14 September 2006 - 1 PROCESS FOR PRODUCI NG ALKYL NI TRI TE TECHN CAL

FI ELD The present invention relates to a process for 5 producing an al kyl
nitrite fromnitric acid, which may be a by-product of a process for
producing an alkyl nitrite fromnitrogen nonoxi de, oxygen and an alk

al cohol, nitrogen nonoxide, and an al kyl alcohol, with Tﬁﬁﬁpm%PPW%m¥%cy.
10 The alkyl nitrite is useful as a material for producing other alkyl
esters, for exanple, dialkyl oxalate and dial kyl carbonate, through

oxi dation processes. 15 BACKGROUND ART As-a process for producing an al kyl
nitrite by reaction of an al kyl alcohol wth nitrogen nonoxi de and

oxygen, Japanese Unexam Bﬁgcfﬁ el,rg% @ﬂgbbgfﬁéoglﬁ. 1\9‘#1‘% 570 and No.

6- 298, 706 di scl ose a proCess I n rch an al Kyl _arconol is fed into a
top portion of a reaction colum and allowed to fall fromthe top portion
to the bottommmpenIgaLt freugh a m ddle portion of the reaction colum;

separately, nitrog no Lde an xyge es_are e ately or
together into the g@?tBﬁ?éég%dVP%%%l§g ?ﬁ%ggéic ?onlga%%ﬁ% gﬁé allowed to
flow upwdrd tafcsyghnghenrabets gitedltenfirandiiesie adich whéchakey e al kyl
al cohol to predusepaBdatkybs M tgidcessapdrt beodiemiy aNa1483 hiegiton

cont ai ni ng tru%£% katggtrAte ié&id%olggcted tg qgﬁﬂgl niogakgkohocated in the
top portion of B0t e P RACTTOH 61 umfiY 9Thi T2 DrBt evsYiss *néwever

unsat i sf act or yitFoghat monpxide, @&didd ansapkplurkephel .a Wwighphadhct, in a
relatively | agecagrypt, and thus a large anount of the nitrogen

material,g for the oce | s inadvant ageous]y consumned., _35_Therefore, it is
desirabﬂ@ t hat theeh?t?f%yiuﬁ%FH 252950401 Yo D HATES 117130
producing other alkyl esters, for example, dialkyl
oxalate and dialkyl carbonate, through oxidation'

processes,

15 BACKGROUND ART

As a process for producing an alkyl nitrite by
reaction of an alkyl alcohol with nitrogen monoxide and
oxygen, Japanese Unexamined Patent Publication
No. 11-189,570 and No. 6-298,706 disclose a process in

20 which an alkyl alcohel is fed into a top portion of a
reaction column and allowed to fall from the top portion
to the bottom portion through a middle portion of the
reaction column; separately, nitrogen meonoxide and oxygen
gasses are fed separately or together into the bottom

25 portion of the reaction column and allowed to flow upward
through the reaction column and react with the falling
alkyl alcohel to produce an alkyl nitrite; and the
resultant gas fraction containing the alkyl nitrite is
collected through an outlet located in the top portion of

30 the reaction column.

This process is however, unsatisfactory in that
nitric acid is produced as a by-product, in a relatively
large amount, and thus a large amount of the nitrogen
materials for the process is inadvantageously consumed.

35 Therefore, it is desirable that the nitric acid is
effectively utilized to increase the efficiency of the
production of the target alkyl nitrite.



