conposition]

To an aqueous sol ution of potassiumcarbonate (1 g) in water (50 nL) was
added 10 g of active carbon having a specific surface area of 1,000
nerr]/g. The mxture was placed under a reduced pressure of 30 mHg and
heated fromroomtenperature to 80[errhC for gradually evaporating water.
Thereafter, the residue was dried in - a‘nitrogen gas at 200[err]C for one
hour. The potassi um carbonate was deposited on the active carbon (carrier)

at a ratio of 3. Hasdithatouas of 1p9t geBHRM

[ Preparation *e}dﬁﬁ?ﬂ?’? éarglonaég I'n a quartz reagtlon tube (inner
dianeter: 18 nm |ength: 400 was charged 5 nL of the catalyst/carrier
conposition obtained above to form a ME_Z.' ayer. The catal yst was

heat ed and mai ntai ned at 20§5[ er he t : eaction tube,
fused di net hyl (BBeRagREiRRs© nF\ag;fﬁ%E}e ]ff% e}" c%?rg%fgﬁ.ttggni] mol / h. h%g]e
i ntroduced di met hy|m@:@tedmﬂeseoﬁpmm@?te betwsre TEPeAtPdcaxaert

catal yst | ayer heriedjﬁ_e eyﬁpﬁa %h i Bdnfteahalt wag peagd@tumn t he
catal yst at Zﬁéﬂ d&r an-a rmsE%erl cdfqrpegsgsu After tgi eaction was
carried out forathenateur £0 gAVeyasEd vé inan -
ice-chilled trap, %&b AN igoAd utn arﬂoﬁé?ﬁétwmdepdsﬁted/m thel gzz@vv%y gas

oxal at e nae LUAEDOR B & TAHI0 OF RoSdeian® ol SHEies b, Ehbcafuet 1ot
space tine of sod:.um
[Preparation of dimethyl carbonate]

In a quartz reaction tube having the same size as
that of Example 1 was charged 5 wl of the catalyst/car-
rier composition cbtained above to form a catalyst layer.
The catalyst was heated and maintained at 250°C. From the
top of the reaction tube, fused dimethyl oxalate was
introduced at a rate of 55.6 mmol/h. The introduced
dimethyl oxalate was evaporated before it arrived at the
catalyst layer. Then, the evaporated dimethyl oxalate
was reacted on the catalyst at 250°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. The 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 carbonate was 75.1%, and a space
time yield (STY) of dimethyl carbonate was 656 g/L-h.

[Preparation of catalyst/carrier composition] .
| The procedures of Example 1 were repeated except for
replacing 1 g of potassium carbonate with 1 g of sodi-
um-potassium carbonate, to give a catalyst deposited on
an active carbon. The sodium-potassium carbonate was
deposited on the active carbon at a ratio of 5.1 weight %
' in terms of the amounts of sodium and potassium.



-7- yield (STY) of dinethyl carbonate was 1,142 g/L h. [ Preparation of
catal yst/carrier conposition] The procedures of Exanple 1 were .
repeat ed except for replacing 1 g of potassiumcarbonate with 1 g of sodium
carbonate, to give a catal yst deposited on an active carbon. The sodi um
carbonate was deposited on the active carbon at a ratio of 4.3 weight %in
terns of the anount of sodium [Preparagion of dinethyl carbonate] I n
a quartz reaction tube having the sane size as that of Exanple. 1 was
charged 5 nL of the catalyst/car- rier conposition obtained above to forma
cat al yst IayeWPpraraanmhymE dimetkyledazbdnateht ai ned at 250[err]C From

the top of the rea S I 4 t t

rate of 55.6 mml/ﬁﬁ{ F‘J%tro %ceg %E& %(Sg#gtge éé@a‘i’l)ora ed before

it arrived at Qme:lmtaduo}a—pmperedT h‘.aﬁalysﬁ m&eﬁt@@m%ﬁm SR e was

reacted on theygat (?%[c %?l[ %&apﬂg@ fAlgabRRRgEs tS PICTwE After
or

the reaction V\B.S carri e hours, the aseous react%(;ggnné(xt ure

was caught in fusedéli le@xﬁrléﬁe wBs aptarduged; atiy ¥R (P
was anal yzed Wchm@tﬂc&&bﬁ whbe canelinted Eﬁﬂi T8tlecutdat At a

conversion rat of oxal ate was 8 thyI
car bonat o was YAPSROh & ot 8 BorriBR.Pf Fub FeBftiRh iituld it IV
65? Ig/ Lt/h taken out and subjectedEwrgas shrpmatpgraphia atnz:.lys:Ls
catal yst/carrier ¢ dupgs
repeated except fo?“zg“k‘r)sc%q acl t |§'um gatg%ngg\gg\nateﬁ of sodi -
um pot assi um deixnme &aken g?ute t@:t 4 m's depastien Wl%t%@t?—h%tc%r bon.
The sodi um pote&ihé,gg “%Qp, t aghigg, Carseledt a
ratio of 5.1 we] ght Wfﬁlin_ ter fal grgr'oh)ﬁtg%agfe ggg i and got aSSI um
tivity to di te was 85.1 anH a
yield (STY) was 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 dmethyl car-
bonate was 891 g/L -h.

ture

Example 4
[Preparat:.on of catalyst/carrier composition]

The procedures of Example 1 wexre repeated except for
replacing 1 g of potassium carbonate with 1 g of rubidium
carbonate, to give a catalyst deposited on an active car-
bon. The rubidium carbonate was deposited on the active
carbon at a ratio of 7.4 weight % in terms of the amount
of rubidium. -

[Preparation of dimethyl carbonate]

The procedures of E::carrplé 1 were repeated using 5 mL *

of the above-prepared catalyst/carrier composition except
- that the reaction temperature was changed to 220°C and
fused dimethyl oxalate was introduced at a rate of 57 6
mmol/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



[ Preparation of dinethyl carbonate] - The procedures of Exanple 1 were
repeated using 5 nL of the above-prepared catalyst/carrier. conposition
except that the reaction tenperature was changed to 230[err]C and fused

di ret hyl oxal ate was introduced at a rate of 56.3 nmol/h. The reaction was
continued for 18 hours. At a |apse of 45hours, a portion of the reaction
m xture was taken out and subj ect ed to gas chronat ogr aphi ¢ anal ysi s.

