Process for continuously preparing ethylene gl ycol The present invention
resateg€ to a novel_ process for pre- paring et hyl ene glycol, and (@é
part|cularly to a contlnuous process for preparing ethylene gl ycol with use.
of é°diggter of oxalic acid obtainable fromthe gaseous phase rea‘ngﬁéﬁ
car bon nonoxi de and an ester of nitrous acid, as the starting mat

“Et hLene gl ycol is useful for various industrial appli- cations,

starting material for polyester fibers, 10 - as starting mat eri al for alkyd
resins, as an anti-freeze coolant, as a solvent' or as a reagent. There has
hltherto been known a process for preparing ethylene glycol by contactlng a
diester.  of oxalic acid 15 with hydrogen in the presence of a
hydrogenati on catal yst in the gaseous phase. Further, as a process for the .
preparation of a diester of oxalic acid, it is also knomn to contact carbon
nonoxi de and an ester of nitrous acid in the presence of a platinum group
netal catalyst in the 20 gaseous phase. The present invention provides a
continuous process whereby said process for the preparation of a diester of
oxalic acid and said process for the preparation of ethylene gly- 25 col
are ingeniously conbined to |ndustr|ally advant ageousl y prepare ethyl ene
glycol from carbon nonoxi de, the ester -2- nitrous acid and hydrogen.
Nanely, the present invention is concerne% Wi th a process for continuously

preparing et ipdsigsd! ¥6P! coltbififloh8ly pribhethi bthydehl Shyabap of -
contacting a gas- comtarrm g carl ous acid

with a solid catal yst of platinumgroup netal series_in the gaseous phase

t her eby 10 ?Q?(ﬂﬁ?ﬁ?F%{kﬁYﬁﬁﬁ&°%dﬁE%§ﬁ?%gtﬁ ¥ BRYR}: BFOGREE; EoRcP¥e-(2) a
second Step<§aﬁiﬁ§kﬁfhfmbﬁ@egn%@ﬂvptaﬁd péetitubarly to a continuous

. process for preparlng ethylene glycol with use of a dlester
of oxalic acid obtainable from the gaseous phase reaction
5 of carbon monoxide and an ester of nitrous acid, as the

starting material.

Ethylene glycol is useful for various industrial appli-
cations, e.g. as starting material for polyester fibers,

10 as starting material for alkyd résins, as an anti-freeze
coolant, as a solvent or as a reagent.

There has hitherto been known a process for preparing
" ethylene glycol by contacting a diester of oxalic acid
15 with hydrogen in the presence of a hydrogenation catalyst
in the géseous phase. Further, as a process for the
.preparation of a diester of oxalic acid, it is also known
to contact carbon monoxide and an ester of nitrous acid in
the presence of a platinum group metal catalyst in the
20 gaseous phase. |

The present invention provides a continuous process whereby
said_process for the preparation_of a diester of oxalic
acid and said process for the preparation of ethylene gly-
25 col are ingeniously combined to industrially advantageously
prepare ethylene glycol from carbon monoxide, the ester of



G§3ep t-hereby to separate a non-condensed gas containing nitrogen nonoxide

ornmed by the catalytic reaction of the 15 first step froma condensed &
liquid containing the diester of oxalic acid, (3) athird step of
contacting the-non-condensed gas of the second step with a gas contalnlng
nol ecul ar oxygen 20 and an alcohol, and recycling the resulting gas
contain- ing an ester of nitrous aC|d to the first step, (4) a fourth silep
of ‘contacthapgrétie sendeanddhiydgoigenaf the second step containing the

- diester of oxalic acid and hydro- 25 gen.wth a catalyst for
hydrogenation in the gaseous phase thereby to obtain a product contalnlng '
et hyl ene ghigmely, (Eheaptesentstioyentidinstiig |dongauned miditta @re¢rssourt h
step there lt%ﬁq di3 e glycol,
and. (6) aPe's‘Fx %ﬂ*‘?;e‘%b‘égiﬁ’ %?%P?’%%?ﬁe a ceh% %ﬁt he Sﬁlﬁ?{ rs\%seﬂ{'i:o'mas an
al coho® soprt8esaér the third step. 35 Now, each step of the present '

i nvention will be descri bed. 3- First step A gaseous starting :
.naterlal ontai_nin carb nmonoxi.de and _ an ster, itrous acid,
|ntrod&£€da5f1rﬁﬂt8t39r8 CF8 5%&9\ﬂtﬁ?%ﬁ?ﬂﬁ%ﬁfﬂ%ﬁ%ﬂ%&f pl ati num

| group net ahosexide, anaddahhestey afcatitinisc acdattwiorth is swtid echtalyst the

o rod” hrBRe1ARLhIR CFRGEOMe RIS WIUR U e Yadlbls DML AngOLIP™
gaseol8 statohgainmaepraducki contaiming|a dissteyaf afalic a¢ddi num

met al series is preferably at nost 10 ‘seconds, more preferably -
from 0.2 to 5 seconds. As the soljd catalyst of Iatlnun1group ng:al 15

~series, 62} | adpeRend; stepns; condemsing theProdNck okinthe Hbyr
rut heni um gtegnéherkbiyditbMsepairdte A Hon-déiffeised gas containing

nitrogen monoxide formed by the catalytic reaction of the
'_15  first step from a condensed 11qu1d contalnlng the diester
of oxallc acid, '

(3) a third step of contacting the non-condensed gas of
the second step with a gas containing molecular oxygen

20 and an alcohol, and recycling the resulting gas contain-
ing an ester of nitrous acid to the first step,

(4) a fourth step of contacting the condensed liquid of the
second step containing the diester of oxalic acid and hydro-
25 gen with a catalyst for hydrogenation in the gaseous phase
thereby to obtain a product containing ethylene glycol,
(5) a fifth step of distilling the product of the fourth
step thereby to distil out the alcohol and to obtaln
30 ethylene glycol, and.

(6) a sixth step of recycling the alcohol of the fifth
step as an alcohol source for the third step.

35 . Now, each step of the present invention will be described.



Further, salts of these nmetals .such as nitrates, sulfates,
phokphat es, hal i.dés, acet at es, oxal ates or benzoates,  may be
used. These materials are 20 ‘used as carried by an inert
carrier such as active. carbon, alunina,- 8ikica, silica-alumna,

di at onpggous earth, um.ce, nmagnesia, zeolite, or Nblecular Si eve.
The * nUUnt to ‘rS€1§$§p in térns of the platinumgroup netal, is

preferably from0.01 to 10% by weight, 25 nore preferably from 0.2 to
2% by weight, :
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Be

as nitrogen
preferably

or alicyclic

aci d. As
i nst ance,

al cohol,

as cycl ohexa

substi tuent,
reaction.

under such

phase in

an
"1 s0-) propanol ,

15

20

25

30

35

sutihme,50f5y

Armugtaubese & aet byhuWuw'tnﬁet@Pd sé’HWL '?'”
nost preferably gsed hgt neces car
t

con t|5W?t

relatjve to the carrier. The gaseous starting material,

{ rous acl

or net tXclohexanol e al coho

reactjgn gqoe s63d d%ﬁ:np EPO”pragrnu%eagibﬁg metal
series, pa1lad1um is most useful, but. platinum,
rhodium, ruthenium, and iridium ~are also useful.
Further, salts of these metals such as rnitrates,
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, silica, silica-alumina, diatomaceous
earth, pumice, magnesia, zeolite, or Molecular Sieve.

The amount to ‘be wused, in terms of ‘the platinum

group metal, is preferably from 0.01 to 10% by weight,
more preferably from 0.2 to 2% by weight, relative
to the carr1er.

The gaseous start1ng material, i.e. a gas containing

carbon monox1de and an ester of " nitrous acid may

usually be wused in ‘a form diluted with an inert
gas such as nitrogeh or carbon dioxide.

The ester of nitrous acid may pkeferab]y be
an ester of a - saturated monohydric aliphatic or
alicyclic alcohol having from 1 to 8 carbon atoms
with nitrous acid. As the alcohol component, there
may be mentioned, for instance, an aliphatic alcohol
such as _methaho1, ethanol, n<({and iso-)propano1,
n-(iso, se¢- and tert)butanol, n-(and iso-)amyl

| alcohol,
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'reaction pressure and the kind and concentration of the ester

‘ ous acid used, and therefore can not sinpl'y. be deternined. 15 *
~However, with respect to the reaction tenpgrature, the reaction proceeds
in a sufficiently high speed even'at a low tenperature, and the |ower

the reaction ﬁeﬁvﬁ*émurer 'iggtandhe aA@SSan saqlecycneect iadtoho PCCiich
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However, with respect to the reaction temperature,

“the reaction prqcéeds in a sufficiently high speed

~even at a Tow temperature, and the lower the reaction

20

temperature -is, the less side reactions occur.

. Accqrding]y, so long as the"desired space time yield

can be maintained, the reaction is carried out at

- a reTatively low temperature, i.e. usually from

25

30

35

50 to 200°C, preferably from 80 to 150°C.  Further,
with respect to the reaction pressure, the reaction
is carried out wusually under a pressure from the
atmospheric pressure to 10 kg/cm® (gauge pressure),
preferably from an atmospheric pressure to 5 kg/cm®
(gauge pressure). However, in some cases, the reaction
pressure may be slightly 1lower than the atmospheric
pressure. | !

The cohcentration of the ester of nitrous_ acid
in the gaseods starting material may be varied over
a wide rahge, However, in order to attain a satisfactory
reaction rate, it 1is preferable to adjust the

- concentration to be at least 1% by volume, more

preferably frem 5 to 30% by volume.

The concentration of carbon 'monoxide in the
gaseous starting material may be varied over a wide
range, and 1is usually selected within a range of
from 10 to 90% by volume. - '

starting material
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~ The co_ndensed l'iquid thus separated contains the diester of oxalic acid as
asai " conponent. However, the diester of 10 carboniic acid and the ester

of formc acid mhlch have been forned assby products in the first step are -

al so contained therein in small anountS. °On the ot her hand, the non-

condeqﬁgd gas contai ns non-reacted carbon nonoxide, an ester of nitrous

achg, and thg Ilka |!neadd|t|on to the 15 ni trogen nonoxi de fornmed by the

catalytic r s he first step. Further, during this step, a part of
the diester of oxalic acid is carried by the non-condensed gas, and then

hydrolized aQ a'{fé .«gaeﬁf%dfﬁyghng&ap 1569 QRe Ry 'aorbcmdeﬂla éPP%Cooled

nonoxi de |nto t rous acl n the subsequent st ep,
it is p055|bpeaﬂhﬂmﬂeﬂﬁtwgﬂlétﬁghbﬂblFbeaéﬂéséégumﬁ-Q&ﬁkkgvﬂ¢¥ﬂrAMhbhgas

FecycliBg Sysiy El&ré f@éﬂ@éﬁse&heanahsebaksmad ﬂaadtactcdﬁaéme&nﬁ&@mng

arelatively h| |t ng_poi nt, such di nret hyl oxal ate, it 1§
possi bl e t han& ﬁeHQﬂ7QRﬂQF$ﬁ%@u%?ssol|d|f|es and deposits on the wall of
‘the condenser and finally plugs the condenser. In order to solve these

probl ens, | i ble to. e . a_nmethqd wherein the product of _the
first step &? S&dﬁ; G%Hﬁgﬁéagbﬁﬁ SPPE* B&RFe CRNRA B} erékﬁ??%% of
boi | i ng poi wixadfi can aaim)twé ahha £n cotmpoheng. i tnuwuvme ﬂie:oixést&)rof
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treated, al gh%’i:'teﬁ.gx (}1 sur ace ‘g%%he @gn ie‘ﬁsg?h h| rg}ds lp{rﬁn

non- condenséﬂnéséi%épm «Pnfrine Beroraasteg carben t‘@@*’é@%ﬂ@%\t i on

colum and ggRe3C ¥ iitihbiis BSiE 0@ Bhel DYKED @.91“'&@&1@9)6}?%&“&1@” -
alcohoi thereb¥ to regenerate
trogen monoxide formed by the catalytic reactlon of the

flxst step.

Further, during this step, a part of the diester of oxalic
- acid is carried by the non-condensed gas, and then hydrolized
20 by water formed during the regeneration of nitrogen monoxide
into the ester of nitrous acid in the subsequent third step,
and it is possible that the resulting oxalic acid accumu- |
lates within the gas recycling system. Furthermore, when
the intended product is the one having a relatively high
25 melting point, such as dimethyl oxalate, it is possible
that the intended product solidifies and dépositS'on the
‘wall of the condenser and finally plugs the condenser.

in order to solve these prbblems) it is possiblé to employ

30 a method wherein the product of the first step 1s cooled
for condensatzon at a temperature of at most the boiling
point of an alcohol while contactlng it with the alcohol.
For instance, when the intended product is dimethyi oxalate,
it is preferred that the cooling and éondensation'are

35 .carried out at a 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 product to be



ogen nonoxide in the gas into an ester of nitrous acid. 10 As the
eneration colum for this step, a usual gas- |iquid contact apparatus’ ®
Such as a packed columm, a bubble colum, a spray colum, or a nulti-staged
colum, may be enmpl oyed. The al cohol togbge used, is preferably the sane 15

al cohol as the al cohol conmponent which Constitutes said ester of nitrous,
acid. The non-condensed gas to be contacted with the al cohol and the ga&*\/f

cont ai 1 g JIUREUA 21 g the L sk EACEUSELhE! Bodlendelhe T egener al i on

“colum i ndi a mxed state. I'n the regeneration colum, a part
of nitrogen nonoxide is oxidized to nitrogen dioxide and at the sane tine,

these subst@RGeP g{égzﬂl owed to be absorbed and react with an 25 al cohol

and thereb - enerated as an ester of nitrous acid. In this step, it-
is preferred to control the concentration of nitrogen nonoxide in the gas
Wi t hdr & frEnrde-dagianesedOgas r séparateduin thebsecondi staep dsyded from

2 to 7% by volune; and to. mai ntain t g tain.as less it en

di oxi de anf%@dﬁ?%&eﬁ%%s?%l -‘é‘,gfwﬁ's‘t Q%?‘e?éf%%f:;ég\% %%ﬁogmgt%‘ r%ogear?té(#%‘xi de
and oxygen.inameleculax hexygencandad norlobhoilt rthgerebyo rtex imbganendise
regenerated gas 1s greater .than e, v L] |mt, the
reaction raﬁ'gtlf%?e? %Eo?%?ﬁg?i gﬁ g?et Hégd_llggg’ e‘rano g&?%ln;%% g@i ?dsé decreased
and the yi edalids | owered, when said gas is recycled for use 7- in the

reactgrg of the first step. On the other hand, if said concentration is
| ower than the above-nmentioped |o - .the anounts of .nitrogen

limit,, .
di oxi de and\%x’ikg%rmﬁﬂe%q%r%‘aﬁéni Iﬁé’nF h&ENL8SKEPA Ba WFR2L SRF T hey wi l |

be factors Biquidresnbad anapparadegsagathoasoh paekad icolunmf a feiksiille d
catalyst. of Gl atinum group Tt al SepLeg 409 kol AReMoliih, may be |
 employed. The aléohoi'to be used, is~p:eferably'the'same -
15 alcohol as the alcohol component which constitutes said
 ester of nitrous acid. | |

The non-cbhdensed gas to be contacted with the alcohol and
_ the gas containing molecular oxygen, may be introduced into
20 the regeneration column individually or in a mixed state.

