Process .f or continuously preparing a diester of oxalic acid The present
|nventfﬂh relates to a novel process for preparing a .diester of oxalic
acid, and particularly to a novel process whereby the productlonqaf #Aan
dlester of oxalic acid is industrially advantageously 5 carr red wouts by, a
gaseot€” phase reaction with use of carbon nmonoxi de and an ester of nitrous
acid as the starting materials in the presence of a solid catal yst of

pl ati num group netal series. .10 Di esters of oxalic acid have been used as
| nportant starting material's for the syntheses of oxalic acid, oxanide,
glycols, internediates for dyes and pharnaceuticals. 15 There has
hitherto been known a process for preparing a diester of oxalic acid by
contacting.carbon nonoxide and an ester of nitrous acid with a solid

catal yst of platinumgroup netal series in the gaseous phase. This reaction
itself is an extrenely good reaction 20 - for the preparation of diesters
of oxalic acid. However, in order to enploy this reaction industrially, it
IS necessary to have a process whereby the reaction can be conducted
continuously as is the case for other chenm cal reactions. -2- W have
devel oped a continuous process for the production of diesters of oxalic
acid by contacting carbon nmonoxide aqﬂ an ester of nitrous acid with a
catal yst conprising a solid carrier d a platinumgroup netal in the
gaseous 5 phase. As a result, it has been found that it is possible

Process for continuously preparing a diester

of oxalic acid

The present invention relates to a novel process for
preparing a diester of oxalic acid, and parficularly
to a novel _process whereby the production of a
diester of oxalic acid is industrially advantageously

5  carried out by a gaseous phase reaction with use of
“carbon monoxide and an ester of niﬁrous_acid as the
starting materials in the presence of a solid
catalyst of platinum group metal series.

10 Diesters of oxalic acid have been usé§ as important
starting materials for the syntheses of oxalic acid,
oxamidé, glycols,_ihtermediates for dyes and
pharmaceuticals.

15 There has hitherto been known a process for preparing
a diester of oxalic acid by contacﬁing'carbon monoxide
and an ester of nitrous acid with a solid catalyé%
of platinum grbup metal series in the gaseous'phase;
This reaction itself is an extremely good reaction

20  for the preparation of diesters of oxalic acid.
However, in order to employ this reaction
industrially, it is necessary to have a process
whereby the reaction can be conducted continuously
as is the case for other chemical reactions.

@



N obtain diesters of oxalic acid |ndustr|all¥ extrenely advant ageously by
@pl oyi ng a process which conprises; (1) irst step of introduci ngga
‘yds containing 10 carbon nonoxi de ang ester of' nitrous acid
to a reactor packed with a catalyst™c npr|S|ng a solid carrier and a
pl ati num group metal or its salt supported on the carrier, and conductitg a
catalyticMa%mavendevdlupe@aaemnntxﬁuuus poocebsmﬁbrathpr@mmnuctlon
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the react @heOf dder{éfst 8h@P conducting a catalytic reaction in
the gaseous phase to obtain a product containing a

-

15 diester of oxalic acid;

(2) a second step of introducing the product of

the first step to a condenser thereby to separate a

non-condensed gas containing nitrogen monoxide formed

20 by the catalytic reaction of the first step from a condensed
liquid containing the diester of oxalic acid;

(3) a third step of introducing the non-condensed
gas of the second step to a regeneration column ‘and thereby
25 contacting it with a gas containing' molecular oxygen
and an adalcohol contained in such an amount as to be
sufficient for absorbing and reacting the resulting
nitrogen dioxide and an almost equimolar amount of nitrogen
monoxide to regenerate nitrogen ‘monoxide in the non-
30 condensed gas into an ester of nitrous acid so as to
bring <the concentration of ' nitrogen monoxide in the
gas at the outlet of the column to a 1level of from 2
to 7 % by volume, a part of said non-condensed gas being
optionally recycled and '
35 a
(4) ~~ a fourth step of recycling the gas of the
third step. containing the ester of nitrous acid and
from 2 to 7 % by volume of nitrogen' monoxide to the
reactor of the first step.



3 5 Now,, each step of the present invention wll be described. First step
10 A gaseous starting material, containing carbon nonoxide and an ester of
nitrous acid, is introduced into a reactor packed with a solid catal yst of
pl ati.num group nmetal series, and therelg -a catal ytic reacti.on 15 S
carried out in the gaseous phase. As the reactor, a single tubular or

mul ti-tubular colum packed wth a catalyst is useful. The contact tine of
the gaseous starting material with the solid 20 catal yst of platinum
netal series is preferably set to be at nost 10 seconds, preferably from
0.2 to 5 seconds. As the solid catalyst of platinumgroup netal series,
pal l adiumis nost useful, but platinum rhodium 25 rut heni um and
iridiumare also useful. Further, salts of these nmetals such as nitrates,
sul fates, phosphates, halides, acetates; oxal ates or benzoat-es, nmay be
used. TheseéSmaterials are used as carried by an inert carrier such as
active carbon, fby7 Bach3@tepSidlf the Pridumecinve®fién w1 B8, zeolite,
or Mol ecul ar Sieve. The anount to be used, in ternms of the platinum group
metal; is prefef8BFFiRPANIin a range of from0.01 to 10 % by weight, usually
from0.2 to 2 % by weight, relative to the anount of the carrier. 35 The
gaseous startinpiggLegkgb,-i.e. a gas contai ni ng :

10
a gaseous starting material containing carbon monoxide
and an ester of nitrous acid, is introduced into a
reactor packed with a solid catalyst of platinum
group metal Series, and thereby a catalytic reaction
15 is carried out in the gaseous phase.

As the reactor, a single tubular or multi-tubular
column packed with a catalyst is useful. The contact
time of the gaseous starting material with the solid

20 catalyst of platinum metal series is'preferably set to be
at most 10 seconds, preferably from 0.2 to 5 seconds.

As the solid catalyst of platinum group metal series,
palladium is most useful, but platinum, rhodium,

25 ruthenihm,'and iridium are also useful. Further,
salts of these metals such as nitrates, sulfates,
phosphates, halides, acetates, oxalates or benzoates,
may be used. These materials are used as carried by
an inert carrier such as active carbon, alumina,

30 silica, diatomaceous earth, pumice, zeolite, or
Molecular Sieve. The amount to be used, in terms of
the platinum group metal, is preferably within a range of
from 0.01 to 10 % by weight, usually from 0.2 to 2 % by
ﬁeight, relative to the amount of the carrier.

35 ' ' '

The gaseous starting material, i.e. a gas containing

-
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>ar bon nonoxi de and an ester of nitrous acid may usually be used in a

1diluted wwth an inert gas such as nitrogen or carbon dioxide. 5 ¢elhe
ester of nitrous acid may preferably be an ester of "a saturated nonohydric *
aliphatic or alicyclic alcohol havirnd from 1 to 8 carbon ‘atons with nifrous
acid. As the al cohol conponent, there may be mentioned, for instance, ap.
al i phatic al cohgl such 10 as net hanol, ethanol, n- (and i so-) propanol ,

n- (i so-, secCanRRPn HMenoxidenand angsters @f Afrane@eid maxanol, or

octanol , and mﬂmysélﬁseawh% Foeh AW IMEPRREUn Hert
nethylcyclohex These al cohol s ng% cQ taln a substituent, guch as an 15

al koxy group®2 (ﬁ?(ﬂ%&rﬂ%?nh?ﬁng Anong these, nethyl or
ethyl nitrite is nost pre- ferably used. It is preferable to carry out this

reaction und suc con that there rmation of a liquid
phase in the (ﬁ%gﬁgi%ﬁ eﬁéugoﬁﬁﬁ?18ﬁ¥ P&?ﬁﬁf%ﬁiﬂéﬁ?cﬁpd?sﬁgFlqU|d
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t he reaction §Y$¥ n dqC 5 e _ester o
nitrous aci dat?'seg an §e?o§ig gaggngt %sg%%%{ %oﬂoq%et ert?ﬁ rfe’dér%ﬁ/ever,

wi th respect acidhe Avthe oﬁleehpbrapmpenenrte Itéme srayprleeeds in a

suf ficient!y igriticiepd £ 1£¥€n8k,3ahOWLSHAAY Wikorllll ddigy | Over he

reaction terrperat ure IS the | ess si de reactrons occur |ngly, SO

| ong asiPhe @&s %}ﬁjee ethangle| gncdange is@IPHARANOk henT 6E8QT N i S
carried out geck lfiditety) berah8IPeh(dnd iiso>)amAUaldosPM S0 to

hexanol, or octanol, and an alicyclic alcohol such
as cyclohexanol, or methylcyclohexanol. 'These
alcohols may contain a substituent, such as an

15 alkoxy group, which does not hinder the reaction.
Among these, methyl or ethyl nitrite is most pre-
ferably used.