Gas chromat ographi ¢ analysis of the Iiquid reaction mxture taken out after
4 hrs. reacti iR % n OnPf was
98.8% a sel e?—gtwl t%?/ﬁ?% ?gﬁtceﬁt H@ %%gt éé%)s % ‘}%‘ a Space tfeél me
yield (STY) wiBs8987 BI[ h.Gas chronat ographi ¢ anal ysi s of the liquid
reaction m xture taken out after 18 hrs. reaction indicated that a
conversion ratio of dinethyl oxalate was 99.0% a selectivity to di nethyl
carbonate was 88.7% and a space ti rrew-%—éw) of dinmethyl car- bonate

was 831 g/ L- ][1 [Prep[dilaﬂmﬁbﬁ)rcathlystdbasr&earco@o' sihippas) ti on] The
procedures of Exa ssium
carbonate with 1 332% b&ﬁﬁeﬁe%ﬁig Eé P%é%é#@dste%%y ele1 on
an active car repiracumlrmqﬁ mt@aswmcarhaaauepwsthebl @rof eesiim ve
carbon at a rq,%

a:ﬂPdﬂath Rfe ¥ 'd&thi 22 0 MLEVEY L SUCR U

[ Preparation di nat rocedures of, Exanple 1 wer e
repeat ed usi n§>°31 FeHaE P9§%75 o rhe Y€ on
except carbon at a ratlo of 8.2 we:.ght % in terms of the amount

of cesium.

[Preparation of dimethyl carbonate]

The procedures of Example 1 were repeated using 5 mL
of the above-prepared catalyst/carrier composition except
that the reaction temperature was changed to 220°C and
fused dimethyl oxalate was introduced at a rate of 57.4
mwol/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%, and a space time yield (STY) of dimethyl carbonate
was 978 g/L-h.

Example 6
[Preparation of catalyst/carrier composition]

The procedures of Example 1 were repeated except for
replacing 1 g of potassium carbonate with 2 g of potassi-
‘um hydroxide, to give a catalyst deposited on an active -

carbon. The potassium hydrox:.de was deposited on the ac- .
tive carbon at a ratio of 13.9 wemght % in terms of the
amount of potassium.
(Preparation of dimethyl carbonate]

The procedures of Example 1 were repeated using the
above-prepared catalyst/carrier composition except that
the reaction temperature was changed to 200°C and fused
dimethyl oxalate was introduced at a rate of 54.0 mmol/h.



that the reaction tenperature was changed to 220[err] C and fused di net hyl
oxal ate was introduced at a rate of 57.6 mmol/h. The reaction was conti nued
fof 6 hours. Gas chromat ographi ¢ analysis of the liquid reaction

m xture indicated that a conversion ratié)_ of dinethyl oxalate was 100% a

sel.ectivity to dinmethyl carbonate was -O-
95.1% and a space tine yield (STY) of di met hyl car bonate was 987 g/L h.

[ Preparation of ca 3&.{]% F‘W

Example 1 were repte%fe exce "Jtﬁ rreplaci &glf pot a%ﬁum car onate
with 1 g of casiiune nedtafuﬁm@ érczSatane,agtz@gp ted &hakchive
car- bon. The &eaidiB Vgsca begialk-a
ratio of 8.2 we] ght 0%)lntermsd(i"ffi%hhea 1l e tcegga%%@z Pf‘gpgrgtu}n of

di met hyl car bdHafidly to dimethy t@r vesarm 8% 3 SPASLeFNSi ng 5

nL of the abowgrelidp@ETd &fdm@drm Idetbci@fieowald ®19e4yeph.t hat the

reaction tenperature was changed to 220[err] C and fused di net hyl oxal ate
was introduced at a rate of 57.4 mmol/h. The reaction was continued for 6
hour s. Gas chronmat ogr aphi c anal ysExample 2 | iquid reaction mxture

i o

el eotivity tolF AR of, TR at/siter MRRRRLN T 2 g sty

of dimethyl car bonéﬂ@ mpms_df Example 1 were repeated except for
replac:.ng 1 g of potassium carbonate with 1 g of potassi-
um chloride, to giwve a catalyst deposited on an active
carbon. The potassium chloride was deposit:ed on the ac-
tive carbon at a ratio of 5.2 we:.ght % in terms of the
amount of potassium. :
[Preparation of dimethyl carbonate]

The procedures of Example 1 were repeated using 5 ml
of the above-prepared catalyst/carrier composition except
that the reaction temperature was changed to 210°C and
fused dimethyl oxalate was- introduced at a rate of 66.8
wmmol/h. The reaction was continued for 4 hours.

Gas chromatographic analysis of the liquid react:.on
mixture indicated that a conversion ratioc of dimethyl
oxalate was 100%, a selectivity to dimethyl carbonmate was
95.0%, and a space time yield (STY) of dimethyl carbonate
was 1,143 g/L-h.

