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PQSLESS FOR PRODUCI NG ALKYL NI TRI TE BACKGROUND OF THE | NVENTI ON 1. re%d“

of the Invention Thé present invention relates to a process for producing?35'“

an alkyl nitrite. Mre particularly, the present invention relates to a
process for producing an alkyl nitrite by Lteaction of nitrogen oxide with
an al kyl al cohol “wth high efficiency and high industrial stability, while
effectively rénoving the resultant heat generated by the reaction. The
alkyl nitrite produced byERQEESEQEQRS sQLVOE £58R N Ay kon i s usefu
for the production of a dialkyl oxalate by a reaction of the alkyl nitrite
wi th carbon nonoxi de or a production of a dial kyl carbonate fromthe al kyl
nitrite by a non-phosgene nethod. 2. Description of the Related Art As
nmet hods for produci BQCKGROUND ©Et THE, INVPNMDESKE Exam ned Patent Publication
No. 61-6,057 and N01.51'%§995709i§ﬁ£9§§v8£€?ﬁﬁati0” of nmethyl nitrite by
reacting an al cohol "wth nitrogen oxide In e gas phase in a production
process of dinethyl oxal #he, PEREeDEpinESRt ERANTALYLPEL BAL 2 PRBEPFESS | HAT No.

62- 47,867 and Peodf3idg Gh7adRg1IAPEREEE. Ungyagi gsﬂtfaasaﬂj?pbthéation No.
6- 25, 104 di scl ose preparation of nitrlte esters reaction of al cohols

with nitrogen BXBEEMTNnIBVERELBRaSBIAFRS1FR ReBEPFERS of °h PHARPCLTRyRN

al cohol, for emdhkplleninethbgl bgl cebotioni 6 aitrdgegeoxibde deighsanocallayhi ng,
as a principal ent ..NLtrNg L.de r anount of

heat of reactigﬁgggggeﬁ%thgg&gngggggggé%Qeaﬁﬁgﬁfgﬁei?g?%ga?%b reaction: NO
+ ROH + 1/4_c{gmapillpymowhiigze@§e¢}tyely removing the resultant heat

generated by the reaction.
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The alkyl nitrite produced by the process of
the present invention is useful for the production of a
dialkyl oxalate by a reaction of the alkyl nitrite with
carbon monoxide or a production of a dialkyl carbonate
from the alkyl nitrite by a non-phosgene method.

2. Description of the Related Art

As methods for producing nitrite esters,
Japanese Examined Patent Publication No. 61-6,057 and
No. 61-26,977 disclose preparation of methyl nitrite by
reacting an alcohol with nitrogen oxide in the gas phase
in a production process of dimethyl oxalate, and Japanese
Examined Patent Publication No. 62-47,867 and
No. 63-35,617 and Japanese Unexamined Patent Publication
No. 6-25,104 disclose preparation of nitrite esters by
reaction of alcohols with nitrogen oxide in a gas phase.

In the reaction of a lower alkyl alcohol, for
example, methyl alcohol, with a nitrogen oxide gas
containing, as a principal component, nitrogen monoxide,
however, a large amount of heat of reaction is generated
in accordance with the following reaction:

NO + ROH + 1/4.0, - RONO + 1/2H,0

Accordingly, to prepare the nitrite ester in a
high yield at a high degree of safety, it is important
that the reaction temperature be severely controlled
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Accordingly, to prepare the nitrite ester in a high yield at a high degree
of safety, it is inportant that the reaction tenperature be severely
controlled -2- within an appropriate tenperature range, and a reckl ess
run of the reaction due to the reacti on-heat be prevented. However, the
above-nentioned prior publications are conpletely silent as to concrete
means for renoving the reaction heat and for appropriately controlling the
reaction tenp®kaRif AN ARPYPRF LA CIMRETHMER TN ARIELR OFPTFL9FS rite

esters by therghaye-th@enteateionrdes ©4 ttthavaseaet joiHdatubd . | n Japanese
Unexam ned Pat ent Puebl iC ionvNo. %29533706’ it.is d scrjobed that the
reaction heatPTRRCHE ?énn DEET ¢ T AT I iﬁﬁﬂﬁ tRFE°%an be controll ed

by ejecting gpublicdvions qarel ¢onpletealbaciibent eag oo icodwete tieans trite

ester is pro Pdreﬁﬁv{ﬁguyﬁet{:@nae%ﬁ%%;io @e&gd byoﬁe%?élle‘#grfé/ ation heat

of the al cohol.” I'n"the renpval I reaction accordance with
Japanese Unexeemteel Fir@ntheurtachiontepprem s 70mnd Hexefore Hadhe eact i on

t enperat ure NBYJhOr 8 VepySo&hdi on CONtA DL Btk | s tdies P deted | Apowd- t he
nitrite ester, or. the, above-nentioned reactréfff{r‘ﬁgl not be appropriately and

fully maintaiMRAEIGRRE HFHHRT 5 PrRERT % hitrite ester was very
difficult to effect on T Japhrsdse dinecaah inedPatdrit Pusl icd widor y

reproduci bil i&g; Glgf)?é],e‘?@ﬁ 'Llnfe(a{g n@@sfﬁﬁ@é tlf)}yﬂ i&{’g ixogaction heat can
be removed and the reaction temperature can be controlled
by ejecting an alcohol liquid into a reaction region in
which the nitrite ester is produced, to remove the
reaction heat by & latent evaporation heat of the
alcohol. -

In the removal method of reaction heat in
accordance with Japanese Unexamined Patent Publication
No. 6-298,706, however, the reaction temperature may not
always stably controlled in the production of the nitrite
ester, or the above-mentioned reaction may not be
appropriately and fully maintained. Therefore, the
production of the nitrite ester was very difficult to
effect on an industrial scale and with a satisfactory
reproducibility. Japanese Unexamined Patent Publication
No. 1-121,251 discloses a process for producing an alkyl
nitrite, and a reaction vessel for the process. In this
process, a nitrite ester (an alkyl nitrite) is produced
by reacting nitrogen oxide with an lower alcohol and
oxygen in a reaction region including at least two
sections, namely a reaction section in which a gas/liquid
contact procedure and a cooling procedure are carried
out, and a refining section in which a vapor-residing
time long enough to enhance the conversion of oxygen be
obtained and a refining capacity large enough to reduce
the contents of water and nitric acid in the reaction
gas.

Further, Japanese Unexamined Patent Publication



No. 1-121, 251 discloses a process for producing an alkyl nitrite, and a
reaction vessel for the process. In this process, a nitrite ester (an al kyl
nitrite) is produced by reacting nitrogen oxide with an | ower al cohol and
oxygen in a reaction region including at 3east tw sections, nanely a
reaction section in which a gas/liquid contact procedure and a cooling
procedure are carried out, and a refining section in which a vapor-residing
time |ong end¥gh 1olehnahtdisrlesns conarets meanferfde MNGING haat a

refining capagidn {196 WM dekIL0UGRarkd Sy C U RIHRS HoMalThdlyitg I'i C
acid in the reactlon gas, F rtherré)Jaganese Unexam ned Pat ent Publ i cation

3 No. 1-121, 2511 1A%td side NOYF RGN F IO r FnGaAnSs
reaction vessgbr ¢woring ﬁiéTEHi‘@;jfd)rsWé hetlr By ng;ca d inttirs sfade flow froma

| ower packin ectlon s. for_c th UId side fl ow, ada

means For rottr Y et qundad i h e i i o Sa e

process and appar at us drhe]m Lﬁx’@kaﬁppmtﬁmmﬁ J?ap:dnemalon No.

1-121,251 is ﬂé}gmﬁﬂg \%MC&/J%}I vﬁgandl hs, abaye-snent i oned cool i ng
reacti on

neans i s used and nitrogen oxi wit’h an a cohol is carried

out, alt hougHli$RAFHFHAIFOWT Jt"héﬂ?%cﬁ‘f% Yhan "c?}ﬂl aRovF-mRtEPAd h a

certain ext er&oolﬂ?g Mhddnd 6l LdRId Cafirimcﬂhé)@cé&&ﬁd]ﬁ(bﬁ ittt dEh )é:bﬁdb with a
satisfactory ee of. st.a IJty andaf _y lﬂﬂéh for exa al Ofnltrlc

de
acid, are prdﬂh CPQrP%F?Qﬁ A1 xhough the rene

the reaction heat can be effected with a certain extent,

the nitrite ester cannot be obtained in a high yield with
a satisfactory degreé of stability, and/or by-products,
for example, nitric acid, are produced in a large amounf,
and thus the above-mentioned reaction cannot be stably
carried out with a high efficiency.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
process for producing an alkyl nitrite by reacting an
alkyl alcohol with nitrogen oxide gas containing nitrogen
monoxide, in which process, the alkyl nitrite-producing
reaction can be maintained at an appropriate condition,
and the reaction temperature can be controlled to an
appropriate level by removing the reaction heat with a
high efficiency, and thus various problems which occur in
conventional process can be prevented.

The above-mentioned object can be attained by the
process of the present invention for producing an alkyl
nitrite. The process of the present invention comprises
the steps of:

(1) feeding an alkyl alcohol liquid into an upper
section of a distillation column reactor in which the
upper section is connected to a lower section having a
bottom portion in which a liquid bottom fraction
containing the alkyl alcochol is accumulated, while
allowing the fed alkyl alcohol liquid to flow downward

through the upper and lower sections;
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and thus the above-nentioned reaction cannot be stably carried out with a
hi gh efficiency. SUMVARY OF THE | NVENTI ON An obj ect of the present
invention is to provide a process for produci ng an arﬁ'

reacting: an al kyl al cohol wth nitrogen oki€le gas covivt g‘ﬁ%:@%ﬁ L
nonoxi de, in which process, the alkyl nitrite-produciing r can_h

mai nt ai ned at an appropriate condition, and the reaction tenperature can be
controlled to an agg) offtEfelateing Hye rakewd REIMC RN g L A a

hi gh effici engyaceién t thiSowdh | Usi F ok ik Vi€ mﬁough ReleXdlY effid onal

process can bg, pre ented e above- nentj d obj ttai ned by the
process of thle"% R R 9DrLHrh '&E‘? ng%ﬁ’?( qfcf %‘“ The

process of thsoptisendfitivenlowsr capricesot hehstcamtnlflat(ﬂc)n feaeding an
al kyl' al conol Llguid copl &di {igsde b PRI B lc 140 < 100H1dd C 4y S0 err] C

into a top po? Ton of an upper sec Il on col Unm reactor in
whi ch the uppehesethé orodbed obimtiddfrartionwes TRGIIMEd Haih@m YpRa®m
portion in %&A'aﬂ'&@%m fgact i sondiad m&im@lwlcﬂ\ﬁﬁhol s

accumnul at ed low ng the fed al kyl al cohol quid to flow downward

through the UFRRFLARd FRAEFLE ] ihlse the rewrfﬁﬂs Jd’r%‘%wl%q%l%l%n

reactor; (2) £léwUdadmhward heheddgn ﬂi@oiweﬁosé@ummg:ﬁlméd fraction
through a cir ulatig%Yfath throu |ch the liquid bottomfraction is

wit hdrawn froEhb YW%

(3) 1ntroduc1ng a feed gas containing nitrogen

oxide into the lower section of the distillation column
reactor, while allowing the fed feed gas to flow upward
through the lower section of the distillation column '
reactor, and to come intd countercurrent contact with the
alkyl alcohol liquid and the alkyl alcohol-containing
liquid fraction flowing downward through the lower
section, whereby a gas-liquid reaction of the nitrogen
oxide in the feed gas with the alkyl alcohol is effected
in the lower section to produce an alkyl nitrite; and

(4) delivering a resultant gas fraction containing
the alkyl nitrite from the distillation column reactor,
wherein

(a) the total amount of the liquid fraction
circulating through the lower section of the distillation
column reactor is controlled to a level of 50 to
200 times the total amount of the alkyl alcohol fed into
the distillation column reactor;

(b) the total molar amount of the alkyl
alcohol fed into the distillation column reactor and the
alkyl alcohol contained in the liquid fraction
circulating through the lower section of the distillation
column reactor is controlled in a molar ratio of 20:1 to
150:1 to the molar amount of nitrogen oxide contained in
the feed gas fed into the lower section of the
distillation column reactor; and

(c) the content of the alkyl alcohol in the
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| ower section of the distillation colum reactor, the withdrawn |Iiquid
fraction is cooled to a tenperature in the range of fromO to 50[err]C and
of 3 to 20[err]C lower than the original tenperature of the |iquid bottom
fraction’in the bottomportion, and then $he cooled liquid fraction is
returned into an upper portion of the |ower section of the distillation
colum reactor, thereby to cause the returned liquid fraction to flow
downwar d t hr oliuithebdobem £eaatiion cficaurulited |imtthe kot tom pagcian; (3)

i nt roduci ng e g L ' ) de; d : i Ay ction of
the distill a??’én@’i%%‘?nsf?%%%?‘?%%”ﬁ%%ﬁ 14 difuiieidd G0 f1ow
upwar d t hr ougheY®d PHwd? L@cR9brPHiwedghti stillati on col um reactor, and to

CoOne into countercufrené pddassd of (thd hereddyt heai®ion ) athel seuh t he

al kyl al cohol -con ainéﬁg %%gﬂiﬁkfraction¥flomﬁQ%idomnmargfthrou h.%pe | ower
section, wher®8y 5°Has”Fi A F BN S FT T PN TS YRP IR £ eed
gas with the fittyl aaprodess i Soeffoudwring an tabpel atxalatd fmorhikho
L00[err]C in LagplWiinSLEld hd G OOHPE ANLAl Iy |2l LA & odth (¢he
delivering a resultant gas fraction containing the alKyl nitrite fromthe
distillation PEPSPRCe cREtDroatmhiarst ni -5 reartentt RERANRE G 93f |iquid

fraction circglatt6ntE6REEMiAe 4 QL) ISECTd 0N Hfe I NEndliAddu ] @dOyLHl UM
reactor is controlled to a |level of 50 to 200 tines the total] anpunt of the

al kyl al cohol TFREt+9R o1 % nEPYi W52 120 i RPUR AR reA2®h ;10 piighe YRR al nol ar

anmount of thegadkytaet tomols fitbudght® idwo d@itaddtitwidth i WBso®Acia and
t he al kyl aIcPhoI. ontained.in the Ji iéifrag%ion cirgflating t hrough the

| ower section D HASSERIHTHA iBh & %ﬁﬂﬁ r W% R4S 1%d in a nol ar
rati o of 20: lcondda®ed libguik fmictiemmontaining rdyemdialkyl oxalatg

absorbed in the alkyl alcohol-containing absorption
liguid and a non-condensed gas fraction containing a
vapor of the alkyl alcohol and gaseous nitrogen monoxide;
and the non-condensed gas fraction is delivered from the
absorption column and fed, as a feed gas, into the
distillation column reactor to produce the gas fraction
containing the alkyl nitrite.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory diagram showing an
embodiment of the process of the present invention for
producing an alkyl nitrite,

Fig. 2 is an explanatory diagram showing an
embodiment of procedure for proeducing an oxalate diester
from an alkyl nitrite produced by the process of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a process for
industrially producing an alkyl nitrite by a gas/liquid
countercurrent contact reaction of an alkyl alcochol
liquid with a nitrogen oxide-containing gas, in which
process, the alkyl alcohol liquid is fed into an upper
section of a distillation column reactor and flows
downward through the reactor from the upper section to a

lower section thereof, and a feed gas containing nitrogen



oxi de contained in the feed gas fed into the | ower section of the
distillation colum reactor; and (c) the content of the al kyl alcohol in

t he -5- liquid bottomfraction accunmulated in the bottom portion of the
distillation ‘colum reactor is nmaintainedéat- a | evel of 15 to 60% by
weight. In the process of the present invention, the feed gas for the
distillation colum reactor may be supplied fron1a process for producing an
al kyl oxal at e oixdidghiish fear iotonenbritdemaporsioal Rf| thet reastare (nemelyd i n

the presence %fx%a%%%%l%%Eth@nabéﬁaﬁtQﬁetBoBEQQHCQhﬁogaﬁ {haeh! eRe
containing a di,al kyl oxal ate; the resultant % fraction is fed into an
|

absor pti on coﬁ&ﬁWHq1fﬁﬁFEHOPhylﬁggrPWQCFFBW 8eprgagheri AL8WEontact with an
absorption |i quwthwaerr,i aindg fabwal kpwaaac«ahebughotnéoduaetarceadea&ed

liquid fractiqQn cont | k xal at e _absorbed_in the al kyl
algohol conta% X SP %§§r%§? ﬁ ¥3ﬁ§ gaﬁo§°cgﬁﬁgn§85 gas fractYon
containing a W@mameabuKMen&Ikphtabtohmthanhegdswnwardlﬁlogeqfnbhexide and
the ”On'condegi‘kglg%icfoﬁx%‘it 'ﬁguiﬁ de‘rhée FEQ%E“‘Eh ?9&8%‘8” col um and

fed, as a fee Into the Stl||atIO um reac groduce t he gas
fraction cont anﬂemlme isl wyrfnlLt ffprethBRpEdeEseRanrﬁmh@Fa KL DRAW NGS

Fig. 1is an exph-dral Qhy adiaggankaBanenNg an embodi ment of the process of
the present TnventioRe19,, RhOTHS' plo2Bsd' K¥ he' brbSent invention,

(1) an alkyl alcohol liquid is fed into an upper
section of a distillation column reactor in which the
upper section is connected to a lower section having a
bottom portion in which a liquid bottom fraction .
containing the alkyl alcohol is accumulated, while
allowing the fed alkyl alcohol liquid to flow downward
through the upper and lower sections;

(2) the alkyl alcohol-containing liquid fraction is
circulated through a circulating path through which the
liguid bottom fraction is withdrawn from the bottom
portion of the lower section of the distillation column
reactor, the withdrawn liquid fraction is cooled, and 3
then the cooled liquid fraction is returned into an upper
portion of the lower section of the distillation column
reactor, thereby to cause the returned liquid fraction to
flow downward through the lower section of the
distillation column reactor;

(3) a feed gas containing nitrogen oxide is
introduced into the lower section of the distillation
column reactor, while allowing the fed feed gas to flow
upward through the lower section of the distillation
column reactor, and to come into countercurrent contact
with the alkyl alcohol liquid and the alkyl alcohol-
containing liquid fraction flowing downward through the
lower section, whereby a gas-liquid reaction of the
nitrogen oxide in the feed gas with the alkyl alcohol is
effected in the lower section to produce an alkyl



Fig. 2 is an explanatory diagram show ng an enbodi nent of procedure for
produci ng an oxal ate diester froman alkyl nitrite produced by the process
of the present invention. DESCRI PTION OF THE PREFERRED ENMBODI MENTS The
present invention provides a process fo# ¥ndustrially producing an al kyl
nitrite by a gas/liquid countercurrent contact reaction of an al kyl al cohol
liquid with a nitrogen oxide-containing gas, in which process, the alkyl

al cohol |iquiditzited epndo an upper section of a distillation colum

reactor and flows @?““@VPeQQIQ&HP éQ@ ff&éé?&nf68ﬁtébﬁlﬂép€ﬁeS&Pﬁypn to a
| ower section thereo

and_a fee ont ai_ni ng nltr%g -6- oxide is
fed into a boP%Bﬁ%B%r%?oﬁeB+V?¥@§rgﬁﬂﬁdF he ndigt il bat LR tRLWR ti on bel ow
t he portion theaggbrwhich the liquid fraction withdrawn fromthe reactor

fl ows downward), a rd.th eactor,. to ¢ e the upward
flow of the feed ggg %%8£§ﬁ§8$% daédéﬁ g?% ??%%t ﬁ%% E é)vaﬁéthe downwar d
flow of the atkthQatbholOfiqm¢dliqm@dpfncetsomflsh@apre%énmutnwm@@ion is

useful for th r g O I tr aclarge anmount. Nanel y,
in the procesghg ?Qﬁ?&&?ﬁseﬁ?ﬁ?ﬁ%gaﬁ%th) éégnag?k(+?alcohol liquidis fed

into an upper sect{8h Fh% BPEe | amevRh ¢6l Bhe %b%%%%rf¥¢F¥$ﬁ%h the upper
section is COBDQ@&EdtiﬁgathQ&\@éhSﬂ@élP@wéﬁVséQt.@oﬁ)O@fOﬂFx@Odii$@i‘llléltﬂ@mCh a

i quid bOtton]Liggglgeactor is controlled to a level of 50 to
200 times the total amount of the alkyl alcohol fed into
the distillation column reactor;

(b) the total molar amount of the alkyl alcohol fed
into the distillation column reactor and the alkyl -
alcohol contained in the‘iiquid fraction circulating
through the lower section of the distillation column
reactor is controlled in a molar ratio of 20:1 to 150:1
to the molar amount of nitrogen oxide contained in the
feed gas fed into the lower section of the distillation
column reactor; and

(c) the content of the alkyl alcohol in the liquid
bottom fraction accumulated in the bottom portion of the
distillation column reactor is maintained at a level of
15 to 60% by weight.