In the regeneration column, a part of nitrogen monoxide is
oxidized to nitrogen dioxide and at the same time, these
sﬁbstances_are allowed to be absorbed and react with an

25 alcohol and thereby to be regenerated as an ester of nitrous
acid. '

In this step, it is preferred to control the concentration
- of nitrogen monoxide in the gas withdrawn from the regene-
30 ration column to be within a range of from 2 to 7% by
volume, and to maintain'the'gas to contain as less nitrogen
dioxide and oxygen as possible, most preferably with no
nitrogen dioxide and oxygen. Namely, if the concentration
of nitrogen monoxide in the regenerated gas is greater than
'35 the above ﬁentioned upper limit, the reaction rate for the"
formation of the diester of oxalic acid is decreased and
the yield is lowered, when said gas is recycled for use



of the.formation of .carbon dioxide as a by-product. Accordingly, it is QAY/
pr@ erred that from0.08 to 0.2 nole, 10 = as cal cul ated as oxygen, of the

gas contai ni ng nol ecul ar oxygen, relative to ene nol e of nitrogen nonoxide .
in the gas introduced to the regenerati-on?celum, is supplied and these

gases are contacted with the al cohol at a tenperature of at nost the

boi hing-poi nt of the al cohol thus used. The 15. contact tine is preferably
fromO0.5 to dm $heomeactowafh¢he (st vtep. | Onseleiethexhhandanbfint as

it ogen di ol S e e e et

ni trogen di oxi,de and_ an al nost equi npl ar | Xi '
“usual Iy, fromiity -é:h&drac’@ws&/cﬂaﬁrfb"ﬁﬁ°3% é}%ﬁﬁ ?%‘E ngygﬁe‘l'b}ﬁbb? used
rel ati \ée to mrmrste&mnlldw&ezjenéﬁawlrga@nm]}qhdiethéy.tmnasei pacedpsed
into thegregeneration _cgl.um.. Further, a |oss 0 nitrogen conponent  may
be. conpl Srentat ByARSAAE deeFaditson of thd At HEY S5 ERTLSRETY O
the 25 fircatalyst of Iplatimunmlghiounp anetdl cseriesiakd sfoh as hncregsea
nonoxi de, ni {4 | A% orf IdE 1d0965h difKH &S 2 9 a Tl t et r aoxi de
or nitric ac!b igtg{téo@tche reé)erﬁe&r}at‘{ on coI%irér}ﬁbfgt%ée) ?%}?uaﬁfsc?%ggt?,o : _
Further, in case the content of nitrogen nonoxide .in the non-condensed gas

N the secondeuchiinyld),caty @ budrddiedinit Frdh {6 M8 €616, 2 moDepi nabl e

in an excgess anount during the regeneration of the nityogen nonoxide into

the est of af CAdFladed 3 W+ PLiEE 3% %F?E%Ml%ulaﬁf t he
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t hereof may di rectlelé_%e rgiytclet to the reactor of. the fjrst Stf{[-)' a8-
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15 contact time is preferably from 0.5 to 20 seconds. Further,

the alcohol is used in such an amount as to be sufficient

for completely absorbing and reacting the resulting nitrogen

dioxide and an almost equimolar amount of nitrogen monoxide, °

and usually, from 2 to 5 parts by volume of the alcohol is
20 preferably used relative to one part by volume of nitrogen
- monoxide in the gas introduced into the regeneration column.

Further, a loss of a nitrogen component may be complemented

by supplying the ester of nitrous acid to the reactor of the
25 first step, or by introducing a nitrogen oxide such as

nitrogen monoxide, nitrogen dioxide,'dinitrogeh trioxide,

or dinitrogen_tetnm»dde or nitric acid into the regeﬁeration

column of the third step.

30 Further, in case the content,of'nitrogen monoxide in the
non-condensed gas in the secbnd step is gréat; and if the
ester of nitrous acid is obtainable in an excess amount
during the regeneration of the nitrogen monoxide into the
ester of nitrous acid in the third step, the entire amount

35 of the non-condensed gaS'needs not be led to the :egenefation
column and a part thereof may directly be recycled to the |
reactor of the first step.



#hen the regenerated ester of nitrous acid is an ester---of an al cohol
|ng at least 4 carbon atons, such as n-butyl nitrite, of n-anyl nitrirte, g
forms an azeotropic mxture 10 with water f or med “as a by- product by the
regener ation reac- tion and consequent gy. water is cont ained in the '

régénerated gas. Accordingly, if this gas is supplied as such to the
reactor of the first step, the water hinders the reaction for the fornﬁrlgy

- of the di epfLrqgLs @esﬁkafnﬁﬁgdthzheseéer ef iaitrouts Iamfae%:fdab}ﬁﬁdﬁwﬂvater

in the gas_1Is rermve oper at on such as di lLati bef ore the_gas |
i s recycl iFem the F%ﬁﬁg tﬁﬁnt ﬁ@ GRer 182G, ttr?etg’é"'g Sy ter

of nitroustkei ghistnstéyl nrﬁrther,ethy.h megmmaMrmlmay the tm:,xeﬂ

i sopropyl nitrite .Jdt_dg of f ze 0y wat er
formed as "é"'b? ‘?ﬁ%ﬁ}l‘ﬁ%{" ngfﬁén?egé%ggﬁ dnlr %ac?:ltaon rtf{? accocfeor ngl'y, the

r egened at echemsthhe mikxturecmayt be anpp&aﬁdtm@@re?e@@t%ycl ed to the
reac- tor as it is. 25 The liquid withdrawmn fromthe re ration colum is
an al cohol solution contarning water fornmed as a by-product by the

r egener at i When ctlke| mgenﬁaseaaysssrr effi ﬁé&r@isdlaﬁliqolﬁ AN @tesaehiction

or . ot her %?ré\iéé’ﬁbi Ohﬁuihgaateléagtt hhataxb% \etidids ,C P tad hikeeyl cohol

becones to be at nost 30 i é EIQ ferably at nost, 2% by vol une,
and may tﬁéht’b’et?eugﬁdn adm¥n B SFIGF'S&GT S AhS3SAFPRICIUEHFS n a
propexo cammsmaeﬂl £obakdsasr aebireprbhadfmnd:m efegeiferatimi tresdep The

obtained BYAH 40 “EhBhRutdatLy. “RTCE 5 ARG T tns ATl
glycolic gasi d Aécoﬁdingky,f ii.ft IhhsIsegasnm ismtmile{ﬁela;s/v sucheto|thle to a
reactor %@E‘oi“" &8 tﬁe fﬂ:gltygte , Ol he WA AICHAH U s Alth LUALYSACal y .

react ed |n gaseous .
- for the forma 1on of the dlester of oxalic acid. Therefore,

15' it is desirable that water in the gas is removed by an

" operation suchlas_distillation before the gas is recfcled_

" to the reactor. On the other hand, when the fegenerated
ester of nitrous acid is methyl nitrite, ethyl nitrite,
n-propyl'nitrite; or isqxx@yl nitrite, it does not form an

20 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 reac-
tor as it is. '

25 The liquid withdrawn from the reiﬁe'ratz.on column is an
alcohol solution conta:.n:.ng water ‘fo'rmed as a by-product by
the reg%\eratlon reaction. This may be refined by distil-
lation, extraction or other operation to suéh an extent
that the water content in the alcohol becomes to be at most

30 5% by volume, preferably at most 2% by volume, and may
then be reused as an alcohol source for the third step,
and in a proper case, as an alcohol source for the second
step. ' ) '

35 PFourth step

The condensed liquid cbntaipin’g‘ the diester of oxalic acid,



As the reactor, a fixed bed - or a fluidized bed is wuseful. (ggg:
Th@® contact time ‘of the  gaseous starting material and the catalys

for "hydrogenation is preferably at npbst- § -seconds, nore preferably _
10 - 0.2 to 2 seconds. The catalyst for  hydrogenation may be of a.

kﬂo\gnmt_ type irith asas cappeainedronytethe zsautbnd:omé@p clahdm hydrbgenum
chr e, anmmoni co e a i ,C
manganese chrag ?g% 8%QH§§ﬁesFU§1ch$b%$$i?€a' fe ¥g§@ us f fth

t hensel ves or 'stemquentnonedn1ba&owqarmW@d led o |amwteacapr|epasheﬂ

as active Car%l’}:larais””w@aw?t"%r ‘i’nﬁ%&%&%faréﬁh pé'ﬂ&?(yit'lcaﬂy

zeolite, or Mdlec rabl'y ‘used
anount in 20 &easked th@hﬂasegﬂélch@éﬁetrlc _amount  required to

convert the diesterps of thaxalidaceerd lantorigddy! gag Olvcola  #0didRged
resi due of e diester of oxalic

al cohol correspondi n e ester

-acid. The reac§Qi1 gnp&ﬁ&fﬂae i st %su&PP§acFro$‘mﬁﬂ)@% the[eppfeous
preferably fromslt&(}ﬁmdermdten dhe dp@ctiipe eSSy §t lﬁor prlei@fé@éuatabn
| east atnnspherlc 8 surg,l nor €, prefe&abl fron11 E

major  proporti'on PBETELARTY oot i oMOStpr tuct® Fﬂ hlstﬂﬁﬂ)pﬁﬁ eraply
of ethylend0 gloy@lto dhdse¢tred 80 alcohol correspondlng to the ester

resi due of the diest of I S II Fount
of an ester of gﬁ)r/hceol [ ga@é@ljcfct pr oé ceof'y%?og%g}r‘\? af' hy"gar ogggat i on Qf'
the diester - kafownoxatype asueh 4as akeppesnt ¢ heemi et he Zomsduceoppsr

In the neant'%%rodﬂteﬁaybapﬁ¥mpr€ﬁ?6h?@e th%hmh%h%dxngﬁﬂgéf-i%hﬁéﬂate,

i quid containing t diester of oxalic acid of the secon p .
preliminarily | &Moo a chamatesi onReaBRY¥m, "d6KEle  manganese  chromite

15 or magnesium chromite. They may be used by themselves
or in such a form as carried by an inert carrier
~‘such as active carbon, alumina, silica, diatomaceous
earth, ‘pumice, zeolite, or Molecular Sieve.
Hydrogen is - preferably wused in an amount in
20 excess of the stoichiometric amount required to
convert the diester of oxalic acid into ethylene
glycol =~ and an alcohol correspond1ng'_to the ester
residue of the dxester of oxalic acid. _
: The reaction temperature s wusually from 150
25 to 300°C., preferably from 180 to 230°C. The reaction
pressure is preferably at least atmoépheric pressure,
more preferably from 10 to 40 atoms. S
The major proportion of the reaction product
in this step  consists of ethylene glycol and the
30 alcohol corresponding to the ester residue of the
diester of oxalic acid. However, a small amount
~of an “ester of glycolic acid produced by partial
" hydrogenation of the diester of -oxalic acid, is
also contained in the product. '
35 In the meantime, it may be preferred that the
condensed



iJQg .contacted with hydrogen in the gaseous phase to carry out the

I'ytic reaction of this step (fourth step), to 5 t hereby obtain the
di ester of oxalic acid as the distillation residue which is then contacted
with hydrogen in the gaseous phase accqipding to the procedure of this step.
(fourth step). In this case, the major part of the conponents other than
.the diester of oxalic acid is.renmoved by the prelimnary 10 di still atdop

ﬁper at Id Ontllc]'tlhil&dcéﬁ?aﬂﬁﬂﬁgsﬁhﬁsdgﬁstbﬁ BFeoﬂdlmTﬁrﬁdlfﬂ idHentddored! uMm -
as industrijal advan e, dis at.e r-el.i m nar

distillat |%FFEo+§mﬂreiﬂ@4‘§aﬁ?'iycﬁﬁFal td‘g‘g']laﬁl&fptc(?lt‘wg"al a
diester 15t Dé combactedawithf hy&rdgen ai.nb)thpr gﬂsaodsy pHase:aﬂcalqarmy
reaction i | s orm.c acid.:
e ooy fykend LE8tapbeRs 20dcRiSHRLE WLl AR dledl U o
car borB ¢ atcherebyl obtaint theodieskaicofcogalic I@@l& a9 |the gistillation
hydroli Zedzé&aﬁﬁe @ﬁf@ﬁoisaﬁﬁeﬁabgﬂﬁa@!‘t%' %thThﬁ(ai%@m% aérfé)hfasé@ds be

recycled as an al cohol . source hird ste Furt her case

where in (PRA9% aceREIFRIstRpthenprosRdvrsapfothis Shen eQFQ}Hft Witep) -

cont gct- | 1Y tm&sr@mﬁepndnesmdjeas;:wu:thﬁ&'ntﬁl@@@i{mﬁéﬁ@mﬂtw&rﬂﬁohog |
my e rec as, t he 8 Sour ge .t heretor rolysts can reaally
ig 4 kY el

be carried e 5ag pﬂ§§ 03C+Fe a8t FHTOVT %ﬂ B umi na
cat al st sdnhta]slamgn opleratidnP (Thase ties pnomdsshyushng stha poeraku Co. |

at a tenpef flindr fdiagglﬂﬂiag L8 E:hnsﬁ%” %rduéé]%a‘i Sécix}alrfé aggégaco' urm or

t he hydrolysis c use step, m € a usua ratus such
as a packed columm, a nult|-staged colum, a forced agitation type thin

filmcol unfy the Fdi&’E:.ﬁﬂQté' ﬂBmSEﬁES %@.ﬂﬁ.%ilﬁt &fstihe 4 oied h:éinﬁﬁh' s |ed
to a distillation colum and _distil 8 a usual operation, whereby the 5

i ntended cfSFerRre| gentaizedp: apnééd&§lpﬁ‘etﬂ’i &he adiqfel, a diester
15 of carbonic acid formed as a by—product by the catalytlc

reaction in the first step, and a small amount of an ester
of formic acid.

This distillate is contacted with steam, whereby the dlester
20 of carbonic ac1d and the ester of formlc acid in the distil-
' late are hydrollzed to the alcohol and carbon dioxide.

The obtained alcohol may be recycled as an alcohol source
for the third step. PFurther, in the case where in the

25 . second step, the condensation is carried out while contact-
ing the non-~condensed gas with an alcohol, the obtained |
alcohol may be recycled as the alcohol source therefor.

This hydrolysis can readily be carried out by a gas phase

30 reection in the pfesence of an alumina catalyst such as,
e.g., Neobead P (trade name) made by Mizusawa Kagaku Co.,
at a temperature of from 150 to 250° C.