Example 8 .
(Preparation of catalyst/carrier composition]
The procedures. of Example 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
carborn. The potassium bromide was deposited on the ac-
tive carbon at a ratio of 3.3 weight % in terms of the
amount of potassium. h '
[Preparation of dimethyl carbonate]

‘Ihe procedures of Example 1 were repeated usmg 5 mL



[ Preparation of catal yst/carrier conposition] The procedures of
Exanple 1 were repeated except for replacing 1 g of potassium carbonate
wth 2 g of potassi- um hydroxide, to give a catal yst deposited on an
active carbon. The potassi um hydroxi de was deposited on the ac- tive carbon
at a ratio of 13.9 weight %in terns of _the ambunt of potassium

[ Preparation of dinmethyl carbonat e] “11-The procedures of Exanple 1 were
repeat ed usi ng the above-prepared catal yst/carrier corrp05|t|on except that

the reaction teg e n

oxal at o v | 17 O AP PrepAResr dal Q1 AR E) feF bl AL BB

-%?-. . ftGasthatrozima@muon femppratuveé wae dhapged mamoaﬁ.mdgure

obt ai ned after %]W’; c E'ﬁ:%dﬁc r 0

di met hyl oxal ate s 9 a se QE e’%l VH1 ﬁe@‘[ﬁf g)tr?a?es was

90.8% and a s"ﬂw\y Rine yield (STY) of di met hyl carbonate was 819 g/ L. h.

[E)F(’repfir at1 i on of cataate/Sdemrt Oanilfﬁis of t@qm@e%@g@ht :
anpl e 1 were repeated.exce replacin 0}.assi Qnat e

ehT1 g of - popiaEe M&ﬁ%sgiﬂv . aPeaefidn SRR R "t ve

carbon. The poo:mnsmamlnaumeaﬂadmlephylteﬁalate hasc00%,ve tseﬂ.bcn at a

rati o of 5. 2V\€li %draitp‘é' EatéJ uggoéspﬁa%djra %lon of

he procedures  of

di met hyl carbonate wer e r eate using 5

nL of the abovEiekbpETRd &fi Armﬁ%dﬁﬁlbi@ & hhat the
reaction tenperature was changed to 210[err] C and
| Example 9

[Preparation of catalyst/carrier composition] :

The procedures of Example 1 were repeated except for
replacing 1 g of potassium carbonate with 1 g of potassi-
um nitrate, to give a catalyst deposited on an active
carbon. The potassium nitrate was deposited on the ac-
tive carben at a ratio of 3.9 weight % in terms of the
amount of potassium. "

[Preparation of dimethyl carbonate] _

The procedures of Exanple 1 were repeated using 5 wl
of the above-prepared catalyst/carner composition except
that the reaction temperature was changed to 210°C and
fused dimethyl oxalate was introduced at a rate of 66.5

-mmol/h. The reaction was continued for 4 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
24.7%, and a space time yield (S'IY) of dimethyl. carbonate
vas 1,135 g/L-h.

The results of Examples 1 to 9 are set forth in
fable 1.



fused di nethyl oxalate was introduced at a rate of 66.8 mmol/h. The
reaction was continued for 4 hours. ~ Gas chromat ographi ¢ anal ysi s of
the liquid reaction nmixture indicated that a conversion ratio of dinethyl
oxal ate was 100% a selectivity to dinmethyl carbonate was 95.0% and a
space tine yield (STY) of dinethyl carbonate was 1,143 g/L h.

(Preparation of catal yst/carrier conpesRtion]" The procedures of
Exanple 1 were repeated except for replacing 1 g of potassium carbonate
with 1 g of potassi- umbromde, to give a catal yst deposited on an active
carbon. The pota55|un1bron1de mas depo?ﬁb&é dn the ac- tive carbon at a
ratio of 3.3 w

di et hyl carbonate The procedures of-Exaane 1 were repeated u5|ng 5
m_ Brampie abCatalyspar ed D al yBem.carTlm COM®SIDMON E&MEpt t hat
the reaction te rature was chang r nd se

oxal ate was |ntﬁ§§uced at arate o ﬁ§% ALS ? G gﬁg F%graphlc

anal ysis of the liquid reaction mxture obtai ned after(*ﬂ hr&) régydi-hin
i ndi cat ed t hat—=comversronratTo—of—trethyt—exatate—was—106%—a—setec-
tivity to dinethyl_carbonate was 95.3% and a space tine y| eld (STY) of

di met hyl car be¥aiRleel KL0 g/ L. 1£6.7 205 2 100 95.0 Igdale 9

[ Preparation piamplel 2stNga0;i er cogpopi tizgy 4 B87.2 175.1 656
Example 3 NaKCO, . 56.3 230 4 98.8 85.1 853
: | 18 99.0 88.7 . 891
Example 4 Rb,CO, ' 57.6 220 6 100 95.1 987
Example 5 Cs,C0, 57.4 220 6 100 94.6 978
Ixample 6 KOH | 54.0 200 2 92.7 90.8 819
Ixample 7 KCl 66.8 210 4 100 95.0 1,143
ixample 8 KBr 66.9 210 2 100 95.3 1,149
Ixample ‘9 4 100 94.7 1,135

KNO, 66.5 210

- Remarks: Mo -- dimethyl oxalate = L
DMC -- dimethyl carbonate .

(Preparation of catalyst/carrier cou@osition]

The procedures of Example 1 were repeated except for
'eplacing 1 g of potassium carbonate with 1 g of potassi-
m acetate, to give a catalyst deposited on an active
:arbon. The potassium acetate was deposited on the ac-
ive carbon at a ratio of 4.0 weight % in terms of the
mount of potassium. : |
Preparat:.on of dimethyl carbonate]

The procedures of Example 1 were repeated using 5 mL
£ the above-prepared catalyst/carrier composition except
hat the reaction temperature was changed to 210°C and
used dimethyl oxalate was introduced at a rate of 66.3
mol/h.

Gas chromatographlc analys:.s of the lquu.d reaction |
ixture obtained after 2 hrs. react:.on mdlcated that a



The procedures of Exanple 1 were repeated except for replacing 1 g of
pot.assi um carbonate with 1 g of potassi- umnitrate, to give a catal yst
deposited on an active carbon. The potassiumnitrate was deposited on the
ac-*tive carbon at a ratio of 3.9 weight %in terns of the anmpunt .of
pot-assium [Preparation of dinethyl carbonate] The procedures of
Example 1 were repeated using 5 nL of _yhe above-prepared catal yst/carrier
conposition except that the reaction tenperature was changed to 210[err]C
and fused di methyl oxal ate was introduced at a rate of 66.5 nmmol/h. The
reaction was convensionfpatiohofirdimethyl Casm@rmggxm,i G agelles+ s of

ol at 6 was 100V CR EB BUPECHPY! CAHERATE vl 8 R A Béé’aﬁ’% S

space time vyi WGJ-@SfS’;'Ybf Oﬂl dmn;«hybatzm@tma 1.3536)/9/ I hr. The
results of Exanples 1 to 9 are set forth in Table 1.