effectively utilized to increase the efficiency of the production of the
target alkyl nitrite. 14 Septenber 2006 2 Japanese Unexam ned Pat ent
Publ i cati on No. 6-25,104 discloses a process, for continuously producing
di met hyl carbonate from carbon nonoxi de and nethyl nitrite, in which

ni trogen nonoxi de produced as a by-product is 5 utilized4%entenber 2006h
oxygen and nethyl alcohol to regenerate nethyl nitrite and in this nethyl
nitrite- regeneration procedure, nitric acid is utilized as a

ni trogen-supply source. In this process,2nttric acid is thermally
deconposed to generate nitrogen oxides. 10 However, the deconposition is

carried out with a unsati sfactary .effici nd the effective
deconposi ti on tenBéPiP%?% ¢ eﬂﬁﬂ%ﬁéﬁi%P#%ﬁ€n§¢%f3ﬁ§$ﬁ%§a§Pro§'2§s%%ﬁn
nitric acid andsgilbsegen poruedsde iy covhimetusiyt poduglioghdimetewever, the

inventors of thepBheSENt réMEIHEAN ndRck o8 datdatedry 1t R LtheREt i o system
for. prodUC|ng nethx[ nitrite fnon1n|troge nnnoggge, %x¥ﬁen and net hyl

al cohol, oxyg&RigdsPiEECTTR J"EFEaRFPEN %@s%%nﬁ UFEShe Boncent rati ons
of oxygef andumiifiiegéntdiweace vitht heygeraztd owetgasl tadciohoietse, and

therefore, theopradustiOnedf 0% i#8t Byl 2t 14 1§ GBNyLr heeagiel nitrogen
nonoxi de and nethél al cohol” with a thh.efflp ency Lg,very difficult.

Al so, Japanesé&ORBREATHRY BRI BubPIEEIT AL M. 18 B84 269021 3¢l oses a
process for pmiduogeg-supmlk\doungiet.ri Te blyisvpimress,ngiaricqacid fxscti on

collected in %he%ﬁa?8§t&5@d¥§3§é%”tgi8ﬁﬁ%ﬁig§|nfﬂfd&éﬁeo&gggg?rati0” reaction

colum and containing nitri¢ acid e reaction colum, and cooling

and recy®l i ngFEHBVERF t hERAHPATTHESA L 1PR ats | SAF T D T ¥A&ENr 8Bcti on col um
and a cool er. uhBattenaeedrreffiilciehbysan@achie o3f Ryetien debempowventar s of 30

the present iqugghion, foud Jdat yehikgqd CANARls Peacllibhi Eyaelf), and the
al kyl al cohol w nirtrogen noroxi de

nitric acid "and nitrogen monoxide may contact methyl
alcohol. However, the inventors of the present invention

15 found that in the reaction system for producing methyl
nitrite from nitrogen monoxide, oxygen and methyl
alcohol, oxygen gas fed into the reaction system causes
the concentrations of oxygen and nitrogen dioxide in the
reaction gas to increase, and therefore, the production

20 of methyl nitrite from nitric acid, nitrogen monoxide and
methyl alcohol with a high efficiency is very difficult.

Also, Japanese Unexamined Patent Publication

No. 11-189,570 discloses a process for producing an alkyl
nitrite by withdrawing a liquid fraction collected in a

25 bottom portion of an alkyl nitrite regeneration reaction
column and containing nitric acid from the reaction
column, and cooling and recycling the withdrawn liquid
fraction through the reaction column and a cooler. 1In
connection with this reaction system, the inventors of

30 the present invention found that while a contact of
nitric acid and the alkyl alcohol with nitrogen monoxide
occurs in the reaction system, the reaction system
contains oxygen and nitrogen dioxide in increased
concentrations due to the feed of oxygen into the

35 reaction system and, therefore, the production of the
alkyl nitrite from nitric acid, nitrogen monoxide and the
alkyl alcohol with a high production efficiency is very



occurs in the reaction system the reaction system contains oxygen and
nitrogen dioxide in increased concentrations due to the feed of oxygen
into the 35 reaction systemand, therefore, the production of the alkyl
nitrite fromnitric acid, nitrogen nonoxide and the alkyl alcohol with a
hi gh production efficiency is very 14 Septenber 2006 3 14iSeptesiher 2006