Further, the distillation column or the hydrolysis column -

35 used in this step, may be a usual apparatus such as a
packed column, a multi-staged column, a forced agltatlon ﬂ'
type thin film column.



resi due while the al cohol corresponding to the ester residue of the dieste<:;;>

of@oxaltic acid is distilled off. The distilled alcohol is recycled as a
part of the alcohol 10 £ source for the regeneration colum of the third
step. Further, in the case where, in theldecond step, the conden- sation is
carried. out while contacting the non-condensed gas with an al cohol, it may
be %ecycl ed as a part of the al cohol source for that step. 15 The

di still ati onFiédsthdaadcsixthnsteps addition to the intended ethyl ene glycol,
a small amount of an ester of glycolic acid, However, it is possible to '
obtain refined ethyl ene glycol by subjecting the distillation resjdue to 20
distillationThe BF@@“FtoPﬁfyftlb@ @y%rthofs'fgﬁl’yé@ iledh &y 2 digtidilatiRn est er

of glycolic geldmhSahidEageratied byt @ eistdleperatidn, WHdrlsagndaNNer as
t he di ester of o§gllc8%§%g, under_the .conditi.ons forég%gr. eﬁgé[on in the
fourth sPep, 1B&§RERE eng, 93 YE& e A S PRFIIRG A K1P (FhAFLE- 2§ | | ed,
may be recyckeditlaet whifleuthe alephollfl correspondindicaditde dstemn resi due
obt ai ned by .distilsd ation.qf e t f_al wcol.i X L ected
further to dlsrg?i"ﬁ %t Pgn%ég ?ﬁ%ﬁt%?hfﬁzﬁga&%fc%&o%) J‘nslcg %%‘llseﬁj;%@ may be
obt ai ned. The distillation colums in the fifth and sixth steps, may be of
a usual typeqnau Ry g WiTgach I d
Sai tati on’ LynEe s e oroanoidas Fhcyled 407 & BRI R L CHTE
product LBf t REUFE8r £RTsthe regeagrasion calymn (of ithe ddiisth ster- product

i's - 12 -rageaes| cdnl the 2a3@NwheRESNSed 1975 Jeridnd v hwHe Ghduul a
condensed |1 quid contalnln& gtg%!eng, l'ycol, and the_non- condenpsed gas is
recycl ed as 32FyAPogENCESELE & 1&6%ﬁﬂ?gﬂﬁﬁingﬂﬁ§%uﬂﬁﬂﬁﬂﬂ 5124 he
non- condensedagawithoan alcohol, it may be recycled as a part of the
' ~alcohol source for that step.
15 '

The distillation residue contains, in addition to the

intended ethylene glycol, a small amount of an ester of

glycolic acid. However, it is possible to obtain refined

ethylene glycol by subjecting the distillation residue to
20 distillation to distil off the ester of glycolic acid.

' Furfher, the ester of glycolic acid is hydrogenaﬁed into
ethylene glycol in the same manner as the diester of oxalic
acid, under the conditions for hydrogenation in the fourth

- step, and therefore, said ester of glycolic acid thus
25 distilled, may be recycled to the fourth step.

If necessary, the distillation residue obtained by the

distillation of the ester of glycolic acid is subjected

further to distillation_so that ethylene glycol of high
30 purity may be obtained. - : |

The distillation columns in the fifth and sixth steps,
may be of a usual type, such as a multi-staged column,
. a packed column or a forced agitation type thin film column.
35 ' '
It may be possible that, before the product of the fourth
step is led to the distillation column, the product is

-~



' i he condensed liquid is carried out by introducing the product of the
f h step into a condenser and cooling the product to a tenperature at#*

mhlch t he
process of
the fl owsh
In the Fig.
rati on col
a heat exc
20 and a g

20 intro
catalyst o

ethyl ene glycol in the product is condensed. 10 Now, the
this invention will be deggq%%eg in detail in accordance with
eet diagramillustrating an e

e

odi ment of the present invention.

1, 1 and 5 are reactors, 2 and 7 are condensers, 3 is a regéhg;ﬂ
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gnggg mgg TN eelle 2l 41*37765% gxsegeé?suspggegnkgﬂggs-t op

gatlon column, 8 and 9 are dlstlllatlon columns, é-is a
heater, 6 is a heat exchanger, .and 20 to 45 are conduits. .

Carbon monoxlde from conduit 20 and a gas contalnlng an
ester of nitrous acid, ‘nitrogen monoxide, etc. from condult
21, are compressed by a gas recycling device (not shown) and
introduced via conduit 22 into a reactor 1 packed with a
solid catalyst of platinum group metal series. In the reac-

‘tor 1, the catalytic reaction is carried out in the gaseous

25

phase. The gaseous reaction product passed through the
catalyst layer is withdrawn from the bottom and led to a
condenser 2 via conduit 23. ' '

In condenser 2, the gaseous reacfion'product is condensed
while, if desired being contacted with an alcohol supplied

from conduit 25. The condensed liquid containing a diester

30

35.--

of oxalic acid as the major component is withdrawn through
conduit 30. On the other hand, the non-condensed gas
containing'nOnéreacted carbon monoxide and ester of nitrous
acid, and nitrogen monoxide formed as a by-product, is led
to the bottom of a regeneration column 3 via conduit 24.

In regeneraﬁion column 3, the non-condensed gas is counter-
currently contacted and reacted with a gas containing



corugn,S, t he oxidation reaction of nitrogen nonoxide to 5 ni trogen (3592
di@xi de, is followed by an absorption reaction thereof into the al cohol.
Further, in case a nitrogen source required for the formation of the ester .

of nitrous acid is lacking, a nitrogen-ol3de may be supplied from conduit

26, -10,.The gas forned in the regeneration colum 3 and containing the ester
of\mitrous acid thereby fornmed, is recycled to the reactor 1 via conduits

21 .and 22, tmgkebuiawi ohygenbenppﬂmem o thepbodctont Mish comdmidn2fuiand0.

On the ot her oS hand o SUBE1 LHOLHPENES (BcPY38r gt 261° WHRIRAY & O

colum 3 is TRe ramn fr e bottom via“con forn1o
aqueous sol uestaropfanikresgoprcidnis Zgumeds aﬁ@oﬁbFSSGFG?P@K%t§Q§UbJected
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an en
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a desired. Ieaeidbysalpchsngulalngtpogpn(nsndehmau)beth@@pﬂasdeﬁerrough
-condui t 31, Lefahphegter 4 and contacted with 30 hydr ogen from condui-t

32. The gaseous nlxture t hus obtained is passed through conduit 33, led to
react orl® packed with a catalyst for hydrogenation, and subjected to

catal ytic repgéi ﬁasl Eorﬂédgiﬁeﬁﬁé Eaa&aersbtgoaa&aquimr %a%hldo%oﬁf&iliﬁtng* S
w t hdrawn t hr ough condui_t

changer led to
condenser 7 94 Eﬁﬁﬁﬁl?fSBItFﬂuéoﬁﬂéﬁs5Pe7e¥Wh§°§5§ u&sr€$&¥$1ﬁdbﬁﬁhuct i s
condensed, the #dactepdltitaccoddnied Rilgand Gant&b@en&emthﬁhmneawbonﬂ as

the monoxide supplled afresh from conduit 20. On the other

15 hand, water formed as a by—product in the regeneratlon
column 3 is withdrawn from the bottom via conduit 29 in a
form of an aqueous solution of an alcohol. This aqueous
alcohol solution is subjected to an operation such as
distillation to remove the water in the solution, and then

20 may be reused as an alcohol source to be supplied to the
regeneration column 3 or the condenser 2 via said conduit
28 or 25. ' ' '

The condensed liquid containing the diester of oxalic acid,
25 which was obtained from condenser 2, is passed through a
conduit 30, mixed with an ester of glycolic acid'from
'conduit:44 as the case requires, pressurized to a desired
level by a pressurizing pump (not shown), then passed
through conduit 31, led to heater 4 and contacted with
30 hydrogen from conduit 32. The gaseous mixture thus
obtained is passed through conduit 33, led to reactor 5
packed with ahcatalyst for hydrogenation; and snbjected
' to catalytic reaction in the gaseous phase. The gaseous
reaction product is withdrawn through condult 34, cooled
35 by heat exchanger 6 and led to condenser 7 via conduit 35,

In condenser 7, the gaseous reaction product is condensed,



5* conmponent is led to distillation colum 8 via conduit 38. On the
hand, the non-condensed gas contai ni ng hydrogen as the .nmajor *
onent, is wthdrawn through con- 5 duit 36, pressurized to a desired,
| evel by a pressurizing punp (not shown), then heated by heat exchanger 6,
passed t hrough conduit 37, m xed mﬁth-hyﬁrogen fromconduit 32, and |ed Jo. |
heater 4. 10 In the distillation colum 8, the alcohol is distllled Off*J/
through conduit 39, and this al cohol is recycled as_an al cohol source to be
‘suppl i ed t andedihecicamdansed WTBidicorbaiming athylene gdyggl as theer, a

part of thigs e-,QJ d{?éhi)% er@&dtélsafgtﬂrahﬂbnseamﬂnte b@.as'él%hhhﬂ!ito
15 condens 2 VI conduits 42_and

cas U|re
di stillati &8r e tde OHheHR2RG tm%uﬁﬂn B%S?Psﬁg %p.&m.ng
distillati odxdigem &5 the msjer érfamgd:rxeﬁtyc:.acwﬂthdrawhythlroailgm cdinst i | | ed
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.25 a con ] % lgﬁ%ther o,"gI#"rari\elnit'2 ¥8§ﬁﬂ Ero cWhhliﬂta‘@l

I's.Invention w
described|aﬁdkieﬂlt9rheﬁkﬁﬁdﬁnce with the flowsheet dia- granras shown in
Fig. 2. In this enbodi nent, the al cohol, 30 the diester of carbonic acid

as a by-product and so on are prellnlnarl d,out, .frq
condedded |Lnydhe M%H%'gl‘?%ec‘a}%{‘eg'of-ﬁﬁxé FBL‘Q &sbg‘!l&té'rﬂlﬁg @(frrdensed
liquidis |tQﬂ:'dt£§thﬂSx§Huﬁtt$BPuﬂﬁdCﬂnﬂﬂl 4136holl dsFirgcy2ledl tag 4m have the

o exherdaatol sdidke, to B8, ddpbTidn nn, HaRhekation) UM Mhd ° °
- 15 - In wmmdhfﬁsl4&u|4t1amduzm lorurbheabcehpaxtanfdméssemhmbhol .
‘may be reused as an alcohol source to be supplied to
15 | condenser 2 via conduits 42 and 25, as the case requlres.
The distillation residue is w1thdrawn through condult 43
and led to- dlstlllatlon column 9.

The ester of:glyoolio_aoid.as a bprroduct distilled at
20 the distillationfoOlumn 9, is passed through conduit 44,
and mixed with the diester of oxalic acid from conduit 30
_as the case requires, and then may be led to heater 4 via
conduit 31. On the other hand, the intended ethylene
glycoi as the ,distillation residue, is withdrawn through
25 a conduit 45. ’ |

Next,'another embodiment of this invention will be
described in detail in accordance'with the flowsheet dia-
gram as shown in Fig. 2. In this embodiment, the alcohol,

30 the diester of carbonlc acid as a by-product and so on are
preliminarily dlstllled out from the condensed llquzd
'contaznlng the dlester of oxalic acid before the condensed
liquid is led.to heater 4_through_condu;t_30, " In Fig. 2,

-1 to 45 have thehsome meanings as in Fig. 1, and lO_isla_ _

35 distillation column; 11 is a heat exchanger; 12 is a hydro-

1ysis-column;_and 46 to 50 are conduits.



carbonic acid as a by- product,- etc. are distilled off, and the diester of @;a
odal it acid is withdrawn via condU|t 31. 5 The dlstlllate I s passed through
conduit 46, heated by heat exchanger 11, then passed through conduit 47, .

m xed Wi th steam from conduit 48 and | ed1Bo~hydrolysis colum 12. In

hydr-ol ysis colum 12, the diester of carbonic acid and 10 " an ester of

fowgic acid in the gas are hydrolyzed by the action of an al umina series
catalyst | nt pnathal dbbtilaadioar boluninoinge théhalgahedys an diledtermerfeby

formed, 1o Pasaednibrouel Sendubl83046aql edely BSA o24RNIAAY ck and then

freed from c I OXI STan sanme t1 ne corfdensed,
in a condensand(the dheshpr otheualnnlgcaﬁcghowlmbagay@ealﬁhp@m@vadbﬁHU|ts
50, 40 and 41 and recycled as an al cohol source to be supplied to
regeneration colum 3 via conduit 28. Further, a part of this alcoh%% may

be reused asThe alebhblassuiscpagspd shpprobycesduds. 450 headmsed
conduits .42 éﬁdhaﬁgeﬁsnhetﬁaﬁepasgéar earoﬁght h@hdub.}t uay, @il wiltswsheet

di agram as shown t o] r. pr enbodlnent f this
Cnvent | on v PFSER e eaBauil 4B, PR 1A HR BHOZOYEIA COER 1% obt ai ned
"25 by distilling off the al cohol and the ester of glycolic acid fornmed as
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al cohol correspondln to_the ester residue_of | ester oxalic acid
forned as a B§% 9?0@H€¥1d95 d?QFl9P§G°B§taﬂﬁPBGéht€§ﬁ6@Wt ngeﬂhe i stil -

35 lation psﬁsdaethﬁoughhdbawalth49ugboageaubtys hehtaegcha had to
distillation_c the .distiJ | ati col um an ster of
gl ycolic aC|%n$oEﬂ%B §§e§db§rBPOSEEP°“ 8?§Fﬁlﬁgdgﬁﬁt t 44

15 same time condensed, in a condenser (not shown) Then,

' this alcohol is passed through conduits 50, 40 and 41 and
recycled as an alcohol source to be supplied to regeneration
column 3 via conduit 28. Further, a part of this alcohol,
may be reused as an alcohol source to be supplied to con-

20 denser 2 via conduits 42 and 25,.as.the case requires.

Further, by way of the flowsheet diagram as shown in Fig. 3.,
still another preferred embodiment of this invention will be
described in detail, in which ethylene glycol is obtained

25 by_distilling off the alcohol and the ester of glycolic acid
formed as a by-product from the condensed liquid obtained in
condenser 7 and containing ethylene glycol as the major
component. In Fig. 3, 4 to 44 have the same meanings as in
Figs. 1 and 2, and 13 and ‘14 are distillation columns; and

30 51 to 59 are conduits.