-12- Table 1 Exanple Catalyst DMO Tem
Tinre DMO DMC DMC  No. Example kol ) ([err]C) (hr.) Con.

Exe;'rrpl STI " er[h%ﬁr] ration of cata%yst'é/carner cor%osz.th.@n](% 1( % |é h) al & 2
Na[err] CJ err] Siagocgggres OfM?P:Ee overe W € T
NaKCO err]  reptading3Q g of potd@$siumSEarborddfe with 1 g of potassi-

ég 199 09838 Zlm ongétgxaggl &:we Rbéa?t[.ariys e&e;los:.teg on azngoacl:n.ve6 100
carbon. The potassium oxalate was deposited on the ac-
tive carbon at a ratio of 4.7 weight % in texrms of the
amount of potassium.

[Preparation of dimethyl carbonate]

The procedures of Example 1 were repeated using 5 mL
of the above-prepared catalyst/carrier composition except.
that the reaction temperature was changed to 200°C and
fused dimethyl oxalate was mtroduced at a rate of 32.5
wmol/h.

Gas chromatographic analysis of the liquid reaction
nixture obtained after 2 hrs. reaction indicated that a
conversion ratio of dimethyl oxalate was 100%, a selec-
tivity to dimethyl carbonate was 95.4%, and a space time
rield (STY) of dimethyl carbonate was 559 g/L-h.

| Example 12
(Preparation of dimethyl carbonate] :

B The procedures of Example 1 were repeated using 5 mL
f the catalyst/carrier composition obtained in Example
-1 except that the reaction temperature was changed to
'00°C and fused dimethyl oxalate was introduced at a rate
»f 58.3 mmol/h. '

Gas chromatographic analysis of the liquid reaction

uxture cbtained after 2 hrs. reaction indicated that a

. ‘onversion ratio of dimethyl oxalate was 100%, a selec-
ivity to d:.methyl carbonate was 96. 3%, and a space time
ield (STY) of dimethyl carbonate was 1,011 g/L-h.



Example 5 CS[err]CJderr] 57.4 220 6 100 94. 6 978 Exanple 6

KOH 54.0 200 2 92.7 90.8 819 Exanple 7 Kd 66. 8
210 4 100 - 95.0 1,143 Exanple 8 KBr 66.9 210 2 100
95.3 1,149 Exanple 9 KNJ err]. 66.5 210 4 100 94.7 1,135
Remarks: DMO - - dinethyl oxal ate DMC -- di net hyl

car bonat e Exarrpl e 10 [Preparation of

catal yst/carrier corrp05|t|on] Thé ﬁr ocedures of Exanple 1 were

repeat ed except for replacing 1 g of potassium carbonate with 1 g of .

potassi- macetate, to give a catal ymﬁd on an active carbon. The
pot assi um acet ate was deposited on t carbon at a ratio of 4.0

wei ght % in téPneparathennoﬁndlméthplaearhmzat’ebpar ation of dinethyl

car bonat e] f Eﬂjnﬁ E@é 3.5%%5 dlled, the.
above- prepared cata ysﬁ?carrl ergco%osm on excep% ﬁee react on

tenperature waf thengabalyst/operier m&ﬁl@’lr@t@ma&t
i ntroduced at 18 éﬁgg?gf that3thB! £laction BeEmSEF y@s of t he

13 comver sPaRG and Bised iien afméxa:a%%reac“"”éd&%%itedab“ &0

di met hyl car boflatt22wesmibl Jin and a space tine yield (STY) of dinethyl
carbonate was 1, 13

/ 1
[ Preparation of ca gﬁ% EPQQS?FWE‘EMOQ‘?‘?}%}S of theB('f‘:J:&)uz.d deaction
mixture obta:.ned after 2 hrs. reaction md:.cated that a

conversion rat:.o of dimethyl oxalate was 93.9%, a selec-
tivity to dimethyl carbcnate was 96.9%, and a space time
yield (STY) of dimethyl carbonate was 2,010 g/L-h.

- Example 14
[Preparation of dimethyl carbonate)

'The procedures of Example 1 were repeated using 5 mL
of the catalyst/carrier composition cbtained in Example
11 except that the réaction temperature was changed to

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

Gas chromatographic analysis of the lz.quld 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.

(Preparation of dimethyl carbonate] _ | .
" The procedures of Example 1 were repeated using 5 mL
of the catalyst/carrier composition obtained in Example
11 except that the reaction temperature was changed to
~ 230°C and fused dimethyl oxalate was introduced .at a rate
>f 279.3 mmol/h. .o
Gas chromatographic analys:.s of the lqu.ld react::.on
nixture obtained after 2 hrs. .reaction indicated that a
conversion ratio of dimethyl oxaldte was 90.3%, a selec-



The procedures of Exanple 1 were repeated except for replacing 1 g of

pot assi um carbonate with 1 g of potassi- um oxalate, to give a catal yst
deposited on an active carbon. The potassi um oxal ate was deposited on the
ac< tive carbon at a ratio of 4.7 weight %in terns of the anmount of

pot assium [ Preparation of dinmethyl carbonate] The procedures of
Exanple 1 were repeated using 5 nL of -.tge above-prepared catal yst/carrier
conposition except that the reaction tenperature was changed to 200[err]C
and fused dinethyl oxal ate was introduced at a rate of 32.5 nmol/h. '
Gas chromat ogrta.ph.lt(y amady.methyi caxbonate dasf£5Gn @And & SPFLatiBE after