It is preferable to carry out this reaction under such
20 conditions that there is no formation of a liQuid

phase in the reaction zone. The conditions for no

formation of a liquid phase in the reaction zone

vary depending upon the reaction temperature, the

reaction pressure and the kind and concentretion of
25 the €ster of nitrous acid used, and therefore can

not Smely be determined.

However, with respect to the reaction tempeiature,
the reaction proceeds in a sufficiently high sbeed

30 even at a low temperature, and the lower the reaction
temperature is, the less side reactiohs occur.,
Accordingly, so long as the desired space time yield
can be maintained, the reaction is carried out at a
relatively low temperature, i.e., usually from 50 to

35 200°C, preferably from 80 to 150°C. Further, with
respect to the reaction pressure, the reaction is



35 ZOOIerr], preferably from80 to 150C. Further, with respect to the
reaetion pressure, the reaction is - carried out usually under a pressure
from anbient 2 pressure to 10 kg/cm (gauge pressure), preferably from
anbi ent: pressure to 5 kg/cnR.- (gauge pressure). However, in sone cases, -the
react Mdn pressure may be 5 slightly | ower than anbient pressure. The
concentration of the ester of nitrous acid in. the gaseous starting
material may be ‘earréedoout asuaiimwggﬁgr aaesesure nfyemeambéentt ai n a
satisfactory 10 LOB A" A€ keal Acni ' -
centration to bepg%sggggt%f 3?b§§£§ﬂunfgfﬁféfﬁ%§§$§E§ ngiggggggggvolune.
The concentr at i ofrem . ambRentrpressnre tq e k@ us(gauge spresFHE®hat er i al

may be varied ovggwavék(eihdBeme FdddsS, unltoaselsnt sfe¥bhibenmayr Bage of
from10 to 90 % by, ,vol une. Second step . 20 The-Product of the first step is
led to a condlens® {‘-QBSGVe&WGraé’éﬁ’pé“'ﬁ%‘tﬁ‘btaﬁ G#TLF=t he diester of oxalic

acid in the product is condensed, and separated into a condensed |iquid and
2T condensed fRs. pPbRanLLasion B Sha Wb (¥ IERGE" §81q°20 BhE°
ester of form c gasdousnstdaitingn mateifial mayldse rearileésoveroad widei c
acid. Avrefined.gieater yole¥sd, GrPYrfhds® OV AL Ca Yafi SE B Sy
: 10 reaction rate, :Lt is preferable to adjust the con-
centration to be at least 1 % by volume, usually
from 5 to 30 $ by volume.

The concentration of carbon monoxide in the gaseous

15 starting material may be varied over a wide range,
~and is usually selected within a range of from 10 to
90 % by volume. '

Second step

20 . .
The prbduct of the first step is led to a condenser,
cooled to a temperature at which the diester of
oxalic acid in the product is condensed, and
separated into a condensed liquid and a non-condensed
25 gas. '

Thé condensed liquid thus separated, contains small
amounts of by-products such as a diester of carbonic
acid, and an ester of formic acid, in addition to

30 the desired diester of oxalic acid. A refined

' diester of oxalic acid is obtainable by a simple
purification operation such as distillation. On the
other hand, the non-condensed gas contains_nonf
reacted carbon monoxide, an ester of nitrous acid

35 -~ and the like, in addition to the nitrogen monoxide
formed by the catalytic reaction of the first step.

.



I fication operation such as distillation. On the other hand, the

Af)- condensed gas contains non- reacted carbon nonoxide, an ester of ¢ .
rous acid 35 and the like, in addition to the nitrogen nonoxide formed
by the catal ytic reaction of the f_ir%t_step. -6- Further, during this
step, a part of the desired diester of oxalic acid is carried by the now
condensed gas, and then hydrolized by water forned during the regeneration

‘of -ni trogen i de i . . _ uent [ rdes , [t Is possible -
that the resulti nge dxéﬁztcﬂl;c_iﬁaudsz;gt?ﬁh%spém{% h(?fn ‘ﬁ% %%%Eféeéycl i ng system
Furt her nor e, dilesteathofianalde maidlicis icazried iy helve mor-rel ativel y hi gh
melting poin ﬁagﬂg [Jret e Ay i3 ' t B34m t he
desired prodtl?gt SO ie?fgfyedsﬁr'ean de.pos?%lgd%?lijf%éed\%fl%%%he' co%%enser and
finally plugSUHag e kagenaratiofeof fireden Heroxide | Easthet s

poSSi bl e51 0 @Tblsa T NILAIRES ) dit 76 CLbiGosd161¢ Ehaelenben 15 s
cool e or conae altl on at, .a en:p rature o0 a npst., e Ol Ing pOIn (0] an
al cohol  whi | FSESHEIAT AFALLG, A (AFCHEEIRTSS pot EhiR (EAR c9a%ihon ¢ he

desired produsicyicd idigredtystennxalBirthéimose prwten rete tdasité@ cool i ng and
condensati on : I ut__at i . 30:.10 60[err]
whi | e suppl yp%%fu%mﬁe%% $ r% f‘a%‘éﬁg b%/%\%)?%%e#%fy ?}%{’%}é%?@?’%‘?at ive to
100 parts by pedindve sofch (e rddamathyl xalate i cibels rpeseiblesthathird step
The ”Onlﬁond%%&%ﬁﬁm idb1 8 FREOUh & 88bosits on the

wall of the condenser and finailly plugs the condenser.

In order to solve these problems, it is possible to
employ a method wherein the product of the first step

15 is cooled for condensation at a temperature of at |
most the boiling point of an alcohol while contacting
it with the alcohol. For instance, when the desired

' product is dimethyl oxalate, it is preferred that the

cooling and condensation are carried out at a

20 temperature of from 30 to 60°C while supplying from

. 0.01 to 0.1 part by volume of methanol, relative to
100 parts by volume of the reaction mixture to be
treated. '

25 Third step

The non-condensed gas separated in the second step
is led to a régeneration-column and contacted with a
gas containing molecular oxygen and an alcohol

30 thereby to regenerate nitrogen monoxide in the gas
into an ester of nitrous acid.

As the regeneration column for this step, a 'usual

gas-liquid contact apparatus such as a packed column,
35 a bubble column, a spray column, or a multi-staged .

column, may be employed. The alcohol to be used,



is led to a regeneration colum and contacted with a gas contai ning
nnlecmzﬂ oxygen and an al cohol 30 thereby to regenerate nitrogen
nmonoxi de in the gas into an ester of nitrous acid. As the regeneration

colum for this step, a usual gas-liquid contact apparatus such as a packed.

colunh{ 35 a bubbl e colum, a spray Tofum, or a nulti-staged colum, may
be enpl oyed. The al cohol to be used, - 7- is selected from al cohol

conponents which may constitute said ester of nitrous acid. The

non- condensed gast® c??}ée%?ﬁfia%‘f% ¢ohel ccomponemts Which Ma¥as cont ai ni ng
mol ecul ar oxygen,cofgtitutdisailiceskantof tHEtregen@eddi on col um i ndi -
vidually or in a mxed state. In the regeneration colum, a part of

nitrogen 10 monoxi de ‘i s oxidized to nitrogen dioxide and at the same
ti me, these substhe awrreomddensedt] gas beo dbs ocdmrtiacihed rehth bheh t he

a1 cool and der chiedifd S €UNE" H& LA d [ELE8 81 S L Yo B CradS

The nost i npdrtant. pol n 0 co e conc
ni trogen ronoxi dde mnm@meﬁjummr% #@MthJﬁ@gemlmohndbfunn to be

within a range ofyfdil Ry tér 110D Ymisdd Braged to Maintain the gas to
contai-n as little nitrodgen dioxide and 20 = oxygen as possible, nost

preferably with substantial- Iy no nitrogen dioxide and oxygen. Nanely, if
‘the concentrati ornrmftha t¥epmierotion deolumt iea egevcoft gt B6gens great er

than the abque- mepligiote PP %Uxddilda 405888 0 8kEal Ond e  BRORE 0"
‘'same time, these substances are allowed to be
absorbed and react with the alcohol and thereby to
be regenerated as the ester of nitrous acid.