In the process of the present invention, the
gas/liquid contact reaction is most vigorously effected '
in the lower section of the distillation column reactor
in which the feed gas is fed, and therefore, it is
necessary that the reaction heat generated in the lower
section of the reactor is removed with a high efficiency,
to stabilize the reaction in an appropriate condition and
to prevent irregular side reactions.

For this purpose, in the process of the present
invention, the liquid bottom fraction accumulated in the
bottem portion of the reactor and comprising an aqueous
solution of the alkyl alcohol in a content of about 15 to
60% by weight is withdrawn from the bottom portion of the



contai ning the al kyl alcohol is accunulated, while allow ng the fed al kyl

al cohol liquid to fl ow downward through the upper and | ower sections; (2)

t he al kyl al cohol-containing liquid fraction is circulated through a
circulating path through which the |iqud8bettom fraction is w thdrawn from
t he bottom portion of the |ower section of the distillation colum reactor,
the wthdrawn liquid fraction is cooled, and then the cooled |iquid
fraction is r@eacted amdocarledpebyper epodest the reededsdédaudd of the

distillation golief oneaGt PetulRebebytboaCpdseibie168htbAcdbbi@UtHef raction
to fl ow downward through the Ioger section of the dlitl|| tion cQlum
reactor; (3) &9M8&ds§5EiO8nPLi firfgTRAFFBYeANEXFAEN S1PHE BAREA™ nto t he

| ower secti onthfrolgh dhet ilbwali eeceabumofr ehet peacwbil e wheéawthg the fed

col um T eact of SIS, 670 R4 2L AR CalnBbr ELP: SAICREnERRE CAPEREFRe al k!

al cohol |i qui ¢aamwdedheusl kykeal tbkohbovennenningeti qonditiansi ¢a)fl (bjng
e aen o olHR, (' 481 p3SEbLangc RARCpropapny L pHL Sk pEl oF O |1
| ower sect i on 20y apLageOEsaANatkgt the. yeagiipp: BeafngeparakedeBalndyit gas
fraction containniche theed! krktibh bfethe dehtveredahr e E8etdinlyl | ation
col um reaCtOE.r:'emoved with a high efficiency, and the gas/liquid
contact reaction for the production of the alkyl nitrite
can be effected at appropriate condition in the reaction
system, and simultaneously the production of nitric acid,
as a by-product can be restricted to a low level. ‘

The process of the present invention will be
explained with reference to the attached drawings.

Fig. 1 is an explanatory diagram illustrating a
process of the present invention in which a nitrogen
oxide-containing feed gas is brought into contact with an
alkyl alcohol-containing liquid in a countercurrent
relation to each other to effect a gas/liquid contact
reaction for producing an alkyl nitrite.

Referring to Fig. 1, an alkyl alcochol liquid is fed
into an upper section 2 of a distillation column
reactor 1 through an alcohol liquid-feeding conduit 6,
while allowing the fed alkyl alcohol liquid to flow
downward through the reactor 1 from the upper section 2
to a lower section 3 of the reactor 1. Also, an alkyl
alcohol-containing liquid bottom fraction 4a accumulated
in a bottom portion 4 of the lower section 3 of the
reactor 1 is withdrawn from the bottom portion 4 through
a conduit 4b by means of a liquid-transporting means, for
example, a pump 7, and then through a conduit 4c, and
cooled by a cooler 8 to a desired temperature. The
cooled liquid fraction 4a is returned into a portion 3a
located above and close to the lower section 3 of the

reactor 1 through a conduit 9. The returned liquid



In the process of the present invention, the circulation of the liquid
fraction is carried out under the followi ng conditions (a), (b) and (c);
(a) the total amount of the liquid fraction circulating through the |ower
section of the distillation colum reaet@r-is controlled to a |level of 50
to 200 tinmes the total ampbunt of the al kyl alcohol fed into the
distillation colum reactor; (b) the total nolar anmpunt of the al kyl

al cohol fed ifmasti® disitilpwa: fennwardnishrenghothandorrs SPRFLOAI SoRE|

cont ai ned i n thke rela@itiod E&aﬁttﬁ@ 9b&€§bﬁtBagtbhﬁﬁégbothem|Qwe&léﬁchlon of
the distillation colu re ct ntroll%d in.a lar ratio 1to

150:1 to the nol aft ot © Eﬁﬁ 8eﬁ°5§PEe E8ftiPRe alﬁstﬁérFBgétS s fed
into the | owathroagthi @ncdfrculatdhngt pbkat formed! byntheatberr sedtion Bhe

content of g ahky ) GROL LRS! LAWY ROLLOMLLY RELT BRegegUNU ated in

the bottom poriion of 9t Iie “di St umreac I's main a I ned at a
| evel of 15 @@n&@¢ﬁbﬂrwéhghponﬂnlthébpr@b@sPHGP hetpeesenduitvdatri on, the

gas/liquid cepAcl,J18aCls @Rl EhBPe8bnMLger 9ysly effected in the |ower
section of the distillation colum reactor“in which the feed gas is fed,

and therefore, it# $i&088RaPYFitRaFORRRIPEREt £6RINGAF dEnEPTt &BtPNthRe
| oner secti onotdert Bectkaant ar offsthenegadtvict h ahitbghhekfl gasefierdihg

stabi |l ze the eaal! o Whgns20Risaeke S9n LLaR AT LR BReYRAl | eaut o
the |iquid bdiowem seacttioanoficthruikaaetiornlt hadbtbt oompointoncohtieke react or
and ConpriSngt%Pt$QUQQﬁﬁid fraction flowing downward through the

lower section 3 of the reactor 1 in a countercurrent

relation to each other. The countercurrent-contacted

nitrogen oxide and alkyl-;lcohol are reacted with each

other by a gas/liquid contact reaction to produce a

target alkyl nitrite.

In the circulating path of the liquid fraction, a
portion of the withdrawn liquid fraction is optionally
discharged, before the coéling, through a discharge
conduit 10.

A resultant alkyl nitrite-containing gas fraction
flows upward through the upper sectibn 2 of the reactor 1
and is delivered through a top portion 11 of the
reactor 1 and a delivering conduit 12. Optionally, a
portion of the delivered alkyl nitrite-containing gas
fraction is discharged (purged) through a discharge
conduit 13.

The nitrogen oxide-containing feed gas may contain
molecular oxygen supplied through a conduit 14. When the
feed gas is supplied from a dialkyl oxalate production
process, the feed gas may be added with additional
nitrogen oxide gas comprising nitrogen monoxide, nitrogen
dioxide and/or nitrous acid supplied through a
conduit 15.

In the production of the alkyl nitrite in accordance
with the process of the present invention, the following



solution of the alkyl alcohol in a content of about 15 to 60% by weight is
w t hdrawn fromthe bottom portion of the -8- reactor and cooled, by a
cooler, the cooled liquid fraction is returned into a portion | ocated above
the | owet section of the reactor and thel®|-ows downward t hrough the | ower
section of the reactor. When the cooling and circulation of the liquid
fraction are carried out under the above-nentioned conditions (a), (b) and
(c), the procESBAsFiPRE PFRSBRAESFAIEYti on i s advantageous in that the

reaction heat geneqagedwnalabya1nambﬁntowertﬁecalnploéléanoleactor can be
certainly renpve ency coniact
d

Conerion for eHEta Bllar toadod ERRCEERG] e i oRr e End ehro dvh SrES i GFer

appropri ate csedticnnofnthéedxeﬁnllmnleystehumnndeacnuttBme@untyollmﬂ

producti on of (Bl kb £o25h £8503, Y:BEQONGLyCY P, (B9 LLaLed dg-a o

| evel . The process 0 eseht |nven ar né
reference to Phefatﬁhéﬁeaodtamlﬁ@stlm$g: nhestghabx@mgwato¢§ thega byl

illustrating 819698§5§e8f1598 9ﬁ€5§ﬂ§t£DY§ﬂibﬁncbﬂuMH'f@a@t@ftrogen
oxi de-containing feed gas is roug Into_contact wth an al %%Yb
ther to

al cohol - cont ai ni ng PunAHs?n sheobntat cnelant aperati oh the

ef;ect a gas/ hlgohdlcestiagchtoecoRéi Onst D118t 0GHCEOYuAn Bé&kytoni dfid t €he
Referring to

of a disti||ag#gﬁlgéﬁgﬁﬂg#e§8?€$fgggh?%hgﬁedﬁi§Pi ﬁﬁ#néfhﬁgdu?ggéuﬁSCtlon ’
conduit 6, circulating through the lower section of the distillation
column reactor is controlled in a molar ratio thereof to
the molar amount of nitrogen oxide contained in the feed
gas fed into the lower section of the distillation column
reactor, of 20:1 to 150:i: preferably 30:1 to 120:1.

(c) Further, the content of the alkyl alcohol
contained in the liquid bottom fraction accumulated in
the bottom portion of the distillation column reactor is
maintained at a level of 15 to 60% by weight, preferably
20 to 55% by weight.

When the circulating amount of the liquid fraction
is too small, the removal of the reaction heat generated
by the gas/liquid contact reaction carried out in the
lower section of the distillation column reactor cannot
be evenly and sufficiently carried out; or packing
material packed in the lower section of the reactor
cannot be maintained in an evenly wetted condition with
the alkyl alcochol in the state of a liquid and present in
the lower section of the reactor, and thus is in very
unevenly wetted condition; thus the gas/liquid contact
reaction of the nitrogen oxide-containing feed gas with
the alkyl alcohol liquid in the reactor cannot be evenly
carried out in a stabilized condition. Also, when the
circulating amount of the liquid fraction is too large, a
large amount of energy is necessary for the cooling and
circulating procedures and thus an economical

disadvantage occurs.



while allowing the fed al kyl alcohol liquid to fl ow downward through the
reactor 1 fromthe upper section 2 to a | ower secti ga=—3—of—the—reactor 1.
Al so, an al kyl al cohol -containing Iiquid bottom fra¢tTH SHEEREASBREM Ed i n
a bottom portion 4 of the |ower section-31df -t he regct or RERLAGEDt hdr ajwn
fromthe bottomportion 4 through a conduit 4b by ans o1 a

l'i quid-transporting neans, for exanple, a punp 7, and then through a
conduit 4c, and cooP&RIBYaRl¥eorhe ©0ebing (RA7reirehdpeter Wi thdca sl ed

liquid fracti Oaléahbi-l‘:ﬁhﬂéﬂﬁﬂnénlpci@i@ofié@ﬂiéﬂ incaned adovel @bg| ose to
the | ower sectio reacto ugh a. c(gndwt 9. The.retuyurned

3_of th t.hro

liquid o frSCAPBR ABPFEacHOWFRET oI Ar CUERLTRCOT BURY LERITRI Y12 ( he
reactor fromtperpdaoni ofi 8het dighid biodtoomphracoion. 4 Nafmedny, theebdtopmd
bottomfractio N [ d,t Ixgul af | 0g: pa : t he
| ower section go??ﬁgﬁugi%gyéﬁéﬁr%tﬁéﬁgggta%?t#%n%3%;§%ﬁ&f%€?%ééé§#%€ rtion
4, the condui t @Bnsy héopuRpamplenea cowaRi 17 4E¢ed hrg cole eviendmain he condui t
9). A nitrogenigyuda- ¢eAtRiBhNgaf e8to UaScdS1E6L£081 PhPokdie & WERASLEt4@N 3 Of
the reactor 1 through.a 8as-fegd|ng andUIt 5,,and is allome to fl ow
upward t hr ough®PAePBkEPIsEREI HhIBFe REATELRR oPY 1* BRI DME FRtd cont act
with the |iqui dekizeti cenpeoatagedofindatd 20POughotdeplteferalskgt$ oto 3 of
the reactor 1 LR e r | opet a .
countercurrentigogtégggg %ﬁ%r%%@%e%g#gééaﬁg g?%yﬁfgﬁ%%ﬁ%ﬁt%$§ ?%%ﬁﬁ%%Pthh
each accumulated in the bottom portion 4 of the reactor 1, and

within the range of 0°C to 50°C.

In the process of present invention, as shown in

Fig. 1, a minor portion of the withdrawn liquid fractiéh
from the bottom portion 4 of the distillation column
reactor is optionally discharged to the outside of the
reaction system for the process of the present invention,
through a conduit 10, after passing through the pump 7
and before reaching the cooler 8, through a discharge
conduit 10, and the remaining major portion of the liquid
fraction is fed into a cooler 8 to cool to a desired
temperature and is returned into a pbrtion 3a immediately
above the lower section 3 of the reactor 1, to forcibly
circulate the liquid fraction.

When the molar ratio of the total molar amount of
the alkyl alcohol fed into the distillation column
reactor and the alkyl alcohol contained in the liquid
fraction circulating through the lower section of the
reactor to the molar amount of nitrogen oxide contained
in the feed gas fed into the lower section of the reactor
is less than 20:1, the gas/liquid contact reaction of the
nitrogen oxide gas with the alkyl alcohol liquid in the
lower section of the distillation column reactor cannot
be uniformly carried out with a high efficiency, or the
reaction occurs locally and thus the reaction temperature
cannot be controlled with a high degree of stability.
Also, when the molar ratio is more than 150:1, the amount
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other by a gas/liquid contact reaction to produce a target alkyl nitrite.
In the circulating path of the liquid fraction, a poritTH18 SMEEY SNBE{I@ awn
liquid fraction is optionally discharged, before thejcoo | RBpL AcEneud ﬁ

di scharge conduit 10. A resultant alkyk ﬂQtPite-COHtc+¥H4ﬁ}{¥§:g%£milnl

fl ows upward through the upper section 2 of the reactor 1 and is delivered
through a top portion 11 of the reactor 1 and a deliverin condU|t 12.
Optional ly, ®boreROFFIAtehe Hers v%]r"é?f’%& LiGH Fhawld df 31'

fraction is daﬁdlhﬁécgﬁdléd)ufcgeld’)e (7475553 a:ﬂltfél@qrx?&e}f]ﬂdin\ierﬂiﬁ.oﬁhe e

ni trogen oxi contalnln contain nol equl ar_ 0 n supplie

t hrough a coﬁa‘fﬁ? mg%. t‘W] Ifgﬁ% ‘%é%otr}g‘éss n %‘i?db?"f“ecc? r‘@rﬁaﬁéﬂqg‘i%gﬁ oxal ate
production procasss.the feed gas may be added with additional nitrogen

oxi de gas conpri si [ .?g?g r d r £.PUS
acid supplied throvt‘i}g% aé}fg%ﬁh )%jlde”ﬁl Eh ducc%dgﬁlo?r?@ééllquli id

nitrite
i n accor danceb@k tom t fragh e acamuiatqd els}brﬁhq A PORHE T cﬂﬁlcﬁmhg -

10 - condi ti 0fgg&{ £1 AELEHE S Yumd Dealdtbork Oiﬁllmrﬁhéﬁ 19w ¥y kdiglcohol -
containing |iquid fractlon |rculat|qﬁ%tlﬁro h, t he | ower sec;lon of the

distillation CRAPAFRIRIR (IS FRamkd sHEND IS 19/, L igWi%r abl y 60

to 180 times,comt#ct reaction and thus by-products such as nitric acid

are produced in a large amount. Also, if the alkyl
alcohol content in the liquid bottom fraction is more
than 60% by weight, undesirable side reactions easily
occur. '

The alkyl alcohol for the process of the present
invention is determined in response to the type of the
target alkyl nitrite. For example, lower alkyl alcohols
having 1 to 8 carbon atoms, preferably 1 to 6 carbon
atoms, more preferably 1 to 2 carbon atoms for example,
methyl alcohol and ethyl alcohol are usable for the
process of the present invention.

In the process of the present invention, the alkyl
alcohol liquid is preferably cooled to a temperature of
-15°C to 30°C, more preferably -10°C to 20°C and then fed
into a top portion 11 of the upper section 2 of the
distillation column reactor 1 to cause the fed alkyl
alcohol liquid to flow downward through the upper
section 2 and then through the lower portion 3. The
feeding of the alkyl alcohol liquid into the top portion
of the reactor is preferably effected in an amount of the
alkyl alcohol of 0.2 to 3 moles, more preferably 0.3 to
2 moles per mole of the nitrogen oxide in the feed gas
fed into the lower section of the reactor.

In the process of the present invention, the alkyl
alcohol may be fed in the state of a vapor or a liquid
into the lower section of the reactor, together with the
nitrogen oxide-containing feed gas or through a feeding
conduit different from the feed gas-feeding condult
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preferably 70 to 160 tines, the total anount of the al kyl alcohol fed into
the distillation colum reactor. (b) Also, the total nolar anmpbunt of the

al kyl al cohol fed into the distillation colum reactor and the al kyl

al cohol contained in the liquid fraction-cilBcel ati ng through the | ower
section of the distillation colum reactor is controlled in a nolar ratio
thereof to the nol ar_anount of nitroqgen oxi de contained in the feed Eglas fed

into the | ower sectibh B BRPGRST 95 &th PXHIMHN FERAGHON oft . tO%

150: 1, preferabtgeding dmod® df dMy dutlhedlcdiel cintendundfof hel Bl dha

al cohol contained in_the Iihui b ttaégcfralct}so accunul ated in.the bottom
portion of the %‘f‘%‘ﬁ’??aﬁo‘h 0 r ?’er Ry hiEh 3t aoq S el3R5E 15
to 60% by wei ghand pe£f @r hidfyi@Of tam 35% uteidghtef Wien tdactoir cuita ithe
amount of the l%@é‘%ﬂoéfacféf’rbiﬁnﬁf@, sg@éénrmf &l of éﬁ@_a&ﬁlﬂon

heat generated by the gas/Iiquid contact reaction cartied out in e | owner
section of the EFREIRE ATVMERLNNS AidtDy TLEARAL b s ISP RE the
sufficiently casmoest odf;tlos FEGK NPLIGHEY i ednfiderd im dHe dler section
of the reactor n be. maj nt ai hed venl ite ondit,ion with the
al kyl al cohol i%f?ﬁgélstg‘%‘g@%#q %%qu}}%% %[r}%etporés%on%l@lrénn S]hlg écjl)v\t/:ehre section of
the reactor, andeddtsrit througly thecarnduiketd ecabriehe iamunthet tthe

gas/liquid cont e | IHd agen. Oxd -qpagg L ni @?g@&- ith
t he al kyl al coh%%k%,%qﬁlf%&?@nlt %&P&;a(?dt%ér cann%;glg:a ev n(f)f' c({a%elre out I,}/]\n a

stabi | i zed condFReofeed| 333, Witk tHe digwan ai?qﬁi%fhtﬁjrﬂgo?h% He23G %K d
fraction is toochasggh €hé adGd@PW! OfheeNESEHL | fedtBORS Biduri®Orof Nthe

cooling and cirgcl aj i np. B OF S L5 AN L S AR MA@ 0z the alkyl
alcohol contained in the circulating liquid fraction and
returned into the lower section of the reactor.

The total feeding amount of the alkyl amount is
preferably 0.5 to 6 moles, more preferably 1 to 5 moles
per mole of the nitrogen oxides contained in the feed
gas.

In the process of the present invention, the feed
gas preferably contains nitrogen oxide including nitrogen
monoxide, nitrogen dioxide and dinitrogen trioxide, in a
content of about 3 to 40% by volume, more preferably 5 to
20% by volume, and the nitrogen oxide preferably contain
nitrogen monoxide in a content of 50 molar % or more,
more preferably 60 to 100 molar %, based on the total
amount of the nitrogen oxide. Also, the feed gas
preferably contains molecular oxygen in an amount of 0.02
to 0.25 mole per mole of the nitrogen oxide.