2 hrs. reacti ﬁéﬂ,‘%ﬂh Al . oxal ate was
100% a sel ecgﬂ't VI ty a%ﬁér'ﬁgar onate te sw%%SQ‘fll'% 72%}1/11?1 space tine

yield (STY) of dinethyl car bonate was 559 g/ L. h. [ Preparation of

di et hyl carbonat e] The procedur le 1 were repeated using 5
m. of the cat st/ carr,ier goggg t|o 0 al ned in e .1 except that
the reaction t ﬁé ‘i"@%ﬁ%— ed -di met hyl

oxal ate was int rodtmmmceduues of ]Jaml./tkere rep@m:@lemwp@gﬁaphu c
anal ysis of t e ;{m :
I ndi cat ed tha’t}eeélcag!r#gr 5 g‘r:]blifggl gh %H{iﬁ %%?gf e Wagji%OA; sel ec-
ivity to di netoxalate, b@ﬁ’agévﬁag gstadys siked an A0 PéJtd-V@S??)r‘of

di methyl carbogsie Ve W&%Loﬂalate was deposlted on the active  -14-
carbon at a ratio of 6.6 we:.ght % in terms of the amount -
of rubidium.

(Preparation of dmethyl carbonate]
The procedures of Example 1 were repeated using 5 mbL
'of the above-prepared catalyst/carrier composition except
that the reaction temperature was changed to 210°C and
fused dimethyl oxalate was introduced at a rate of 56.4
mmol/h.

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 carbcnate was 95.9%, and a space time
yield (STY) of dimethyl carbonate was 974 g/L-h.

Example 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 catalyst deposited on an active car-
bon. The cesium oxalate was deposited on the active car-
bon at a ratio of 7.5 weight % in texms of the amount of
cesium. '
[Preparation of dimethyl carbonate)

The procedures of Example 1 were repeated using 5 kL
of the above-prepared catalyst/carrier composition except
that the reaction temperature was changed to 210°C and -
fused dimethyl oxalate was introduced at a rate of 56.4



Exanpl e 13 [Preparation of dinethyl carbonate] The procedures of
Exanple 1 were repeated using 5 nL of the catalyst/carrier conposition
obtai ned in Exanple 11 except that the reaction tenperature was changed to
210t err] C and fused dinmethyl oxal ate was introduced at a rate of 122.6
mo} / h. Gas chromat ographi c analysis of the liquid reaction mxture
obtained after 2 hrs. reaction indicat-dé-that a conversion ratio of

di mret hyl oxal ate was 93.9% a selec- tivity to dinethyl carbonate was
96.9% and a space time yield (STY) of dinethyl carbonate was 2,010 g/ L. h.

[ Preparation I et hyfhe ]wa conpined ckar fe s sExanpl e 1 were
repeated using 5 gy dl'ﬂ:%ttﬁ% éaéﬁAPfrsfé”@PS&Hé a3 Rl h@agdtipnExanml e
11 except that_the reactj.on %ture was changed to Q. err C.and fused -
di met hyl oxal A H#&&S@?SB-E‘P 28 GPEVEFSIR FRLIR) Yéas

chr omat ogr aphi axadistiey was Aj00%hea sglledtieiry ity dindtind (dal‘zwdm&eafnhsr 2

100% & sl 0% %‘f?’?ﬁ{% ¥pelel PIE) PART0 OHED e i BRShEhSeET

yield (STY) ofwag Rahg/Iedy bonate was 3,130 g/L:h. [Preparatlon of
di et hyl car bonat €] The procedures of Exanple 1 were repeated using 5
mL of the catalyst/carrier conpositiop obtained in Exanple 11 except that
the reaction tenperature was changed ] C and fused di net hyl

oxal ate was i nf?n‘npam:tiam off ﬁtamysﬁiéaﬂrimﬂafdmposz.tmﬁs chr omat ogr aphi ¢
?23: %:lzlt ZdOI h;'?eal l:onve sion ratro nbﬂ W%a’ qg%?aé{egﬁﬁé?%%’gﬁﬁgckggl ec-
replacing 1 g of potassmm carbonate with 1 g of potassi-
um phosphate, to give a catalyst depos:.ted on an active
carbon. The potassium phosphate was depos:.ted on the ac-
tive carbon at a ratio of 5.5 weight % in texrms of the
amount of potassium.
[Preparation of dimethyl carbonate]
The procedures of Example 1 were repeated using 5 ml
of the above-prepared catalyst/carrier composition except
that the reaction temperature was changed to 210°C and
fused dimethyl oxalate was introduced at a rate of 66.7
mrol/h. The reaction was continued for 3 hours.
~ Gas cl;romatograph:.c analysis of the liquid reaction
mixture indicated that a conversion ratio of dimethyl
oxalate was 100%, a selectivity to dimethyl carbonate was
95.2%, and a space time yield (ST!) of dimethyl carbonate
' was 1,140 g/L -h.

-« .. The results of- Examples 10 to 18 are set forth in -
Tablez S _ e



tivity to dinmethyl carbonate was 95.0% and a space tine yield (STY) of

di net hyl carbonate was 4, 317 g/L.h. [ Preparation of catalyst/carrier
corfposi tion] . The procedures of Exanple 1 were repeated except for
reptacing 1 g of potassium carbonate with 1 g of rubidiumoxalate, to give
a catal yst deposited on an active car- bon. The rubi di um oxal ate was
deposited on the active carbon at. a ragho of 6.6 weight %in terns of the
anount of rubidium [Preparation of dinethyl carbonate] The procedures
of Exanple 1 were repeated using-5 nL of the above-prepared

catal yst/carrier conposition except thajpjleareacti on tenperature was

changed to 210fert}C.and fused digethyl. oxglate was |[|[[Qduced at_a rate of

56. 4 mol / h. Gas chromat ographi ¢ analysis of the liquid reaction
m xture obtai Exampleer Cathlgstr eactm | Mg at eEnichat mocomer si pcratio of.