15 The most important point in this step is to control
the concentration of nitrogen monoxide in the gas
discharged from the regeneration column to be within
a range of from 2 to 7 % by volume, and to maintain
the gas to contain as little nitrogen dioxide and

20 oxygen as possible, most preferably with substantial-
ly no nitrogen dioxide and oxygen. Namely, if the
concentration of'nitrogen'monoxide in the regenerated"
gas is greater than the above-mentioned upper.limitr
the reaction rate for the formation of the diester

25 of oxalic acid is remarkably decreased and the yield

| is lowered, when said gés is recycled for use in the
reactor of the first step. On the other hand, if
said concentration is lower than the above-mentioned
lower limit, the amounts of nitrogen dioxide and

30 oxygen in the regenerated gas will be increased, and
they will cause substantial deterioration of the
activity of the platinum group metal catalyst of the
first step.

35 Accordingly, it is preferred that from 0.08 to 0.2
mole, in terms of oxygen, of the gas containing
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of oxalie acid is remarkably decreased and the yield is | owered, when
d gas is recyeled for use in the reactor of the first step. On thé& .
er hand, if said concentration is lower than the above-nentioned | ower
imt, the anounts of nitrogen dioxi,de and 30 oxygen in the regenerated
gas will be increased, and they wlP Cause substantial deterioration-ofwthe
activity of the platinumgroup netal catalyst of the first step. 35
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of nitrogen monoxide in the gas introduced to tthe megemeratiom col um, is

supplied an gase s QAN t A al Iyaﬂ enper at ure of
at nost thed%§g§§ﬁfn§§ %Pﬁ?iéﬁﬁthgaa?§8%%|a?ﬁ%§ %ggg. %?ﬁﬁ%ﬁact time is
preferably f¥ékhothet aloghedcakda. tpmperaturenefaptomast £hesed in such an
anount as t oh&L1ERET peiARt oEOEheOERLEhONY tAREOBled] anthd Rt t he

resulting nifrogen dioxide d an al t .equi.mol ar 10 nmoynt of nitrogen
nonoxi de, anélﬂguéﬁl9FeFP5ﬁg3Yt%r§mp r stﬁy39oﬁﬁﬁ9- 'th%@ﬂéﬁﬁﬁﬂ i s

pr ef er abl é usikd akteholeisoused par subh an ameunit @R O NDNOXI dﬁ inthe
as i1 ntroduc | gl i c . Rurther...singe this
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unavoi dabl e, resdltisgsnppregent dioxddenpnde amaddnios ts qopiiiadan he ester of
ni trous)gci dahGuhPeokeattbgth MBROKIGR!, ShePustlally, Eldluridy a nitrogen

oxi de such as .
5 parts by volume of the alcohol is preferably used
relative to one part by volume of nitrogen monoxide

in the gas introduced into the regeneration column.

15 Further, since this invention is a continuous process,
a loss of a nitrogen component is unavoidable, and
its supplementation may be made by supplying the
ester of nitrous acid to the reactor of the first
step, or by introducing a nitrogen oxide such as

20 nitrogen monoxide, nitrogen dioxide, dinitrogen
trioxide or dinitrogen tetroxide, or nitric acid
into the regeneration column of the third step.

Further, in case the content of nitrogen monoxide in

25 the non-condensed gas in the second step is great,
and if the ester of nitrous acid is obtainable in an
excess amount during the regeneration of the nitrogen
monoxide into the ester of hitrous acid in the third
step, the entire amount of the non-condensed gas

30 needs not be led to the regeneration column and a
part thereof may directly be recycled to the reactor
of the first step. '

The liquid discharged from the regeneration column
35 is an alcohol solution containing water formed as a
by-product by the,regeneration reaction. This may



tetroxide, or nitric acid into the regeneration colum of the third step
Further, in case the content of nitrogen nonoxide in 25 the non- condensed
gas i.n~ the second step is great, and if the ester of nitrous acid is
obtaiwabl e in an excess ampunt during 2h& regeneration of the nitrogen
nmonoxi de into the ester of nitrous acid in the third step, the entire
anount of the non- co denged gas 30 eeds no t he regeneration
Colum and o pas TREFBOR ME.aR; REFAFLOR FBCHCABIOLELLISARIRE 3B of e

first step. Thestchuasn éksehtrghdtf the waeeregontenti dn eheudlcdhol is an

| cohol | ut d b h .
o conol S ot LRS! B e 8L hob €l £°F 87 Sl oRRRBIa oo .
distillation tonesth2a® bxtvnlumeatan&emagtthenohEeMEusadths ahcohol
becones to e a&l&@ﬁ&l5sd%9¥ev?byn@pepﬁﬁiﬁﬁagkﬁp aﬁaﬁind S%Q&p %@ une, and

may then. be reused as an source and in a
proper case, asCa$€al@8hdn abgebelfspurme §§€oﬁbes§§§°nﬂo§#§9-step 10 The
regenerated gas di scharged fromthe regeneration columm of the third step

and cont ai ni ng %ron1é to 7 % by vol une of nitrogen nonoxide, is recycled to
the reactor of CRBtep. 15 When t he regenerated ester of nitrous

acid is an ester of an al cohol having at |east 4 carbon atoms, such as
n-butyl niiditeThergégﬂgéagé V&LS’aﬁécLQEHEd from the regeneration
column of the third step and containing from 2 to 7
% by volume of nitrogen monoxide, is recycled to the
reactor of the first step.

20 ni t rogen nDnOX|de nitrogen di oxide, dinitrogen trioxide or dinit}ogen<:%§

15 When the regenerated ester of nitrous acid is an
ester of an alcohol having at least 4 carbon atoms,
such as n-butyl nitrite, or n-amyl nitrite, it forms
an azeotropic mixture with water formed-as a by-
product by the regeneration reaction and conSequeﬁtly,

20 water is contained in the regenerated gas. According-
ly, if this gas is supplied in that state to the
reactor of the first step, the water hinders the
reaction for the formation of the diester of oxalic
acid. Therefore, it is desirable that water in the

25 gas is removed by an operation such as distillation
before the gas is fecycled to the reactor. On the
other hand, when the regenerated ester of nitrous
acid is methyl nitrite, ethyl nitrite, n-propyl
nitrite, or i-propyl nitrite, it does not form an

30 azeotropic mixture with water formed as a by-product
by the regeneration reaction, and accordingly, the
regenerated gas contains no water and may therefore
be recycled to the reactor as it is.