The feed gas is optionally diluted by an inert gas
consisting of at least one member selected from, for
example, nitrogen and carbon dioxide gases. In this
case, the amount of the inert gas is preferably 10 to
90%, more preferably 20 to 80% by volume, based on the
volume of the feed gas. Further, the feed gas is
optionally accompanied by a vapor of an alkyl alcohol in
an amount of 2 to 40% by volume based on the volume of



di sadvant age occurs. Preferably, the cooling and circul ation of the
al kyl al cohol-containing liquid fraction in the distg Lon col um reactor
are forcibly carried out by withdrawing a portion of' T8 3HE -G -e?n

fraction' 4a fromthe bottom portion 4 tshriddugh a conduit o) |

i qui d-transporting neans, for exanple, a punp 7; féeding-<t
liquid fraction 4a into a cooler 8 through a conduit 4c; and coolin
liquid fracti 8hebfeeed@8ol er 8 to a desired tenperature of 3 to 20[err]C,

preferably 5 to 10fgrehe pebewsshert eneeppbsert Ofnv&RtibAY €hdottom
fraction accunul?ﬁed |8 t he botton1gort|on 4 of the reactor wi t hin

. . an
the range of BRE(HEULE SBPERFFCEERRtAR 8FoE%%s"bFr%gﬁﬁeﬂ¥l$%V%ﬁ?'on, as
shown in Fig.the alkyhoalpohblobsopréberablipdcanniéd ol dtagti on fromthe
bottom portiop_4_of disthl Lati Qregol r LS., 0pt ] d
di schar ged tog?ﬁggga%ggﬁebgfbtté ?ggcgfdﬁggﬁsﬁg%$$%?$?%e§p¢§2€égybf t he
present invenskdhl mhreupheferahdyi 10100 &Pt@; waste nyaintainging heheunp 7
and before reengegohheeﬁggtkﬁgugfq%%egﬂ&ané'§§h§<]§9§iﬁpéidwt 10, and the

remai ning maj or portion_ of ] raction is fed 1nto a cooler 8 to
cool to a desired TBApeiatiteahhani sotwinr FRACTRF cusapLRtfon B i medi atel y

above the | owptogesti 68 Bhef ptlceneachdéndioh 0ié Of6t bl imLtecutate the
liquid fraction, iar rati o of nol ar aq$ nt of the

h he tot
Lt ol tapol SPeatERf o tYRe R CFerftoR Rt Lia St ctnd or e EOT as an |

al cohol cont abppédri sethéohi quid which the resultant gas fraction is

fractionated by absorbing and removing water produced as
a by-product in the reactor 1 and contained in the
reaction product gas, and a lower section 3 in which the
gas/liquid contact reaction of the nitrogen oxide in the
feed gas with the alkyl alcohol in the liquid state is
mainly carried out.

The upper section 2 of the distillation column
reactor 1 is not limited to a specific style of section,
as long as the alkyl alcohol liquid can flow downwardly
through the upper section, and the flowing alkyl alcohol
liquid can be fractionated in the upper section, and may
be selected from those of a multi-tray distillation
column type having a plurality of distillation trays, for
example, sieve trays or valve trays, or a packed column
type in which a packing material, for example, Raschig
rings or poll rings are packed. In the process of the
present invention, the multi-tray distillation column
type upper section is preferred.

The lower section 3 of the distillation column
reactor 1 is not limited to a specific type of section,
as long as the gas/liquid contact reaction of the
nitrogen oxide gas with the alkyl alcohol liquid can be
carried out with a satisfactory efficiency. For example,
the lower section 3 may be selected from the multi-tray
distillation column type sections and the packed column
type sections, as mentioned above for the upper section.
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fraction circulating through the | ower section of the reactor to the nolar
anount of nitrogen oxide contained in the feed gas fed into the | ower
section of the reactor is less than 20:1, the gas/liquid contact reaction
of the nitrogen oxide gas wth the al kyk abcehol liquid in the | ower
section of the distillation colum reactor cannot be uniformy carried out
with a high efficiency, or the reaction occurs locally and thus the
reaction tenper at urthe athiwtibbation raglueh wedctohi jhusiklglecfof thability.

Al so, when th rafi O r%ﬁbéé%ﬁ n cn 1P 1. Of
non-r eact ed aﬁﬁ%é%%o foI{‘}\V\‘)r&ﬁis%lﬁg)ésﬁghI be re‘%:%vée%gs and ;F%c?é 'edgt%aét)he
process of thefPF REAPIPy R | WPPHe RSB | R GENAR PRtk zfE&Eononi cal
gi Sadva][lt age mzsunét?mtdscmmhtﬁfuéﬁuﬁmeaﬁ!ésyﬂaa?k@ﬂm%mmlt Ihe liquid
ottom fraction_accunul at in the bottom poriion of the di ion
ol urm react or TS IEe - 88 4 sERE A EIROR uh bl P! 4 afRee cedhid
occur during tsrergabure guind cone ampperatdtoirmnd amdistivg - beweltict s such as
nitric acid ar ced, I | f 55“5%
content in the%‘?%ﬁ% gpﬁ%m@éﬁ%‘?‘%ﬁ%%ﬁﬁ@ ‘?ﬂ’é?l* G%é/?‘gogéwié(?%h?{!
undesirabl e si¥eCPRARELHRR TRSEIGN RAUING TS KGN ol RFBR - 18P £PE R ocess
of the presentrdfiyestion is determned in response to the type of the

target alkyl nitrite, pESapxample. Loven alkyl gl ool s,bey! 19, Lo 8

process of the present invention as shown in Fig. 1, the
lower section 3 of the reactor 1 as shown in Fig. 1 has
an upper portion 3b and a bottom portion 4. Through the
upper portion 3b, the circulating liquid fraction and the
fed alkyl alcochol liquid‘%lows downward to the bottom
portion 4 in which the liquid bottom faction is
accumulated.

As shown in Fig. 1, preferably a feed gas-feeding
conduit 5 for feeding a feed gas containing nitrogen
oxide is connected to a lower end portion of the upper
portion 3b, and an alkyl alcohol-feed conduit 6 for
feeding an alkyl alcohol liquid is connected to an upper
portion of the upper section 2 of the reactor 1.

In the distillation column reactor usable for the
present invention, as shown in Fig. 1, preferably a
liquid fraction-circulating path 9a is formed from a
conduit 4b for withdrawing the liquid bottom fraction
from the bottom portion 4, a liquid-transporting means 7
(for example, a liquid-transporting pump), a conduit 4c,
a cooler 8, a conduit 9 through which the cooled liquid
fraction is returned into a portion immediately above the
lower section 3, and the lower section 3 including the
upper portion 3b and a bottom portion 4. Also, a
discharge conduit 10 may be connected to the conduit 4c
at a location immediately downstream from the liquid-
transporting means 7.

Also, as shown in Fig. 1, to collect a gas fraction



atons, nore preferably 1 to 2 carbon atons for exanple, nethyl alcohol and
et hyl al cohol are usable for the process of the present invention. In the
process of the present invention, the alkyl alcohol liquid is cooled to a
tenperature of -15[err]Cto 30[err]C, prafeer<ably -10[err]C to 20[err] and
then fed into a top portion 11 of the upper section 2 of the distillation
colum reactor 1 to cause the fed al kyl alcohol liquid to fl ow downward

t hrough the ugpeergéedi on thanveattort hranghcoptainierg pPhettargst The

feedi ng of th #Kyh;%%@okr&n%‘h? té‘%ogc‘:ﬁ@léﬁpl?oéf'QI'i’eOfeéé‘@ofePCté)r s

preferably ef I n_an anmpunt al cohol of 0.2 to nol es,
nor e preferabF?néuﬁttézzfﬂﬁl@%lb%?rhﬁgetﬁ? #EIFF 17 Hi5eh RIEELEST the feed

gas fed into Ebﬁthﬂnﬁﬁgslggéjlf ﬁﬂ?@fﬁbheleﬁe@%ﬁﬂ?cfaé@ tdslﬁcméowpfs ?f t he
pr esent |nvent|ogi t al Kyl., al conol nm e I N e state .of _a vapor or
PBuL} SBLED 3

a |iquid intoPPh BEBPC AR teactBFORdEY he? WMIHIFE® ni t r ogen
oxi de- cont ai ncagdfittdljafoordischanhiagf epuirglgn@))nalqbnbrtiicm ev®nthe rgas t he

feed gas-feedepdopoBfiUbion the ddnaulf §peiLrE6RRSELa le present

i nvention, the feedl ng anount sum of al
the amounts ofopfBif| k9t aTB%h@JLS‘F]é@Ir‘H%dtmr%’c%é?%ft%ﬁv%’i)rf-‘éﬁ*ﬁi"-?eﬁna

l'iquid fr0”1t€ﬁr8u ﬁ'Sﬁeoéoﬁ@@lfeﬁﬁtﬁﬁy'Béobé@Eé&eaft&rcoéiére%&@@'?
referring to f eedi ng anpun f th aIK%F al cohol is the
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removed from the discharged gas fraction, and the
remaining portion of the gas fraction comprising mainly
an inert gas is discharged to the air atmosphere.

In the process of the present invention, the
nitrogen oxide—containinépfeed gas for the distillation
column reactor is preferably supplied from a process for
producing an alkyl oxalate. 1In the alkyl oxalate-
producing process, carbon monoxide and an alkyl nitrite
are reacted with each other in the presence of a catalyst
in a reactor, to produce a gas fraction containing a
dialkyl oxalate; the resultant gas fraction is fed into
an absorption column in which the gas fraction is brought
into contact with an absorption liquid comprising an
alkyl alcohol, to prepare a condensed liquid fraction
containing the dialkyl oxalate absorbed in the alkyl
alcohol-containing absorption liquid and a non-condensed
gas fraction containing a vapor of the alkyl alcohol and
gaseous nitrogen monoxide; and the non-condensed gas
fraction is delivered from the absorption column and is
fed, as a feed gas, into the distillation column reactor
to produce the gas fraction containing the alkyl nitrite.

In Fig. 2, carbon monoxide (CO) supplied through a
conduit 22 and the gas fraction produced in the
distillation column reactor 1, containing an alkyl
nitrite and supplied through a conduit 12 are fed into a
main reactor 20 through a conduit 20a containing a

platinum group metal-containing catalyst. In the



al cohol liquid fed into the top portion 11 of the reactor 1 through the
conduit 6, and the anount of the al kyl alcohol fed in the state of a vapor,
together with the feed gas, into the |lower section 2 of the reactor through
the conduit 5. The total feeding anount a7 t+he al kyl al cohol does not
contain the anount of the al kyl al cohol contained in the circulating liquid
fraction and returned into the | ower section of the reactor. The total

f eedi ng anounke@FteRe2 @t kihe Faxken iRonpeids And the alkyl mitkitepre
preferably 1 +826t'"RL€R £8Eh BLEePftd ErdpdFOILULKIEES St aided THe t he
feed gas. In the Process of _t he present |nv,ent|%1,é§,he f eed a]gq%r(e,f erably
contai ns ni t r 65BN BRRHIRR FTRAF HP R TIRV RN IR 8% ,1%)‘E¥Jog%7gﬁ ide and
di ni trogen trwdghdeawnnfeomothentaini mdantosS 20 P otyd vintores Yower

preferably 5 0% by vol d i ' pref er.abl ntain
ni trogen ITDnOélgﬁélcl{%l %f c%n%%@;\ rgﬁl%rﬁ)h‘?rr%#%r{d %lgpu?r%ér"g& rf%rcgeorédi}glf%ra 1y 60 to
100 nol ar % Bbabtéguds absorken|cemprining amaalkyk cyjarrloxd des R ointthe

feed gas prefgr Yp&£P1 Gh NS MOAE CAlh S r (PYSIE e d Turd) BIOUNMoREn G 02 to 0. 25
nol e per nole of the nitrogen oxide. The feed gas is optionally diluted by

an inert gas €ORARLtiHY 309 at 1w FOGHEATRNHRFOUR SN PRIVMEIF exanpl e,
nitrogen and €alken 21 0Xi Tite gfe®Sgad NExdd 5i GriSElows eyt tinfoddie thert
gas is preferably 10.t0 90% no referably. 20 to 80% by vol ume, based on
the vol ume ofaagﬁér?g’e‘ang%%%gzﬁ’bréﬁe%‘?t%%"?sée’d“ sc‘?‘é"to%‘fﬁy%?rf acconpani ed
by a vapor ofcantatkywithcohel flowiamg sandaynl afcdhdb, 480doyndexisarecimsed on
the volume ofg;a1kyl oxalate and dissolve in the alkyl alcohol. The
resultant liquid fraction comprising the solution of the
dialkyl oxalate in the alkyl alcohol is delivered and ’
collected from the bottom of the absorption column 21
through a conduit 19. The collected liquid fraction is
subjected to a distillation refining procedure to collect
the dialkyl oxalate.
In Fig. 2, a non-condensed gas fraction generated in
the absorption column 21 and comprising nitrogen monoxide
as a major component, and carbon dioxide gas, nitrogen
gas and alkyl alcohol vapor as minor components is
withdrawn from the top portion of the absorption
column 21 through a conduit 5.
The withdrawn gas fraction is used as a feed gas for
the alkyl nitrite-producing reaction in the distillation
column reactor 1.
The feed gas is opticnally mixed with a molecular
oxygen gas supplied through a conduit 14 and with an
alkyl alcohol vapor supplied through a conduit 15, and
fed into a lower section of the distillation column
reactor 1 to subject it to the alkyl nitrite production
process as mentioned above.
The process as shown in Fig. 2 can be utilized to
produce a carbonate diester by using a specific catalyst
in the main reactor 20, or to produce diesters by adding,

as starting components, olefins.



- 14 - the feed gas. In the process of the present invention, the
gas/liquid contact reaction of the nitrogen oxide with the al kyl al cohol is
carried out at a tenperature of 0 to 100[err]C, preferably 5 to 80[err]C,

more preferably 10 to 60[err]C, while mai at ning the reaction tenperature

as constant as possi bl e.

The distillation columm reactor usable for the

process of the present invention is not |limted to specific type of reactor
as long as the realfofeRidicHRAuBBRVCsethRoRTOCRASWAECRRBNBIRERDEL ant gas

fraction is fhiagkhtishedahybabgeibingdand aaAMaYkHY wateitproduced as a
by-product in_the rea '

a | ower secti

1_and ' ' d :
BRI R WG PERESISF| Ry FACBRPARE CFBACPPORODE FRE nit

and

RE nitrogen

oxi de in the fleedkydsowailhtehefarkgkamptehotlimathiid bkglatesont@iesthyhi nly
ggglggger section 2 of the distillation colum reactor 1 is
e

carri ed out.

not limted to a s

liquid can fl
al cohol 1i qui

sel ected from,t hose of .a nultl-tra% distillation cglunn

plurality of

ow dowhRaddpky

dreps be keaathgnaheBohmbh6x¥RRCANEECEhI amk¥@nﬂiﬁ£y;ée
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introducing a gas fraction generated in the
main reactor into an absorption column, to bring the gas
fraction into contact with an absorbing liquid comprising
an alkyl alcohol and to generate a condensed liquid ‘
fraction containing the dzalkyl oxalate; introducing the
condensed liquid fraction from the absorption column into
a distillation refining procedure to collect the target
dialkyl oxalate; withdrawing a non-condensed gas fraction
generated in the absorption column and containing
nitrogen monoxide and the alkyl alcohol vapor from a top
portion of the absorption column; introducing the non-
condensed gas fraction, as a feed gas, into a lower _
section of a distillation column reactor, while feeding
an alkyl alcohol liquid into an upper section of the
distillation column reactor, while allowing the fed alkyl
alcohol liquid to flow downward through the distillation
column reactor, and while withdrawing a portion of a
liqguid bottom fraction generated in the distillation
column reactor and accumulated in a bottom portion of the
distillation column reactor, cooling the withdrawn liquid
fraction, and returning the cooled liquid fraction into a
lower section of the distillation column reactor to allow
the liquid fraction through the lower section of the
distillation column reactor and to regenerate the alkyl
nitrite by the reaction of the alkyl alcohol with the
nitrogen oxide; and feeding a gas fraction generated in

the distillation column reactor and containing the alkyl

Bégg?d%{%gggcgﬁgiahﬁyihgig£ggg§s of the present invention,
| ! :

t he nulti-tra?



type upper section is preferred. The |l ower section 3 of the distillation
colum reactor 1 is not limted to a specific type of section, as |long as
the gas/liquid contact reaction of the nitrogen oxide gas with the al kyl

al cohol liquid can be carried out with-a xat+sfactory efficiency. For
exanple, the lower section 3 may be selected fromthe nmulti-tray
distillation colum type sections and the packed columm ‘type sections, as
ment i oned abowdtEditet ABtepble Bain smactor,18n whichi §isELaiabioRol um
reactor 1 usablguh@r fhetBrgcess of the present |nvent|on as shown in Fig.
1 has, for exanple, an upper Bectlon 2 havi ng % ng -tra gistillation
colum structure or a pd@edt SlﬁﬁﬁaétPGEPﬂFeO ahg® lFSﬁé& ERFF&AN3 havi ng
a packed coIuwﬂ:&hﬂu@tngethandghhehapmGWesesécomoﬁ afidthbedlisvellsaesdbhon 3

are connected tﬁu%gpg %EQgr gti or ¥lgprggggsi?§gmnggtBégFgect|on havi ng

a certain Iengt orm a reac hé d atron umm react or
usabl e for th@0fr sdaes thet hotplesmpuntnoénthenadkyihahpohalFfgd inteohe

| ower sectlont%epgngglﬁgggggrcblaﬁnsggg@tbg Fig. 1 has an upper portion 3b
and a bottom portion 4. Throug poftion 3b, the_circulating

liquid fraction and the(Péd élﬁ?ﬂaﬁl€égép PEqlihe FPEAL WBIATLREORBELL AE
bottom porti oghé ankyhi ahcbhell fgdi dnket tha HastiohatsoAcegMihat ed. As

shown in Fig. réac B% angkae aiﬁyg g?COLOE Oftained in the liquid
fraction circulating through the lower section of the
distillation column reactor to the molar amount of
nitrogen oxide contained in the feed gas fed into the
lower section of the distillation column reactor is
controlled to 20:1 to 156:1, and

(c) the content of the alkyl alcohol in the

liguid bottom fraction accumulated in the bottom portion
of the distillation column reactor is maintained at a
level of 15 to 60% by weight.

In the process, the distillation column reactor
serves as a regeneration reactor for an alkyl nitrite.

In the dialkyl oxalate production process, the
circulation of the liquid fraction in the distillation
column reactor is preferably carried out by withdrawing
the liquid bottom fraction from the bottom portion of the
reactor by a liquid transporting means, cooling the
withdrawn liquid fraction, returning the cooled liquid
fraction into an upper portion of the lower section
whereby the returned liquid fraction flows downward
through the lower section of the distillation column
reactor.

In the circulation of the liquid fracticn in the
dialkyl oxalate production process, the withdrawn liquid
fraction is preferably cooled to a temperature in the
range of from 0°C to 60°C and of 1 to 30°C below the
original temperature of the withdrawn liquid fraction,

and then the cooled liquid fraction is returned into the



conduit 5 for feeding a feed gas containing nitrogen oxide is connected to
a |lower end portion of the upper portion 3b, and an al kyl al cohol -feed
conduit 6 for feeding an alkyl alcohol liquid is connected to an upper
portion Of the upper section 2 of the re3@ter 1. In the distillation colum
reactor usable for the present invention, as showm in Fig. 1, preferably a
liquid fraction-circulatingﬁﬁfth 9a is formed frama conduit 4b for

Wi t hdr awi ng t¥R¥en RRE BB (Y ther @iisdi Hadhamh P ReFGHon 4, a
li qui d-transporti ngn nerese ikddfleit i dd &hed 1iigiiidd fidadtdewr tinn@heunp) , a

conduit 4c, a,coql 8 condui through which the . cooled lLiquid
fraction is r%’t%rqﬂai cf’?‘ﬁlgatf Fporrc{qt"c?%ﬁorﬁr@&%&eeﬁsy HEPERRE %sect i on 3,
and t he | onerwisgudrawn 3 iquoldidiney ttilme maye bepaitsalmxrPedarfad-ca lediet om porti on
4. A'so, a disgha{ [y, 1 fgﬁg] : i 4c at a

| ocation i rrrre‘%i at e%%ﬁhe'a%@ﬁr}#tehe | gﬁ'ltd;?d pio(r}efnlrsa)glo%%q%&erreans 7.

Al so, as showithrawn higquigd dFactdon mass be &adles and then rgdwmamgded in

the reactor Ijmpyl ot e NGddia draidrete i lils tiitadi®d cDudie top portion
11 of the reactor 1, a conduit 12 for delivering the target alkyl nitrite-
cont ai ni ng gd&e45%R% i on is connected to the top portion 11 of the reactor

1. Optionally, a dirsciie ghlaikyduidzald e praicichaiog pgodesisyi r@ye a portion
o Lhe gas [racilond rombbe SO, 1l AT GRT Ly 1R (12 The
the distillation column reactor is preferably carried out
at a temperature of 0 to 100°C.