di et hyl oxal ate s 100%, a sele Vi nat S

95.9% and a spaggatl me yield (ST )di hyl(g'Enfbo ea%é;g 9 /L. h.
Exanpl e 17 [Preparation of catal yst/car rier conpositidf) (%) TgéL-h)
procedur es of “Exanpte—t—mere—tepeat-ed—exeept—iei—eplas-Rg—t—g—ei—potassi um

carbonate with 1 g_of cesiumoxalate, to give a catal yst deposited on an

active car- b@l‘ampﬂé 30si KACOR at 66ied dePidbi t ed2on 4BO aBbike tal36bon at.

aratio of 7. wat 1%)|R2¢zgrms ofz3 he amgygt of 2ce5|1551 bgrgpar agsgn of

di net hyl carb%m]l ]

12 KGO, | - 58.3 200 2 100 96.3 1,011

Example 13 K,C,0, 122.6 210 .2 93.9 96.9 2,010
BExample 14 K,C,0, 180.8 220 2 100 96.1 3,130
Example 15 KGO, 279.3 230 2 90.3 95.0 4,317
Example 16 Rb,C,0, 56.4 210 2 100 95.9 974
Example 17 Cs,CO,  56.4 210 6. 100 95.2 967
Example 18 K,PO, 66.7 210 3 100 95.2 1,140

Remarks: DMO -- dimethyl oxalate
IMC -- dimethyl carbonate

Example 19
[Preparatlon of catalyst composition]
Potassium carbonate was molded in a pressure mold:.ng
machine to give a catalyst composzt:.on hav:mg a granular
' size of approximately 3 mm.
(Preparation of dimethyl carbonate] : '
The procedures of Example 1 were repeated using 10
oL of the abcve-prepared catalyst composition except that
the reaction temperature was changed to 220°C and fused _
dimethyl oxalate was introduced at: a rate of 125 5 -
mol/h. ' : -
‘Gas chrom.tograph:.c analys:l.s of the liquid reaction
. wixture obtained after 2 hrs. reaction indicated that a
# ... ... . conversion ratio of dimethyl oocalate was 82.3%, a selec-
' - zivity to dmethyl carbonate was 81.5%, and a space tJ.me-_ -
' _(1e1d (STY) of d:.methyl carbonate was 758 g/L h .




The procedures of Exanple 1 were repeated using 5 nL of the above-prepared
catal yst/carrier conposition except that the reaction tenperature was
changed to 210[err] C and fused di nethyl oxal ate was introduced at a rate of-
56:4 nmol /h. The reaction was continued for 6 hours. Gas
chronatographic analysis of the liquid,geaction mxture indicated that a
conversion ratio of dinethyl oxal ate R - 100% a selectivity to di nethyl
carbonate was 95.2% and a space tinme yield (STY) of dinmethyl carbonate was
967 g/ L. h. [ Preparation of

‘catal yst/carrier conposition] res of Exanple 1 were

r epeat ed excedPrﬁBaraﬁbQECGﬁgcatiﬂYﬁtrﬂﬂmﬂgﬁhﬁﬁp@arbonate with 1 g of

potassi - um phOSph?bﬁaséQurﬁ' dRaTattd itls/ floldeBn ! adpgesaﬁré%yequr bon.

The potassiu ate was deposrted on the ac- tiyve car on at rati o of
5.5 wei ght %Fﬁ‘f‘éﬁﬁsé‘af g1¥e andAle IJ% ﬁ‘i FREDELAF et hyl
car bonat e] s:.zéhefpa.pp:edxlmterB(amp.l e 1 were repeat ed usr ng 5 nL of the

above-preparag 6{& %%ﬂ%&a ept that the reaction
tenperature C an %’i gl err usgésdr nmet hyl oxal ate was

i ntroduced at a rafhe Eimlrﬂaécm repeated wstagfP 3
hOUFS : Gas, 6@@1"@"836@ % Bﬁh.ﬁlbﬁaéict@/ﬁtntﬁét”e

i ndi cated tha a conver5| o€ rat I o of d| rre at &@

selectivity t FREELNR WS gé (STY)

of di net hyl cdu.henhyé mlété%g/in&roduced at a rate of 56.4 mmol/h.
Gas chromatographic analysis of the liquid reaction
mixture obtained after 2 hrs. reaction indicated that a
conversion ratic of dimethyl oxalate was 83.6%, a selec-
t'iv;'.ty to dimethyl carbonate was 98.1%, and a space time
yield (STY) of dimethyl carbonate was 417 g/L-h.

Exanple 21
[Preparation of dimethyl carbonate]

The procedures of Example 1 were repeated using 10
wl of the catalyst composition prepared in Example 20 ex-
cept that the reaction temperature was changed to 250°C
and fused dimethyl cxalate was introduced at a rate of
56.4 mmol/h. | |

Gas chromatographic analysis of the liquid reaction
mixture obtained after 2 hrs. reaction indicated that a
conversion ratio of dimethyl oxalate was 98.2%, a selec-
tivity to dimethyl carbonate was 97.7%, and a space t:.me
yield (STY) of d:.methyl carbonate was 487 g/L-h.

Example 22
[Preparat:.on of d:.methyl carbonate]

The procedures of Example 1 were repeated using 10
wL. of the catalyst composition prepared in Example 20 ex-
sept that the reaction temperature was changed to 280°C -
ind fused dimethyl oxalate was mtroduced at a rate of

- 36.4 mmol/h.



The results of Exanples 10 to 18 are set forth in Table 2.