35 Further, this regenerated gas may be mixed with
another gaseous starting material, i.e., carbon



n azeotropic mxture with water forned as a by- product by the
régeneration reaction and consequently, 20 water is contained in thes
regenerated gas. According- ly, if this gas.is suppliedin that state to
the reactor of the first step, the_wgier hinders the reaction for the A
formation of the diester of oxalic aCid. Therefore, it is desirable that y
water in the 25 gas is renoved by an operation such as distillation '
before the 93fiohsxi8eyChRl thehNenbeRikRiureChal Bty it cgnen the
regenerated ester of nitrous acid 1s nmethyl nitrite, e?hy rﬂﬁrlte,
n-propyl nitrFR® TBRCEOBropyl nitrite, it does not forman 30 azeotropic
m xture wwth water fornmed as a by-product by the regeneration reaction, and
accordingly, %he r egener at ed gag ggntafns_no wat er and may .t herefore be
recycled to the" feactoPT98eFE PE. 38 PregepkeinveRtdoneydddr H&d gas nmay be
m xed w th andeseribedebnsdetaili by aetcerdance with &dledFlow-shekd - .
nonoxi de, an h ) X1 L) €l €.r Led. to the reactaqs.. Now, the-
process of tﬂ%iggggénghgﬁéeﬁéigg&éf?llbgiéQS%ﬁgéﬁpﬁbéﬁi%ﬁaﬁaéﬂanI1
accordance wi®f the inventieon: dimgthe dwewdngn Bi desdghatdsusirating an
ebodi ment - ofrddeofy o3t 4881 ghAtblCaltailiset 9% Wdl RIS GACI OF, 2

desi gnates a condenser, edi gnates a_regenerdtion colrum and 11 to 21
represent contRFeReratioppegluppnasfd 1) §8s 2doneRreiseytc sopdwmitsnoxi de, an
ester ofigitrOpbp&clinggy, ni trogen nonoxide is conpressed by a gas-

»

A gas containing carbon monoxide, an ester of nitrous
acid and nitrogen monoxide is compressed by a gas-
recycling device (not shown) and introduced into the

15 top of a multi-tubular reactor 1 having reaction
tubes packed with a platinum group metal catalyst
via a conduit 21. A caﬁalytic reaction is carried
out in the gaseous phase in the reaétor 1. The gas
-formed by the reaction upon passing through the

20 catalyst layer is withdrawn from the bottom and
introduced to a condenser 2 via a conduit 11.

In the condenser 2,‘'while being contacted-wiéh an
alcohol supplied from a conduit 13; the gaseous

25 reaction product is condensed, and the condensed
liquid containing mainly the diester of oxalic acid
is withdrawn from the bottom via a conduit 12 to the
outside of the system, thereby to obtain the diester
of oxalic acid. On the other hand, a non-condensed

30 gas containing non-reacted carbon monoxide and the
ester of nitrous acid and nitrogen monoxide formed
as a by-product, is withdrawn from the top and
introduced to the bottom of the'regenetatibn column
3 via a conduit 14. -

35

In the regeneration column 3, the non-condensed gas



recycling device (not shomn) and introduced into the 15 top of a
multi-t@&bular reactor 1 having reaction tubes packed with a plati num group

metal catalyst via a conduit 21. A catalytic reaction is carried out in the.

gaseoqus phase in the reactor 1. The gas formed by the reaction upon passing
through the 20 catalyst layer is w thddawh fromthe bottomand introduced
to a condenser 2 via a conduit 11. In the condenser 2,-while being
contacted with an ‘al cohol supplied froma conduit_ 13, the, gaseous 25
reaction product 3Ss Wﬁ%ﬁm r@%@&‘q i%ﬁﬁ%%%ﬁa‘? ihFHhinly
the diester of oxohntaitding indleduldmykygermdn® sugphiedito atlwnduit 12 to
t he outside of the st em_ t_herehy .t.o taiyn the diester of poxalic acid. On
t he ot her hand, goﬁ%%gﬁﬂer%é’(?n%ut d?sj Fsh et nﬁlgcgoq'hé)lﬁsr‘gbﬁzﬁé# cfa? bon
nmonoxi de and t he thet dropofvia ta condaditd 18d wherewpom mmesthr faf ned as a
by- product, kS Wt fL:Qm; :;]9"% nd 4 t&ﬁu&g% 1t the
regenerati onscoﬁ%lgg%\\%qgégggﬁﬁt fa. 3§tlnn ther egée%(’aéfa%%g é:fél um 3,

t he non- condensedegeneratiion: qgdumn & dihe wxishattarexeartiam@®d with a

gas cont ai ni g Myi@Gdden HOHB RNk HARk RSk B0 0t éRY igLaceondui t 16

and an al cohol sup]):pgl 1eéd to the top via a conduit 18, whereupon an ester of

5 nitrous aci d BFredoRAARtlyy and amidie RiMen handys it R PRt i on
colum 3, the oxipdzition, &Hd iasc¥ptidn Qgeictiuw xiltkerdof ntd regen di oxi de

takes pl ace ' ed%Tc%%gll 34:’akaensd pq.na'é.:[ehe}_':zget oen{ixzr]éaxzr]tdly.at fP etllxé) pnitrogen
source for the formation of the ester of nitrous acid
is inadequate, a nitrogen oxide may be supplied to
the bottom via conduit 15. |

15 The gas containing the ester of nitrous acid formed
in the régeneration column 3 (which contains from
' 2 to 7 % by volume of nitrogen monoxide) is recycled
to the reactor 1 via conduits 19 and 21 together
with carbon monoxide supplied afresh from a conduit
20 20. On the other hand, the water formed as a by~
product in the regeneration column 3 is withdrawn
in a form of an aqueous alcohol solution from the
bottom via -a conduit 17. This aqueous alcohol
solution is subjected to an operation such as
25 distillation to remove the water in the liqguid, and
thereafter may be reused as an alcohol source to be
supplied to the regeneration column 3 or the
condenser 2 via said conduit 18 or 13.

30 Now, the invention will be described in detail with
reference to Examples and Comparative Examples.

Example 1
35 In the tubes of a stainless multi-tubular reactor,
which hds 6 tubes having an inside diameter of

)



ﬁﬁrtion, t he absorption reaction thereof to the 10 al cohol takes place
regdomnantly. |If the nitrogen source for the formation of the ester af
nrfrous acid is inadequate, a nitrogen oxi de may be supplied to the bottom?*
via conduit 15. 15 The gas contai the ester of nitrous acid fornmed tn
the regeneration colum 3 (which co alns from2 to 7 % by vol une of \J
nitrogen nonoxide) is recycled to the reactor 1 via conduits 19 and 21

dui, t 20. On
t oget her mnth3ga9bﬂﬂ gRaO§Iﬂs%§§prke§ %?% %ﬁi 4&§f erati on

t he ot her hand,
colum 3 is mﬁthﬂréﬁnliﬁeﬁs)opﬁ1éfYaﬂlawua@usa&Bdab& igolautfiomm f r om t he

bottomvia a @@nganeéz hlbiﬁﬁaﬂuaﬁﬁﬁe%EQOB@ sSﬂHJtahana heliypect ed to an

operati on such a istillation to_renmove water in the liquid, and
thereafter me§f é 3R Sérﬁﬁlﬁﬁcehél%SBUrU@lﬂbtbéféﬁﬁﬂﬂﬁ@duﬁb t he
regeneratgon colum 3 or the condenser 2 via said conduit 18 or 13. 30

Now, the inv be, described n det ai | th reference to Exanpl es
and Conpar atiVe é%ﬁ%%%%eglxggre Ph ERE PHbQQnﬁf ggéﬁﬁﬁnl mul ti-tubul ar

reactor, whi che¢genetatedcgahafran thei regdaetdatienecolfumn f— 12 -|36 7 mm
and 2 el ot kBt 08 nb D5 (28sRRELE 032 ol Rl LGRRLT, 2 Yoalur e
mm and carryw?@?%ﬁgxeﬂbyCQEPgﬁ%tbﬁnpalBadpuﬁlbs xodameows wiarbome of carbon
monoxi de@nd hdikoxide, 9.1 % by volume of methyl nitrite, 3.1 %

by volume of nitrogen monoxide, 9.4 % by volume of

méthanol,_s.s % by volume of carbon dioxide and

47.0 % by volume of nitrogen) was preheated to about

90°C by a heat exchanger, and then introduced from

15 the top of this catalyst layer by a diaphragm gas-

recycling pump at a rate of 12.0 Nm3/hrg and the

temperature of the catalyst layer was maintained at

104 to 117°C by circulating hot water to the shell

side of the reactor. .