In distillation column 8, the alcohol corresponding to the
ester residue of the diester of oxalic acid formed as a by-
product, is distilled out through conduit 39. The distil-

35 'lation residue is withdrawn through conduits 51 and 55 and
led to distillation column 9.



qigtnixed with the diester of oxalic acid fromconduit 31. 5 Further, -the:
detst)i | | ation residue of distillation colum 8, usually contains a
I'~ght - boi | i ng substances such as ethanol and water. Accordingly, although .
the distillation residue of distillatjojgcolum 8 may be led directly to
distil- lation colum 9 as nentioned above, it is preferred to 10 provide a .
route in which said residue may be led to distil- lation colum 13 via e

conduf't 52;, 39S sG] | dowiini o) s cssely of glgeolisdaedl through
conduit 53, and the distillatjon residye thﬁ{%QV ogt ned gax bg L%d4ho
distill ati deraedud® @ RYrRIGAHGEs bﬁ%ﬁ% e oud o PREg, cppaut
distillati gpar aSixélde wiftidittd |diadd ear cof uwxaPiceyché Eedmt coddatitl Bati on
colum 14 via conduit 56 to obtain the intended ethylene glycol of high"
purity through conduit 58. In this case, the high boiling distillation 20
resi dug i's reirthiear,gathey idi soilidiaticy vesidbetdf dystihliardon cpdumnedent
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9.1% by volsulrstainces mdy rbe rdietiBledo dytvbhuaugbf conduit 53, and the
distillation residue thereby obtained may be led to

distillation column 9 via conduits 54 and 55.

15 _ . :
If desired, the distillation residue of distillation column
'9 may be led.to-distillation column 14 via conduit 56 to
- obtain the intended ethylene glycol of high purity through
conduit 58. In this case, the high boiling distillation
20 residue is diSCharged via conduit 57 out of the system.

Now, the'preéent invention will be explained in more detail
.~ with reference to the following Examples which should not be
" construed to limit the presént invention. |
25
Example 1.

In the tubes of a stainless multi-tubﬁlar reactor A, which.
_ has 6 tubes having an inside diameter of 36.7 mm and a
30 height of 550 mm, there was packed 3 kg (3 liters) of a
yY-alumina cataiyst 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. o - S -

35 A gaseous mixture of carbon mondxide-ahd the regenerated
gas from the regeneration column mentioned below (pressure:
6.2 kg/csz, composition: 22.0% by volume of carbon monoxide,



ni trogen nonoxi de, 9.4% by volume of nethanol, 8.5% by vol une of carbon
di-®xi o and 47.0%.by vol ume .of nitrogen) was preheated to about 90 C. by a

. heat exchanger, and 5 , then introduced-fromthe top of this catal yst |ayer,
at a rate of 12.0 [err] by.a di aphragmgasy recycling punp, and the
tenperature of the catalyst |ayer was nmaintained at 104 to [err]. by

cireul ating hot water to the shell side of the reactor. 10 The gas passed
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of met hanol ) 2nén thRe temperature of; fhe KatPy s karer i einta;

of a non-congenged ¢as 1070MMsSiblyi @ircliladindy Wit watdrirgd ahe asHEIL

nonoxi de, 3. 9%.by vol unme of thyl nitrite, 6.8% by volune of nitrogen
nonoxi de, 24?29@b9\év5‘#1‘3n§e&° t"hanol , 7.6% by vol une of carbon di oxi de and
41. 4% b¥Ovol une of nitrogen) was obtained. 30 To this non-condensed gas,
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liters/hB.. 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 the condenser, there was obtained 2.8
200 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, from the top of the condenser,
_ 13.6 Nm3/hr. of a non-condensed gas (composition: 15.4% by
25 volume of carbon monoxide, 3.9% by volume of methyl nitrite,
6.8% by volume of nitrogen monoxide, 24.2% by volume of
methanol, 7.6% by volume of carbon dioxide and- 41.4% by
volume of nitrogen) was obtained. | |

30 To this non-condensed gas, 140 liters/hr. of oxygen and 9
liters/hr. of nitrogén_monoxide were mixed (the molar ratio
of oxygen to_nitrogen monoxide in the gas béing 0.15) and
the mixture was led to the bottom of the gas-liguid contact
type regeneration column having an inside diameter of 158 mm

35 and a height of 1,400 mm. 'From the top-oflthe column,
methanol (including the methanol reéycled from the regene-
ration column) was supplied at a rate of 40 liters/hr.



- (2.2 Iiters_/hr.. of which was the one supplied fromthe distillation
cofumm A nentioned below). The countercurrent contact was carried out &t as

tenperature of about [err]. (i.e. 30 C. at the top of the colum .and 400 C.
at the 5 bottom of the columm), whereby nitrogen oxide in the gas was
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On the other haﬁd, 1.4 liters/hr. of an agqueous methanol
solution centaining 20.0% by weight of water, withdrawn from
‘the regeneration column, was subjected to distillation to

20 remove water and then reused as a methanol source for said
column.

Mixed with 2. 8'kg/hr. of the condensed liquid withdraWn from
said condenser A was O. 05 kg/hr. of methyl glycolate obtalned

25 from the distillation column B mentioned below. The mixture
was pressurlzed to 30 kg/cm G, mixed with 29.8 Nm3/hr.'of a
gas having the'same pressure and composed of 74.0% by volume
of hydrogen, and- 25.2% by volume of nitrogen, and heated to
about 200° C. The gaseous mixture thereby obtained was

30 supplied to the'reeetor—B having an ihside_diemeter of 42.6

' mm and a height of 2500 mm (packed with 3.0 liters of Cu-Cr-

Ba series ST-203 catalyst made by Sakai Kagaku Co.).

The gas passed through the _ca_.'t':al'y'st. layer, was led to the
35  condenser B having an inside diameter of 53.5 mm and a

height of 1500 mm, and cooled to about 40° C. From the

bottom, there was obtained 2.85 'kg/hf.' of a condensed liquid



- 19 - (cconposition: 22.8% by wei ght of et hyl ene glycol, 75.4% by weight of. &
meshdrmol , and 1. 7% by wei ght. .of nethyl 3 glycolate). Cn t he ot her hand,
28.6 Nm/hr. of the non- condensed -gas w t hdrawn from the top (conposition:
73.8%5 by vol une of hydrogen, and 2G 2% hy vol une of. nitrogen) was
recycled as said hydrogen source. To the distillation colum A having an
|n§Lge di aneter of 30 mm and a height of 3000 mm 2.85 kg/hr. of the
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30 mm and a b,glgg%c@fclwggﬂgaf@qw@ﬁdéd efbwdicel, tenperature of 950 C. at

20 the top-and [efr]. at the bottom ~ Recycled to said reac- tor B was
0. 05 kg/ hr. of nethyl glycolate distilled fromthe top. On the other hand,

fromthe bot H‘anth@lﬁrlgﬁmaﬁﬁoﬁi el ey A KEVimg Gin einyd Gl tdneedr he®i ng a
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pal | adi um 21:99 and (}&§é’0t¢s @t ttihee hadihintes s fhe methangk disielbed 1. 8
kg/ecm G from the top was recycled to said regeneration column at
| _ a rate of 2.7 liter/hr. On the other hand, 0.71 kg/hr. of
. 15 the distillation residue obtained from the bottom (compe-
' sition: 91.6% by weight of ethylene glycol, and 7.0% by
weight of methyl glycolate), was led to a distillation
column B having an-inside diameter of 30 mm and a height
of 3000 mm, and distilled at a temperature of 95° C. at
20 the top and 158° C. at the bottom. Recycled to said reac~
'  tor B was 0.05 kg/hr. of methyl glycolate distilled from
the top. On the other hand, from the bottom, there was
obtained 0.70 kg/hr. of ethylene glycol hav:.ng a purlty of
98.5% by weight, as the distillation residue.

25
Example 2

In the tubes of a stainless multi-tubular reactor A, which
has 6 tubes having an inside diameter of 36.7 mm and a
30 height of 550 mm, there was packed 2.5 kg (2.5 liters) of
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 welght
of palladlum.'
35 a gaSeous_mixturé compressed under a pressure of 1.8 kg/csz .
and composed'of carbon monoxide and the regenerated gas from
the regeneration column mentioned below (composition: 20.0%



qg@,conposed of carbon nonoxi de and the regenerated gas fromthe ,

' neration colum mentioned bel ow (conposition:-.20.0% - 20 - by volPunee
o ‘carbon nonoxi de, 15.1% by vol ume of methyl nitrite, 3. 1% by vol unme of
ni trogen nonoxide, 13.2% by volune of ggthanol, 2.0% by. vol une of carbon

di oxi de and 46.9% by vol ume of nitrogefif was preheated to about [err]. .
by a heat exchanger, and then introduced fromthe top of this catalyst«’ %1*
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havi ng " . hezght of 1,400 mm, and from the too of the condenser, .
15 methanol was introduced at a rate of 1.3 11ters/hr.,
whereby the countercurrent contact was carried out at a
temperature of 40° C. at the'foP and 43° C. at the bottom.
From the thtom of the condehser, there was obtained 2.2
 kg/hr. of a condensed liquid (composition: 48.0% by weight
20 of dimethyl oxalate, 1.5% by weight of dimethyl carbonate,
0.3% by weight of methyl formate and 48.0% by weight of
methanol). On the other hand, from the top of the condenser
5.0 Nﬁ3/hr, of a non-condensed gas (composition: 13.3% by
volume of carbon monoxide, 7.4% by volume of methyl nitrite,
. 25 11.9% by volume of nitrogen monoxide, 14.2% by volume of
methanol, 2.4% by volume of carbon dioxide and 50.9% by
volume of nitrogen)-was obtained.

To this non-condensed gas, 104 o llters/hr. of oxygen was
30 mixed (the molar ratio of oxygen to nltrogen ‘monoxide in
the gas being 0.18) and the mixture_was led to the 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 was supplled at a
.35 rate of 5.0 llters/hr. (2.0 liters/hr. of which was the
one supplied from the distillation column A mentioned
below. The countercurrent contact was carried out at



an inner-dianmeter of 158 nmand a height of 1,400 mm Fromthe top of the
colsunt® net hanol- was supplied at a 35 rate of 5.0 liters/hr. (2.0
liters/hr. of which was t he one supplied fromthe dlstlllatlon colum A

menti oned bel ow. The countercurrent cont ¢ Was carried out at - 21 - a

tenperature of 40 C. at the top and 42 T “at the bottom whereby nitrogen
oxidg i n the gas was regenerat ed into nmet hyI nitrite. The regenerat ed gas
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The m xture. was pr.essuri tQ 30 kg/cm ed with 10 of a gas
havi ng the s&™& t%r"&‘%e&a%cf‘ 2‘?)’ égﬂ%% ‘Eﬁ‘%@‘z‘%’rb?x ?Urrgﬂéfp BY dr ogen,
and 14. 0% by vedlunee off mutihrydg ari trirtte helat 3% By whbute 200 (néxhdiel gasrdus
mxturether S S |,i t C, [ a de
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S . reactor A. On the other hand; 4.15 liters/hr. of an
15 'aqu_eou's methanol solution containing 94.5% by weight of

methanol, withdrawn from the regeneration column, was

subjected to distillation to remo_ve water and then reused

as a methanol source for said column.

20 Mixed with 2.2 kg/hr. of the condensed liquid withdrawn
from said condenser A was 72.5 g/hr. of methyl glycolate
obtained from the distillation column B mentioned below.
The mixture was pressurized to 30 kg/csz, mixed with
10.0 Nm3/hr. of a gas having the same pressure and '

25 composed of 83.2% by volume of hydrogen; and 14.0% by
volume of nitrogen,_and heated to about 200° C. The
gaseous mixture thereby obtained was sﬁpplied to the
reactor B having an inside diameter of 42.6 mm and a
height of 2500 mm (packed with 3.0 11ters of Cu-Cr—Ba

30 series ST-203 catalyst made by Sakal Kagaku Co.).

The gas passed through the catalyst layer, was led to the
condenser B having an inside diameter of 53.5 mm and_a,
height of 1500 mm, and cooled to_aboﬁt 40° C. From the
35 bottom, there was obtained 2.3_kg/hr. of a condensed
liquid (composition: 23.1% by Qeight of ethylene'glycol,'
72.5% by weight of methanol, and 3.2% by weight of methyl

e



t of 2500 mm (packed with 3.0 liters of Cu-Cr-Ba 30 series ST-203

3| yst made by Sakai Kagaku Co.). The gas passed through the catal yst # .
er, was |led to the condenser B having an inside dianmeter of 53.5 nm and

a height of 1500 nm and cool ed to about 400 C. Fromthe 35 bott om ®
there was obtained 2.3 kg/hr. of a cen@@nsed |iquid (conposition: 23.1% by
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‘of the distillation residue obtalned from the: bottom
(composition:- 84.7% by weight of ethylene glycol, and
15 12.2% by weight of methyl glycolate), was led to a distil-
lation column B having an inside diameter of 30 mm and a
‘height of 3000 mm, and distilled at a temperature of 95° C.
at the top and 158° C. at the bottom. Recycled to said
reactor B was 72.5 g./hr. of methyl glycolate distilled
20 from the top. On the other'hand; from the bottom, there
was obtained 0.51 kg/hr. of ethylene glycol having a purity
of 98.1% by weight; as the distillation residue. |

Example 3
In the tubes of a stainless multi-tubular reactor A, which
has 6 tubes having an inside diameter of 36.7 mm and a
height of 550 mm, there was packed 3 kg (3 1iter$) of a.
y-alumina catalyst in a form of pellets'having a diameter
30 of 5 mm and a height of 3 mm and carrying 0.5% by weight
of palladium.

A gaseous mixture of carbon monoxide and the regenerated
 gas from the regeneration column mentioned below [pressure:

35 0.2 kg/cm2 (gauge pressure) composition: 22.0% by volume
of carbon monox:.de, 9.1% by volume of methyl nJ.trJ.te, 3.1%
by volume of n:.trogen monoxide, 9.4% by volume of methanol,



has' 6-t Ubes havi ng an i nside dianmeter of 36.7 mm and a hei ght of 550 mm
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top of gle Ccpadey Bfa’&dkér%c‘ﬁ:. tgﬁé 2Q£8 %(i!;?nh @%&R{Qc Rypa the

bottom o

the- con enser ere conde sed-:

liquid (conpsondesserid ef nggﬁtn dmsdidae 3B g Andued ght  of
di met hyl car heighe 0%01 40002, bYandeifiim afhd Bidy |o£f mt&:&a&é& 0% by

wei ght of
[err]. of
nonoxi de,
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nmet ha oI) the ot her , fro he t t he ondenser

a A& 4&35%§;§E|QNF3 qﬁ%é%ﬁiiﬂ T war bon.

3. QﬁebﬁbWOEMEEc@hnﬂdﬁ@ﬂrnanthnntact 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 the condenser, there was obtained 2.8
kg/hr. of a condensed liguid (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, from the top of the condenser,
13.6 Nm3/hr. of a non-condensed gas (composition: 15.4% by
volume of carbon monoxlde, 3.9% by volume of methyl nitrite,
6.8% by volume of nltrogen monoxide, 24.2% by volume of
methanol, 7.6% by volume of carbon ledee and 41.4% by
volume of nltrogen) was obtained. '

To this non-condensed gas, 140 liters/hr. of oxygen and 9
'llters/hr. of nltrogen monoxide were mixed (the molar ratio
of oxygen to nitrogen monoxide in the gas being 0.15) and
the mixture was led to the bottom of the gas-liquid contact
type regeneration column'having an inside diameter of 158
mm and a height of 1,400 mm. From the top of the column,
methanol including the methanol reéycled from the regene-
ration column was supplied at a rate of 40_liters/hr.