In the dialkyl oxalate production process, the total
amount of the liquid fraction circulating through the '
lower section of the distillation column reactor is
controlled to a level of 70 to 160 times the total amount
of the alkyl alcohol fed into the distillation column
reactor.

In the dialkyl oxalate production process, the feed
gas introduced into the distillation column reactor
contains nitrogen oxide in which the content of nitrogen
monoxide is 50 molar % or more based on the total molar
amount of the nitrogen oxide, and is added with molecular
oxygen in an amount of 0.02 to 0.25 mole per mole of the
nitrogen oxide.

In the dialkyl oxalate production process, the alkyl
alcohol liquid is cooled to a temperature between -15°C
and 30°C, and the cooled alkyl alcohol ligquid is fed into
a top portion of the upper section of the distillation
column reactor and flows downward from the upper section
to the lower section of the distillation column reactor.

In the production of the dialkyl oxalate, the
reaction of carbon monoxide with an alkyl nitrite is
carried out in accordance with the following reaction
formula (1):



t hrough the conduit 13 may be cooled by a cooler (not shown in Fig. 1), a
resul tant condensed substance is renoved fromthe di scharged gas fracti on,
and the renmaining portion of the gas fraction conprising mainly an inert
gas is discharged to the air atnosphere. 2In-the process of the present

i nvention, the nitrogen oxide-containing feed gas for the distillation
columm reactor is preferably supplied froma process for producing an al kyl
oxalate. In the alk oxal at e- di cin rocess, carbon nmpnoxi de and an
alkyl nitrite are ?é%cfeﬁRQWQh“ ch dfhgh in the presence of) a catalyst in
a reactor, to produce a gas freuEQQﬁlcontalnlng a di al kyl oxal ate; the
resul t ant gaSaﬁdia'chéOﬁegsnémltidm o firambsDkypl | ot edteins | ef fidvtodd tire gas

fraction is brou h abso btio canpri sing an

al kyl al cohol & %? re a co déﬁgiibw*ﬁ it %r%&gﬁk#P% ‘ﬂ%l&?ﬂg t he

di al kyl oxalate abgﬁébgd?ﬁéhtbel IKyIR@h@php&réontalnlng frptlon l'iquid
gas

and a non-condense racti oh contalnlng vapor of the' al kyl al cohol

and gaseous nitro t f t
g gﬁra%@mgi s + AN LASE N th9ase fhRctd oty

del i vered fron1th |on col um and I's Ted, as a feed gas, 1 nto the
di stillation @& %erb%td?’éﬁ‘ L3RR b RREST HRA ’?r"a%‘ﬁ%rﬁ"i‘:‘b%ﬂ%lhltrfg t he

alkyl nitrites darkbs. agomsAniore Eroresb L0 soppldatbhdratsls A condui
22 and the gas, f ctlon uc the distillation colunm react.or
contai ni ng an® 51'{(%’“%% %FP@DdJsX;B’pﬁ% tcl‘ﬁ%lffb’h at ‘i%sﬂdtf T f?"aa‘l‘%l?'ed i nto
a main react ane€lyl Mmrgtlta aoh ety P Qe toointel ni ng a pl ati num group
met al - cont ai ni ng Cfﬁgjyéfidléaégf§st usable for the dialkyl oxalate
producing reaction cdmprises a catalyitic component
selected from platinum group metals, for example,
palladium, platinum, iridzum, ruthenium and rhodium
metals, and carried on a carrier formed from activated
carbon, silicone carbide, magnesia, silica, zeolites,
silica/alumina, and/or alumina (including y-alumina and
a-alumina).

There is no limitation to the method of preparing
the solid catalyst. For example, the catalyst may be
prepared by impregnating a carrier with an aqueous
solution of a platinum group metal compound, reducing the
platinum group metal compound carried on the carrier with
a reducing agent, and drying and/or calcining the reduced
metal-carrying carrier.

In another method of preparing the catalyst, the
same impregnating and drying and/or calcining procedures
as mentioned above are carried out, except that the
reducing procedure is omitted; the resultant catalyst
precursor is packed in a container, a reducing gas, for
example, a hydrogen or carbon monoxide gas is introduced
into the packed layer of the catalyst precursor at a
temperature of 50 to 500°C, to reduce the platinum group
compound into an elemental metal.

The platinum group metal compound usable for the



-17- reactor 20, the carbon nonoxide and the alkyl nitrite react with each
other to prepare a dial kyl oxalate. The resultant gas fraction contai ning
the dial kyl oxalate is withdrawn fromthe main reactor 20 and fed into a

| ower poftion' of a absorption columm 21-t#Rodgh a conduit 16. A liquid
absor ber conprising an al kyl alcohol is fed into a top portion of the
absorption colum 21 through a conduit 18 and fl ows downward t hrough the

absorption colaafalyst Tife prafepebliv salieeted dromnuhsdagenatedgplafdnum
absorption colgyBup Inetih drits0, FIHN By 1B p QAN Whilbrlie,f | ow ng

al kyl al cohol ,” to condense the diafﬁﬁhloxal te . diszg{ve in the al kyl
al cohol . The RA&MILHM RIRRifs, RlE %ﬁﬁ&%% e FoGBh of the
di al kyl oxal atehloridee, alitdatad el ofs the iplatdthuindrovp metad sf,r gart he

Tquia 1 act | TP B SRR SR A B et A P bEeaRpatagan

col l ect the digatdup nedtalatphodphatieg saltsa for exadgwlsed pgdd addaet | on

e e S LGHLAGT B e e e Tor 1 o o
vapor as ni norcadqrates et Horamxampdst B liladivey gicshase and
absorption colyHBy idin ldWertie 2 GNdHd tp'_iocﬂi'&%i\&{[ lodr 2 akylr agkirqRel, S
i St Tati on ST UG TECads GESTSHERLY SREEREN TM B LAt U
nol ecul ar oxygdtilaaisies Wl iped ldttiamglacetaqedui t 14 and with an

The carrier for the catalyst preferably has a
specific surface area of 0.01 to 200 nﬁ/g, particularly

' 0.05 to 100 m’/g, more preferably 0.1 to 50 m’/g, and an
average pore size of 10 ég 1,000 nm, particularly 50 to
500 nm, more preferably 100 to 300 nm. Also, the carrier
preferably has a pore volume of 0.05 ml/g or more,
particularly 0.1 to 3.0 ml/g, more preferably 0.3 to
0.6 ml/g. These values are measured by the BET method
and the mercury-penetration method.

The above-mentioned carrier may be in the form of
shaped articles, for example, pellets, or of grains or of
fine particles. 1In the production of the alkyl oxalate,
the carrier is preferably in the form of shaped articles,
particularly compress-shaped articles such as pellets,
having a size of 0.5 to 10 mm, or of grains having a 4 to
200 mesh size, or of fine particles having a particle
size of 20 to 200 um.

In the gas phase catalytic reaction of carbon
monoxide with an alkyl nitrite, a feed gas comprising the-
alkyl nitrite, carbon monoxide and an inert gas such as
nitrogen gas is fed into a main reactor packed with the
catalyst. In this reaction, preferably the reaction
temperature is 50 to 200°C, more preferably 80 to 150°C;
the reaction pressure is from the ambient atmospheric
pressure to 20 kg/CnfG, more preferably, from the ambient



al kyl al cohol vapor supplied through a conduit 15, and fed into a | ower
section of the distillation colum reactor 1 to subject it to the al kyl
nitrite production process as nentioned above. The process as shown in Fig.
2 can be' utilized to produce a carbonate2d ester by using a specific
catalyst in the main reactor 20, or to produce diesters by adding, as
starting conponents, ol efins. -18- As nent%oned above, the process of

the present |aveaspbaréanpEesEere| vedlskahcmiGiyithe thaade gase gondagt ng
procedure in {hgapsedycyi g @éofgéénéé” xﬁ%f”é%}: Pé@éx?i ol Presxanpl e,

di nret hyl oxal ate or dieth oxal ate. The dial ? oxal at e- producti on process
conpri ses thelgt§E§°Bsteéh?n@oﬁﬁ?%%noﬁnﬁ@%iﬂ%%ﬁhdnbﬁrh}%y+nrﬁﬁ?i¥%? nto a

nmain reactor gastakningoassetvyyedluh®, PhELL Cerafreiabky! 3 oxal 30€ by a
catal yti cal rea;tiop of tﬂg carbon nnnﬁxidgbmnth the.& kyl itr%te'
i ntroduci ng avga¥mfi aBPRoh"§erRBERY Ph TREPTRI FePRAEIRr L7 nte atF%Dsor pti on
colum, to brgag ihelgas $0%chy ovolum®, contacpraf¢hably absoo b6 0y by qui d
conpri si ng anvgéhx%kalcohol and to generate a condensed liquid fraction

Ia

contai ning the yl oxal ate; introducing the condensed liquid fraction
from the absorpti oBheohain TPRGtRr dgnay | pe asebectkedi firom prxrdderd to

col l ect the taigedjdeal byl OxAd ah&viNg LHER a¥e A8t Sr HON- ELGH ERSE dy DRS-
fraction generaled LB {nGudPar PEAS e foed Bed el [l Wreterrea.

In the absorption step of the dialkyl oxalate
production process, the gas fraction produced in the main
reaction step and containing the dialkyl oxalate is )
withdrawn from the main reactor 20 through the conduit 16
and introduced into a botgbm portion of an absorption
column 21, while feeding an alkyl alcohol liquid
(absorption liguid) into a top portion of the absorption
column 21 through a conduit 18, whereby the gas fraction
flowing upward comes into contact with the alkyl alcohol
liguid flowing downward in the absorption column 21, the
dialkyl oxalate in the gas fraction is condensed and
dissolved in the alkyl alcohol liquid, and the resultant
dialkyl oxalate solution is withdrawn from the bottom
portion of the absorption column 21 through a conduit 19.
Also,a non-condensed gas fraction containing nitrogen
monoxide is withdrawn from the top portion of the
absorption column 21 and fed into a lower section of the
distillation column reactor (an alkyl nitrate-
regeneration reactor) 1 through a conduit 5.

The inside temperature of the absorption column is
preferably -30 to 80°C, more preferably -20 to 60°C. The
alkyl alcohol for the absorption liquid is preferably
selected from alkyl alcohols having 1 to 6 carbon atoms,
for example, methyl alcohol, ethyl alcohol, n-propyl
alcohol, isopropyl alcohol, n-butyl alcohol and isobutyl
alcohol.



ni trogen nonoxi de and the al kyl al cohol vapor froma top portion of the
absorption colum; introducing the non- condensed gas fraction, as a feed
gas, into a |lower section of a distillation colum reactor, while feeding
an al kyl "al cohol liquid into an upper sec24on of the distillation colum
reactor, while allowing the fed al kyl alcohol liquid to fl ow downward
through the distillation colunm reactor, and while wi thdrawi ng a portion of
a liquid bottom fr &he ebpsgampirigmed iigy idhd sdipreifleirabilon fed dmnanecamesntand
accunul ated i pfa 1b@id AMOP Yalrt@N BRF wbh@h@l,smdﬂeabr@&e&amﬁ 2r gactor, .cooling
the withdrawn | iquid fractiaqn, and retﬁrnlg% th% cool e | Ulg fraction
into a | ower 2dcBeGTSoPY: 1@ty PeZt 109 BT DX ¥ELGNt 8%atN8w t he 1 qui d

fraction throddalkyd loxsdatee gpiricanceld tine tthiesmalinatreantoal 20nandacedr and
to regenerateigg %%§ylh%5 %H%nb%oﬁ r%iCti%ﬂeOLb%B &Q%I Eégggol W th
e 1y AHAeER THiFs ¢

t he nitrogen 0X an Ng a dgas fraction genera
distillation eseferabdacthas andepperaitnregothe28 kgl 20°C- when- nitrite into

the main reacth ddhdd Ghed thd dbeprihuEiLgactor, (@) the total
anount of the liquid fraction circulati'ng through_the |ower section of the

distillation col umfhee@bserptdonfedymreayobg Selerted Syomemdgiti nes t he
total amunt efrayh@paldept idinCekaumng] ifeko ekAtpdiest slib¥el eRagokblmhgact or,

(b) a mlar ratigof the tohalbah $IUE (9hy' 18.3hky! ahaohabibgd fnto
columns packed with packing materials, for example, Poll
rings and Raschig rings.

The regeneration of the alkyl nitrite by the
distillation column reactor 1 can be carried out by the
procedures as mentioned above.

The gas fraction generated in the distillation
column reactor 1 and containing the alkyl nitrite is
withdrawn from the top portion of the distillation column
reactor 1 through a conduit 12 and fed into the main
reactor 20 through a conduit 20a. A portion of the
withdrawn gas fraction is optionally discharged to the
outside of the system through a conduit 13.

EXAMPLES

The present invention will be further illustrated by
the following examples.

Example 1

A distillation column reactor 1 as shown in Fig. 1
was employedl This reactor 1 was of a packed column type
reactor having an inside diameter of 158 mm and a height
of 1400 mm and included a 10 mm Raschig ring-packed upper
layer (an upper section 2) having a length of 800 mm from
a level of 50 mm below the column top and a 10 mm Raschig
ring-packed lower layer (a lower section 3) having a
length of 400 mm from a level of 30 mm below the bottom
of the upper layer.

A feed gas containing 15% by volume of nitrogen
monoxide and 85% by volume of nitrogen was fed into a



reactor and the al kyl al cohol contained in the liquid fraction circulating
t hrough the | ower section of the distillation colum reactor to the nol ar
anount of nitrogen oxide contained in the feed gas fed into the | ower
section of the distillation colum reaet®6 s controlled to 20:1 to 150:1,
and (c) the content of the alkyl alcohol in the liquid bottomfraction
accunul ated in the bottom portion of the distillation colum reactor is
mai nt ai ned atlewer\poriion D Flepdkavenwsafhion B wafe theoxeastorhd

distillation gotdigh r£adiuiSe’s, et FdRIFRAYON T ROV htOhndaral kyl
nitrite. In the dial kyl oxal ate proquctlon process, the circulation of the

liquid fract i dror¥esswee A5t343 H9/5M ol and FEBBLEANPUBLES GKUGED @aFr ed
out by withdrgy ned henid G MY RIFAGHRD P e YRRRIGH @n of

the reactor by a ljquid transporting nmeans, coolsing the withdrawt |iquid

fraction, rettRHWY tie dod P9 G At %A ARS-an upper portion of the

| ower section \Aherzei%,t he r&éiwln%siddm d iffi Imﬂdgows rdaasidehr ough
the | ower sect of the tlllatlon col um regE{ In the C|QﬁgJaB|on of

the liquid fr QNFlV?? 4812 $PR AOF Prsu et i pERESs
Wi t hdrawn | i ouf dtlries ai:is".tﬁnl]iastmefc@rlainixy J:camitm:k t1o wmmeraatsumpgahyn t he

range of fro(r)gooxg‘ﬁ;e{%m 4 GO[FGI[JJ %a docgc 7t cil?t /}JrC bellh%w tr‘t%eg%rl gi nal

t enperature r awn ract 1'on, thén t he cao iquid
fraction is rpxqssuxh|qﬂ(thauﬁlstlllatlon column reactor 1 was

controlled so that the pressure of the top portion of the
upper section 2 became 2.0 kg/cm’G.

A liquid bottom fraction accumulated in the bottom ,
portion 4 of the reactor 1 was withdrawn through a
conduit 4b, forwarded to a cooler (a heat exchanger type
cooler) 8 through a pump 7 and conduit 4c and returned
into a portion located immediately above the lower
section 3 at a flow rate of 360 liters/hr.

The circulating amount (weight) of the liquid
fraction was controlled to 73 times by weight the total
amount (weight) of methyl alcohol fed into the reactor 1,
and the withdrawn liquid fraction was cooled by passing
cold water having a temperature of 5°C through a cooling
jacket of the cooler 8, so that the temperature of the
liquid bottom fraction accumulated in the bottom portion
of the lower section 3 becomes 40°C.

The total amount of the methyl alcohol fed into the
reactor and the methyl alcohol contained in the
circulating liquid fraction is 41.9 moles per mole of
nitrogen monoxide fed into the reactor 1.

After the operation in the reactor 1 became stable,
the compositions of the resultant liquid fraction and gas
fraction were measured. In the measurement results, a
gas fraction was delivered at a delivery rate of
15.67 Nm'/hr from the top portion of the reactor 1

through a conduit 12, and contained 12.4% by volume of



-20- lower section of the distillation colum reactor. In the circul ation
of the liquid fraction in the dial kyl oxal ate production process, a portion
of the withdrawn liquid fraction may be discharged fromthe circulation
path, and the remaining portion of the-wiaghdrawn liquid fraction may be
cooled and then returned into the | ower section of the distillation colum
reactor. In the dialkyl oxal ate production process, the reaction of the

ni trogen oxi deewhyh nhérétkyl1a6%ohEIV¢humee0ﬂiBittbgehononoxbﬂa,réa%%or is

preferably cas? gd1aMt 8% ﬁe{:ﬁg]?eéféiiﬁélofai’ L9 ng&sig J;nniefogéal kyl

oxal ate production Erocess anount ~ of ract i on
circul ati ng tA+88gh PﬁegﬁﬁmEFagﬁé?PohaGfat“ét§¥s??PF%¥FoﬂchPﬁﬁ% B¥actor is
controll ed toygihereebroiedd.to 160 tinmes the total anount of the al kyl

al cohol fed into t stil i on co um _reactor,. In the dialkyl oxalate
product i on process@g?hél?%éﬁaéggt?%t Bﬂ%Eéﬂnlﬁ?otPﬁgbﬂFE?TlP%f¥bﬂndﬁ um
reactor contathe neacbgenloxoﬂEaime@h4eh1%hbycoeignt of meéethplien nonoxi de

s 50 ol ar %oLomie Based gy Lheototal JRLar aFORRlLQlyLbgypTbE 0gen

oxide, and is a ar oxygen i n ah ahoun of T 0 0.25 nmole
per nol e of thétnieragdd @Rdd@ 4$nth@ed¢btk9f pehyl enproditet i o process,

the al kyl al cghptibhagkdehé POhGFadR Bid ﬂ@effééffo@e%¥§e@lsé§£féé&C:and

30[err]C, and the cool ed al kyl al cohol i Z into a top portion of
the upper sec®FoR BLSERarapsFatea®f oh @%IhﬁﬁeF% E?o?héﬂﬂgFIEﬂﬁ downwar d

fromthe uppecofi@GitoD0 arranged downstream from the outlet of the
pump 7.

In the above-mentioned methyl nitrite-producing
procedure of Example 1, nitric acid was produced, as a
by-product, in an amount of 0.018 mole per mole of
nitrogen monoxide fed into the reactor 1. The amount of
nitric acid corresponded to 2.0% by mole based on the
molar amcunt of nitrogen monoxide consumed in the
reaction in the distillation column reactor 1.

Example 2

The same methyl nitrite-producing procedures as in
Example 1 were carried out with the following exceptions.

A feed gas comprising 15.2% by volume of carbon
monoxide, 4.8% by volume of methyl nitrite, 92.9% by
volume of nitrogen monoxide, 6.8% by volume of methyl
alcohol, 1.7% by volume of carbon dioxide and 61.6% by
volume of nitrogen was fed at a feed rate of 15.0 Nm®/hr
under a pressure of 3.1 kg/cnﬁG into the lower section of
the reactor 1.