-17- - Table 2 Exanple Catalyst DMO Tem
Ti e DMO DMC DMC No. (mol) (© (hr.) Con. Sel.
STY: (%) (%9 (d/L.h) Exanple
1.00 KOCOCH err] - 66.3 210 2 100 95.1 1,136 Exanple 11 -
KlerrJ(err]Jerr] 32.5 200 -29- 100 95.4 559 Exanple 12
Klerr](err]derr] 58.3 200 2- 100 96.3 1,011 Exanple 13
Klerr](err]derr] 122. 6 210 2 93.9 96 9 2, 010 Exampl e 14
Klerr](err] O err]Gas dBoogatogeaphic énalydis dbxeapkea ohd

EEF;H%F;H@ oBfgied Ziver 2 bys. %%ﬁ%a%xb%ﬁﬁ%egxs%ﬁ'fﬁﬁ
CS[err]Cerr] sionspatio of pdimethyl cogilateswas 10047 axsemee 18
K[ err] P err] t1v1t €6 dimeh{l carﬁonaéé’g'u@ég@ﬁc?%l ]aﬁﬁ Pg'gnat 1

-~ dineth
Exanpl e 113m[9t Yiﬁ&a ?#@#Fo?fcg%@?wl &ﬁﬁ%ﬁﬁ%ﬁﬂag 497 Haﬂabm um car bonat e

was nolded in a pressure nolding machine to give a catalyst conposition

havi ng a granul ar size of approxi matgé SJEH[Preparatlon of di met hyl

car bonat €] The procedures of EX e repeated. using 10 nL of -
t he above- pr efBreparation sof ccatakyst aomposiicjat
Rubidium oxalate was molded in a pressure molding
machine to give a catalyst composition having a g'ranular
size of approximately 3 mm.
[Preparation of dimethyl carbonate) _ |
The procedures of Example 1 were repeated using 5 mL
of the above-prepared catalyst composition except that
the reaction temwperature was changed to 250°C and fused
dimethyl oxalate was introduced at a rate of 56.4 mmol/h.
- The reaction was continued for 4 hours.
Gas chromatographic analysis of the liquid reaction
nixture indicated that a conversion ratio of dimethyl
oxalate was 64.4%, a selectivity to dimethyl carbonate

was 97.3%, and a space time yleld (STY) of dimethyl car-
oonate was 637 g/L-h. :

The results of Examples 19 to 23 are set forth in
[able 3. |



the reaction tenperature was changed to 220[err]C and fused di net hyl

oxal ate was introduced at a rate of 125.5 mmol/h.- Gas chr omat ogr aphi c
anal ysis of the liquid reaction mxture obtained after 2 hrs. reaction
indicated that a conversion ratio of dinethyl oxalate was 82.3% a sel ec-
tivity to dinethyl carbonate was 81.5% and a space tine yield (STY) of

di met hyl carbonate was 758 g/ L. h. -20- - 18-

Exanpl e 20 [Preparation of catal yst conposition] Pot assi um oxal at e was:
nol ded in a pressure nolding machine to give a catal yst conposition having
a granul ar - size of approximtely 3 nmm @paration of dinethyl carbonate]

The procedure5 of EXanptre I wWere repeated-uosrmy—to—mt—of—the—above-prepar ed

catal yst conpQsition exce that the reaction tenperature was changed to
230[err]C and%%ag@ €4i ﬁé'{;%ﬂs%xal at s TR oddded aPMR rBME of DME. 4

nmol / h. GasNohr omat.ogr aphi c afmhob)i s(°gf t lexl) quesh ! el i orsTe Xt ure
obtained after 2 hrs. reaction indicated that a conver%on %gti Oéf.)f
di ret hyl oxal ate was 83.6% a selec- tivity to dinet h)‘ calBbnig v&é)s

98.1% and a space tinme yield (STY) of drnet hyl carpbonate was 417 g/ L. h.
Exanpl e 21 [ PgeR i { met hy. bo el e.prosedur e f :
Exanple 1 were re%ggtgg %C% 10 &25(:)'1‘8§th cat al ygt ggn‘aosggrgn p?%%ar ed in
Exanpl e 20 exEx@@piet P8t XG0« eact i¥-4 em230at ur e2wa83chang8dlt o £ED[err] C
and fused di nExhmplexalatr,qes i ntregluced xzfp a rape g 56. §7Mol /fg7

' Example 22 K,C0, - b6.4 280 2 100 97.8 497

Example 23 Rb,C0, 56.4 250. 4 64.4 97.3 637

Remarks: DMO -- dimethyl oxalate
DMC -- dimethyl carbonate



Gas chromat ographi ¢ analysis of the Iiquid reaction mxture obtained af
2 hrs. reaction indicated that a conversion ratio of di rret hya“ﬂmumﬁmam””lll
98.2% a selec- tivity to dinmethyl carbonate was 97. 7% and

yield (STY) of dinmethyl carbonate was 487 g/L. h. [ Preparation of

di ret hyl carbonat e] The procedures of Exanple 1 were repeated using 10

m. of the catal yst conposition preparé%l‘rn Exanpl e 20 ex- cept that the
reaction tenperature was changed to 280[err]C and fused di methyl oxal ate

was i ntroduce 3g' 4 mmol / h.
-19- Ga ' nal ysis of the liquid reaction mxture

obtai ned after 2 hrs. reaction .i ndi cat ed t hat a conversi on ratio of
di met hyl oxal ate was 10&?1@(:@@%%1- Ihg C@ém& was 97. 8%

and a space ti ield f ca nat 497

Exanpl e 23[P|"g§£\{"a bﬁea '&&?&}QW % &V\ﬁ%}% ﬁé’r&te was

mol ded in a praseous phhdengnrrﬂmlpmesw of ancamyttmetaﬂa(xsmm on havi ng

a granul ar si prroxi' mately 3 nm [Preparation of dinethyl carbonate]
0

The procedures anple 1 were repeated using 5 nmL of the above-prepared
catal yst conposition.except that the reaction tenperature was changed to

250[err] C and fuseg di maybr@déégt@fmzmw OWHeedinl the &lkald 56. 4

ml /h. The reagl |10n was ggntl nued for 'c hOl:J.rdSsalt of an alkali met-
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, wherein the alkali
metal compound is a carbonate of potassium, sodium, sodi-
um-potassium, rubidium or cesium.