20 _
The gas passed through the catalyst layer was led to
the bottom of a Rasching ring packed condenser of
gas=-liquid contact_tYpe having an inside diameter of
158 mm and a height of 1,400 mm, and, from the top

25 of the condenser, methanol was introduced_at a rate
of 5.6 liters/hr., whereby the countercurrent contact
was carried out at a temperature of about 35°C
(i.e. 30°C at the top of the condenser and 40°C at
the bottom of the condenser). From the bottom of

30 @ the condenser, there was obtained 2.8 kg/hr. of a
condensed liquid (composition: 46.6 % by weight of
dimethyl oxalate, 4.9 % by weight of dimethyl _
carbonate, 0.03 % by weight of methyl formate and
48.0 % by weight of methanol). On the other hand,

35 from the top of the condenser, 13.6 Nms/hr. of a
non-condensed gas (composition: 15.4 % by volume of



: . . A
regenerated gas fromthe regeneration colum mentioned bel ow (pressure: 0.2 Géé

kg/ en2 (gauge pressure), conposition: 22.0 % by volune of carbon 10
nmonoxi de, 9.1 % by volune of nmethyl nitrite, 3.1 % by vol ume of nitrogen
nonoxi de, 9.4 % by vol ume of methanol, i 5 % by vol une of carbon dioxide
and 470 %)by vol unme of nitrogen) was™p 8h8ated to about 90[err] by a heat
exchanger, and then introduced from 15 the top of this catal yst |ayer by

a di aphragm gas- 3_r.ecvcling.punp at.a,rate : Lhr. and the -
tenperature of th 5%? I?@?g¥§§3f ﬁa%aﬁa$Xt3$EB§% 8fhE§thllf+?§FFf'by
circul ati ng hot m&t&r%thytheluhelbfsnﬂbrogenhmoneamdeu 2302TRebygas passed

t hrough the Catanéiuﬁ ycon*%%?gﬁg t@e%bggtgglgﬁ gaégQPag ring packed

condenser of gas-I1qul avin n I Nnsi i ane of 158 mm
and a hei ght of Iduqslﬂﬂ]aeﬂd41540§1bﬁeV9bEm§5°f B#ttﬁgeaanéﬁser met hanol
was introducegl atopeifhegof 5.6 liters/hr., whereby the count er cur r ent
contact was carried out at a tenperature of about 35[err] (i.e. 30[err] at
the top of the condenser and 40C at the bottom of the condenser). Fromthe
bottom of 30 thnocamﬂcnﬁon-cbheéﬁsdASgabnalaedlitarhghhn offf orygendensed

S o o
of i ot by " car boRited  bEESERI B\ BF AEEEPURE, RypoRiRarBra e oy by
wei ght of met hanolfheGnolar pabiko bfindxygén torunitrbgenomonbxiide dandenser,
13.6 Nm 3/hryq0f - gn80835°BdERGH. 95F LAARRS! hiQBurd®wis’aRY ¥8' LiR Of
| bottom of the gas-liquid contact type regeneration
column having an inner diameter of 158.mm and a
"height of 1,400 mm. From the top of the column,
. methanol (including the methanol recycled from the
15 regeneration column) was supplied at a rate of 40
litérs/hr. The countercurrent contact was carried
out at a temperature of about 35°C (i.e., 30°C at
the top of the column and 40°C at the bottom of the
column) , whereby nitrogen monoxide in the gas was
. 20 regenerated into methyl nitrite. To 14.2 Nm /hr.
of the regenerated gas from the regeneration column
(composition: 15.4 by volume of carbon monoxide,
. . . 8.0 & by volume of methyl nitrite, 2.8 % by volume
| of nitrogen monoxide, 24.2 % by volume of methanol,
25 7.6 % by volume of carbon dioxide and 41.3 % by
volume of nitrogen), there was added 550 liters/hr.
of carbon monoxide, and the mixture was supplied to
and compressed by said gas recycling pump. The
discharged gas was cooled to 20°C to remove condensed
30 methanol, and then led to the reactor.

On the other hénd, 1.2 liters/hr. of an aqueous
methanol solution containing 20.0 % by weight of
water, withdrawn from the fegeneration column, was
35 subjected to distillation to remove water and then
reused as a methanol source for said column.

Y



i trogen nonoxi de, 24.2 % by vol une of nethanol, 7.6 % by vol une of cdrbon
di oxi de and 41.4 % by volunme of nitrogen) was 5 obtained. To this .
non-condensed gas, 140 liters/hr._ oxygen and 9 liters/hr. of nitrogen,

nmonoxi de were nixed (the nolar rati® of oxygen to nitrogen nonoxide in W
the gas being 0.15) and the m xture was led to the bottomof the gas-liquid

.contact t : ] . ' i i 1 d

hei ght of 1, A58 L i e %}%?Vﬁ%l‘%‘o”?ﬁﬁﬁe@%ﬁ%ﬁ%f%ﬁ%|§ ing the
methanol r ecydtied Brampieh&vass 432 aqybherad i dFhiol cominaeusupplied at a rate
of- 40 |iters/diacthiih GRUNEPAGY £HP1 H@@r%aﬁa%o&écﬁéaé‘e

tenperature of about 35C (i.e., 30C at_the top O e colum and 40[err] at
the bottom off? f&& ARARS tiMeEiRldiof sirethinb @ Rlate twes gas was 20
regener ased ioblserwidy! nitrite. To 14.2 NnB/hr. of the regenerated gas
.fromthe regeneration colum (conposition: 15.4 % by vol une of carbon
monoxi de, 8.0 % by volume of nmethyl nitrite, 2.8 % by volunme of nitrogen
nonoxi de, 24Exsiple \Dlamd Competdisine \Examplds 61 %amg 2ol ume of carbon

di oxi de and 41.3 % Dby vol une of -nitrogen), there was added 550 liters/hr.
of carbon nonoxi de, and the m xture was supplied to and conpressed by said
gas recycl i ngnhentheTigas)isnppkipd tosthesregenexhtiorR 0 iwmngnove

12 11t ot/ O b, S 4 o FEED va RiESEeth L, e ot
of monoxide, of 0.094 in Example 2, 0.27 in Comparative
Example 1 and 0.051 in Comparative Example 2, and
the gas compositions at various portions were
maintained as shown in the following table. The
15 production of dimethyl oxalate was continuously
carried out with other conditions being the same as

those of Example 1.

@13.- carbon nonoxi de, 3.9 % by vol une of nethyl nitr'ite, 6.8 % by vol une of

-

In the following table, the gas composition of
20 Example 1 is also shown.



water, v thdrawn fromthe regeneration colum, was 35 subj,ected to CM
distillation to renove water and then reused as a methanol source for said

col um. -14- The initial space tine yield of dinethyl oxalate in this N
Exanpl e, was 432 g/l .hr. This continuqusdeaction was continued for 480
hours*#nd no decrease in the space tinme yield of dinmethyl oxalate was 5
observed. Exanple 2 and Conparative Exanples 1 and 2 Into the gas supplied

to the regeneration colum, 10 oxygen was introduced in a nolar ratio to

ni trogen nonoxi de, of 0.094 in-Exanple 2, 0.27 in Conparative Exanmple 1 and

0.051 in Conparative ExgnptE 27 amdtie ygas TOMPOSf tTOMs—at—varous
portions were nuaintaihed @s| shown in the follow ngq table. The 15
production of dinethy| dxgl pfe Was dQnti MQously, cdrBi e oue W h Rt fer
condi tions being the panpgap<t hese o® Exadple @. Iln~thesfobl ow neet bl e,
the gas conposition of 200 | Exanple 1 is al so shown. [er -16- |[err]
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(:5%&-17- As a result, the initial space time yield of dinethyl oxalate,in

ample 2 was 340 g/l.hr. and no decrease in the space tinme yield was *
observed even after 340 hours. 5 Whereas, in Conparative Exanple 1, the
initial space time yield of dinmethylg axal ate was fouhd to be’ 207 g/I.hrr:
but the yield decreased to 145 g/l.hr. after 24 hours and to 105 g/ . hrye
after 36 hours. Further, 10 in Conparative Exanple 2, the initial space
time yield of dinmethyl oxalate was low at 216 g/t.hr. and the yield further
decreased to 184 g/l .hr. after 48 hours. 15 Exanple 3 In the tubes of a