Simultaneously an oxygen gas was mixed at a feed
rate of 0.15 Nm'/hr into the feed gas. The mixed feed
gas was introduced into a lower portion of the lower
section 3 of the reactor 1. Also, a methyl alcohol
liquid having a temperature of 20°C was fed at a feed
rate of 1.44 liters/hr into the top portion of the
reactor 1 through a conduit 6. Further, the inside



to the | ower section of the distillation colum reactor. In the production
of the dial kyl oxal ate, the reaction of carbon nonoxide with an al kyl
nitrite is carried out in accordance with the follow ng reaction fornula

(1): -21- COOR 2CO + 2RONO - [err] = 27 2NO (1) and the
regeneration of an alkyl nitrite is effected in accordance with the
following reaction forrmula (2): 2NO + 2RCH + 1/2Jerr] - 2RONO + H20

(2) The al kylP¥R$59ER 9BHrthecrepaimIctl sfaoifcanealiladiio sughtad i s

preferably seigede RO tROSErBAY 1T 1B Bldf e preferably
1 to 6 carbon atons, still rmriyqoref rably lto carbon atons, for

exanpl e, net hSﬁa?ﬁ?FlJteb%ﬁR:}“eet k945 Be. The solid catal yst usable for
the dial kyl oxal aten ptiesl Ugadrning rie&ﬁ&éﬁ €7 clqnmxmaa 1catuaie/|1tﬂqsu@pnp0nent

selected fro latin for e |um atlnum
iridium rut [?é‘ﬁ aﬁ’é‘a‘%hb?ff)u’rﬁ nrglealbft% Jﬁ’lrdéh (ajtJn rf drmed from
activated carveas, withdxane thardigie, theagrorsiwt Al iga,a z;:emip t7gs cooled
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water having a temperature of 5°C was circulated through
a cooling jacket of the cooler 8, to control the
temperature of the liquid bottom fraction in the bottom
portion of the reactor 1 to 40°C. '

The amount of the circulating liquid fraction was
154 times the total amount of the methyl alcohol fed into
the reactor 1. Also the molar ratio of the total molar
amount of the methyl alcohol fed into the reactor 1 and
the methyl alcohol contained in the circulating liguid
fraction to the molar amount of nitrogen monoxide fed
into the reactor 1 was 97.1:1.

After the reaction operation in the reactor 1 is
stabilized, the same measurements as in Example 1 were
carried out. In the measurement results, the gas
fraction generated in the reactor 1 and having a water
content of 0.05% by volume or less delivered at a
delivery rate of 15.0 Nm’/hr from the top portion of the
reactor 1 through the conduit 12, contained 15.2% by
volume of carbon monoxide, 8.7% by volume of methyl
nitrite, 5.9% by volume of nitrogen monoxide, 6.8% by
volume of methyl alcohol, 1.7% by volume of carbon
dioxide and 61.7% by volume of nitrogen.

The liquid fraction generated in the reactor 1
contained 51.1% by weight of methyl alcohol, 41.5% by
weight of water, 7.0% by weight of nitric acid, and 0.4%
by weight of methyl'nitrite, and a portion of the liquid
fraction was discharged at a discharge rate of



pl ati num group netal conpound carried on the carrier with a reducing agent,
and drying and/or calcining the reduced netal -carrying carrier. |In another
nmet hod of preparing the catalyst, the sane inpregnating and dryi ng and/ or
cal ci ni fg procedures as nentioned above®r-e carried out, except that the
reduci ng procedure is omtted; the resultant catal yst precursor is packed
In a container, a reducing gas, for exanple, a hydrogen or carbon nonoxide
gas is intr0d63editsrdhrhshgaurbdthayepndpithdlcarap)gedplevifteralt a
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same procedures as in Example 2 with the following
exceptions.

The feeding of the methyl alcohol liquid having a .
temperature of 20°C into the top portion of the reactor 1
through the conduit 6 was carried out at a feed rate of
2.70 liters/hr. The oxygen gas was fed at a feed rate of
0.34 Nm/’hr. The amount of the circulating liquid
fraction was 95 times by weight the total amount of
methyl alcéhol fed into the reactor 1. Also the total
molar amount of the methyl alcohol fed into the reactor 1
and the methyl alcohol contained in the circulating
liquid fraction was 38.4 moles per mole of nitrogen
monoxide fed into the reactor 1.

The same measurements as in Example 1 were effected.

The gas fraction generated in the reactor and having
a water content of 0.05% by volume or less was delivered
at a delivery rate of 14.98 Nm'/hr from the top portion
of the reactor 1 through the conduit 12.

The gas fraction contained 15.2% by volume of carbon
monoxide, 13.8% by volume of methyl nitrite, 0.8% by
volume of nitrogen monoxide, 6.8% by volume of methyl
alcohol, 1.7% by volume of carbon dioxide and 61.7% by
volume of nitrogen.

The liquid fraction generated in the reactor 1
contained 22.6% by weight of methyl alcohol, 69.7% by
weight of water, 7.5% by weight of nitric acid and 0.2%



average pore size of 10 to 1,000 nm particularly 50 to 500 nm nore
preferably 100 to 300 nm Also, the carrier preferably has a pore vol une
of 0.05 m/g or nore, particularly 0.1 to 3.0 m/g, nore preferably 0.3 to
0.6 m/g. These values are neasured by t2% -BET nmet hod and the

mer cury-penetrati on net hod. The above-nentioned carrier may be in the form
of shaped articles, for exa i PEellets
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same procedures as in Example 3 except that the
circulation of the liquid fraction was stopped during the
reaction. -

The break of the liquid fraction circulation caused
the temperature in the lower section 3 of the reactor 1
to rapidly rise and thus the reaction not to be stably
continued. Therefore, the feed of the materials was
stopped.

Comparative Example 2

A synthesis of methyl nitrite was carried out by the
same procedures as in Example 2, except that the methyl
alcohol liquid with a temperature of 20°C was fed at a
feed rate of 2.50 liters/hr into the top portion of the
reactor 1 through the conduit 6.

The amount of the circulating liquid fraction was
137 times by weight the total amount of the methyl
alcohol fed into the reactor 1. Also the molar ratio of
the total molar amount of the methyl alcohol fed into the
reactor 1 and the methyl alcohol contained in the
circulating liquid fraction to the molar amount of
nitrogen monoxide fed into the reactor 1 was 175.3:1.

After the reaction operation in the reactor 1 is
stabilized, the same measurements as in Example 1 were
carried out. In the measurement results, the gas
fraction generated in the reactor 1 and having a water



gas is 1 to 90% by volune, nore preferably 5 to 60% by vol unme. The nmain
reactor may be selected fromfixed bed, fluidized bed, and novi ng bed
reactors. Fromthe view point of industry, the fixed bed reactor is
preferred. In the absorption step of the @Dakkyl oxal ate production
process, the gas fraction produced in the main reaction step and contai ni ng
the dialkyl oxalate is withdrawn fromthe main reactor 20 through the
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1.60 liter/hr through the conduit 10 arranged downstream

from the outlet of the pump 7. ‘

In Comparative Exampie 2, the amount of nitric acid
produced in the reactor 1 was 0.018 mole per mole of
nitrogen monoxide fed into the reactor 1. Also, the
amount of nitric acid produced in the reactor 1 was
4.5 molar % based on the molar amount of nitrogen
monoxide consumed by the reaction occurred in the
reactor 1.

Comparative Example 3 _

A synthesis of methyl nitrite was carried out by the
same procedures as in Example 3, except that the methyl
alcohol liquid with a temperature of 20°C was fed at a
feed rate of 2.46 liters/hr into the top portion of the
reactor 1 through the conduit 6.

The weight of the circulating liquid fraction was
110 times the total weight of the methyl alcohol fed into
the reactor 1. Also the molar ratio of the total molar
amount of the methyl alcohol fed into the reactor 1 and
the methyl alcohol contained in the circulating liquid
fraction to the molar amount of nitrogen monoxide fed
into the reactor 1 was 20.1:1.

After the reaction operation in the reactor 1 is

stabilized, the same measurement as in Example 1 were



- 24 - The absorption liquid is preferably fed in an anmount of 1 to 100

parts by weight, nore preferably 2 to 20 parts by weight, per 100 parts by
wei ght of the dial kyl oxalate produced in the main reactop—26-and-fed intq
the absorption colum 21. The absorptien3li qui d preferabl { THESHEET HAS BFEN
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The absorption coLuan may be selected fromnulti- tray abSorprromrcottans:
for exanple, SREVESHrG tcolBﬂng?eHﬂ%%?%r%%?Ptcﬁ?%ﬂ%Esahﬁh%aﬁg% tray
columms, and pgakeflonojenesapadken vhé hreackongl nah@rhav sng f orwekenpl e,
Poll rings and schigerin The regeneration_ o he alkyl nitrite by the
distillation SBE%ﬁﬂEr§£c§b€§i %%nv%gg%gr?fe%e%ﬁté%§lY$£9%r%Ee%ures as
ment i oned abodelivTaeygratéraft 14n9Qelm/deErnan tthe diopt iddrdtiicon ofb lten
reactor 1 and l.nk n I LLEI ' it hd f e

portion of th£8§?§§%|?a?P%§§%§|ﬁ%% ?%%%?%? iftm%%gd%gﬁe%%%%ﬁ}%gléégﬁﬁ fed
into the mai nvedumeoef2carbenumenexidadul 3. 29aby Avpbune onf ohethyl wi t hdr awn
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a conduit 13. EXAMPLES Theagiesent invention Wll_be further illustrated by

the fol | owi ngvex4mp| 85 mekhnp| 219900 Y; sti TF abY ofe WPt r@2EP9R 1 as shown

in Fig. 1 dioxide and 62.1% by volume of nitrogen.

The liquid fraction generated in the reactor 1
contained 10.0% by weight of methyl alcohol, 59.7% by
weight of water, 30.3% by weight of nitric acid, and 0.2%
by weight of methyl ﬁitrite, and a portion of the liquid
fraction was discharged at a discharge rate of .
1.03 liter/hr through the’éonduit 10 arranged downstream
from the outlet of the pump 7.

In Comparative Example 2, the amount of nitric acid
produced in the reactor 1 was 0.067 mole per mole of
nitrogen monoxide fed into the reactor 1. Also, the
amount of nitric acid produced in the reactor 1 was
7.2 molar % based on the molar amount of nitrogen
monoxide consumed by the reaction occurred in the
reactor 1.

Comparative Example 4

A synthesis of methyl nitrite was carried out by the
same procedures as in Example 2, except that the flow
rate of the circulating liquid fraction was changed from
360 liters/hr to 120 liters/hr.

The weight of the circulating liquid fraction was
35 times the total weight of the methyl alcohol fed into
the reactor 1. Also, the molar ratio of the total molar
amount of methyl alcohol fed into the reactor 1 and
methyl alcohol contained in the circulating liquid
fraction to the molar amount of nitrogen monoxide fed
into the reaction 1 was 16.5:1.

The same measurements as in Example 1 were effected.



was enployed. This reactor 1 was of a packed columm type reactor having an
I nsi de dianeter of 158 mm and a hei ght of 1400 mm and i ncluded a 10 mm
Raschi g ring-packed upper |ayer (an upper section 2) having a I ength of 800
mmfroma | evel of 50 mm bel ow the col vm320p and a 10 nmm Raschi g
ri ng- packed |l ower |ayer (a |lower section 3) having a | ength of 400 mm from
a level of 30 nm below the bottom of the upper layer. A feed gas containing
15% by vol une of ntheogas faretion geacgsiedy inol refciorr agen haad nded
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and returned into g%ﬁbHgﬁaﬁdr565?@&°Pnﬂ€8?5?§?9 éﬁoﬁgetﬁ@aF6W€rl
contained 24.5% by weight of methyl alcohol, 55.7% by
weight of water, 19.8% by weight of nitric acid and 0.2%
by weight of methyl nitrite. A portion of the liquid
fraction was discharged at a discharge rate of
1.07 liter/hr through a cShduit 10 arranged downstream
from the outlet of the pump 7.

In Comparative Example 4, the amount of nitric acid
produced in the reactor 1 was 0.045 mole per mole of
nitrogen monoxide fed into the reactor 1. Also, the
amount of nitric acid produced in the reactor 1 was
4.9 molar % based on the amount of nitrogen monoxide
consumed by the reaction occurred in the reactor 1.

In the process of the present invention in which the
liquid bottom fraction accumulated in a bottom portion of
a distillation column reactor and containing 10 to 60% by
weight of an alkyl alcohol was withdrawn from the bottom
portion, cooled by a cooler, and returned to a portion
immediately above the lower section of the reactor, to
circulate the liquid fraction through the lower section
of the reactor under the specific conditions (a), (b) and
(c) mentioned above, the reaction heat vigorously
generated by the gas/liquid contact reaction in the lower
section of the reactor can be surely removed with a high
efficiency, and the gas/liquid contact reaction can be
effected in the reaction system under appropriate
conditions at a high degree of stability to produce an



section 3 at a flowrate of 360 liters/hr. The circul ating anmount (weight)
of the liquid fraction was controlled to 73 tines by weight the total

amount (weight) of nethyl alcohol fed into the reactor 1, and the w thdrawn
liquid fraction was cool ed by passing col¥B water having a tenperature of
51C through a cooling jacket of the cooler 8 so that the tenperature of

the liquid bottom fraction accunul.ated in the boti{om portion of the | ower
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fraction is 4§.9 g$les per nole of nitrogen nonoxide fed into the reactor
1. After the SgF ‘lon in the reactor 1 becane stable, the conpositions of
the resultant |iquExafpdetdon and gas fraction were neasured. In the

nmeasurement results, Eacki-an L. ue [ y rate of
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ni t rogen. Als%r Hgg gasaﬁrgction had a water content of 0.05% by vol une or
less. The |iqSidHett S82HA5Eion in the bottom portion of the reactor 1
cont ai ned 40. 1% by (Weirgltt saepifet hyl al cohol, 52.2% by wei ght of water, 7.4%

by weight of nitrig;3Gida20ded1¢2%Pye1§Le0t Qi AE BYhidhbEEECor s mm
and a length of 3 mm and each carrying thereon 0.5% by
weight of palladium were packed in an amount of
3.3 liters in 6 stainless steel tubes forming a multi-
tube type reactor and each having a inside diameter of
36.7 mm and a height of 550 mm.

A nixed gas was prepared by mixing a carbon monoxide
gas and a gas fraction supplied from a distillation
column reactor which will be explained later.

The mixed gas comprised 18.6% by volume of carbon
monoxide, 8.5% by volume of methyl nitrite, 5.7% by
volume of nitrogen monoxide, 6.5% by volume of methyl
alcohol, 1.5% by volume of carbon dioxide and 59.2% by
volume of nitrogen and had a pressure of 3.5 kg/cnﬁG.

The mixed gas was pre-heated to a temperature of
about 90°C by a heat exchanger and then fed into the top
portions of the catalyst-packed tubes of the multi-tube
type reactor through a gas compress-circulator at a feed
rate of 15.6 Nm’/hr, while circulating a hot water
through heating jackets surrounding the shell of the
reactor to maintain the temperature of the catalyst
layers packed in the reactor tube at 105 to 120°C. 1In
the reactor, carbon monoxide reacts with methyl nitrite
to produce a dimethyl oxalate-containing gas fraction.

[Second step]

A gas/liquid contact condenser type absorpticn

column having an inside diameter of 158 mm and a height



portion of the withdrawn liquid fraction was discharged at a discharge rate
of 1.66 liters/hr through the conduit 10 arranged downstream fromthe
out | et of thq punp 7. In the above-nentioned nethyl nitrite-producing
procedur'e of 'Exanple 1, nitric acid was prdduced, as a by-product, in an
anount of 0.018 nole per nole of nitrogen nonoxide fed into the reactor 1.
The anmount of nitric acid corresponded to 2. 000b¥}nnle based an t he nol ar

c

amount of nitPEgdAORoMBXARE EéﬁgﬁﬁeHth RASChagCFLBAS| HaBh¥S8Pstil | ati on
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was fed at a Teed rate ressure oOf g/ cnBG
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m xed at a fegﬁtbafaet% Bok® iRl 8% LhBr abBbepthenf eeduﬁas tdhBrirhyedhéeed
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reactor 1. Al §85 FTREtAPR QPEOﬁBF WF&EV& ﬁ&ﬁPﬁSEa %gﬁﬁ r afiPe®of 20[err]C
was fed at a teesteaicarebnt. één]tla'cer szlllm eath bhéetop porbndenegdt he

reactor 1 thrﬁ%%ﬁf% %%%%%&on pro uEQ%r Qﬁeigﬁgggption column and
containing 90.9% by weight of dimethyl oxalate, 2.0% by
wight of dimethyl carbonate, 0.1% by weight of methyl
formate, and 6.5% by'weight of methyl alcohol was
delivered from the bottom of the absorption column at a
delivery rate of 1.74 kg/ﬁr. Also, a non-condensed gas
fraction generated in the absorption column and
containing 15.2% by volume of carbon monoxide, 4.8% by
volume of methyl nitrite, 9.9% by volume of nitrogen
monoxide, 6.8% by volume of methyl alcohol, 1.7% by
volume of carbon dioxide and 61.6% by volume of nitrogen
was delivered at a delivery rate of 15.0 Nm’/hr from the
top of the absorption column.

[Third step]

A packed column type reactor 1 having an inside
diameter of 158 mm and a height of 1400 mm as shown in
Fig. 1 was used as a distillation column reactor. The
reactor 1 had an upper section 2 consisting of a 10 mm
Raschig ring-packed layer located 50 mm below the top of
the reactor and having a length of 800 mm and a lower
section 3 consisting of a 10 mm Raschig ring-packed layer
located 30 mm below the upper section and having a length
of 400 mm. The lower reaction 3 of the reactor 1 was
connected to the top portion of the absorption column 21
through a conduit 5 as shown in Fig. 2.

The non-condensed gas fraction delivered from the
top portion-of the absorption column 21 was fed into the



-27- pressure of the reactor 1 was controlled to such an extent that the
pressure in the top portion of the reactor 1 becane 2.9 kg/cnferr]G In the
same_manner as in Exanple 1, the liquid bottomfraction in the bottom
portion ‘of the reactor 1 was wi thdrawn-t BSowgh the conduit 4b by a punp 7,
cool ed by the cooler 8 and returned at a flowrate of 360 liters/hr into a
portion inmedi ately above the |ower section 3 of the reactor 1. In the-
cool er 8, coolowervaeeriomvi Rf FhefRAIGEF ol o'?h%‘f‘égh]@%\/ef’soﬁl}’c%rf‘dt%tﬂ
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nol ar amount gioRi +aegen. 005 o¥h Ao Gehtiontthd hordeds & threagh9a 1:1. After
the reaction operation_ in the reactor 1 is stabilized, the sane

measur ement s @8NARLExAPp| €O 1M ENR R FT R 07 S #d  H2e RLSIRY RNt results,
the gas fractjgehogener ga€dinto ttite et esndensed hgas nfirac vbderamdntent of
0. 05% by vol une og Iessfdelivered at a delivery rate of 15.0 Nnjerr]/hr
fromthe top BBPYi8R f L8R 93%ctor 1 through the conduit 12, contai ned

15. 2% by vol une of stmubbanewnsky dea BeFhybyalodbed biqwedhyavimgrate, 5.9%

by vol ure of pi4r99ED, PENGX! 5 r820 Paa ek UESaba BREY | of cONOI 1. 7% by

vol ume of car
1.44 liters/hr into the top portion of the distillation

column reactor 1 through a conduit 6. The inner pressure
of the reactor 1 was controlled to such an extent that
the pressure in the top portion of the reactor 1 is
maintained at 2.9 kg/cnﬁG. A resultant liquid bottom
fraction accumulated in the bottom portion of the

reactor 1 was circulated at a circulation rate of

360 liters/hr through a circulation path 9a including the
conduit 4b, the pump 7, the conduit 4c, the cooler 8, the
conduit 9 and the lower section 3 of the reactor 1 as
shown in Fig. 1.

In the third step, the weight ratio of the amount of
the circulating liquid fraction to the total amount of
the methyl alcohol fed into the reactor 1 was controlled
to 154:1. The temperature of the circulating liquid
fraction was adjusted to 40°C measured in the bottom
portion of the reactor 1, by circulating a cooling water
having a temperature of 5°C through a cooling jacket of
the cooler 8. Also, the molar ratio of the total molar
amount of the methyl alcohol fed into the reactor 1 and
methyl alcohol contained in the circulating liquid
fraction to the molar amount of nitrogen monoxide fed to
the reactor is controlled to 97.1:1.