4. The process of claim 1, wherein the alkal:.
metal compound is a halide of potass.unn, sod:.mn, rub:x.dmm
or cesium. '

5. The process of claim 1, wherein the alkali
metal compoxmd is a m.trate of potassium, sodium, rubid-
ium, or cesium.

6. The process of claim 1, wherein the alkali
metal compound is an al:.phat:.c mnocarboxylate of. potas-
sium, sodium, rubidium or cesium.

7. The process of claim 1, wherein the alkali
~metal compound is a oxalate of potass:.um, sodium, rub:Ld— -
-ium or cesium.

8. ’I'h.e'proceSS of claim 1, wherein the alkali

‘metal compound :.s a phosphate of potassn.um, sod.mm. ru-“
bJ.d:.um or cesium.



Gas chromat ogr aphic—amatysts of- the liquid reaction m xture indicated t

a conversion ratio of dimethyl oxal ate was 64.4% a sel ect|V| MMH“ (llqtlml"l"l
carbonate was 97.3% and a space tinme yield (STY) of dinethyl

was: 637 g/ L h. The results of Exanples 19 to 23 are set forth-in Table

3. -20-, Tabl e

3 Exarrple Cat al yst DMO Tem Tine22BMO DMC DMC No.
(mmol) ([err]C) (hr.) Con. Sel. STY

9 9 /L.h 128 220 82.3 81.5

(75/?3 E§<a/()rrpl(g 20 2<[ eEf] qtﬁ]ﬁm?;errég%ﬂmzkow 118321@ cb@licyl417

%arrﬁl[ e 2]10[ Kbarbbﬁ“ét%eraﬁﬁgghﬁ d:z.%gﬁy}} o:?éib(.)te are 8. cgféginé)l(:e oF tgabaffm e
err e err a

Rb[err]qerr]é%%]érb"& 38a%ap “cRalats of tup alkyls groups, ek B owp

- - di nmet hyl’ owhﬁ.aheindependently is anGalkyl mptdup heardend €o 4 car-

-21- bon atoms.

10. The process of claim 1, wherem the d:.alkyl
carbonate is dimethyl carbonate and the dlalkyl oxalate
is dimethyl oxalate.

11. The process of cla:Lm 1, wherein the alkali
metal compound is deposited on a carrier in an amount of

0.01 to 80 weight percents in terms of the ammmt of
alkali metal. '

- 12. The process of claim 1, wherein the decarbon-
ylation is performed at a temperature in the range of 170
to 450°C. :

13. The process of claim 1, where:.n the decarbon-
ylation is contirmously performed in a reaction vessel
into which a gasecus composition comprising the dialkyl

oxalate is supplied at a space veloc:.ty of 100 to 5 000 -
ht. .



VWHAT IS CLAI MED | S: 1. A process for preparing a dialgyt—car-honat
whi ch conprises decarbonyl ati on of a dialkyl oxalate in a gaséﬂﬁ @§#EEN
the presence of an alkali netal com pound. 2. The prjocess A

1, Wwherein the alkali netal conmpound is an organic acid salt of an aTkaI
met- al, an inorganic acid salt of an alkali nmetal, a hydrox- ide of an

al kal'i metal, or an oxide of an alkali metal. - 3. The process of
claim1, wherein the alkali netal conppand is a carbonate of potassium

sodi um sodi- um potassium rubidiumor cesium 4. The process of
claim1; wherein the alkali nmetal conpound is a halide of potassium

sodi um rubi dium or cesium 5. The process of claim1, wherein the
al kali metal conpound is a nitrate of potassium sodium rubid- ium or
cesium 6. The process of claim1l, wherein the alkali netal conpound

is an aliphatic nonocarboxyl ate of potas-.sium sodium rubidiumor cesium
7. The process of claiml, mhereln the alkali metal conpound is a oxalate
of potassium sodium rubid- §s&% The process of ¢laim
1, wherein the alkali netal pot assi um sodi um
ru- bidiumor cesium '

A dialkyl carbopate (e.g., dimethyl carbonate) is
prepared at a high yield and a high selectivity by decar-
bonylation of a dialkyl oxalate (e.g., dimethyl oxalate)
in a gaseocus phase in the presence of an alkali metal
compound (e.g., potassium carbonate) .

. This Sheet Has Been Repl
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. . g _
-22- 9. The process of claim1l, wherein the dial kyl car bonatg ? P
the dial kyl oxalate are a carbonate of two al kyl groups and an oxal Yo ’e? uol’Vl
two al kyl groups, each of which. independently is an al kyl group having 1 to

4 car- bon atons. 10. The process of claim1, wherein the dialkyl
carbonate is dinethyl carbonate and the dial kyl oxal ate i s-dinet hyl

oxal at e. 11. The process of claim1l1l, wherein the alK T
conmpound i s deposited on a carrier in an anmount of 0.01 tq SHEH
percents in ternms of the amount of alkali netal. 12} fhe process 0 '

claim1l1, wherein the decarbon- ylation is perforned at a e.rpér.at,lmqe 19939 the)
range of 170 to 450[err]C 13. The-2|3rocess of clain]lf_wherein the
nl

decarbon- ylation is continuously perfornmed in a reactionf vessel T ntowhch
a gaseous conposition conprising the dial kyl oxalate is suppked at _a spac
velocity of 100 to 5,000 h[err].

PREPARATION OF DIALKYL CARBONATE

ABSTRACT OF THE DISCLOSURE

A dialkyl carbonate (e.g., dimethyl carbonate) is prepared at a high yield and a
high selectivity by decarbonylation of a dialkyl oxalate (e.g., dimethyl oxalate) in a

gaseous phase in the presence of an alkali metal compound (e.g., potassium carbonate).