Chem stry Letters, 1029 (1976) discloses that when nitrogen dioxide is
produced by a reaction of nitric acid wth nitrogen nonoxide as shown in
reaction formula (1): 5 NO+ 2HNO3 -, 3N+ H2O ( 1) in an initial stage
of the reaction (1), a reaction shown in reaction formula (2) occurs. NO +
HNGE -' NO2 +-g?¥%%é:@ However, the reaction (2) is disadvantageous in that
10 the equilibrlun16# ‘he reaction (2) greatly deviates to the original
system side, and tHKhemisksypbetitersonl B (diS76dgehsdloxeHchdid whedr ous aci d

in high concenii@tdqan diexdibfisubfoditdd R tBecedsh | dHrdinief akhe
reaction (2) |s.q$ved to the resultant product sgstenl #? Slg%, §§_the
solubility of "Hit't Syt CraxPaROF 1%t ers Y™ FB) RERTETSP HIG a1 t he
reactionssystem niNg eg@HNOgi-9xBNe, +ig,oous acid and nitrix acid are

ilibrates wmith each.oth | in th tration of
i trogen di oxitb Bt I CAAY PEAEEI Y HiRaBaFE OBkl 1 HESGSROBIE  on of

nitric acid toln neredsenafidragla (swacursthe production of nitrogen

di oxide at a high gconcentrati e s difficult. Due tg, the above-
menti oned disadvan?ﬁbgsﬁﬂphe iﬁ@%ﬁigﬁgsof t he present iﬁggntion concl uded

t hat t he above- nenticwesdrpr bbesseacti2h (R9atissfasedvantasyemmsi ddushat al
pract i caof o ARRHWEg 58k i 09LM: KLl Pl 8R0 D) L EPUS: AFIgb ika@sNELTT © aci d.
Further, Encyclopaedia Chinrica, volune 1, 32nd Printin ]
the original system side, and thus, the production of
nitrogen dioxide and nitrous acid in high concentration
is difficult and, when the equilibrium of the
reaction (2) is moved to the resultant product system
15 side, as the solubility of nitrogen dioxide in water is
relatively high and, in the reaction system, nitrogen
dioxide, nitrous acid and nitric acid are equilibrates
with each other, an increase in the concentration of
nitrogen dioxide or in the reaction pressure, causes the
20 precduction of nitric acid to increase and as a result,
the production of nitrogen dioxide at a high
concentration becomes difficult. Due to the above-
mentioned disadvantages, the inventors of the present
invention concluded that the above-mentioned process is
25 unsatisfactory as an industrial practice for producing
nitrogen dioxide and nitrous acid from nitric acid.
Further, Encyclopaedia Chinrica, volume 1, 32nd Printing
in Reduced Size, page 665, discloses a process for
producing nitrogen monoxide by reducing a concentrated
30 nitric acid with a bismuth, copper, led or mercury metal
or iron oxide (II) or diarsenic trioxide. This process
utilizes a stoichiometric reaction and thus, the reducing
material comprising the above mentioned metal or oxide
must be employed in a large amount. Therefore, the
35 above-mentioned process is inadequate in industrial
practice.



in Reduced Size, page 665, discloses a process for producing nitrogen
nonoxi de by reducing a concentrated 30 nitric acid with a bisnmuth, copper,
|l ed or nercury netal or iron oxide (Il1) or diarsenic trioxide. This
process utilizes a stoichionetric reaction and thus, the reducing
material conprising the above nentioned nmetal or oxide *h3eptegabendi0§yed in
a large anount. Therefore, the 35 above-nenti oned process is inadequate in
industrial practice. 14 Septenber 2006 -4 SUMVARY OF THE | NVENTI ON The
present invention intends to provide a process for producing an al kyl
nitrite froman al kyl al cohol, nitrogen nonoxide and nitric acid which may
be a by- product of a process for proedrcing an alkyl nitrite froman al kyl
al cohol, nitrogen nonoxi de and oxygen, with a high efficiency and with a
hi gh industrial utilizability. A process for producing an alkyl nitrite
conprisiggP@mApgdgg-ﬁ4EnNQ@§@ncﬂpnoxide gas into contact with an aqueous
solution of an al kyl alcohol and nitric acid, wherein (A) the aqueous
solution of the alkyl alcohol and nitric acid is prepared in a reaction