stainl ess nul tf-tuabul ar reactor,| whi ch has 6 tubes Jhaving an inside
di aneter of 36§ 7 nq%ang’a'beight of 550 mm there s packed 3 kg 20 (3
liters) of a y-e‘ﬁum.na cat al ysd i % a orﬁ} of. péIIe s ‘having a diameter of 5
mm and a hei ghf of B nfR afd c® riyrhg ™. 5% & Wi ght of palladium A
gaseous startijhg material conpregssed under a 25 ressure of 2.0
kg/cnferr] (gaflge PLESSU posTTIon: 202" % DY vol ume of carbon
nonoxi de, 14. 9| ¢ ﬁ'l‘%itnite, £0 9% by vol unme of nitrogen
nmonoxi de, 12.7 _ ﬁgndﬂ!, 20208 vgl une of carbon dioxide
and 46.2 % by jolune o O——ni-Hogem—was—preheatdd t o about 90[err] by a
heat exchanger} <and®t hen iwtroduced fepomet he t op oﬁ_this
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catal yst_layer by a di aphragmgas-recycting punp at 3 a rate of 6.0 Nm 2
/'hr.,, and the tenperature of the central portion of the catal yst |ayer was )
mai nt ai ned 35 t o, be about 1100C by circul ating hot water to the shel

si de of-the reactor. - 18 - The-gas passed t hrough the catal yst | ayer
was | éd“to the bottom of a Rasching ringd7packed condenser of gas-1Iiquid
contact type having an inside dianeter of 158 mm and a height of 1,400 nm
and fromthe top of 5 t he condenser,, et hanol  was i ntr.oduce rate of
1.5 liters/hr., ®fePeBestdE,cthe dndiiadnsPase ddme,yseld rqfeg] ?‘é’tl

tenperature of 46&@1&&:@ e ESample 43hersr I34at gt/imﬂmttam no-deBrdasebot t om
of the condenser,, re _was o talne §346 kg/% 10 nde ep liquid
(conposition: 48 5‘ S\R& ht 18?3 [ SoxX: s(,ﬁrére ST t‘?&q'\ﬁé' Séult

di et hyl carbonahepr@ 04 % by wei ght of nethyl oxal ate and 47.8 % by melght
of methanol)e On the other hand, fromthe top of the condenser, 5.5
Nm{err]/hr. Of a non- 15 condensed gas (conposition: 13.3 @6by vol une of -
car bon nonoxi de, Whezeashy ipo CompagrtiivenExample o, the dmibipl, Gnage of
nitrogen monoxi deimh3yq Xaby ¥ AiERny Hahae wad “fo%da' ePlggB e carbon

di oxi de and 50. 2 W b vol une of nltr e was obtaln 20. To this

non- condensed gag -0 Puteitlen 5%?1?94 3 i %7y affer

ni trogen nonoxi dQ4ther§1 and (tbhaorsolgem Jott,i eﬂﬁemmmm ni Fagdier,
nonoxi de in bhe

Y

in Comparatlve Example 2, the initial space time
yield of dimethyl oxalate was low at 216 g/%.hr. and
the yield further decreased to 184 g/z hr. after

48 hours.

15 Example 3

In the tubes of a stainless multi-tubular reactor,
which has 6'tubes having an inside diameter of 36.7
mm and a height of 550 mm, there was packed 3 kg
20 (3 liters) of a y-alumina catalyst in a form of
| pellets having a diameter of 5 mm and a height of
3 mm and carrying 0.5 % by weight of palladium.
A gaseous starting material compressed under a
25 pressure of 2.0 kg/cm2 (gauge pressure) (composition:
20.2 % by volume of carbon monoxide, 14.9 % by volume
of methyl nitrite, 3.0 &% by volume of nitrogen
‘monoxide, 12.7 % by volume of methanol, 2.0 % by
volume of carbon dioxide and 46.2 % by volume of
30 . nitrogen) was preheated to about 90°C by a heat
) exchanger, and then introduced from the top of this
catalyst layer by a diaphragm gas-recycling pump at
a rate of 6.0 Nmo/hr., and the temperature of the
ceﬁtrai portion of the catalyst layer was maintained
35 +to be about 110°C by circulating hot water to the
shell side of the reactor.



IS being:- 0.18) and the m xture was led to the bottom 25 of the
jgs-1iquid contact type regeneration colum having an inner dianeter of 158
m and a hei'ght of 1,400 nm Fromthe top of the col umm,  nethanol was !
supplied at a rate of 40 liters/hr,g(i_ncluding the nethanol fecycled from
the regeneration colum). 30. The %@untercurrent contact was carried ou{yat
a tenperature of about 41[err] at the top of the colunn and 42[err] at the

bot t om of thfh% %?H“pa$%@ﬁegﬁr3 % Q&g %ﬁ & 1 Jggenerated

into methyl e regene mthe= regeneratlon col um
(conposi ti onthQSthWEinﬁoRuRéséhlﬁsr Eéng’nme@e COI@@S%l-bybﬂlol urre of

met hyl ?asﬂli&’uiﬁ cén@a%tblﬁyi‘)@ h%:.?x‘i; '&'nt r:.?&% (ﬂ‘}g % by

vol une of nef hanol % by vol e _of. carbon diox] 49, 9 @6by vol une
of nitrogen)lRBsM@uBRA thégBﬁd°@oﬂwpr4@§s€'H"b3?“§alﬁ¥°§h§ &AR i9fg punp 3
35 atsa rehe eanaeaseum fnblthanm wab5 iNtrdduced dtha Talies @@rged gas,

there was ad 5_Nm /hr. a us._m xt ure contai ni 2.6 % by
vol ume of ca bg Qﬁgﬁﬁ »rg¥ 6’3 %ﬁﬁ‘@u& SRSMRAeRE G q:Ll 7 % by
vol unme of newaanchrzndd’28ut %ﬂ:ba temperatfure) of rﬁOt"rOagﬂn tmmd;d[he m xt ure
was led to t rggs&iét Eﬁetggt% er %?%Water ﬂdﬁéﬁfl a met hano

sol ution e€ontal ni ng by "wel romthe ~
regeneratlonc@BﬂanﬂerwashGUBjU@Se@btélasd Zﬁ*ﬁnhgﬁhﬂxnﬁﬁ(arennve wat er and’

then reyged @8nd@ensed liquid (composition: 48.0 % by weight of
dimethyl oxalate, 1.7 % by weight of dlmethyl
carbonate, 0.04 % by weight of methyl oxalate and
47.8 % by weight of methanol). On the other hand,
from the top of the condense:, 5.5 Nm3/hr. of a non-

is condensed gas (composition: 13.3 % by volume of

carbon monoxide, 7.3 % by volume of methyl nitrite,
11.9 % by volume of nitrogen mondiide, 13.8 % by
volume of methanol, 2.4 % by volume of carbon dioxide
and 50.2 % by volume of nitrogen) was obtained.

20
To this non-condensed gas, 119.0 liters/hr. of oxygen
and 14.0 liters/hr. of nitrogen monoxide were mixed
(the molar ratio of oxygen to nitrogen monoxide in the
gas being 0.18) and the mixture was led to the bottom

25 of the gas-liquid contact type regeneration column
having an inner diameter of 158 mm and a height of
1,400 mm. From the top of the column, methanol was
supplied at a rate of 40 liters/hr. (including the
methanol recycled from the regeneration column).