(0.7 liter/hr. of which was the one supplied from the
distillation column B mentioned below and 1.77 %./hr. of

-~



(é.:g% by vol unme of nitrogen nonoxi de, 24.2% by vol une of 25 met hanol , 7.6%
by ol ume of carbon dioxide and 41.4% by vol une of nitrogen) was obtained. e
To this non-condensed gas, 140 liters/hr. of oxygen and 9 liters/hr. of

ni trogen nonoxi de were mixed (the nol ar atio 30 of oxygen to nitrogen
nonoxi de in the gas being 0.15) and t'he2 Xture was led to the bottom of

the gas-liquid contact type .regenerati.on colum having an inside di ameterJ

of 158 mm 0 t met hano
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The di schar ged as was cool e to to'renove

gas recyclln
condensed ﬁégﬁaﬁﬁp ) raftlren®e was #4d8d 550 (ite ‘Eﬁr}t"ﬂ’é BPRABT hand,

1.2 |itersklife,0knd theu i ury hﬁwls@;iln‘tedarto:mn&lmngréﬁsé%by wei ght -
of water, w thdrawn from.t.he re ener C distil-
20 latioff3t ﬁéﬁm’i&‘ix&ﬁé“%ﬁ’ a’lﬁ'é a@%?‘%ﬂiang‘? é%o’%?‘g}ééa '
“to 20° C. to remove condensed methanol, and then led to
15 the reactor A.

On the other hé.nd_, 1.2 liters/hr. :oi_f _ah é.queou_s methanol
solution containing 20.0% by weight of water, withdrawn
from the regenerat:.on column, was subjected to dlstll'-

20 lation to remove water and then reused as a methanol source'
for saJ.d column.

To a distillation column A having an inside diameter of
30 mm and a height of 3,000 mm, 2.8 kg/hr. of the condensed

25 liguid withdrawn from said condenser A was intfoduced and
distilled at a temperature of 63° C. at the top and 166° C.
at the bottom. From the bottom, 1.32 kg/hr. of a d1methyl
oxalate llquld having a purlty of 98. 0% by weight was
obtained. On the other hand, 0.96 Nm /hr. of a gaseous

30 dlstlllate composed of 96.7% by volume of methanol, 3. 2%

' by volume of dlmethyl carbonate and 0.02% by volume of

methyl formate, was obtalned

This gaseous dis_t‘iilate was led to a hydrolysis colm_tm hav-
35 ing an inside diameter of 28.4 mm and a height of 1,000 mm

[packed with 500 mf. of Neobead P (trade né_.me) ‘made by . |

Mizusawa Kagaku Co.] and contacted with 50 g./hr. of steam
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ight of 3,000 mm 2.8 kg/hr. of the condensed 25 liquid
rom sai d condenser A was introduced and distilled at a
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of [err]. at the top and [er2%.-at the bottom Fromthe botton1
of a dinmethyl oxalate liquid having a purity of 98.0% by wei ght

d. On the other hand, 0.96 [err]. of a gaseous 30 distillate

ékiéﬁé&y'ZQntuﬂa;ﬁwh&téhmod;métﬂ?ﬂbganhbnateoandimethyl
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af mmam wAs 1omm[mék§qcywlﬁd5’9@ Fb?r?b@vﬁleobead P

Imd o tua MedEmyea Kesi keb@ma . and contacted with 50 g./hr.
25 - at about” 200 C., whereby dinethyl carbonate and nethyl

t he gas were: hydrollzed and 1.77 liters/hr. of: nethanol was

R ER AR B e o e0s ka8 ToBrieharE "

nst de di aneter

of

' v, r 8 SwL € ,and~C
Iurre of hydgmol%%&@?% %%?%é %&ngta(;f §(2 f#o/gﬁ S gm}gea ed to
about AdD cwimh yygashaving utlzeta@n%mrmam@mva@oamaedeqft B7a5keact or
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ters of series ST-203 catal yst nmade by 3 Sa
Aand heage qwﬁqrﬁbou 200° C. The gaseous mixture thereby
obtained was supplied to a reactor B having an inside

diameter of 42.6 mm and a height of 2500 mm (packed with

- 3.0 liters of Cu-Cr-Ba series ST-203 catalyst made by

Sakai Kagaku Co.) at a rate of 30'Nm3/hr.

The gas passed through the catalyst layer, was led to a
condenser. B having an inside diameter of 53.5 mm and a
height of 1500 mm, and cooled to about 40° C. From the
bottom, there was obtained 1.5 kg./hr. of a condensed
liquid (composition: 43.9% by weight of ethylene glycol,
47.4% by weight of methanol, and 6.4% by weight of methyl
glycolate). On the other hand, 28.7 Nm3/hr, of the non-
condensed gas'withdrawn from the top (composition: 73.8%
by volume of hydrogen, and 26.2% by volume of nltrogen)
was recycled as sald hydrogen source.

To the distillation column B having-an inside diameter of

30 mm and a height of 3000 mm, 1.5 kg./hr. of the condensed

liquid obtained f:om the condenser B was led, and distil-
lation was carried out at a temperature of 65° C. at the
top and 158° C. at the bottom. The methanol distilled from
the top was recycled to said regeneratibn column at a rate
of 0.7 liter/hr. On the other hand, 0.79 kg./hr. of the
distillation residue obtained from the bottom (composition:
83.6% by weight of ethylene glycol, and 12.2% by weight of

Fbgée; Cafl £9058 Bl ghiumé 35091%§Qﬁ‘3§:ga\l’<\ﬂut h



¥y yas passed through the catalyst |layer, was led to a condenser B having -
"nsi de di aneter of 53.5 nmand a 20 hei ght of 1500 mm and cooled td &

abodt 40 C. Fromthe bottom there was obtained 1.5 kg./hr. of a condensed

| i quid (conposition: 43.9% by wei ght of,ethyl ene glycol, 47.4% by wei ght of

met hanol , and 6. 4% by meight of - net hyl % glycolate). On the other hand,

28. 7 anlhr of the non- condensed gas withdrawn fromthe top

(composi t | et %@ﬁlﬁw e gl ogena &deP012¥65K ¥BLUAR o naiLI ogen)

was recycl rogen source. 'To the distjl ion c B havi ng
an inside dingraneingi dl%mﬁ tex of 30 Hemgandot 9968 OQQHWhr of

|t 8&’”322%2‘5’; dapi Mo %‘*“”ﬁa@?‘éﬁ;mg?g ‘3§t““fh§h?gt°°§§“‘i‘§‘8' C a
the bottoml5Bf qret%rﬁ}}ed?%‘ﬁ‘? ‘ﬁ‘é BpSHhg FRAGEP g
regengfﬁflmfm 0:8§| . of ahetkﬁjél gbfcOldtei dtgthlledOﬁzbtlethehdmphand
0.79 kg./h di st h |
Ccompos; 1160 e &S Rand ' EfohCibe Lol Eflert il 9390@%%%@ ht. of
- 26 - net WISbIWMe)quYbelneoghdeéthavarlgoﬁ pyrdsy efh é\?-ol g an.

i nsi de d|a 0 qgn éﬂg +95n3088i80k.and distilled at a
‘tenperature of é@ the ?%%6%%23158¥C. a% the bottom Recycled to

said reactor B was 5 0.05 kg./hr. of nethyl glycolate distilled fromthe
top. Qp thegiisye hpnd, fromthe bottom there was obtained 0.67 kg./hr. of
et hyl ene glycol” having a purity of 98.0% by weight, as the distillation
resi due. 10 Exanple 4 In the tubes of a stainless nulti-tubular reactor
A, whi ch ham GeHelbatbhd@ b fida astainldesdinabeietubiilas. Feaotord Ay -hhight of

950 M LN WSBAGK SR {BsBabl BELALCBE 8F 36 7/uil WHAR catalvs!

in a form
helght of 550 mm, there was packed 2.5 kg. (2.5 liters) of

15 a y-alumlna 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 startlng material compressed under a pressure of

20 1.8 kg. /cm (gauge pressure) (composltlon. 20.0%. by volume
of carbon monoxide, 15.1% by volume of methyl nitrite, 3. 13
by volume of nitrogen monoxide, 13.2% by volume of nethanol,
2.0% by volume of carbon dioxide and 46.9% by volume of
nitrogen) was preheated to about 90° C. by a heat exchanger,

25 and then introduced from the top of this catalyst lafer by

a diaphragm gas-recycling pump at a rate of 5.4 Nm3/hr.,

and the temperature of the central portion of the catalyst

layer was maintained to be about 110° C. by circulating hot

water to the shell side of the reactor.: '

30 | | |
The gas passed thfough'thedcatalyst layer was led to the
bottom of a Raschlng ring packed gas-liquid contact type
condenser A having an inside diameter of 158 mm and a
height of 1,400 mm, and from the top of the condenser,

35 methanol was introduced at a rate of 1.3 liters/hr.,
whereby the countercurrent contact was carried out at a
temperature of 40° C. at the top and 43° C. at the bottom.



of 5 mmand a height of 3 mmand carrying 0.5% by wei ght of palladium A

gaseolds starting material conpressed under a pressure_of 2 20 1.8 kg./
(gauge pressure) (conposition: 20.0% by vol une of carbon nonoxi de, 15.1% by?

vol'une of methyl nitrite, 3.1% by vol ume2df =i trogen nonoxide, 13.2% by
vol ume of nethanol, 2.0% by vol une of carbon di oxi de and 46. 9% by vol une of

nlﬁiQQEh was preheated t o abqut . 900 by a heat exchan 25 a d then
introduced fFBAm kBer Bptiem ﬁ%stt:‘&t &PFQF“IS%T:er bg?rg H%%&E@rﬁ ycling
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‘was carried ggiufb 8ct BHPBHA! MbRoREAL) §. 43! KNG c1RmMeAdE ¥tHy1 aﬁlﬁﬂete,
bott om -27- Fron1th bott om of thé Cbndenser t here was obt ai ned

kg./hr. of alloﬂae9¥e8°ipﬂﬁlSf(66ﬁ§8§PP|Eﬁnqﬂ949%)&¢\%ﬁgﬁﬂ V& qﬂ%ﬁ&%yl

oxal ate, 1. Sﬁ(ebhamu.ghn ok BynwblyineCc atbeaaibon Aidiide \wnd)Iv0 .3 Bt hyl

oxal ate;and 48 O@bbg %ht of)5 nethﬁnol§ On the other hand, fromthe top
of the E8ndelekPme30f BLERPORP) BRS,°REFIESdensed gas (conposition: 13.3%
by vol une of carbon nDnOX|de 7. 496by volume of nethyl nitrite, 11.9% by

carbon di oxi 38 ShschBRykBfaphees bk, (T1oTh T1 B of it AT O
mixed (the molar ratlo of oxygen to nitrogen monoxide in
the gas being 0.2) and the mixture was led to the bottom
15 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 supplie& at a
‘rate of 5.0 liters/hr. (0.65 liter/hr. of which was
supplied from the distillation column B mentioned below

20 and 1.33 liters/hr. of which was supplied from the
hydrolysis column mentioned below. The countercurrent
contaet was carried out at a temperature of 40° C.'at the
top of the column and 42° C. at the bottom of the column,
whereby nit;ogen oxide in the gas was regenerated into

25 : methyl nitrite. The regenerated gas from the regeneration
column (composition: 13.0% by volume of carbon monoxide,
16.3% by volume of methyl nitrite, 3.4% by volume of
nitrogen monoxide, 14.7% by volume of methanol, 2.3% by
volume of carbon ledee and 50.0% by volume of nltrogen),

30 ~ was supplied to and compressed by sald gas recycling pump
at a rate of 5. 1 Nm3/hr. To 4.7 Nm /hr. of the dlscharged
gas, there was added 0.7 Nm /hr To 4.7 Nm /hr. of the
discharged gas, there was added 0.7 Nm3/hr. of a gaseous

. mixture containing 66.8% by'volume of carbon monoxide, 6.3%

35 by volume of methyl.nitrite, 1.3% by volume of methanol,
and 23.6%'bijolume of nitrogen, and the mixture was led
to reactor A. |



-'IZi-s ‘non- condensed gas, 119.0 liters/hr. of oxygen was m xed (the nol ar
ratl/o of oxygen to nitrogen nonoxide in the gas being 0.2) and the mxtute ¢
"was led to the bottom 15 of the gas-liquid contact type regeneration
colum having an inner dianmeter of 158 ggn.and a height of 1,400 mm From
the top of the colum, nethanol was supplied at a rate of 5.0 liters/hr.
(0.65 liter/hr. of mhich was supplied fromthe distillation colum B
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as a dﬁegha%ttam&égce ool 3l GORARand? & T4 Sk /REl 09ECcal gaBebuBavi ng an
i nsi de di aneter
distillate composed of 98.5% by volume of methanol, 1.13% .
'315 ' by volume of dlmethyl carbonate and 0. 29% by volume of

methyl formate, was obtained.