The same measurements as in Example 1 were applied
to the reaction results of the third step.



di oxi de and 61. 7% by vol une of nitrogen. The liquid fraction generated in
the reactor 1 contained 51.1% by wei ght of nethyl alcohol, 41.5% by wei ght
of water, 7.0% by weight of nitric acid, and 0.4% by wei ght of nethyl
nitrite, and a portion of the liquid frac3gd om was di scharged at a di scharge
rate of -28 - 0.63 liter/hr through the conduit 10 arranged downstream
fromthe outlet of the punp 7. In Exanple 2, the anpunt of nitric acid
produced in the reS&eogas fxactionogevexased Apl shef rgactoged Aapdoxi de fed

into the reaciakihg A HateheoRTRNR! o2f oNhERI By2Gbd uRkOdYCEdsisNwhlge reactor
1 was 2.5 nol ar .% based on the _nol ar anmount _of nltrog?n npnoxi de consuned

by the reacti OfldvEELAAt A ORI LVEXY SRS, OfxdRpLeNB ZhL FX PR FRE $ORet hy |

nitrite was CaoiritadnObif Rhet ReaceoR Ar ARAUGAS tA& cBnBuaA®EPhe.2 With the
foll owi ng exceptloni The feedlng of the nethﬁk ?%cghol
‘e

. ) l.i qui d _.havi ng a
tenperature of 20[ &rf] 88FnLLackdORoFOpGALNEH VeXEQBgelothSEBgnthe
condui t 6 wasmonoxiee,08t. 94t by eddmeabd abktRAylOnlitiréte/,hs.. 9%hkyoxygen gas
was fed at a ra f, N < akNe agpu t Il kng liquid
fracti on was &?ﬁgpﬁeé%b§lﬁgF§%P HE§Q?69§V g' ung&ogg%gﬂﬁyﬁkaﬁ%%ﬁ%F fed into
the reactor 1almsodelihd .78t By wolumeapdumsarbbont HaomidryhRndl 6dhdR b¥d into
the reactor 1,@Rdmkh®smlik¥bgahcohol contained in the circulating

The liquid fraction generated in the reactor 1
contained 51.1% by weight of methyl alcohol, 41.5% by
weight of water, 7.0% by weight of nitric acid and 0.4%
by weight of methyl nitrite. A portion of the liquid
fraction was discharged at a discharge rate of
0.63 liter/hr through a conduit 10 arranged downstream
from the outlet of the pump 7.

In the third step of Example 5, the amount of nitric
acid produced in the reactor 1 was 0.010 mole per mole of
nitrogen monoxide fed into the reactor 1. Also, the
amount of nitric acid produced in the reactor 1 was
2.5 molar % based on the molar amount of nitrogen
monoxide consumed by the reaction occurred in the
reactor 1.

[Fourth step]

The condensed liquid fraction delivered from the
absorption column in the second step was introduced at a
feed rate of 1.74 kg/hr into a distillation column
(packed column, not shown in Figs. 1 and 2) having an
inside diameter of 50 mm and a height of 3 mm, and
distilled under conditions of a column top temperature of
64.5°C and a column bottom temperature of 166°C. A
liquid fraction consisting essentially of dimethyl
oxalate having a degree of purity of 99.8% by weight was
delivered at a delivery rate of 1.57 kg/hr from the
bottom of the distillation column. Also, a distillate
fraction comprising 82.2% by weight of methyl alcohol,



liquid fraction was 38.4 noles per nole of nitrogen nonoxide fed into the
reactor 1. The sane neasurenents as in Exanple 1 were effected. The gas
fraction _generated in the reactor and having a water content of 0.05% by
volume or less was delivered at a deliwedy Fate of 14.98 Nnferr]/hr from
the top portion of the reactor 1 through the conduit 12. The gas fraction
cont ai ned 15.2% by vol une of carbon nonoxi de, 13.8% by vol une of nethyl

nitrite, 0.8%by7 obnnﬁewhhrcefo@metmmbmmbom% gnd of ube kY wetdht
al cohol, 1. 7‘Ve>bym¥9hy1ref@t—m&9é%dd@tw@r@@da@1a 36 Pyvep) W ofofii trogen.

The Irqurd fractro rat d i n the react or ont ai ned, "22. 6%%p¥ wei ght of
met hyl al cohof: 1%9 e kAR © 7“5‘% et tptiR SRIVIR- acid and
0. 2% - 29 - by BR agﬁleo& nethyl nrtrrte A portion of the liquid

fraction was di sc a char rate 7 liter/hr_th o

conduit 10 arranggg gg&n %%%%é%? Qﬁﬁ? tb¥ﬁéﬁ$m§?WﬁqP5pc %§a$%le 3,
t he anmount ofiniE;ampber@,rw:mhmnhh|fplluwxm@o$xnegtuwmso 014 nol e per nole
of nitrogen nonoxi ﬁg igd éé’é&né r@téqaq{}% %?t@% 0514 f‘ ﬂiﬁ Pfuddtric

acid produced in the reactor ased on e” anount of
ni trogen nonok®dedtodsifed JEﬁ/t% Hef rQet4 |b¥r‘5%/cftl¥ rERtQ nt*tcheabwteroq
Conpar ati ve Exgmghg 11 A synthesis of nethyl nitrite was carried out by the

In the third step, the methyl alcohol liquid having
a temperature of 20°C was fed at a feed rate of
2.70 liters/hr into the top portion of the distillation
column reactor 1 through the conduit 6.

The gas fraction delivered from the absorption
column 21 of the second step was mixed with the oxygen
gas introduced at a feed rate of 0.34 Nm’/hr through the
conduit 14 and the nitrogen monoxide gas introduced at a
feed rate of 0.021 Nm'/hr through the conduit 15 to
provide a feed gas for the third step.

The gas fraction delivered from the third step and
supplied to the first step contained 18.6% by volume of
carbon monoxide, 9.8% by volume of methyl nitrite, 4.2%
by volume of nitrogen monoxide, 6.6% by volume of methyl
alcohol and 59.3% by volume of nitrogen.

In the third step, the weight ratio of the amount of
the circulating ligquid fraction to the total amount of
the methyl alcohol fed into the distillation column
reactor 1 was 95:1. Also, the molar ratio of the total
molar amount of methyl alcohol fed into the reactor 1 and
methyl alcohol contained in the circulating liquid
fraction to the molar amount of nitrogen monoxide fed
into the reactor 1 was 38.4:1.

The same measurements as in Example 1 were applied
to the reaction results of the third step.

The gas fraction generated in the distillation
column reactor and having a water content of 0.05% by



sanme procedures as in Exanple 3 except that the circulation of the liquid
fraction was stopped during the reaction. The break of the liquid fraction
circulation caused the tenperature in the | ower section 3 of the reactor 1
to rapidly rise and thus the reaction not3& o-be stably continued
Therefore, the feed of the materials was stopped. Conparative Exanple 2 A
synthesis of nethyl nitrite was carried out by the sane procedures as in

Exanpl e 2, ex¥epumenhgr LRESHWERyACALVBEBA PLqdi BehiVRTY tekBePiture of

20[err] C was flad9oat Na’fieedf @i et P pdit 866/ & t1wd orddecdopt portion of
the reactor 1 _through the condyit 6. The anmount of the circulating Iiquid
fraction was ¥ foPﬁﬂe§ ByCRBBBﬁF fhe total anount of the methyl al cohol fed
into the reactor 1ThAl seltirersudl gasr Sraotabnt bentatiakdnabagsabpunblahet he

met hyl al cohol, .f L.nto L gact apd th t Qyl ol..contained in
t he circulati%é Egﬁh?h ?%ggfﬁgﬁ’tggféé %XI%P§3%§UQ¥ ggkﬁg?rgégglégﬁoxide
fed into the Ae&dt by Yolumel1ds5. gitrogenemonhsideacti-éh byevalime ©f the

reactor 1 is mbgRihi a8donble $26% Bga§aisﬂsnb§_éarbanEagan-aelaﬁﬁre carried
out. In the neasufepent results, the gas fraction generated in the reactor

1 and havi ng §%wdfePY volype. ofoRLERPIBR-0. 05% by vol ume or |ess delivered
at a delivery raterht 14gQ@8dNstactliohr gbnepntba Lapther 8i88idiathen

column reactor 1 contained 22.6% by weight of methyl
alcohol, 69.7% by weight of water, 7.5% by weight of
nitric acid and 0.2% by weight of methyl nitrite. A
portion of the liquid fraction was discharged at a
discharge rate of 0.87 liter/hr through a conduit 10
arranged downstream from the outlet of the pump 7.

In Example 5, the amount of nitric acid produced in
the reactor 1 was 0.014 mole per mole of nitrogen
monoxide fed into the reactor 1. Also, the amount of
nitric acid produced in the reactor 1 was 1.5 molar %
based on the molar amount of nitrogen monoxide consumed
by the reaction occurred in the reactor 1.

In the fourth step, dimethyl oxalate having a degree
of purity of 99.8% by weight was delivered at a delivery
rate of 3.47 kg/hr from the bottom portion of the
distillation column. Also, a distillate fraction
containing 82.0% by weight of methyl alcohol, 17.9% by
weight of dimethyl carbonate and 0.1% by weight of methyl
formate was delivered at a delivery rate of 0.39 liter/hr
from the bottom portion of the distillation column.

Comparative Example 5

The same procedures for producing dimethyl oxalate
as in Example 5 were carried out except that, in the
third step using the distillation column reactor 1, the
circulation of the liquid fraction was stopped during the
reaction.

The break of the liquid fraction circulation caused



reactor 1 through the conduit 12, and contai ned 15. 3% by vol une of carbon
nonoxi de, 8.6% by volunme of nethyl nitrite, 5.9% by vol une of nitrogen
monoxi de, 6.7% by volune of nethyl alcohol, 1.7% by volume of carbon

di oxi de and 61. 8% by vol unme of nitrogen. -T&% +iquid fraction generated in
the reactor 1 contained 78.1% by wei ght of npethyl al cohol, 16.0% by wei ght
of water, 5.3% by weight of nitric _acid, and 0.6% by melght of net hyl
nitrite, and a %% theRPeRature linthe dowern seckdondrd: kheysgastox &|§€harge
ratle of ].:L Gg Ilztaqnldnry t:hnm@set mdcmmhw tthhowarcwjgedo&owmet :ct(ha.li‘k:lf E@@pt hg
outl et of the pu ratl rrp a nt aci
produced in theuﬂgéi or Q%&H%'% % %her éh H%#roggndn8n0§%3e fed
into the react dieed qa%@onmmmeomom—mwe@@m me@dlf@@dtmnt,he react or
1 was 4.5 nol arsu(?ﬁlai%?ﬂ bnt R R YN 1 ulinl roeg%erre@%hee s%eissumsd
by the reaction occurred in the reactor 1. Conparative Exanple

synthesi s of n¥af/IStARR8Ye was carried out by the sane procedures as in

Exanpl e 3, except tﬁg@ugﬁggjggygggﬁgg§yg liquid with a tenperature of
20[err] C was fed at d e.of 2.46 liters/hr into the to rtion of
the reactor 1 throud‘%tt}fyg‘ d’r’f‘&lﬁ‘i FASTRESRETGT 6t t?‘ﬁesc?f‘\ecﬁ’lrgf: ﬁ&rﬁ

fracti on was 11t tﬂxmltehes,t otigih vedieg o 1dowtiing mlepltmlmsohol fed into the

e e e L L )

circul ating I|(ﬂﬂﬁ9ﬁ9%ﬁﬁﬁ%ﬁ?tﬁftﬂﬂ§QﬂM&§’ @ﬁtaoﬁ r3&en ofonoxi de fed
2.50 liters/hr into the top portion of the distillation
column reactor 1 thrdugh the conduit 6.

In the third step, the weight ratio of the amount of
the circulating liquid fraction to the total amount of
the methyl alcohol fed into the distillation column
reactor 1 was 137:1. Also, the molar ratio of the total
molar amount of methyl alcohol fed into the reactor 1 and
methyl alcohol contained in the circulating liguid
fraction to the molar amount of nitrogen monoxide fed
into the reactor 1 was 175.3:1.

The same measurements as in Example 1 were applied
to the reaction results of the third step.

The gas fraction generated in the distillation
column reactor and having a water content of 0.05% by
volume or less was delivered at a delivery rate of
14.24 Nm'/hr from the top portion of the reactor 1
through the conduit 12.

The delivered gas fraction contained 10.9% by volume
of carbon monoxide, 10.9% by volume of methyl nitrite,
4.6% by volume of nitrogen monoxide, 7.2% by volume of
methyl alcohol, 1.6% by volume of carbon dioxide and
64.9% by volume of nitrogen.

The liquid fraction generated in the distillation
column reactor 1 contained 78.1% by weight of methyl
alcohol, 16.0% by weight of water, 5.3% by weight of



into the reactor 1 was 20.1:1. After the reaction operation in the reactor
1l is stabilized, the sane neasurenent as in Exanple 1 were carried out.
In the nmeasurenent results, the gas fraction generated in the reactor 1 and
having a water content of 0. 05% by vol um#®br- | ess delivered at a delivery
rate of 14.90 Nnferr]/hr fromthe top portion of the reactor 1 through the

conduit 12, and contained 15. 3% by vol une of carbon nonoxi de, 13.4% by
vol une of met APETAFt AFLE, apd78s 6% Qﬁlﬁﬂﬁng Aft MBERKLNBABELBE: 6R8% by
vol une of net ppktabaobel thé. Ii/qbydvxai:uaeleﬁ wasbainséhaxgda aﬂda62 1% by

cont & ned 10, BISBPERERGRE LS Ohetng) AEBRS/ RE5bRT9SE) AePORRSLE Bt er,
30. 3% by wei garrehgait dpwnatrdamahdod. 2hebgundeghofotheepump hitrite, and a
portion of the |iddhdchhaakhety &aﬁxgﬁgfgagge%@t aflofhecBer fectal cafigl- 03

liter/hr through the condurt 10 arran mnstrean1 rom-t e ou f the
punp 7. | n Corpafucpdeirxhhpl seacteriel anasanf - 818 nmetecpati Bopeodficed in the

reactor 1 wasn@tP8deAPhEnBALAEDEEGOEnbbt ERECREBROXI dE fgﬂsbntehéhe react or
1. Also, the amounf of nitric ach 8 &uce in t e reactor was 7.2 nol ar

% based on t h8™RBPEr 4 BEHFLGs 2R eAuEBHokdE Eoﬁ?ﬁﬁﬁarb} YA® reaction
occurred in theSrma¢anr%1ba€bdpanathaeaﬁﬁanplef4n£¢sygéhem0ﬁoﬁidéethyI

nitrite was C@Eﬁgﬁﬂeaubyb¥héh@eaction occurred in the reactor 1.
Thus, in the third step, nitrogen monoxide was fed at a
feed rate of 0.030 Nm/shr, into the distillation column
reactor 1.

In the fourth step, dimethyl oxalate having a degrée
of purity of 99.8% by weiaht was delivered at a delivery
rate of 3.45 kg/hr from the bottom portion of the
distillation column.

Comparative Example 7

Methyl oxalate was prepared by the same procedure as
in Example 5, with the following exceptions.

In the third step, the methyl alcohol liquid having
a temperature of 20°C was fed at a feed rate of
2.48 liters/hr into the top portion of the dlstlllatlon
column reactor 1 through the conduit 6.

In the third step, the weight ratio of the amount of
the circulating liquid fraction to the total amount of
the methyl alcohol fed into the distillation column
reactor 1 was 110:1. Also, the molar ratio of the total
molar amount of methyl alcohol fed into the reactor 1 and
methyl alcohol contained in the circulating liguid
fraction to the molar amount of nitrogen monoxide fed
into the reactor 1 was 20.1:1.

The same measurements as in Example 1 were applied
to the reaction results of the third step.

The gas fraction generated in the distillatiocn
column reactor and having a water content of 0.05% by



sanme procedures as in Exanple 2, except that the flow rate of the
circulating liquid fraction was changed from 360 liters/hr to 120
liters/hr. The weight of the circulating liquid fraction was 35 tines the
total weight of the methyl alcohol fed +ntb the reactor 1. Also, the nolar
ratio of the total nolar anmpunt of nethyl al cohol fed into the reactor 1
and methyl alcohol contained in the circulating |liquid fraction to the
nmol ar anmount &F° &de eﬁﬁn&?ﬁdgeﬁéHeFﬁganhé F@& VeSH FAEsCf6.5:1. The
same neasur enaidt.90adim AthExarphetAevesp pébteidrdof th82rdaetgasifraction
generated in the reactor and hayi a water content of 0.05% by vol une or
less was del i VEFSR % d§Pn$€ﬂ§ B%te of 14.93 Nnferr]/hr fromthe top
portion of the readher deltimesegh gialse feardiion t2ntalieegiad Of.19&c biyowodamai ned

15.3%b I d 63 hyls t 0. 7%
by vol u)r/revgfuﬁt %o%xr&%rnbmgﬁo%%l 38%33 fo%w%ﬂnlg?%‘% %ﬁw 5 trylttrli $0/ by

vol une of car o V@éu@ﬁdoélng@F@ﬁe@oNQMQXGﬂenlﬁr@ée#y'Vﬁéumﬁqmﬁj

fraction gene&u@t 1l '&l"c'&\ofleaqt 8 HyCbllameed f24axKohy diRixdlle @hdet hyl
al cohol , 7%%t% ght .of mater 9. 8% by weight of nitric acid and 0.2%

by wei ght of | volEme REGHTESISS the liquid fraction was
di scharged at a d|smhaﬂgqunﬁtérattlo&?gbmbemkhﬁ tilw aingh dd sadndaitti ohO

arranged downgtfiean Qleb3e 10ubhth i9kd 19 R4y’ weight of methyl
alcohol, 59.7% by weight of water, 30.3% by weight of
nitric acid and 0.2% by weight of methyl nitrite. A
portion of the liquid fraction was discharged at a
discharge rate of 1.03 liters/hr through a conduit 10
arranged downstream from the outlet of the pump 7.

In Comparative Example 7, the amount of nitric acid
produced in the reactor 1 was 0.067 mole per mole of
nitrogen monoxide fed into the reactor 1. Also, the
amount of nitric acid produced in the reactor 1 was
7.2 molar % based on the molar amount of nitrogen
monoxide consumed by the reaction occurred in the
reactor 1. Thus, in the third step, nitrogen monoxide
was fed at a feed rate of 0.10 Nm/’hr to the distillation
column reactor 1.

In the fourth step, dimethyl oxalate having a degree
of purity of 99.8% by weight was delivered at a delivery
rate of 3.45 kg/hr from the bottom portion of the
distillation column.

The process of the present invention for producing
an alkyl nitrite is advantageously utilized as a step of
a dimethyl oxalate production process, to regenerate an
alkyl nitrite from a gas fraction separated from a
reaction product of carbon monoxide with an alkyl nitrite s
and containing nitrogen monoxide.