30. The countercurrent contact was carried out at a
temperatute of about 41°C at the top of the column
and 42°C at the bottom of the column, whereby
nitrogen monoxide in the gas was regenerated into

_ methyl nitrite. The regenerated gas from-the

35 regeneration column (compdsition: 13.3_% by volume .

of carbon monoxide, 15.9 % by volume of methyi



oxalat& in this Exanpl e was 393 g/l .hr. This continuous .20 reacti on was
continued for 480 hours and no decrease in the space tine yield of dinethyl
oxal ate was observed. Exanple 4 25 In the tubes of a stainless
nul t ket ubul ar’ reactor, which has 8 tubs shaving an inside dianeter of 28.0
mnm and a hei ght.of 1, 000 mm there was packed 3.85 kg (3.85 liters) of a
y-al um na cat al yst |n a for of 30 ellets vi ng.-a_dia nm and
a height of 3 mbikFditSn g%é’l‘s‘% el m{]"rﬁ %H’&%‘??P?&E& gg‘ié
m xture (conposi¥ kN .vollue b metHamel pf2 ohrbdoy rmmb.nneleof Tc@rbomy voI unme
of ethyl nitrite,, 35 % b, I ¢] L.Oe, 0 % by vol une
of ethanol, 3.2 %ba(ﬂ%%% a#?%%%%eggrﬁhd{@mé%)e %g 8 % by vol une
. of ni trogen) corqnpzﬂsmﬂ u:cdamh onpressed by aaadkga%methg@qppmur e)
by a di aphragm ggs-4 dp WE eSS/ ﬁgeheﬂ%eg 19 Mﬁr90$§r£&eby a heat
duce Tromt

exchanger and then 1ntro qtal yst _layer at a
rate of 23.0 Nnddaghanged gap« r@qmmeﬁ@‘%f t%% D@En{ﬁ% @Er&i on of the

~catal yst |ayer \c'léfa% B i A s d %&&@ﬂ@iﬁgléﬁler%]b@yvmmla‘flng hot wat er
to the shell of t

| ayer was | ed td-‘attm%g'?q reaié 4 %@gc’hl Theﬁﬁs % %&gulggatrhg?cat alyst

4.7 % by volume of methanol and 23.4 % by volume of
100 nitrogen, and the mixture was led to the reactor.

met hanol source for said colum. The initial space tinme yield of dinethyl .

Oon the other hand, 1.3 liters/hr. of a methanol
solution containing 18.0 % by weight of water, with-
drawn from the regeneration column, was subjected to

15 distillation to remove water and then reused as a '
methanol source for said column.

The initial space time yield of dimethyl oxalate in
this Example was 393 g/%.hr. This continuous

20 reaction was continued for 480 hours and no decrease
in the space tlme yield of dlmethyl oxalate was
observed.

Example 4
25 ' :
In the tubes of a stainless multi-tubular reactor,
which has 8 tubes having an inside diameter of 28.0
mm and a height. of 1,000 mm, there was packed 3.85

kg (3.85 liters) of a y-alumina catalyst in a form of
30 pellets having a diameter of 5 mm and a height of

3 mm and carrying 0.5 % by weight of palladium.

A gaseous mixture (composxtlon. 20.0 % by volume of
carbon monoxide, 7.0 % by volume of ethyl nitrite,

35 3.0 % by volume of nitrogen monoxide, 6.0 % by volume
of ethanol, 3.2 % by volume of carbon dioxide and



-Eﬂ@%id contact type having an inside dianmeter of 158 nmm and a hei ght of
' and fromthe top of the condenser, ethanol was introduced at *a.
ratg of 15 1.8 liters/hr., mhereby the countercurrent contact was carried-
0 at a tenperature of 40[err] at jde.top and 430C at the bottom From fhe
bottom of the condenser, there was obtained 2.7 ‘kg/hr. of a condensed -\a
l'iquid (conposition: 51.1 % by wei ght of 20 di ethyl oxalate, 1.8 % by

vei ght of di efgyd scey GRFline LS %@yogamhsoﬁér@éma aRagRptg and 38.9 % by
wei ght of ethanol dﬁ%gédfthe; fromthe tqg of the_condenser 22.6

N8 hr . of aaﬁ?ﬁ wge Rredguredy by Joftarhsrm®s
car bon nmonoxigiss-recyching \@mprmavé ;ﬁ-étyéatudrtcbeabéue 00y NP Iurre of

nitrogen non u of eIh % by vol car bon
di oxi de and %}%ea% mﬁ'{)ﬁvﬁg4 ‘ﬂ%‘?’%’b éu% ‘?a#’ﬁ t%% E hi s

non- condénsedhgassatialy s Niayer ak mwgm m’ésﬁn&eﬂh the, nnand thel o of
oxygen to ni t and the
m xture was ttlﬂ!to E gtﬁiteor%{éoféﬁe gag I |1(qu0 con actg?g%%géé ener ati-on
col utm havi nd-aex M?@r mwHntajingdito be Azl MOUC bhecipcubating00 mm

From the topneje kWit MbhedHa0l SEde WPPLHEIr@hctorate - 21 - of 4.2
liters/hr. The countercurrent contact was carried out at a tenperature of

40[err] at the top of the colum -and 420C at _the bottom of the col um,
- wher eby 110i t r @ gw@ﬂskiad rtﬁfmgtamxamawﬁef wagoleahyb nitrite.

The regenera%&p %9%%3&”3% a Rasching rlng packed condenser of

gas-llquld contact type having an inside diameter of
158 mm and a height of 1,400 mm, and from the top of
the condenser, ethanol was lntroduced at a rate of

15 1.8 liters/hr., whereby the countercurrent contact
was carried out at a temperatui:_e of 40°C at the top
and 43°C at the bottom. From the bottom of the
condenser, there was obtained 2.7 kg/hr. of a
condensed 1iquid (composition: 51.1 % by weight of

20 diethyl oxalaﬁe, 1.8 % by weight of diethyl
carbonate, 0.3 % by weight of ethyl formate and
38.9 % by weight of ethanol). On the other hand;
from the top of the condenser 22.6 Nm /hr. of a non-
condensed gas (composition: 18.4 % by volume of

25 carbon monoxide, 5.1 % by wvolume of ethyl nitrite,
5.0 % by volume of nitrogen monoxide}_G.l % by volume
of ethanol, 3.3 % by volume of.carboh dioxide and
60.8 § by volume of nitrogen) was obtained.

30 To this non-condensed gas, 118.5 N&/hr. of oxygen
was mixed (the molar ratio of oxygen to nitrogen
monoxide in the gaseous mixture being 0.104) and the
mixture was led to the bottom of the gas-liquid

~ contact type regeneratlon column havzng an inner

35 diameter of 158 mm and a height of 1,400 mm. From

the top of the column, ethanol was supplied at a rate



regener@tlon colum (conposition: 18.4 % by vol une of carbon nonoxide, 7.1
% by ol ume of ethyl nitrite, 3.1.-%by volum® of nitrogen nonoxide, 6.2 %
by vol une of ethanol, 3.3 @6by vol ume of carbon di oxi de and 10 60.9 % by
“volune of nitrogen), was supplled to agq conpressed by said gas recycling
pump ® a rate of 3 6 Nm/hr. To 22.3 Nm/hr. of the
di scharged gas, there was added O. 7 Nm 3/ hr. of a gaseous m xture

containing 71.5 by, gohgggrg/hear bQEgﬂ’gB%t gcuﬁenécén%ﬁbﬁe \Alsume of

ethyl nitrite, 0.6 @6 une’ of me of
nitrogen, and t hEaFFkEOr eufiadt| aqteppexatiuzecos: 4006 Pﬁe &omafd, 4.1

liters/hr. of antﬁéhaasnhmaoandsqhew ak ¢8e! fokites D£2 tHebyko t of water,

th- d f t I ubj ected to deh t d
then roused as aKNBFRRRORLEGARED MBROKINS 48 SR 598 WasgesmmarAtedbace.

time yield o8 dléhbyleehglah&trmtéhlsTEeampbenH&at%ESgg@lf&bm'ﬂMes

conti nuous react or, A n I|t d se in the
space tinme yleldkggeggg?ﬁgph §?§FL ﬁggﬁgggggﬁg 3 qB ; %%'%§1ns

5 1. A processofocacbnnlmgugsuﬁeprépérBnbyaV@ﬂ@@ﬁepfbﬁtbydhmutnahaj

whi ch conprises; 391 g véihme affh&%&oﬁbﬁpmﬁkokﬂhbpd%cbnﬁ HyIFd1ume

cont ai ni ng car bon m)no% nitrous aci Iinto a

react or packed wPfheﬁhE&P&ky§t3c§nBY|§Pﬁ§m& 04| carban, ddpxide and
10 60.9 % by volume of nitrogen), was supplied to and

compressed by said gas recycl;ng pump at a rate of
22.6 Nm /hr. To 22.3 Nm /hr. of the dlscharged gas,"
there was added 0.7 Nm /hr; of a gaseous mixture
containing 71.5 % by volume of carbon monoxide,

15 4.4 % by volume of ethyl nitrite, 0.6 % by volume of
ethanol, and 23.6 % by'volumé'of nitrogen, and the
mixture was led to the reactor.