Thls gaseous distillate was led to a hydrolysis column hav-
1ng an inside dlameter of 28.4 mm and a height of 1,000 mm
20 [packed with 500 m%. of Neobead P (trade name) made by
' Mizusawa Kagaku Co.] and contacted with 17 g./hr. of steam
" at about 200° C., whe:eby dlmethyl_carbonate and methyl-
formate in the gas were hydrolized and 1.33 liters/hr. of
methanol was obtained and recycled to the above-mentioned
25 ‘regeneration column. '

Mixed with 1.07 kg./hr. of dimethyl oxalate obtained from
said dlstlllatlon column A was 72.5 g. /hr. of methyl glyco-
late obtained from the dlstlllatlon column C mentioned
30 below. The mixture was pressurlzed to 30 kgi/csz.; then
mixed with a gas havinglthe same preseure and composed of
83.2% by volume of hydrogen, and 14.0% by volume of
nitrogeh,'and heated to about 200° C. The gaseous mixtu:e
' thereby obtained was supplied to a reactor B having an
'35  inside diameter of 42.6 mm and a height of 2500 mm (packed
with 3.0 liters of Cu-Cr-Ba series ST-203 catalyst made by
Sakai Kagaku Co.). | '

<



30 mm and a height of 3,000 nm 2.2 kg./hr. of the condensed |iquid _p@)
wi t hdr &wn from sai d condenser A was introduced and 10 _distilled at a- \
tenperature of [err]. at the top and [err]. at the bottom Fromthe bottom
1.07 kg./hr. of a dinethyl oxalate liquird¥%aving a purity of 99.0% by
wei ght was obtained. On the other hand, 0.74 [err]. of a gaseous

di stil| ¥t e copgposed of 98.5%.by volu of nethanol, 1.13% 15 by vol une of
di methyl car bERS: §28828308BYOUGh. FBe FATBIATE 13usEr YA S Shita dod.
Thi s gaseous doa@ehketreBwhaviad aa dnBjideoldiameted &P 333\6 nimiGri 4 nsi de

Neobead P (. BatofE 821400 ", a0, Bl LR Bl e 3 el P £1, "

g./hr. of stebmtuomabbherQOWQSCDbtahaedbﬂ.dMnkghyhfcanﬁbmatm?ﬂmmhsaﬂfnﬂ-
f te i& the; : ¢ @l L zedsand gl st @hS - S
ormate ig f;&é%ﬁ‘é‘@&?ﬁ%ﬁ%@%ﬁﬁ. 43095’ b%gg]eééﬁt ¥ et%&g.t'é‘iehag& ey

obt ai ned and recC ove-nentio -regene Ion *C
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colum A was g2ySolat8). ObnMehBYbtHEYCAankat ©.0bk@Pee f GFNHRe non-
distillation- The m xture was %s_,s%url zed

tion 2 30 bel ow.

to 30 kg./cm ?§8 %?Tgﬁgngnggdé’%g&rﬁwﬁagrﬁﬁ'vftﬁ& tRe dspm
conposed of 88y290bymeobﬂnhydio§¥ﬂ50sﬁd,lﬁnd%lﬁy??bhhghobgrmﬂﬂﬁgﬁéﬁﬁﬂen,

h caaThE. xture thesweby obtai ned was
gﬂgplFgéf€otgw$€g€%%¥gééha3?nggéﬁaggaggggéiEguﬁﬁgneteryof 42.6 mMm and a
hei ght of 2500 nm (packed with 3.0 liters of Cu-Cr-Ba series ST-203 .

| d kA . CO. i -29. Tk t.hr . .
catal yat | ayers”sne FLatPIRaueR datumn, 8 nalificldh, 128100 wlefidn 0%, o
mm and a hei ghd R amdoarheight @80B8A0t Bmahduil44Bg.hrrr of the isondemsed

there was obthkidqeid loBfakSedhfroff tReCOBHABASEr B was led, and distil-
15 lation was carried ocut at a temperature of 65° C. at'the
top and 158° C. at the bottom. The methanol distilled from
the top was recycled to said regeneration column at'a rate
of 0.65 liter/hr. On the other hand, 0.59 kg./hr. of the
distillation residue obtained from the bottom (comp@sitidn:
20 84.7% by weight of ethylene glycol, ana 12.2% by weight of
methyl glycolate), was led to a distillation column C hav-
ing an inside diameter of 30 mm and a height of 3000 mm,
and distilled at a temperature of 95° C. at the top and
158° C. at the bottom."Recycled to said reactor B was
25 72.5 g./hr. of methyl glycolate distilled from the top.
.On the other hand, from the bottom, there was obtained
0.51 kg./hr. of ethylene glycol having a purity of 98.1%
by weight, as the distillatibn residue.

30 Example 5

In the tubes of a stainless multi-tubular reactor A, 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)
35 or 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. - ' | .



-15 liquid (conposition: 43.9% by wei ght of ethylene glycol, 47.4% by
. /wel-ght of nethanol, and 6.4% by wei ght of nethyl 3 glycolate) On the ot her
%§ d, 9.2 Nm/hr. of the non- condensed gas wi t hdrawn fromthe top .
nposition 83. 7% by vol ume of hydrg and 15. 5@6by vol ume of nltrogen)
10 was recycled as said hydrogen So To the distillation colum B
havi ng an i nside di aneter of 30 nn1and a helght of 3000 nn] 1.14 kg./Nf \jﬁ
t he condensed |i qui d obtained he condens stll- 15°
| ation wes F3F99%% IRIELG PR ’é?'ﬁ uF‘BmBFengg] “gg\é@t ﬁ'e Eaﬁgiﬂwao C. at.
the bott ofgaude piréssure) dieomposiltionm abeosopmolmwolfecambomu
regeneration co 5 r t Re oqt Rihe 0. 59
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20 84. muy;mgm ménexhgeend. gﬂsybm W&WleZ%tB?f\ﬂé-ug B¥et hyl
9' yeqat e.}o d%an?ndﬂfokihét aaa 69 88NbG RALumen®Mmiitidgén)di anet er
of nm an helg

an istilled at a,tenperat of 950 C.
at the tdfﬁ%mirql%ateaaptﬁh°ﬂgnb9m Rebyclaeheta(’} &XC 5‘%’% LgB

72.5 9./ hintftidﬁ@é&yfrahyenéate dbst thbedaftamyswaalym ben & Kk ot her hand
fromthe bottom there

t al ned 51 k f gl haV|ng
a purity Rﬁr@@‘ﬂﬁ%yrw{jif‘ ngBYPRe2 g & irFI |gd€n z(r%esg?éﬁ%aﬁ% agarrpl e5In
the tubestipé temperatase oﬁlthetobntaalrpactopnAOﬂMhhﬁwqaﬂakyatmms havi ng

N 195 1 HETRHEL 41288 0n0E! 05R UBHGR! 19T DORyTBAdhersinp packed

3.85 m na cat al formof pellets
havi ng a mnmterof-OSthm ahqlé gaédghefothe m%aﬁr'fd’rcarryl ng 0.5% by wei ght
of pal | adi um -30- A gaseous starting material conpressed under 1.8 :

- kg./cn® auge pressure conposi tion: - 20.0%_.by. vol ume of _carb n
J § quag passed)t oggh the catalyst(iayer was led to t

" .bottom of a Raschlng r1ng packed gas-llquld contact
15 condenser A hav1ng an inside dlameter of 158 mm and a
| hezght of 1, 400 mm, and from the top of the concenser, _

ethanol was lntroduced at a rate of 8.0 liters/hr., whereby
the countercurrent contact was carrled out at a temperature
of 60° C. at the top and 63° C. at the bottom. From the

20 bottom of the condenser, there was obtained 2.5 kg'/hr.
of a condensed liquid (com9051tlon- 54.7% by welght of
diethyloxalate, 1.8% by welght of dlethyl carbonate, 0.3%
by welght of ethyl_formate and 41.8% by weight of ethanol).
On-the other hand, from the top of the condenser 24.9

25 'Nm3/hr. of a'nonecondensed gas (composition: 16.7% by
volume of carbon monoxide, 4.6% by'volume of ethyl nitrite,
4.6% by volume-of nitrogen monoxide, 16.0% by volume of
ethanol, 3.3% by volume of carbon dioxide and 54.0% by
volume of nitrogen) was obtained.

30. |

' To thls non-condensed gas, 118.5 N2./hr. of oxygen was mixed

(the molar ratio of oxygen to nltrogen monoxide 1n the
gaseous mlxture being 0. 104) and the mixture was led to the
bottom of the gas-llquld contact type regeneratlon column

35 having an 1nner diameter of 158 mm and a height of 1,400 mm.
From the top of the column, ethanol is supplied at a rate of
2.3 liters/hr. (1.0 liter/hr. of which was supplied from



nmonoxi.de, 7.0% by volume of ethyl nitrite, 3.0% by volume of nitrogen
nmonoxi®e, 6.0% by volunme of ethanol, 3.2%by 5 vol unme of carbon dioxide
and 59. 8% by vol unme of nitrogen) was preheated to about 90 C. by a heat
exchanger and then introduced fromthe toplof the'catalyst | ayer by a dia-
phragm gas-recycling punp at a rate of 23.0 [err]., and the tenperature of
theHQeﬁfral portion of_ the_ catal yst 10 | ayer mas mai ntai ned to be about

‘[err]. by cirtaeadisglhbetigneroligmnnid B‘ﬁEFF-°§P§ebel°f’ﬁe r 8@ SOURRRFYas
passed thr Ougéui'f‘énﬁaé@hi&éﬂ w8l capgikadous hlteabateh@mftu&mmm aJng

packed gas-Ii tact condenser A avi.ng of 158
nm and a hei gh g? g250°ﬁn?h e, FALFPBnRPRe ?opbOfa?hghfohggﬁf
was |ntroducedohmmn,rahereby8nﬂttogensmbnox1dbemabyhehgasowasemagenanated

contact vs cpLhedugyt gl s t8IPehALULEBhel ShLl oal e Whetddid] . 2t

the bottom rom om o e“condenser ére was obt ed 2.5
kg./hr. of a rahiensedlunpuigonpoapbirnion8.q3. b%)wplwmegnﬁ s_arbon

d|ethyloxalaiﬁbngx§3gby7m@%gﬁ§ 9&19h6t3¥|etﬁ ﬁoﬂitﬁatg 3% 1% Wy Q1 udle

ethyl formate and 41. 8% by wet ght hanol On the other _hand,. fromthe
top of the coPfiehs E¥°2§n9m8n251deNn§fﬁF byt valyBs- 95n&§ﬁ§€&lga§-3% by

( conposi ti on: vdbundb &¥ t‘@i‘ﬁﬁﬁ ai og2a80and0 80X 7debyd volule W& wikreigedi)hy!
nitrite,; 4.6% by volu 8 ni tr gen nonoxsg by vol une .qf ethanol
3. 3% by ’v%l un® %f LEPHOR dF‘ax?B RUPESS§ b?YvéF‘&é FeErSdeme

obt ai ned. 30 db ahrataeoofc2dénNmd/has, Td822.BeNm[ /hirr.. oifthey@am-mas

m xed (the f gan 3xi de e

m xt ure belndéﬁéﬁ%§§ gﬁg ﬁég nYégeg§géa|ea7?§Ht ggboF O%F%ﬁ@ﬁ%‘ﬁf&ture
gas-liquid corertairning ngéhebm vohume| afincazbonhaeonggide i drd® divanet er

of 158 mm andv@mﬁégaf eh#ﬂﬂ.@tfﬂeﬁamhs t 98 18khet Be %Q'h@.%l Lol is

supplied at a rate of ters/hr. (1 lifer/hr. of |<:hgm%s supplled

from, 23.6% by volume of nitrogen, and the mlxture wa

the reactor A.

On the other hand, 8.9 liters/hr. of an ethanol solution
-oontaining 4.3% by weight of water, withdrawn from the
20 regeneration column, was subjected to dehydration and
then reused as an ethanol source for said column.

To a dlstlllatlon column A having an inside dlameter of
_ 30 mm and a height of 3,000 mm, 2.5 kg./hr. of the
25 = condensed liquid withdrawn from said condenser A was
introduced and distilled at a temperature of 78° C. at
the top and 185° C. at the bottom. From the bottom,
1.38 kg./hr. of a_diethyl oxalate liquid having a purity
of 98.9% by weight was obtalned. On the other hand, 0.52
30 Nm3/hr. of a gaseous distillate composed of 97.8% by
- volume of ethanol, 1.7% by volume of dlethyl carbonate
‘and 0.5% by volume of ethyl formate, was obtained;

This gaseous dlstlllate was led to a hydroly51s column
35 having an inside diameter of 28.4 mm and a height of 1, 000
'*  mm [packed with 500 mf of Neobead P (trade name) made by
Mlzusawa Kagaku Co.] and contacted with 18.0 g./hr.
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SV



<' Jﬁ%i the distillation colum B mentioned bel ow). .The counter- . current
' act was carried out at a tenperature of [err]. at the top of the colwm,
and 420 C. at the bottom of the columm, whereby nitrogen nonoxide in the

gas was regenerated 5 into ethyl nitrjte. The regenerated gas fromthe®
regene- ration colum (corrposition I'83A?%‘by vol une of carbon nonoxi de,
7.1% by vol une of et hyI nitrite, 3.1% by volune of nitrogen nonoxide, 6¢ '/ '

by vol une o hanol 3%.b e % vol u
of nitr ogeﬂ)L' %’ \ﬁ’sa?&%:l )éeozl?(yt %nd’%eo%&rhﬂdﬁébﬂ og‘gt%e%g%l i ng
punp at a eshglofofmake| dmr jthel gaz wereerhydrakized m@ 1333;hh;geusghs-

t here was SQdS@hgnglNWﬁﬁhrobt%f fpeous mxture containing 71.5% by vol une

of carbon RDNOXI vol une of ethyl nitrite, 0.6% by vol ume of
et hanol, and 15 23.6% by vol unme of nitrogen, and the m xture was led to

thet r eget Ohiﬁggioﬂvﬁtﬁie l°t3{3e'kf9h9’"ft¥ &P dt:l.hédﬁ{ﬂ fﬁxax&ﬁrblggaﬂﬂea s8bM! | I on

cont ai ni ng y wei 0 er, W r e neration
col um, wa&ad@ppé l%é: f@éﬂ’b f%?f"’ r%ﬁé%d ag ﬁh%ihgﬁ8F°source
for sgl d ﬁmhuﬁnob}amem SHrion aihwmm:mrmfa?.dmwm € nmeneidhedet e(rj of 30
mm and a t o 000 m €, 2 [

wi t hdr awn sﬁg f¥sai o AT Ka(ﬁag?ﬁ[ %%P écg %%ds%l T'f%g & LQ&H

t enper at urmx’ed?ﬁﬁ.tﬁ 1. & m%/dp: angasthaying the meom-‘eﬁsonethadbottom
1.38 /h | y1 81 0981,9% by wei ght
was ogt ai négmﬁ%ﬂ g%%erd%%f%&% WA%&P%QI& ]égs)eogsbgl-osti llate -
conposed oWQW/@@ym&r%%f aé'&%zi?ﬁﬁteq 0, 3R00WH| 24%R° of - di TRAyY| carbonate
and 0.5% &a&@bﬁ%ﬁm&&ﬁﬁseﬂtﬂéy b ¥EEnad v fesup i 6agesequsediebicl | ate

wasledtoa drol ysi g-cql hav n_inside_di of 28.4 mm -

and a hei ght 5’%11‘9066‘ ”-nsr#m;}]&@ﬂ?ot 91?5'%)% &R 30 %fagebﬂéa BE(trade

-narre) made 2pg ol mus padkegh i 1o 3. mrnmamfemlumthsaSsergeéhST-zw :
- 15 catalyst made by Sakai Kagaku Co.).

The gas passed through the catalyst layer, was led to a
condenser B hav1ng an inside diameter of 53.5 mm and a
height of 1,500 mm, and cooled to about 40° C. From the

20 bottom, the:e was obtained l.S_kg./hr. of a condensed
liquid (composition: 36.3% by weight of ethylene glycol,
56.0% by welght of ethanol, and 4.9% by weight of ethyl
glycolate). On the other hand, 10.1 Nm3/hr. of the non-
condensed gas withdrawn from the top (composition: 83.8%

25 by volume of hydrogen, and 15.5% by volume of nitrogen)

. was recjcled as said hydrogen source.