In the regeneration step of the alkyl nitrite, the

reaction heat generated in a lower section of a



I n Conparative Exanple 4, the anount of nitric acid produced in the reactor
1 was 0.045 nole per nole of nitrogen nonoxide fed into the reactor 1.
Al'so, the amgunt of nitric acid produced jpn the reactor 1 was 4.9 nolar %
based on the amount of nitrogen nnnoxidé‘%%ﬁ%uned by the reaction occurred
in the reactor 1. In the process of the present invention in which the

i qui d bottom,f. i .ACC ed_l b oaLp J 0 LShi LON
col um reactgpgéggagggﬁgﬁngﬁghﬁé ?ghgaégbggae?bh?é%?ggﬁ aYﬁ??kgé%%%g%bmas
wi t hdrawn frofhehd igsidofirpeEiranpredured by theospagtorngh¥ewghndd to a

portion i mediatelyagRayephbR LA¥RLASRG! AOPub,t BEcb8REEOANd! Bhéi Lowkat e
the liquid fractign through the | ower seﬁtlog,og tgg.reactor un eﬁhthe
specific cond??FGﬁQ“(Sf,tgﬁ)rﬁﬁat?E) Wehbi 8n8d49806YELCLRBEY eaBlf o Reat
vigorousl¥ gﬁﬂakqbedamkylhﬁégaitéi?thbéoptgdnpedaati9nhightyegkdmer ;
section of the,reactor can,be surely remyved w i A e an

t he gas/liquiHhégﬁt§8thégsfpgnac3ﬁ¥8erggfg%?&d%?ﬁaPEéggegg %g% §§§9én1
under appropriate conditions at a high degree of stability to produce an
-33- alkyl nitrite and, sinultaneously, the production of nitric acid as a
by- product can be restricted to a low |l evel. Exanple 4 A nethyl

nitrite-containing gas fraction was prepared froma feed gas conprising a
gas fraction delivered fromthe foll owi ng process for producing a



di ahiggﬁeegmb@gnqupﬂ jrst step] Alum na catalyst pellets having a dianmeter of

5 of 3 mmand each carrying thereon 0.5% by weight of
pal Iy | ked in an anount of 3.3 liters in 6 stainless steel tubes
for ' % ube type reactor and-e&8h-having a inside dianeter of

36.7 mm and a height of 550 mm A mixed gas was prepared by mxing a carbon
nonoxi de gas and a gas fraction supplied froma distillation colum reactor
which will be expl@haedvwe sgkaim s ni xed gas conprised 18.6% by vol une of

carbon nonoxi de, 83 5% by ¥Obid®s OforBiiBduding | 48, a By Dot vdeine of
ni trogen nonoxide, 6.5% by vol ume of ‘nethyl alcohol, 1.5% by volune of
car bon d|0X|d%°%581599@@5%? $HTRFeLot nitrogen and had a pressure of 3.5

ggf cni ]eE:rLG TEe m xed gRp Vésedinsg heatelkyb alcanperhiquid cintdbon

err y a_heat ex e . 1 Nt t [ he
catal yst - pack‘éﬁp Tt gggf&?héf ?rpﬁﬁjlt'éjﬁ}bie ‘k/érg ?%%‘?ﬁbrfﬁ%%hﬂgs%}gisc}{

conpr ess- ci r cthat eppar ae¢bt@nr%§eﬁQﬂnqgﬁﬁéxﬁﬁeﬁr}QWEF seFforiiingding a

hot water thrQughe bef! bOe LB KER Sulptti CAING i d Noeligth | et fn T eact or {0

mai ntain the tenperatute o e catalyst_|layers packed in the reactor tube

at 105 to 120ferkpéning the abact ALCRBR bR 87D ‘ata"r%‘i«:t‘%hw?h met hyl

rs“tte[)iti tgo P:’Qﬁyégiﬁgdj[:ﬁézﬁé{di ﬁwﬁtﬁmmbm@gi@asoffmimm{z&@ond
as/l1quid contact condenseyr type absorption colum havin

i nsi de di amet BRTGRIR5BNGNBRGT aa%‘ii{ﬁ‘l’glp sSctrofs; 9

(2) circulating the alkyl alcohol-containing
liquid fraction through a circulating path through which
the liquid bottom fraction is withdrawn from the bottom
portion of the lower section of the distillation column
reactor, the withdrawn li&uid fraction is cooled, and
then the cooled liquid fraction is returned into an upper
portion of the lower section of the distillation column
reactor, thereby to cause the returned liguid fraction to
flow downward through the lower section of the
distillation column reactor;

(3) introducing a feed gas containing nitrogen
oxide into the lower section of the distillation column
reactor, while allowing the fed feed gas to flow upward
through the lower section of the distillation column
reactor, and to come into countercurrent contact with the
alkyl alcohol liquid and the alkyl alcohol-containing
liquid fraction flowing downward through the lower
section, whereby a gas-liquid reaction of the nitrogen
oxide in the feed gas with the alkyl alcohol is effected
in the lower section to produce an alkyl nitrite; and

(4) delivering a resultant gas fraction
containing the alkyl nitrite from the distillation column
reactor;
wherein

(a) the total amount of the liquid
fraction circulating through the lower section of the

distillation column reactor is controlled to a level of
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She SBeenRe lce|f)]acked wi th Raschig rings was used. The whol e anount of
the g duced by passing through the catalyst layers in the
react ed into a bottom portion of the absorption colum,

while i nt rodum ng an absorption |iquid, -n&fely a nethyl alcohol Iiquid, at

a feed rate of O. 15 liters/hr into a top portion of the absorption colum,

to bring the i :iédon and the nethyl al cohol liquid.into a
count er cur r ent witeRddie MRl MG i A 131 fed
produced in thentdsef pthendiod illeBith coslemmi Feadib»90 by vvel ght of

di nret hyl oxal ate, 2.0% by w g of d| r%{l#/ xﬁﬂ%’%ﬂf}fount 1,ght of

met hyl formate, and 6.5% by vere romthe
bott om of the abevhpt ifﬁﬂ cmmrm damieill@:,on a:@ltmin 11:@61:1&@# and A, a

non- condensed i racd e 1 ih thee %Fb&@;[ and

cont ai ni ng 15. 2%y, vol urre of car bon nonoxi de 8% vol ume of_ net hyl
nitrite, 9. 9%%@»&%@%‘0 QYHY I ORIG % S %L BB 1R vﬂamr@aﬁﬂrﬂémn
al cohol, 1. 7%dwylwm Wieadior aid Aotk ¥ X ail @h@fféberaf@idl@f oz‘on | tyepgen

was delivered a delivery rate of 15.0 [hr fro thetop I he

absor pti on colltaﬁTq‘ufll [5%i TOF AT ﬁ%o"%‘ﬁh‘?ﬁ%%e"’f (R mg* an

I nsi de di anet etheffd&d gas afet airted e diowedsemt oon shbwhe n Fig. 1 was

used as a di Stdié%ﬂﬂ% WY [6RG « 'I;pe Jegctor 1 had an upper section 2
SC

consi sting of hi'g ring-pac & | ayer | ocated 50 nmm bel ow the top
of the reactor and having a |&hgt thd Botcent % the cwdkyl alcohol in

the liquid bottom fraction accumulated in the bottom
portion of the distillation column reactor is maintained
at a level of 15 to 60% by weight. ’

2. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the circulating step is
carried out by withdrawing the liquid bottom fraction
from bottom portion of the lower section of the
distillation column reactor through a conduit, cooling
the withdrawn liquid fraction through a cooler, and
returning the cooled liquid fraction into the upper
portion of the lower section, whereby the returned liquid
fraction flows downward through the lower section of the
distillation column reactor.

3. The process for producing an alkyl nitrite as
claimed in claim 1 wherein, in the circulating step, the
withdrawn liquid fraction is cooled to a temperature in
the range from 0°C to 50°C and of 3 to 20°C lower than
the original temperature of the liquid bottom fraction in
the bottom portion.

4. The process for producing an alkyl nitrite as
claimed in claim 1 wherein a portion of the liquid
fraction withdrawn from the bottom portion of the lower
section of the distillation column reactor is discharged
from the circulating path and the remaining portion of
the withdrawn liquid fraction is cooled and then returned

into the upper portion of the lower section of the
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section,3 | S 4 a 10 mm Raschi g ring-packed | ayer |ocated 30 nm

bel ow t mg&&ﬁﬁ&%&&ﬁ&ﬂ&%dand having a | ength of 400 mm The | ower reaction 3
of the rgm & ﬂﬁonnect ed to the top portion of the absorption colum
21 throu as shown in Fig.- A5 The non-condensed gas fraction
delivered fromthe top portion of the absorption colum 21 was fed into the
-35 - lower sectiqgn_3 of the_reactor 1 through the conduit 5 at a feed rate
of 15.0 Nnf er ARAkd 13AFPRa CRANRE,F8A6FOS -1 kg/ cnRG, whil e oxygen gas was

intaoduced atda fl aw r attheobrOcéssNiber pkblucingoahhalrendritrdtehasugh a
conduit 14 and,ni.tragen nexi de s_was Lntroduced at .a flow.rate_0.015
Nm [err]hr inF&a%WS%C&HdgﬁFlg ghr%ﬁaﬁeénc%ﬁ uPfs1 }qudnfﬁaFﬁ%°8x96en gas
and the nitrogée mitorgea gaidenwdthhéheorlkghdehsetojassf efifecbadaatl to
provide a fee i apeoydshy, thyl al cohol liquid having a

# 9BpperpRizetBF 1LY 1807E

tenperature o Was eed rate of 1.44 liters/hr into the
top portion of- thebdi st fheaPrefess| §/n PERENEANG BRr allilanibrdtet ag. The

i nner pressurg)afimbhe ineatheh 1,"@begaRhr ehbedotalsHmbuAl 6%t €A that the
pressure in the toﬁ gortl n of .the_reactor IS, ma d at
I

Q 1 nt ai ne 2.9
kg/cnferr] G AlfiEd §ﬁFtFP&uF&r889?8ﬁP9rEEFPBHhaEbﬁngPHFEdSFﬁt%HE 85t t om
portion of theheedékeillavasnctblumat edagtoz Gsr cohgtrbdbedate af 138661

itersihr thrgudhoa el el athen RRLN.32ah"shodhRIoE"Eng AT L dReohfE PUP
fed into the distillation column reactor.

7. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the feed gas contains
nitrogen monoxide in a content of 50 molar % or more
based on the total molar amount of the nitrogen oxide
presenting in the feed gas, and further contains
molecular oxygen in an amount of 0.02 to 0.25 mole per
mole of the nitrogen oxide.

8. The process for producing an alkyl nitrite as
claiméd in claim 1, wherein in the feeding step, the
alkyl alcohol liguid cooled to a temperature of from
-15°C to 30°C is fed into the top portion of the upper
section of the distillation column reactor, and then is
allowed to flow downward through the upper and lower
sections of the distillation column reactor.

9. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the feed gas for the
distillation column reactor is supplied from a process
for producing an alkyl oxalate in which carbon monoxide
and an alkyl nitrite are reacted with each other in the
presence of a catalyst in a reactor, to produce a gas
fraction containing a dialkyl oxalate; the resultant gas
fraction is fed into an absorption column in which the
gas fraction is brought into contact with an absorption
liquid comprising an alkyl alcohol, to prepare a
condensed liquid fraction containing the dialkyl oxalate
absorbed in the alkyl alcohol-containing absorption

[ R |




condui tT ®dsection 3 of the reactor 1 as shown in Fig. 1. In
the thir “ ght ratio of the anmount of the circulating liquid
fractlon nount of the nethyl alcohol fed into the reactor 1

was controlled to 154 1. The tenperature4$ <the circulating |liquid fraction
was adjusted to 40[err]C neasured in the bottom portion of the reactor 1,
by circulatin oling water having a tenperature of 5[err]C through a

¢
cool i ng jackeglﬁ’f‘l héneoﬁlﬁ?n8°°¥$§6 e h8aFpFERCFAPNOCBRLALBLIRGt &1 nol ar
anmount of thevapbbybfathehalkfredawwolh&ndega*sebué Abdroegehyhoabrodel

contained in 'rc tin d fragtion. e L ar o]
nitrogen nnnoé?gegbgd g'gﬁgd ? |sfc%§gféﬁlég ?%?bgéfggPEQ%% égﬁe
measur enent s abspnpgianpcelqmnerenépp$|é@dtoashe feadt gaa,r éntbt thef the

third step. dlst§§1at1_eﬁ eaﬁuﬁﬁaféaeeoﬂeesrakséuea the PS@CEQEcélaﬂd
having a water content of 0.05% by volunme or I ess was delivered at a

del i very rateCBRtasnangnEhe, plkYLfRERFLR@-top portion of the reactor 1

t hrough the condui012. TﬁbepﬁaﬁeééaﬁérOprﬁﬂﬁéﬂn@edn1512%bhl‘ltﬁh.ﬂ§9a9f
car bon nnnoxidﬁaémea/ o by

90
nitrogen nmono% é@bﬁgaﬁﬁnghewg ¥h§ﬂea %éﬁ&? fféé 8§Oeggﬁﬁﬁeﬁf

carbon di oxi dénante6abgbrpyivnl cobunh nstfedeintdha diguidléataohi on

generated I LBeuhRAgkeind-C08" BbIRG:E 1hd PYr RbENE: 8LPE! ¥bagbohol.

11. The process for producing an alkyl nitrite as
claimed in claim 9, wherein the gas fraction containing
the alkyl nitrite is delivered from the distillation
column reactor and supplied into the column reactor for
producing the dialkyl oxaiate-containing gas fraction.

12. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the alkyl alcohol is methyl
alcohol and the alkyl nitrite is methyl nitrite.
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wei ght of water, 7.0% by weight of nitric acid and 0.4% by wei ght of nethyl
nitrite. A portion of the liquid fraction was di scharged at a di scharge
rate of 0.63 liter/hr through a conduit 10 arranged downstream fromthe
outlet of theé punp 7. In the third step éf7 Exanple 5, the amount of nitric
acid produced in the reactor 1 was 0.010 nole per nole of nitrogen nonoxide
fed into the reactor 1. Also t he anount of n|tr|c acrd pr oduced in the
reactor 1 was 2.5 nol ar 48 y LI S =3+ 0gen nonoxi de
consuned by the reaction occurred in the reactor 1. [Fourth step] The
condensed liquid fraction delivered fromthe absorption colum in the
second step was introduced at a feed rate of 1.74 kg/hr into a distillation
col um (packed columm, not shown in Figs. 1 and 2) having an inside
di ameter of 50 nmand a height of 3 nm and distilled under conditions of a
colum top tenperature of 64. 5[err]C and a coI um bottom t enperat ure of
166[err]C. A tiquid fracti onA& THECRISHLOSURE di net hyl oxal at e
having a degree of purity of 99.8% by melght was delivered at a delrvery
rate of 1.57 kg/hr_ fromthe bottom of the drsérll tron colu s a
distillate fractroﬁnc%’ﬁﬂs’i‘hbr%tzez‘%’byb%e? uged 2R HP T - 37 -
17. 7% by wei g&t&apé WieRt dyhighrépnid Peneydafd 1%46 bly avel@htyi)éldr&bf]ylby-f- or mat e
was delivered_ at dglrve{gerat

roduct rocégs wherein nitrogen oxide-containing
feed gas is brought into an alkyl alcohol liquid in a
distillation column reactor while circulating a liquid
fraction, produced in the reactor and containing the

alkyl alcohol, through a circulation path including a

lower section of the reactor and a cooler to remove the
reaction heat vigorously generated in the reactor, and
while controlling the weight ratio of the circulating
liquid fraction to the total alkyl alcohol fed into the
reactor to 50:1 to 200:1, the molar ratio of the total
alkyl alcohol fed to the reactor and contained in the
circulating liquid fraction to nitrogen oxide in the feed
gas to 20:1 to 150:1, and the content of the alkyl
alcohol in the liquid fraction to 15 to 60% by weight;
and the resultant gas fraction containing the target
alkyl nitrite is collected from the reactor.

(Figure 1)



0.17 liter/hr fromthe top of the distillation colum. Exanple 5 Mt hyl
oxal ate was prepared by the sane procedure as in Exanple 4, wth the

foll ow ng exceptions. In the second step, the nethyl alcohol liquid was fed
at a feed rate of 0.34 liter/hr into the absorption colum 21. In the third
step, the nethyl alcohol liquid having a tenperature of 20[err]C was fed at

a feed rate of 2.70 liters/hr into the tb portion of the distillation
colum reactor 1 through the conduit 6. ha gas fraction delivered fromthe
absorption colum 21 of the second step was m xed with the oxygen gas
introduced at a feed rate of 0.34 Nnjerr]/hr through the conduit 14 and the
ni trogen nonoxi de gas introduced at a feed rate of 0.021 Nnferr]/hr through
the conduit 15 to provide a feed gas for the third step. The gas fraction
delivered fromthe third step and supplied to the first step contai ned
18. 6% by vol unme of carbon nonoxide, 9.8% by volunme of nethyl nitrite, 4.2%
by volune of nitrogen nonoxide, 6.6% by volunme of nethyl alcohol and 59. 3%
by volune of nitrogen. In the third ep, the weight ratio of the anount of
the circulating liquid fraction to tEé ,ggyl nount of the nethyl al cohol
fed into the distillation colum reacto fvas 95:1. Also, the nolar ratio
of the total nolar anount of nethyl alcohol fed into the reactor 1 and

met hyl al cohol contained in the circulating liquid fraction to the nol ar
amount of nitrogen nonoxide fed into the reactor 43was 38.4:1. The sane
measurenents as in Exanple 1 were applied g
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to the reaction results of the third step. The gas fraction generated in
the distillation colum reactor and having a water content of 0.05% by -
38 - vol,une @r less was delivered at a delivery rate of 14.98 Nnferr]/hr
fromthe top portion of the reactor 1 through the conduit 12. The delivered
gas fraction contained 10.9% by vol une of carbon nonoxi de, 19.8% by vol une
of nmethyl nitrite, 4.6% by vol une of ni;%g?én nonoxi de, 7.2% by vol une of
met hyl al cohol, 1.6% by vol unme of carbo oxi de and 64. 9% by vol une of
nitrogen. The liquid fraction generated in the distillation colum reactor
1 contained 22. 6% by wei ght of nethyl alcohol, 69.7% by wei ght of water,
7.5% by weight of nitric acid and 0.2% by wei ght of nethyl nitrite. A
portion of the liquid fraction was di scharged at a di scharge rate of 0.87
liter/hr through a conduit 10 arranged downstream fromthe outlet of the
punp 7. In Exanple 5, the anount of nitric acid produced in the reactor 1
was- 0.014 nol e per nole of nitrogen nonoxide fed into the reactor 1. Al so,
the amount of nitric acid produced in the reactor 1 was 1.5 nolar % based
on the nolar anount of nitrogen nono e cons4ned by the reaction occurred
in the reactor 1. In the fourth step zg oxal at e havi ng a degree of
purity of 99.8% by wei ght was dellvered elivery rate of 3.47 kg/hr
fromthe bottom portion of the
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distillation

< Ty gl 15 e
&ESWCE%N'J&T'H%ETdi stillate fraction containing 82. b{‘f%iﬁ\f\el:gbt} )
of methyl al ol , 17.9% by weijght of dimethyl carbonate and 0. 1% by weight «
of methyl for e17apECeMIVerfedat a delivery rate of 0.39 liter/hr from
the bottom poftfon of the distililation colum. Congabstitute sheatp! /3 2J§
same procedur s TOr produci ng “di-ret hyt dxal ate as in Exanple 5 were carri ed
out except thpt, in the third-step using the distillation colum reactor 1,
the circul ation of, t igquid fraction was stopped _during the reaction. The
break of tﬁ‘é"l iqq'u]i%ll 'fkf%Jct‘?’o c%‘??%%lca??%ﬁeﬁﬁug‘ﬁggs £35 ¢ 3%‘%&&?&&% in
the | ower ewin orthedfrédet ieactaysdl [ smaapldl yai meneasdoand itths amviiag :
reaction of, 4he, 1 gk ad P gote dh B S4.A0LYocORt hpuedc o TBAT ke, he f eed
of the feed gas® cont al ni ng e hon-cohdensed gas fraction, supplied from
t he absor ptfieen C@s Mg dfhe Helsucbridida eplovimsaBE oppBE2NEofPAr ati ve Exanpl e
6 Methyl oxakateWes dHePARA P e W PFoSedNs erasctlofxagpked, with
the foll owi ng except ITS’PES' In the thjird st%&%t he_net hyl al cohol liquid

havi ng a tenperature FHOEFTFC ARG FRRE 5 fREFBERE®E 2.50 liters/hr
into the tupegamiined ¢fadmne Gudtliilclaatiioon ol L2 eaz3brid through the
condui t 6-d3.$a80‘33tc?' Gu3t 9R chA Welght Jaf Lt%{é)f?ggﬁe—ar@wfoz%dt he

circulating I'iqui action to the total anmount of _
cooling means is used and the rsaction of nitrogen oxide

with an alcohol is carried out, although the removal of
the reaction heat can be effected with a certain extent,
-~ the nitrite ester cannot be obtained in a high yield with

a satisfactory degree of stability, and/or by-produccts,
for example, nitric acid, are produced in a large amount,
and thus the above-mentioned rsaction cannot be stably
carried out with a high efficiency.