' On the other hand, 4.1 liters/hr. of an ethanol
20 solution containing 9.2 % by weight of water, with-
~drawn from the regeneration column, was subjected to
-déhydration and then reused as an ethanol source for
said column. . . .

25 The initial space time yield of diethyl oxalate in
this Example was 355 g/%.hr. This continuous
'reaction was continued for 480 hours and little
-decrease in the space time yield of diethyl oxalate
was observed.

A
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-~



afg ) a Jm metal or its salt supported on the carrier,
co HM"M’F{'HMLWW reaction. in 10 the gaseous phase to® .
obtain & ¢ ptoducts taining a di esE r of oxalic acid; (2) a second’
step of introducing the product of the“first step to a condénser thereby
to separ at¢ Qi%g- ‘non-condensed gas containing nitrogen nonoxide i
formed by %e catalytic reaction of the first step froma condensed |iquid
containing the diester of oxalic acid; (3) a third step of introducing
t he non-condensgd 20, g e (of0) : Pty Lon, cQk .and
t her eby cont act?ﬁg ifkmﬁ?ﬁ(&faestgsgsfégntggrr]\?%ga%% égul ar -o%‘/glé a%ndag%gg gohol
cont ai ned % e¥ekignagdBunwhieh ¢ampriFgsici nt for. absorbing and.
reacting the resulting nitrogen dioxide and an al nbost equi nol ar anount of

ni trogen 25 rmngxsde to rg%ener ate nitrogen nonoxide in the nen- condensed
gas i mo an est&t)of it t FdESTacPESBo AE I HIMFinGe 8 8RSt PRERIRINGS
Pitrogen @@ﬁ%hdem?hbxiﬁbe @dudl a]Eari hesdr etopg ﬂh&a&@é unat;ci@ aiheygel aof
rom2 to 7 % vol u . a t of said non-condensed gas i.ng 30
opt 1 onal |yFPeRber epatited apith &' p3Rlnetl S ie 08 s 18 reargher o
the third ahép aonpdasingmt hgresiper meftal t raxs s d sallt f reupgotrbed Yohy
vol ume of ghirogenmuox! deaho e Rdieart o Ok Ig ISt Si&leidn Arn
process as clainmed in Caim1l, wherein afmount” ~"oF “"sai gas

cont ai 10 ngtihe| egasapusoxphase i ta heobtairp3-at hi rpredwepti scontabmingnge of

0.08 to 0.2; optEri Brt 8%ER 1@ apgen relative to one nole of nitrogen
nmonoxi-de ' ' : :

- (2) a second step of introduéing the product of

the first step to a condenser thereby to separate a

15 non-condensed gas containing nitrogen m.onoxid'e formed

by the catalytic reaction of the first step from a con_densed
liguid containing the diester of oxalic acid;

(3) a third step of introducing the non-condensed
20 gas of the second stepto a regenefation column and thereby
contacting it with a gas containing molecular oxygen
and an alcohol contained in such an amount as to be
sufficignt for absorbing and 'react_ing_ the resulting
nitrogen dioxide and an -almost equimolar amourit of nitrogen
25 monoxide tO regenerate nitrogen monoxide in the non-
condensed gas into an ester of nitrous acid so as to
bring the concentration of nitfogen monoxide 1in the
gas at the outlet of the column to a level of from 2
to 7 % by volume, a part of said non-condensed gas being

30 optidnally recycled and |

(4) a fourth step of recycling the gas of the
third step containing the ester of nitrous acid and
from 2 to 7 % by volume of nitrogen monoxide to the

35 reactor of the first step.

2. A process as claimed in Claim 1, wherein the
amount of said gas containing molecular oxygen in the



to be jgtroduced in said regeneration colum. 5 as C
cl ai‘nﬁ'dai n Caim1, wherein the anount of the al cohol um"”,mmm&ﬂmﬂm

step is in the range of 2 to 5 parts by, olume relative tYo®one part _
of volume of nitrogen nonoxide to be |ntroa%%ed in said regeneration

‘col umn“ 10 4.thimxd ps@@@ssisasln:l theedramgel aifmad. 08 htpein ZSandlestier térms
nitrous acid r ur d oh c ald phat C
al cohol hawdntg a?,&?%ﬁ car grtr? a?%érars 6@%‘ ¥' ?'rbou;%facPlg'ér%?%{ "%'g&’yf&é
process as drcaubmonntm@qem in anéderngenerpltéphnamlgmp metal is

palladiumor its salt. 6. A process as clained in Claim1, wherein said
20 cat aI yt ic reaction iS conducted at a tenperature of 50 to
200[ err] A ptocesd aPrecgisfedadn G aimed, dheCdiaim 3aj dwherealytithe

reaction 'S arfdlﬂ{j&mo&d tﬁte dlcbRBRENMHd einOft}?é tr&Q*dt 05%5 [qrg] in8 the A
process as clained in Claim1l, wherein said catal ytrc reaction is -

conducted urRRI&e a Ofyr &s® Sof PAREFeY predife: TElEFINE chP (9RBgHETBO

9. A processs ¥plumd med i fitkegshl mokadd the e odwirdduddie fhr daid
step is cool ed for conpensat on at a tenperature of at nost the boiling

poi nt of an “’B’@en sel ected to.be added. 35 10. A process
as cl ai k@ | n CI aim9, wherein said alcohol is a |ower alcohol having 1 to
4 carbon atoms. 4, 4 process as claimed in Claim 1, wherein said
ester of nitrous acid is an ester of a saturated m'onohydric
-aliphatic or alicyclic alcohol having 1 to 8 carbon
atoms with nitrous acid. ' '

15 o | _
5. A process as claimed in Claim 1, wherein the

platinum group metal is palladium or its salt.

6. A process as claimed in Claim 1, wherein said
20 catalytic ©reaction is conducted at a temperature of
50. to 200°C. '

7. A process as claimed in Claim 6, wherein said
_ catalytic reaction 1is conducted at a temperature of
25 80 to 150°C. ) )

8. A process as claimed in Claim 1, wherein said
catalytic reaction is conducdted under a pressure of
ambient pressure to 10 kg/cm2 (gauge).

30
9. A process as claimed in Claim 1, wherein the
product of the first step is cooled for condensation
at a temperature of at most the boiling point of an
alcohol which has been selected to be added.
35

10. A process as claimed in Claim 9, wherein said
alcohol is a lower alcohol having 1 to 4 carbon atoms.



\ev)sta IH,III "ﬂ"m"ﬂmumﬁeforé g(ragg(ra;szegswc![ ﬁi pl;]geirghg:leaj[(r)n in;mgf Exanples, 1

Di esters of .oxalic acid when prepared by a
process as clalned in any of - the prece2zdng C ains. THe text of the -
speci fication has been reproduced by photocopying the applicants orlgmpal
typescri pt. It. may contain a few anmendnents which are difficult to read.
The ori gi nal t ypdscr ApProsess mslaimed atmr@haimslnapdbsubssaadtial yn t he

prem ses QéstﬂérgihSQEdgg'dé%cribed with referehce to any of
Examples 1 to 4.

A

5 " '12. Diesters of oxalic acid when orepared by a
process as claimed in any of the preceding Claims.
The text of the specification hu been :opzod.n«d by photoeop;ins the a.pplicants original

typescript. It may contain a few amendments which are difficult to zead. The original
typescript containing these amndlunts nay bo inspected on the premises of the Patent Office