To_the distillation column B having'an inside diameter of
30 mm and a height of 3,000 mm, 1.5 kg./hr. of the condensed
30 liquid obtained from the condehser B was led, and distil-
lation was carrled out at a temperature of 78° C. at the
. top and 158° C. at the bottom. The ethanol distilled from
the top was recycled to said regeneratlon column at a rate
of 1.0 llter/hr._ On the other hand, 0. 64_kg /hr. of the
35 distillation res1due obtained from the bottom (composition:
85.0% by. welght of ethylene glycol, and 12.2% by weight
of ethyl glycolate), was led to a distillation column C



- 32 - .of steam at about 200 C., whereby dlethyl car bonate and et hyl
forﬂatﬁ In the gas_were hydrollzed and 1.33.liters/hr. of ethanol was

obtai ned. ' 5 Mxed with 1.38 kg./hr. of diethyl oxalate obtained fromsaid _
distillation colum A was 75.0 g/ hr. of -et3g/l- glyco- |ate obtai ned fromthe
disti-]lation colum C nentioned 2 below. The m xture was pressurized to 30

kg. ﬁwwn%a then mxed with 11.0 NnB/hr a gas having the same pressure and 10

'cogpﬁsed gf &Ea%@ya%oiuﬁedef ﬁbaﬂeegenofaad foch @.’ir(dbyl \heh.kym @f 13,000y e,

an eated to The |

supplied to a§9€a%+%€ ggﬁgb?ﬁ ﬁgﬁﬁggggugbaﬁgtg}sof 42 %#%éng \¥$ el ght

.of 2,500 mm (bﬁﬁke@. vw.thtBeObbttemg oReCycledB&os srids rSACYOT B5wascdtSal yst

made by Sakal o KpgBk o 0o tny 1NG1 0891 8288805t R19UAN £ RIS, | BiPlenglas
avin 5 nsi

led to a cond nser e dianmeter of a _hei ght of

1,500 nm ancpé%reléla@%' aftom #he bottementhrrerwas pbtadmed MedSé k¥ /hr.

obtained 1.5 &8. éthyl&he agt BGEHHSGlh qdi gurseyPeE DisQns déilgheieiaght of
ethyl ene gly . 9 ? ang agg 4. 9% by - %g;ghtgg} ethyl 3

c
gl ycol ate). (ﬁﬁ%Hg %Fﬁ%fgﬁéﬂa rﬁﬁl U /hr. of the non- condensed gas
w thdrawn fromthe top (conposition: 83.8% 25 by vol une of hydrogen, and
15. 5% by voI éﬁwglérogen) was recycled as said hydrogen source. To the
distillation cd? B  having an inside dianeter of 30 mm and a hei ght of
3,000 md01.5 kg./hr. of the condensed 30 liquid obtained fromthe

condenser B Vl@f'xé&dw:.él'?dldbsfcthL-atb?“dh‘lﬁétﬁ?&r bﬁ‘:ﬂlﬁ‘&b ¥hitH LR € of

780 C. at the top ,and [err - bottom he et hanol distilled fronlthe
top was recyc?ReRrired ln EBgcRamat MBRNEE| Afnint Exappde 4t wasp 0.i%7% Kgw/h

the other hansf me€dykdglheolotet 6Btained from the distillation column C
. mentioned below. The mixture was pressurized to 30
15.f kgl/cmZG., then mixed with a gas composed of 57.5% by
| volume of hydrogen, and 42.5% by volume of nitrogen under
the same pressure, and heated to about 200° C. Thé gaseous
mixture thereby obtained was supplied to a reactor having
an inside diameter of 42.6 mm and a'height of 2,500 mm
20 (packed with 3.0 liters of Cu-Cr-Ba series ST—203 catalyst
- made by Sakai Kagaku Co.) at a rate of 30 Nm /hr.

The gas passed through the catalyst layer, was led to a
condenser having an 1n51de dlameter of 53.5 mm and a height
25 of 1,500 mm, and cooled to about 40° C.. From the bottom,
there was obtained l.l4_kg.lhr. of a condensed liquid
(composition:'43.9% by weight of ethylene glycol, 47.4%
by weight of methanol, and 6.4% by weight of'methyl glyco-
~ late). On the other hand, 28.7 Nm>/hr. of the non-
30 condensed gas withdrawn from the top (composition: 73.8%
by volume of hydrogen, and 26.2% by volume of nitrogen)
was recycled as said hydrogen source.

To the distillation column A having an inside diameter of
35 30 mm and a height of 3,000 mm, 1.14 kg./hr. of the

condensed llquld obtained from the condenser was led, and

dlstlllatlon was carrled out at a temperature of 65° C.



. distillation residue obtai ned fromthe bottom (conposi tion: 85.0% by
'Lght of ethylene glycol, and 12.2% by wei ght of ethyl glycolate), was#¥ ed
‘to a‘distillation colum C - 33 - having an inside dianeter of 30 nm and
a height of 3,000 nm and distilled at a temperature of 1170 C. at the top
and 1590 C at the bottom Recycled to34ard reactor B was 75 g./hr. of

ethyl glycolate distilled fromthe top. On the 5 other hand, fron1theﬁg~cgg
bottom there vias obtained 0.56 kg./hr. of ethyle gl yc ving a purity
of 98. 0% lat wheyop and kS s¢+ |¢ﬁt1=76ﬂ bettate. 'EES é‘rgé ?3 d with
1.0 kg./ hrgj i 10 St Fvdm Opiee at6p Wt CA hadebeenoobuakgeﬁhmn t he same manner
as in Exanple 4 was 0.07 kg./hr. of nethyl glycolate obtained fromthe
distillation colum C nentioned below. The m xture was pressurized to 30 15
kg /cn\GqLédMHbra>d£btillaﬁagnscobumnssdhaﬁ1ﬁ§ Eﬁ)bysvdbudsambthydrogen -
and 42. 5% I | r e rgsgu @wp

about errbé, %Mgasrg%ués] 11rléx ure hefoga m@fgfgﬁgdev\gskgup to a reactor
havi ng andmsﬁxiia#xﬂnnE§S¥#WQZW3thﬂ¥éﬂﬂ frew §he bptzogoofhﬁhso ( packed

with 3.0 Iq ]%Qtﬁh GoBRan$cA | espBdt2DBacdbal wak 2arededdyulaledi Kagaku
Co.) at a rat 30 Nm /hr,. The gas Egssed thrgug% t.he, catal yst layer, was

led to a GorkRRRRFAERER RE 887 St d3tdFARetEP 8Pd5368 ° in-adF i ght 25

of 1,500 rHatm\g Cvﬂi?éﬁédb?mabwukglﬁhfl offr mli‘ghltebbd.tm@@ suwuanm ?bt ai ned
1.14 0 con e ul Si 01 '

et hylléﬁe gJ] {xions b@fmg?g‘ﬂi? 1 gEEE F’%§H816 . o o et hyl
gl yco- | ateef wat&r tared o h2s lmrmle:.@ﬁt?o?eme]:hhnoldf Walsedma-la@d asttndensed

gas withdr top (conposition: 73.8% by vol une of hydrogen, and
26. 2% by v%rre o‘?{fn g?r ogen) _ - .

" Led to a distillatioa column C having an_inside'diameter
15 of 30 mm and a height of 3,000 mm was 0.58 kg./hr. of the
dlstlllatlon reszdue w1thdrawn from the bottom of the
dlstlllatlon_column B. Dlstlllation was carried out at
a- temperature of 95° C. at the top and 158° C. at the
bottom. Methyl glycolate distilled from the top in an.
20 amount of'0,07:kg;/hr, was recycled to said reactor.

Led to a distillation column D having an inside diameter
of 30 mm and a height of 3,000 mm was 0.51 kg./hr. of the
distillation residue withdrawn from the bottom of the

25 dlstlllatlon column C. Distillation was carried out at
a temperature of 119° C. at the top and 160° C. at the
bottom. From the top, 0.49 kg./hr. of ethylene glycol
having a ourity of 100% was obtained. On the other hand,
0.02 kg. /hr. of a hlgh bozllng substance as the distil-

30 lation residue was dlscharged from the bottom out of the
system. '

Example 7
35 Mixed with 1.37 kg /hr. of diethyl oxalate which had been

obtained in the same manner as 1n Example 5 was 75 g./hr.
of ethyl glycolate obtained from the distillatién column C



was Fgcycled as sai d hydrogen source. To the distillation colum A havin

an*in

| de di anmeter of 35 30 nm and a height of 3,000 nm 1.14 kg./hr.

t he condensed |iquid obtained fromthe condenser was |ed, and distillati
was carried out at a tenmperature of 65-C35 - -34- at the top-and 158 C. at

the bottom.

The met hanol was distilled fromthe top at a rate of 0.54

'kgkLhrV Led to a distillation colum B having an inside dianeter 5 of

mm and a heimgntidngd 9lown. \Wike Ombxkyréhwasoprereudtiged ftat 30n resi due

carried out

erature o err|. at the toE an e bott

Qgen aAnds1400%

Wi thdrawn {101 FE2E0Lt QRRA i sidﬁgi,' 43t bofnd9hHa: aDbak Lopbgaans

wher eby 0. 00%BI9% by volwmepof| hy

byt\rq/ei glht- ofp , RS0 bie A ppés¥ate!, and KeQ¥ehly tveadbutof2o0°
nmet hano

havi ng

gHPB

légl/hlri of tfaa&stih&mﬁ@nan?mdmevmbﬂeaw gfontaemhoahdnaoheﬁ.@atf
istillation B. Dysti tiof sacacrie t .at ratur 50
C “at the toff derdarm tascked wiFeonr o RERER B, cBreRsbE BRRERE: SR

the top in xatlystmade by SakIikgagaku Gas)kecycled to said reactor
to a distillation colum D having an inside dianeter of 30 nm and a hei ght

of 3,000 mmwas 0.51 kg./hr.

| {E’Uoﬁﬁégm@i eF 61.9%

g - 0

on
30

om

C.

was distilled out fromthe top.. Led tQ a distillati.on colum C
heankSingd §af Shosl

i Nehe|IRFSORS Jpixkure jkhepe 8668 A Ras 0.58

Led

of the distillation residue withdrawn fromthe

bottomlf tRhesgas passed athreugh| the catalysti LpHerenwadsledr toe@ out at
a tenper at Urgorierdddr hat?ing Nent PRsPBE dPOmeterabst 53, BOMMORNhG B ARilGHE

, 0.49 kg./hr._of ethyl lycol h
obt ab4 o s omnied “edobedgepnabodt 488 G’ bBreRnghe, HoLRARe o

obt ai ned. O
the distil- €Here |wis dbtebhed@el 8 Kgsghat ged &r eondeaskart Laguadt of the

system
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ity of 100% . was

(composition: 36.3% by weight of ethylene glycol, 56.0% by
weight of ethanol, and 4.9% by weight of ethyl glycolaté).
On the other hand, 10.1 Nm3/hr. of the non-condensed gas
withdrawn from the top (composition: 83.8% by volume of
hydrogen, and 15.5% by volume of nitrogen) was recycled

as said hydrogen source.

To the distillation column A having an inside diameter of
30 mm and a height of 3,000 mm, 1.48 kg./hr. of the
condensed liquid obtained from the condenser was led, and
distillation was carried out at a temperature of 78° C. at
the top and 158° C. at the bottom. The. ethanol was
distilled from the top at a rate of 0.82 kg./hr.

Led to a distillation column'B having an inside diameter of
30 mm and a height of 3,000 mm, was 0.66 kg./hr. of the
distillation residue withdrawn from the bottom of the
distillation column.A. Distillation was carried out at

a temperature of 78° C. at the top and 160° C. at the
bottom. From the top, 0.02 kg./hr. of a light boiling
substance (composition: 91.6% by weight) was distilled

out. :

Led to a distillation column C having an inside diameter of



e 7 35 Mxed with 1.37 kg./hr. of diethyl oxalate which had been
ed in the sane manner as in Exanple 5 was 75 g./hr. of ethyl _ ®

ol ate obtained fromthe distillation colum C - 35 - nentioned
bel ow. The m xture was pressurized to §8 -3
kg./cm G, then mixed with 11.0 Nm/hr. %f "a gas conposed of 85.0% by .
‘vol unme of hydrogen, and 14.0% by vol unme of nitrogen under the sane et %(J
pressure, t?é’ é%@?ﬂ% 8903%05 RS {3i§§991184”k?I Vh@: .l B &ne obt ai ne
was supplie react or having an iLnsi de _di anefer. o mm and a hei ght

‘of 2, 500|ﬂﬁ¥§k&%&§#¥94rﬁ%§¥ﬂ¢$tﬁ+§h€Faﬂﬁ éFQBat§SrP9§tSF Qééﬁﬂﬁeﬂyst made
Ibde?ka' Kfiﬂ.gi@h.ﬁh%ﬁen%luﬂh%gangéﬁiﬂﬂatiﬂbﬁugHst Bareded wut laxyer, was
e O a condenser avl n n de nmet er el

000 o  hrmaats SE L7t 80 e ‘BB ESR 2har 1a8 Ehork o sibreRg

1. 48 kg / hretipfl Wdﬂist{ﬂlﬂe@cﬁmstheonOPBQtB% fra tee iofh 7 Sofg . /hr.

et hyl ene gI coI by 1 f ethanol, and 4.9% by wei ght of
et hyl glyc éé%té? 2 é er %0910 1 [err] /hr. of the non-condensed

gas mﬁthdramn fronrthe top (conpOsition 83. 8% by vol une of hydrogen, and

15. 5% by vQldyre.ofa ’Hié@%ﬁﬁ%d@ﬁ é&féﬁﬁheg ﬁgviggdahy%%aa@ s %Q:fTO

the distillation col aV|ng an I nsi el ght

of 3,000 ni0 mm@and 3 heightipd 3oRAB TR WRGUDdS8LKS- w(@d‘-froeﬁn
condenger \V@ESstrhaeivh dkssidbal woBhdpawhaErbRd tael balton ey ure of - 780

C il 22 AR o b, TR SR ol el kR 5114
havi ng anlﬂzmphrahuwsnam b1930Cimasanthe kepgandoll68°000 h thzsﬁbﬁﬂbm.
- ka. /hr Ofﬁégh the top, 0.54 kg./hr. of ethylene glycol having a
- purity of 100% was obtained. On the other hand, 0.02 kg./hr.
15 of a high boiling substance, as the distillation residue,
wés'discharged from the bottom out of the system.



30 © di.Stillation residue withdrawn fromthe bottomof the distillation '(%Egz
g2

cokunff A. Distillation was carried out at a tenperatdre of 780 C at the

top and [err]. at the bottom Fromthe top, 0.02 kg./ I|n
- substance (conposition: 91.6% by wei ght-) Sas d| still eglug! "Im“uﬂlmmﬂ
distillation colum C having an inside dianeter of

height ~of 3,000, mm was 0. 64 kg./hr. of the dlstlllatlon resi due mﬁthdramn
fromthe bot C4ALBB:t he distillation colum B. Distillation was carried out

at a tenperature of 117 C. at the top and 159 C. at the botton1 5 Et hyl

gl ycol ate di t|II d fr th 0 of 75 Jhr ed o
sai d reactor: 'Ledgt 8F§t?P%a§P§%#§&4§%1 %%} ?i%ﬁ%i of ¥
30 nmand a WhmghtcomPS;SBS nm was 0.56 kg./hr. of the 10 dlstlllatlon

resi due wi thdrawn fromthe bottomof the distillation colum C.