SUMMARY CF THE INVENTION

An object of the present invention is to provide a
process for producing an alkyl nitrite by reacting an
alkyl alcohol with nitrogen oxide gas containing nitrogen
monoxide, in which process, the alkyl nitrite-producing
reaction can be maintained at an appropriate condition,
and the resaction temperature can be controlled to an

appropriate level by removing the reaction heat with a

'.u

i high efficiency, and thus various problems which occur
conventional process can be prevented.
The above-manticned object can be attainsd by the -
process of the present invention for producing an alkyl
nitrite. The process of the present invention comprises

the steps of:

(1) feeding an alkyl alcohol liquid cooled to a

temperature of from -15°C to 30°C into a top portion off an
upper section of a distillation column reactor in which the

upper section is connected to a lower section having a bottom
portion in which a liquid bottom fraction containing the alkyl
alcohol is accumulated, while allowing the fed alkyl alcohol
liquid to flow downward through the upper and lower sections

I\



t he met hyl al cdnhg Ld .rQ~I.~ g distillation colum reactor 1 was 137: 1.
Al so, the nola 'érl'l"o %,W E al nol ar anmount of nethyl alcohol fed into

the reactor 1 @ng net hyl aI cohol contained in the circulating liquid
fraction to the frol%y pEEIW of hitrogen monoxi déﬂ%ﬂi&%@—ﬂ&é@é@—al
was 175.3:1. The|sane rreasuremants as in Exanple 1 were applied to the
reaction resul s orThe T TrdTst ep. TQ@ gas fraction generated in the
distillation cplum reactor _and having a water content of 0.05% by vol une
or less was delivered at a delivery rate of 14.24 Nnferr]/hr fromthe top
portion of ér}g reiﬁt ornlaé.hgoggg&r&e Iceo‘_z'\rg{:tgi 12. The delivered gas fraction

cont ai ned 10. 9% by vol une of t hyl
nitrite, 4.6% b{2volaircwlatiing ddwn atdndkisdeohp bwpanFaid ik hyl

al cohol , éﬁx@é@br}/%mgﬂ{ aCQ:’ﬁEB‘i;lCHtﬁ)ﬁ Sl th l'b)wmmil'urﬂha)flmanrcbgen

cont ai nod DRECETE A G 1 VAR (it "'%%ﬁﬁ BT Sl | 5. 3%

by wei ght lefwer setf:iom taf d:kzeudimd]mt&%rbwmﬁg'htrﬁﬁcm hyhenitrite. A

portion Ofwl}giﬁé St JJ A T 2R cilsscéw]gfaﬂ & Al d ate tife 1. 60
liters/hr t roug a condwt 10 arranged ownstre rom e oyt Let | et of the
punp 7. | &30&8HS ' 8 h4 & e CnpuirE 6+ ' %Bgn rodouced in the

react or 1dM£gihdﬂiten@Lfanurandﬁauﬁé llquld bottom fractlon in the,
bottom portion, and then the cooled liquid fraction is

returned into an upper portion of the lower section of the

o/ distillation column reactor, thereby to cause the returned
liquid fraction to flow downward through the lower section of
the distillation column reactor;

(3) introducing a feed gas containing nitrogen oxide
into the lower section of the distillation column reactor,
while allowing the fed feed gas to flow upward through the
lower section of the distillation column reactor, and to come
into countercurrent contact with the alkyl alcohol liquid and
the alkyl alcohol-containing liquid fraction flowing downward
through the lower section, whereby a gas-liguid reaction of
the nitrogen oxide in the feed gas with the alkyl alcohol is
effected at a temperature of from 0 to 100°C in the lower

section to produce an alkyl nitrate; and
y (4) delivering a resultant gas fraction containing the
alkyl nitrite from the distillation column reactor, wherein

(a) the total amount of the liquid fraction -
circulating through the lower section of the distillation
column reactor is controlled to a level of 50 to 200 times the
total amount of the alkyl alcohol fed into the distillation
column reactor;

(b) the total molar amount of the alkyl alcohol fed
into the distillation column reactor and the alkyl alcohol
contained in the liquid fraction circulating through the lower
section of the distillation column reactor is controlled in a
molar ratio of 20:1 to 150:1 to the molar amount of nitrogen
oxide contained in the feed gas fed into the lower section of
the distillation column reactor; and

(c¢) the content of the alkyl alcohol in the



ni trogen rmonoxi HREPLACEMENT SHEET gactor 1. Also, the anount of nitric acid
produced in thelrpactor 1 waS 4. 3 nol ar % based on the anount of nitrogen
nonoxi de consungd b)17tb cr t\ijgn occurred in the reagctor 1. Thus, in the
third step, nityogen nonoxide fed at a feed r t

into the distil) ato -dadtor 1. -Idle fourth step, dinethyl

oxal ate having | degree of purity of 99.8% by wei ght was delivered at a
delivery rate of 3745 Kginr,iromthe bottompgrtion of the distillatio

col urm. ~ Conpar at i veprﬁ%q%lﬁ' I\ﬁ%ﬁ"%ﬁﬂl‘%t %R%‘élﬁﬂéga%a"b?ft eszfr'}écyq
procedure as ialdotaiplenriaimindyg thieqdiod | fsmeagierceépt kbasdibnitBetiloinrd -
step, the nethyl e[Vl ' t u of...20]: f,ed at
a feed rate o?%i\%g?%%eﬁésd/zﬂ%%n@%ﬂ%?%pg%%ﬁ'?%nég? %Keggﬁé?%gr\g?li%or?

col um react opPoF tifrowfh thee lbendid tbastam fhectheRrd4at 8pomt RBewbP§RE™ at i o
of the amount o@f-+iikfH @ RHARIGNG IddHE W o r'-ﬁ&t}b?natPi&@?dlekéhsga'?ﬁ@hgm the
nmet hyl aIcohoP fed into the distillation colum reacfor 1 wa 10: 1. "Al so,
the nol ar rat P'§28F «t FOT SXAHG-arr BTt off3RIHNT HRR KLFREEA"RNt 0 t he
reactor 1 andlagulyl falacahien dentimitoed icodleer 3 rchita@iginga | comdditr acti on
to the nol ar u f. _ni g 0X fe [ e s 20.1:1
The sane meas%ggrrg%toglgg Itthggﬁpqﬁgi ?r\%grté%g’pphﬂ{ gj%ocitﬁgé:}r Ce)éac%?g% results
of the third despredhecogaerbtacti ofi gener avéd, i préberdbsyi ! adi DO°C abebdw

reactor'and h@ﬁgngeﬁp@@EELrgogkegheoiigugaq%QXtom fraction accumulated in
the bottom portion 4 of the reactor 1, and within the range of
i 0°C to 50°C. |
In the process of present invention, as shown in

-

Fig. 1, a minor portion of the withdrawn liquid fraction
from the bottom portion 4 of the distillation column
reactor is optionally discharged to the outside of the
reaction.system for the process of the present invention,
through a conduit 10, after passing through the pump 7
and before reaching the cooler 8, through a discharge
conduit 10, and the remaining major portion of the liquid
fraction is fed into a cooler 8 to cool to a desired
temperature and is returned into a portion 3a immediately
above the lower section 3 of the reactor 1, to forcibly
circulate the liquid fraction.

When the molar ratio of the total molar amount of
the alkyl alcohol fed into the distillation column
reactor and the alkyl alcohol contained in the liquid °
fraction circulating through the lower section of the
reactor to the molar amount of nitrogen oxide contained
in the feed gas fed into the lower section of the reactor
is less than 20:1, the gas/liguid contact reaction of the
nitrogen oxide gas with the alkyl alcohol liquid in the
lower section of the distillation column reactor cannot
be uniformly carried out with a high efficiency, or the
reaction occurs locally and thus the reaction temperature
cannot be controlled with a nigh degree of stability.

Also, when the molar ratio is more than 150:1, the amount



-41- volunme or | epsREMACHRENY &tegr it a deli very rate of 14.90 Nnferr]/hr
fromthe top port|op—of—the-reactort 1 through the conduit 12. The delivered

gas-fraction contgi pe % voljunme of carbon nonoxi de, 10.8% by vol une
i rice] b oo B O e

of nmethyl nitrite orf ni trogen nonoxiSghsthutdsh¥el ohere2adg
met hyl al cohol, 1}6Y%hy volune of; carbon_dijexi-de and 64.9% by volume of

nitrogen. The liqpid fraction generfated in the distillation colum reactor
1 contained 10. 0%¢-by—we1—g-lﬁ—-e+-ﬁ¢ei—l4yl al cohol, 59. 7% wei ght of water,
30. 3% by wei ghe fonomi-tnsias test ot ldyd @lzRinl wefilgq‘qln %l?owé%h'y? REEPIVEESdA
portion of theahudwHedviciaet iven vwas g o%@%%rgﬁﬁj @ieapﬁé%ﬂﬂﬁrgﬁvéateoﬁf 1.03

liters/hr through a conduit, 10 arr downstream fro t _of the
punp 7. In ConP gF&f“le\?e %efa r@%a"%hg%é‘ﬁ‘ol?ﬁl %‘?O%Cf’?lrcf%pa%fsaproagcga in the
reactor 1 was 6c@G#snol e per nole of nitrogen nonoxide fed into the reactor

1. Al'so, the amount gf nitri (&F%%I ﬂtpr%dlé%%da, &}lhealrcec;a,gpr,bri YRS Yiguhglar

% based on the nol ar am)unt €n nonoXi de’ consuned t he reactlon
occurred in theotsast ragtivhusgcchmutpserhiind WieePouhiat d&b‘iﬂrﬁfhd%d‘éh

fed at a feed &EEELQ\iaQLéQ Aef Lerr kBactert he CJJoiIeM |tatd oM S0l Bftet OF 1.

In the fourth stgg Eﬂfth% oxal at e havi ng ree of ur|t of 99,8%Db

wei ght was del VYerad~aPlg gefPvERGCFLPBSoP §u&'5 Y 5SS e/lb’b‘“ St

portion of thecdnsact| ataonigol amd. thus by-products such as nitric acid
are produced in a large amount. Also, 1f the alkyl

alcohel content in the liquid bottom fraction is more

o/ than 60% by weight, undesirable side reactions easily
occur.

The alkyl alconhol for the process of the present
invention is determined in response to the type of the
target alkyl nitrits. For example, lower alkyl alcohols
having 1 to 8 carbon atoms, preferably 1 to & carbon
atoms, more preferably 1 to 2 carbon atoms for example,
methyl alcohol and ethyl alcohol are usable for the
process of the present invention.

In the process of the pressent invention, the alkyl
alcohol liquid is cooled to a temperature of
-15°C to 30°C, preferably -10°C to 20° and then fed
into a top portion 11 of the upper section 2 of the

R distillation column rszactor 1 to cause the fed alkyl
alcohol liquid to flow downwaxd through the upper

section 2 and then through the lower portion 3. Th

D
'

feeding of the alkyl alcohol liguid into the top portion
of the reactor is preferably effectad in an amount of the
alkyl alcohol 0f 0.2 to 3 moles, more preiferably 0.3 to

2 moles per mole of the nitrogen oxide in the i=zed gas
fed into the lower section of the reactor.

In the process of the present invention, the alkyl
alcohol may be fed in the stats of a vapor or a liqu:d
into the lower sectian of the reactor, together with the
nicrogen oxide-containing feed gas or through a feeding

conduit different from the feed gas-feeding conduic.



The process of hﬁ%’r&%ﬂh%ﬁt on for producing an alkyl nitrite is
advant ageously ygtijl i zed as a st ép]of® a di nethyl oxal ate production process,
to regenerate a | kyP DEG m999e [rpm a gas fractio e:%\rat d froma
reacti on produc f carbon nonoki e with gn al kyl ' te '

ni trogen nonoxi gle.” T t1e regefsration's} p-of the alkyl nitrite, the
reacti on heat geénerated .in a | owef section of a -42- distillation colum
reactor can bg rgggge%agy circulating the liquid fraction produced in the
react or througﬁ a circulating path including a punp, a cooler and the | ower
section of the redft&Pe RFPREEShP§h LBRf PEEST ‘afg}c)f“lq'l‘é”i'arcglﬁ al kyl

ni t(rji te can $gsprLodusadcancachi ghaytebd, ohidhe rmeistiodge m:gdai&iui&ti eaction
producing nifric i d. ;. 43.- . i mis: cegsyfor

pr oduci ng an%?k??ﬁ?#t ?ilfzghggrrﬁﬁi \s‘é\?%l%ﬁeglé?eg]% %f té Efréé‘g{é}gngﬁa% al kyl

al cohol [iqutd t86f@d poeferabberat te e89iCs rupwe IBFefefably B[ r§CGnto a
top portion gfi; 88 MAPREaS8ShH0PhEf r8adt 8bh! LahhaRaEAYEMEsT 888E0ANt Na¥hi Ch

t he upper section |s connectéd to a | ower section having a bottom portion
in which a IPE8F&PH8tt om fraction containing the alkyl alcohol is

accunul at ed, whi Ieheld Dst 01 4 o d efb Rldgy | r@ékh€ebel usable for the

process of the .present invention is not limited to

specific type of reactor as long as the reactor has an
upper section 2 in which the resultant gas fraction is

o fractionated by absorbing and removing watar produced as
a by-product in the reactor 1 and contained in the
reaction product gas, and a lower section 3 in which the
gas/liquid contact reaction 'of the nitrogen oxide in the
feed gas with the alkyl alcohol in the ligquid state is
mainly carried out.

The upper section 2 of the distillation column
reactor 1 is not limited to a specific style of section,
as long as the alkyl alcohol liquid can flow downwardly
through the upper section, and the flowing alkyl alcohol
liquid can be fractionated in the upper section, and may
be selected from those of a multi-tray distillation
column type having a plurality of distillation trays, for

S example, sieve trays or valve trays, or a packed column
type in which a packing material, for example, Raschig
rings or poll rings are packed. In the proceés of the -

present invention, the multi~tray distillation column
type upper section is preferred.

The lower section 3 of the distillation column
reactor 1 is not limited to a specific type of section,
as long as the gas/liquid contact reaction of the
nitrogen oxide gas with the alkyl alcohol ligquid can be
carried out with a satisfactory efficiency. For example,
the lower section 3 may be selected from the multi-tray
distillation column type sections and the packed column

type sections, as mentioned above for the upper section.
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: ¢ CotiLlati ' | .
secti on of 10y dha! bl eI HESCLAr A, L SR 4 s eyt er cur e
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gas-liquid reachhencef mkBRy D A1OGRH1OX1desi Byt R 1LeRd oFa% aMHdh t he al kyl
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section to pibeateeadnd| ket LRiPYiyelumgqof nifXogeR) delivering a resul tant
gas fraction contphai hgqtbe Arkytiontgeéherbred ihecdestielbkabiror col um
reactor; wheroer'w . .
(o4 ained 10.0% by weight of methyl alcohol, 59.7% by
—’ weight of water, 30.3% by weight of nitric acid, and 0.2%
. by weight of methyl nitrite, and a portion of the liquid
fraction was discharged at a discharge rate of
1.03 liter/hr through the conduit 10 arranged downstream
from the outlet of the pump 7.

In Comparative Example_3, the amount of nitric acid
produced in the reactor 1 was 0.067 mole per mole of
nitrogen monoxide fed into the reactor 1. Also, the
amount of nitric acid produced in the reactor 1 was
7.2 molar % based on the molar amount of nitrogen
monoxide consumed by the reaction occurred in the
reactor 1.

Comparative Example 4

et A synthesis of methyl nitrite was carried out by the
same procedures as in Example 2, except that the flow
rate of the circulating liquid fraction was changed from °*
360 liters/hr to 120 liters/hr.

The weight of the circulating liquid fraction was
35 times the total weight of the methyl alcohol fed into
the reactor 1. Also, the molar ratio of the total molar
amount of methyl alcohol fed into the r=actor 1 and
methyl alcohoi contained in the circulating liqguid
fraction to the molar amount of nitrogen monoxide fed

into the reaction 1 was 16.9:1.

The same measurementcs as in Example 1 were effected.



(a) The*fﬁ%a+-annunL~gi_the liquid fraction circulating through the | ower
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al cohol fed into the*distillation col reactor and the al kyl al cohol
contained in the liquid fraction C|rcéggting t hrough the | ower section of
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react or fomthe circulating path and the renal ning portion
of ; the\MtHKHQwﬁ £ gEl oW f davavard | Shireig dtBa duPheh ?%@u%ﬂ%ﬁrlﬁ?gt%ﬂésupper

Portion ofy# hend CaEst SELAE 06n Okolien disdétdati on col umm reactor.
(2) circulating the alkyl alcohol-containing liquid

fraction through a circulating path through which the liquid
bottom fraction is withdrawn from the bottom portion of the
lower section of the distillation column reactor, the
Qithdrawn liquid fraction is cooled to a temperature in the

range of from 0 to 50°C and of 3 to 20°C lower than the

original temperature of the liguid bottom fraction in the

~pottom portion, and then the cooled liquid fraction is

returned into an upper portion of the lower section of the
distillation column reactor, thereby to cause the returned
liquid fraction to flow downward through the lower section of
b s the distillation column reactor;

(3) introducing a feed gas containing nitrogen oxide
into the lower section of the distillation column reactor, *
while allowing the fed feed gas to flow upward through the
lower section of the distillation column reactor, and to come
into countercurrent contact with the alkyl alcohol liquid and
the alkyl alcohol-containing liquid fraction flowing downward
through the lower section, whereby a gas-liquid reaction of
the nitrogen oxide in the feed gas with the alkyl alcohol is
effected at a temperature from 0 to 100°C in the lower
section to produce an alkyl nitrite; and




-45 - 4. The process for producing an alkyl nitrite as clained in claim
1, an llmmlumﬁummunt of the liquid fraction circul ating through the
| ower 4 istillation columm reactor is controlled to a |evel
of 70 to 160 ti"med the total amount of the al kyl aSubstitute stepht d 6/A2/99
distillation colum reactor. 5. The gyocess for producing an al kyl
nitrite as clainmed in claim1, wherein #he feed gas contains nitrogen
nonoxi de in a content of 50 nolar % or nore based on the total nolar anount
of the nitrogen oxide_presenting in the feed gas, and. further gcontains
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1, wherei n.i réer fiened gas for the distillation colum reactor is supplied
froma proc 5 Fot produci ng an al kyl oxal ate in which carbon nonoxi de and
an al kyl nitriteladre theaciatbhianeuwdclphithe linuid frascne ofirenlatingst
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distillation calum reactoc{,to_ . . .
: section of the distillation column reactor is controlled in a

N . .
molar ratio of 20:1 to 150:1 to the molar amount of nitrogen

oxide contained in the feed gas fed into the lower section of
the distillation column reactor; and

(¢) the content of the alkyl alcohol in the liquid
bottom fraction accumulated in the bottom portion of the
distillation column reactor is maintained at a level of 15 to
60% by weight.

2. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the circulating step is carried
out by withdrawing the liquid bottom fraction from bottom
portion of the lower section of the distillation column
reactor through a conduit, cooling the withdrawn liquid

J fraction through a cooler, and returning the cooled liquid
fraction into the upper portion of the lower section, whereby
the returned liquid fractions flows downward through the lower
section of the distillation column reactor.

3. The process for producing an alkyl nitrite as
claimed in claim 1 wherein a portion of the liquid fraction
withdrawn from the bottom portion of the lower section of the
distillation column reactor is discharged from the circulating
path and the remaining portion of the withdrawn liquid
fraction is cooled and then returned into the upper portion of

the lower section of the distillation column reactor.

REPLACEMENT SHEET

17 DEC 1999




produce -the-gas_fraction containing the alkyl nitrite. 7. The process for
pr oduci ngmﬁlk | nitrite as claimed in claim6, wherein the I|qU|d

fraction bsorption colum is fed,inh | St
ﬂﬂfémmﬂ he refined dial kyl e ubfuft Shege | 1811 98g,

columm re
process for pro ucl ngsarf alkyl nitritgsas clainmed in claim6, wherein the
gas fraction containing the alkyl nitrite is delivered fromthe
distillation colum reactor and supplied into the colum reactor for

roduci ng the dialk 0 C fhachil 2 ocess for
Broduci ng in a%& I ?lﬂlhtel‘ i)f’t@:]g%tae%sc?'alka O:agmq?% rfi‘cal rél?lrt\-'r a al cohol
is methyl € P&B‘ﬁ& ignGledd 4 kyherrin the $awslhamavnty iafe. the llquld

fraction circulating through the lower section of the
distillation column reactor is controlled to a level of 70 to
160 times the total amount of the alkyl alcochol fed into the
distillation column reactor.

5. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the feed gas contains nitrogen
monoxide in a content of 50 molar % or more based on the total
molar amount of the nitrogen oxide presenting in the feed gas,
and further contains molecular oxygen in an amount of 0.02 to

~ 0.25 mole per mole of the nitrogen oxide.

_6. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the feed gas for the distillation
column reactor is supplied from a process for producing an
alkyl oxalate in which carbon monoxide and an alkyl nitrite
are reacted with each other in the presence of a catalyst in a
reactor, to produce a gas fraction containing a dialkyl
oxalate; the resultant gas fraction is fed into an absorption
column in which the gas fraction is brought into contact with
an absorption liquid comprising an alkyl alcohol, to Prepare a
condensed liquid fraction containing the dialkyl oxalate
absorbed in the alkyl alcohol-containing absorption liquid and
a non-condensed gas fraction containing a vapor of the alkyl
alcohol and gaseous nitrogen monoxide; and the non-condensed
gas fraction is delivered from the absorption column, and is
fed, as a feed gas, into the distillation column reactor to
produce the gas fraction containing the alkyl nitrite.

7. The process for producing an alkyl nitrite as
claimed in claim 6, wherein the liquid fraction produced in
the absorption column is fed into a distillation column
refiner to collect the refined dialkyl oxalate.
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8. The process for producing an alkyl nitrite as
claimed in claim 6, wherein the gas fraction containing the
alkyl nitrite is delivered from the distillation column
reactor and supplied into the column reactor for producing the
dialkyl oxalate-containing gas fraction.

9. -The process for producing an alkyl nitrite as

claimed in claim 1, wherein the alkyl alcohol is methyl
alcohol and the alkyl nitrite is methyl nitrite.