Distillation was carried out at a tenperature of [err]. at the top and
[err]. at thdldoBt SAESkr skePheL: sontacting ¥ [gas eontiaificie QAKRIA havi ng

a purity of Hga¥xias ahlaancdsteR bFe ndithious'ardd Gith 0 ddlia Kata
hi gh boiling ub talice, as the distillation,.residue, was di gcharged from
the bott o o8 Biapasu, SFaip metal,mezies in khs GasEOUP %&W
pr-epari ng ethplebta@hyaobroﬂhbthconﬁaﬁh&mg:aBdmeBteﬁldfﬂokaxn(ﬁcid,
contactégg a gas contai ning carbon nonoxi de and an ester of nitrous acid

with a lid catalyst of platinumgroup nmetal series in the gaseous phase
t her eby (2) a second step of condensing the product of the first

step thereby to separate a non-condensed gas containing

nitrogen monoxide formed by the catalytic reaction of the

first step from a condensed liquid contalnlng the dlester
15 of oxalic acid,

(3) a third step of contacting the non-condensed gas of .

the second step with a gas containing molecular oxygen

and an alcohol, and recycling the resultlng gas contaln-
20 ing an ester of nitrous acid to the first steo,

(4) a fourth step of contactlng the condensed liquid of the
second step containing the diester of oxalic acid and
~ hydrogen with a catalyst for hydrogenation in the gaseous
25 phase thereby to obtain a product contalning'ethylene glycol,

(5) a fifth step of distilling the product of the fourth step
thereby to dlstll out the alcohol and to obtaln ethylene
glycol, and
30
(6) a sixth step of recycling the alcohol of the flfth step
as an alcohol source for the thlrd step.

2. A process as claimed.in'Claim 1, wherein said ester of
35 nitrous acid is an ester of a saturated monohydrzc aliphatic
or alicyclic alcohol hav1ng 1 to 8 carbon atoms with nitrous

- acid.



-pbt ai n a roduct containing a diester of oxalic acid, 6 10 (2) a second

reattio the first *step froma condeyged |iquid containing the diester
15 of oxalic acid, (3) a third step of contacting the non-condensed.gas .-

’ p-'o ,ﬂm,mﬂ” product of the first step thereby to separate a- ¥
n- co i ning nitrogen nonoxi de fornmed by the catalytic .
n o

~

of . the second step with a gas containing nol ecul ar oxygen and an alcohdlb;f

and recyclgng tgep E:e&els@ lae @13 ided A cRinm 1 Widretd esad $b1iQ@us acid

to the firsi step u t.ep of contactlng t he condensed liquid of
t he second°§FéﬁY§3}n &Fﬁﬂ-ﬁ& Pﬁéq&%t%ﬁe Ptk A3 aci d and hydrogen with a -

. catalyst for hydrogenation in the gaseous 25 phase thereby to obtain a

b oduct of ithe PolPERebEoAs Rbramed ¢t Gtn oy SR In hald saepukee

et hyl ee gkgactioands3eonducted >atth xtﬂgmpﬁrariemltmgw h1e0 a@OhoC. of the
fifth step as an al cohol source for the third step. 2. A process as
claimed in Caim1l1, wherein said ester of 35 nitrous, acid s an ester of

a sat urat eﬁ-m)nbh?é'PFés&I Agh&ledmed An Glain 44 sgrein $aid 1cebadyEdfhon

atons wi t hyghbt9us 38 ¢onducted at 2 tenpd¥a05s o5 8 atoel50n €l aim 1,
wherein said solid catal yst .carries palladiumor its salt. 4. - A process

as claimed in Caiml, wherein said catalytic 5 reaction is conducted at -

a tenperatgLe oA pRocesz0@E Claimed pim@issimsl clwherein nsdidi catalyphicein

o ¢ Xaﬁ)?l%%s%ta?%cﬁ' 8,7 éﬁu%%@;%%%%i%ﬁe%?%}% LB Frafbhn i

conduct ed &eddpP kgﬁc&ssdgaumekﬂﬁnent pressure

7. A proceSs as claimed in Claim 1, wherein the product

15 of the first step is cooled for condensation at a tempera-
ture of at most the boiling point of an alcohol while
contactlng it w1th an alcohol

8. . A prqeess as claimed'in Claim 7, wherein said alcohol
20 is a lower alcohol having 1 to 4 carbon atoms. |

9. A process as claimed in Claim 1, wherein.the-concen- .
“tration of nitrogen monoxide in the gas withdrawn from the
regeneration column is within the range of from 2 to 7% by
25  volume. | ' | o '

10; A process as claimed in Ciaim 1, wherein the amount
of said gas containing molecular oxygen in the third step
is in the range of 0.08 to 0.2 mole in terms of oxygen

30 relative to one mole of nltrogen monoxide to be 1ntroduced'
in said regeneratlon column '

11. a p:ocess as claimed in Claim 1, wherein the amount
of the alcohol used in the third step is in the range of

35 2 to 5 parts by volume relative to one part by volume of
nitrogen monoxide to be introduced in said regeneratioh
column. | |



‘to 10 kg7cn2 (gauge) . 7. A process as clained in Garm I, wherein the C '
preduet 15 of the first step is cooled for condensat

ture of at nost the boiling point of an al cohol while B I"E"Hﬂmrmm h anz
al cohol . 8. A process as claimed in Gragsn 2, wherein said al cehof 20 S

a |.ower al cohol having 1 to 4 carbon atons. 9. A process as clained in

C & m¥ wherein the concen- tration of n|trog§n monoxi de in the %p
wi t hdrawn frok2¢ heA rpreeessitasnctaimed in Glabmnltvheraabe Briprofe2the 7%

by 25 vol unfoydfh s é‘? r%ﬁésc@ﬁaéhaé&eﬁlem@' 8€Mthe seeaﬁanst:ee aeount of
sai d gas contalning no

ecugs gen |n the third step is,in tgP gg
0.08 to 0.2 rYape¥ated nko {1 cousth eralgphol £on abniBgcthe fie §&n
mlonQXI.ge_ to t’&flé‘éfl@&hl:[?@chd:mSﬁy-ﬁbf@@tw%ainoﬁhé%aﬂalytic réapﬁ&bﬁssfas
claimed i m erein t e

step i s i th@’? a#q%m%f ggp axﬁtgoé%ée %63 ‘gf'ggrgg gtlg’\féﬂtl% %n% part by
~vol ume of ni ta adjestibbakioke restﬂuentroduced I n said regeneration colum.
-39 - 12. A process as clainmed in Claim1l wherein, prior to the fourth
step, the condensed liquid of the second step is evaporated to distil out
t he al cohol co¥ aikipPrPeees dfexteenbinueusdyi prepaying- prbykeng gAYERa .
catalytic reagiio &m §&lsé§e first step and to obtain the diester of
oxal ic d as a distillation residue. 13. A process for continuously
prepariﬁuiethylene gl ycol, which conprises 10 (1) a first step of
contacting a ¢ps £ofiPsbi $igep adbotoneac¥ing angasnceataindhgnicaboa aci d

wth g ool d Soiskysl laPhatLoum e Rs FELAL 285ho01kA LhSo9RacRRaRYRR
of platinum. group metal sSeries in the gaseous phase thereby
_ to obtain a product containing a diester of oxalic acid,
15
(2) a second step of conden51ng the product of the first
step thereby to separate a non-condensed gas, contalnlng
nlt:ogen monoxide formed by the catalytic reaction of the
first step from a condensed liquid containing the diester
20 of oxalic acid, and then evaporating the thus cpndensed
- liquid to distil out the alcohol containing the diester of
carbonic acid by-produced.in the catalytic reaction of
first step and to obtain the diester of oxalic acid as a
distillation residue,
25 . .
| (3) a third step of contacting the non-condensed gas of
the second step with a gas containing molecular oxygen
and an alcohol, and recycling the resulting gas containing
an ester of nitrous acid to the first step,
30 | | o o
(4) a fourth step of contacting the distillation residue of
the second step cdntaining the diester of oxalic acid and
hydrogen with a catalyst for hydrogenation in the gaseous
phase thereby to obtain a product containing ethylene glycol,
35 _ . R , _
(5) a fifth step of distilling the product of the fourth
step'thereby to distil out the alcohol and to obtain ethylene



|n a pr ining a diester of oxalic aC|d 15 (2) a second.
roduct of the first step thereby to separate a. _?- S

Qg’p mem ng nitrogen nonoxide formed by the catalytic _ -

reaction*ofe¢t Ml ep froma copdgpsed Iiquid containing the diester '

20 of oxalic acid, and then evaporating the thus condensed ligid to .-

distil out the alcohol containing the diester .of carbonic acid by-produt

in the catg}i&tdlc ragtion of first step and to obtain the diester of oxalic

acid as a distillation residue, 25 (3) athird step of contacting the

non- condensed gas of the second step with a gas containing nol ecul ar oxygen

and an al cq@)ola’ siikh esyep iof) téeycingt the ahsohobt afnithe #ifaht atepf

nitrous acid to the.fi tep of contacting the

di still ati%h af’bs?]tﬁ?e}" %?1@% ’8 éé%p@lééggal&gle g the diester of oxalic

acid @&d hydrogen with a catalyst for hydrogenation in the gaseous phase

t her eby tqpbtﬁ]reb ol dé)égt Of&ﬁi@é)'m eibyners gh¥tain 3Re(ANBHpL th step

of distilling ourth step therehy to distil out the
al cohol amf tthemesondisternks ingrod BFedaﬁG ?6}"1’3’-’? YEASsCO3WBA recycl i ng

t1 26 2' COhCﬂhel:fer'Qﬁdfd éix@j’ eﬁea@:éétﬁebobfseﬁfaelnie[] tha g d stepd 5
process i_me erejin,t al.coha second step
is int rodlﬁ?éafq%ﬁ"‘%g a'g}'b? 1§°€o£%ﬂﬁe]?$e?8{59lﬁ?§roF?zFﬂgaﬁ'ﬁgi‘ﬁ’l est er of
carbqQu ¢ aiutdnEoecyiod i tigitdesvepgohol thereby obtai ned, as an al cohol 10
source for the third step. 15. A process-as clainmed in C.aim 14 wherein

the hydrolysis _ :
15. A process as claimed in Claim 14 wherein the hydrolysis

is carried out by a gas phase-reaction in the presence of an
alumina catalyst at ‘a temperature of from 150 to 250° C.

15 .

’ l16. A proéess"as claimed in Claim 1 or 13 wherein the
glycolic acid'formed in the fourth step ‘as a by-product is
distilled out in the flfth step and then recycled to the '
fourth step.-

20

17. A process for continuously preparing ethylene glycol,
which comprises ' '

(1) a first step of contacting a gas containing carbon

25 monoxide and an ester of nitrous acid with a solid catalyst
of platinum group metal series ih the gaseous phase thereby
to obtein a product#containing a diester of oxalic acid,

(2) a second step of condensing the product of the first
30 step thereby to separate a non-condensed gas containing
- nitrogen monoxide formed by the catalyticé reaction of the
first step from a condensed 11qu1d containing the diester
of oxalic acld,_

35 (3) a third step of contactlng the non-condensed gas of
the second step with a gas contalnlng molecular oxygen
and an alcohdl, and recycling the resultlng gas containing



S éa;ifed out by a gas phase reaction in the presence—ef—anatumna

a ;
cat &%t -at a tenperature of from 150 to [err]. 15 16. i 37
indaim1l or. 13 wherein the glycolic acid formed in t*ﬁ!@ﬂﬂﬁmﬂﬂﬂ”ﬂm a >’
by-product is distilled out in the fiftlh g1ep and then'F 0 e
fourth step. 20 17. A process for continuously preparing ethylene glycol,
whi‘¢h. conprises (1) a first step of contacting a gas containing carbon 25
- monoxi de and am ester of nitrens agidl twwithe £brst 8teR)yst of platinum
group netal series in the gaseous phase thereby to obtain a product
containing a diester of.-oxalic acid, (2) a second step of condensing t he

‘product of thetkia fouxrh skep hSIRRFHLIRE pEhe eoRAMRSeE chéERIddO8as
contai ni ng nigHe HEdA Gddte dotitirhiyg t fige CRi @séi Cof coA1 08 Qti@handi rst

step fromp a gongensed ljquid containing the diester pof oxaljgc acid, 35

(3 a (hiBa Bt P b it dietacten TR tie onaects,
with a gas cohlasenithprabectd abtadmen prodect atantaining aathykenel i ng t he
resulting ga ﬁdQ{g Y P ; : Il an ester
of nitrous aé ola't [yelr%orls]tc s%celbé Th‘} %h?o%]r'?%h%%'ep of contacting the
condensed |iquid of the second step containing the diester of oxalic acid
and 5  hydrogfn aM ik ¢h e Yot di¥eiViiRgensd | Fodict Nef JeREOKSuPERSE

t hereby to obtain a praqduct contaJnlq? et hyl ene Iﬁcol g#gcollc acid and
the al ctbl, gBeP £herely At *Hﬁ?% ﬂ-i%dg? Rrd the;gtyeelich 10
step thereby doidlifrned in tiife 0PN Stsb tdwd gty cobtainceRtyDengd in the
fourth step and (9 obt.al nicht Yl alf BN otne Wb dBEl " SSYS' E59chhe ghyer! ' ©
' step, and _ :

15 (6) a sixth step of recycling the alcohol of the fifth step
as an alcohol source for the third step.

18. A process as claimed in Claim 17 wherein the distil-
lation residue containing ethylene glycol and obtained by

20 the distillation of the glycolic acid in the fifth step is
subjected further to distillation to obtain ethylene glycol
‘of high purity.

19. A process as claimed in Claim 1, 13.0r 17 wherein,
25 prior to the fifth step, the product is. condensed to
' separate a non~condensed gas containing hydrogen énd a
condensed liquid containing ethylene glycol, and the
condensed liquid is distilled to obtain ethylene glycol,
- while recycling the non-condensed gas as a hydrogen source
30 for the fourth step.




~and 15- (6) -a sixth step of recycling the alcohol of the fifth step
al the third step. 18. A process as claimed in Cla-:=me-
eﬁmmmmﬂﬂﬂmﬂm“ on resi due containing et hyl ene glycol and "
: obtal ned by 20" thesdistiltlation of the glycolic acid in the fifth step is
subjected further to distillation #¢ Gbtain et hyl ene gl ycol of high purity..
19. A process as clained |n Claim1l, 13 or 17 wherein, 25 prlor to the *Jf
fifth step, the prpduct is’condensed to ar ate a non-conden '
. cont ai ni ng hydr og% BTE6REENSER q°d{ﬁ Jéfrﬁ’ﬁ%pﬁﬁ??eﬁgﬁgllgeﬁl and
‘the condenseglly¢olli slubstdntﬁ.aﬂ.llgdalsohdﬁeambeeﬁdl;é abesgiibed, wikhl e
recycling t dens g g urce 30 for the fourth .
. Step. def‘g,g%&gg €8r§g¥s§§fg?‘ gq%é@;lf}o ;Ppreparl ng. et hyl ene gl ycol
substanti aIIy as herei nbef ore described with reference to any of Exanples 1
to 7. 19 [ELhYens, 9 ERY1UREN GRYRRAT SthetY &g%@&%@sa%fbeegs' n any of

the preceding C alns
as claimed in any of the preceding Claims.