colum (1) by,-procedures such that,the alkyl a I fed in op
portion (1d) bfe PRESSUARYS IR IGHENAS %Pfoé”%/ﬂ ?oéﬁgﬁgg% ﬂf?@&’ﬁgﬁgﬁﬁ agf cohol
to fall Gigne fidhh antHik{IAcARACHiIGDgER InGALXidE hha FtiicEYIPWHih MY bedgen
gasses are fed separately or together into a bottomportion (lc) of the

react i onProduahef aHirpeess fasvwragueine arealkyl pitdigeifomoardaikyd alganobxiyifegeyases

XY
to flow ra. thr he. £ 1.0l t b : alling
al kyl a%@ﬁﬁ%'ﬂ;e M%?bl’ ?’ghfgj @@b%‘%ﬂt‘%ﬁ”@%“aﬁfgﬁgﬁg %‘!Qkhw}"%% P[I ‘gas is
del i vered thAgugbess foeprauiding anfalkyhritfiteatinpisicg bringingrainitiogenesul t ant
liquid fraction containing the non-reacted al kyl al C@h0| ap\d nitric acid

, ! . y
di ssol vedonaxiggtaas into ceplackmitBgan Aadens selwlinsafiahalsy! alsehpkard ngHe
col um; the collected liquid fraction is wthdrawn fromthe bottom
portion Of the reaction colum and a portion of the withdrawn liquid
fraction is fwhetegio a reactor (2), (B) in the reactor, a nitrogen nonoxide

is b ht int t with the f i qujd f tion, tqg.
g?iy: Sni :?iutge; :azd&)cont aecaqt\féous sol%tion e(% Mqulkyl afc%%o C.3=1rr]1d nitric raOc(fI G an

prepared in a reaction column (1) by procedures such that the alkyl alcohol is

fed into a top portion (1d) of the reaction column while allowing the fed alkyl
alcohol to fall down through the reactor column; nitrogen monoxide and
oxygen gasses are fed separately or together into a bottom portion (Ic) of the
reaction column while allowing the fed nitrogen monoxide and oxygen gases
to flow upward through the reaction column and to react with the falling alkyl
alcohol; the resultant gas fraction containing alkyl nitrite gas is delivered
through a top outlet of the reaction column and the resultant liquid fraction
containing the non-reacted alkyl alcohol and nitric acid dissolved in water is
collected in a bottom portion of the reaction column; and the collected liquid
fraction is withdrawn from the bottom portion of the reaction column and a
portion of the withdrawn liquid fraction is fed into a reactor (2),

(B) in the reactor, a nitrogen monoxide gas is brought into contact with the

fed liquid fraction, to produce an alkyl nitrite; and




14 Septenber 2006 -4a (C) a gas fraction produced in the reactor and
containing the alkyl nitriteis wthdrawn fromthe reactor and introduced
into a portion |ocated between the bottomand m ddle portions of the
reaction colum, the introduced gas fraction is allowed to flow upward
together with the gas fraction produced in the reactor délSeptenher@dg® t he
reactor columm and to be refined with the falling down al kyl al cohol, and
the refined alkyl nitrite gas is delivered through the top outlet of the
reaction colum. In the process of theypresent invention for producing an
al kyl nitrite, the alkyl alcohol preferably has | to 3 carbon atons. In
the process of the present i nvention for producing an alkyl nitrite, the

contacting of enltro n0|de as with the aqu ous qu f.the
SRy ol SoholCang e Hectiah eropuce B Bedbngiot and condibo e AhyEmte i ur e
of from 0C L0 wifiPdan wﬂgfheafé*ébﬁtaggtem ifitoP4 %6Ftldfn%€éte8THe?w§éﬁ tHeot

nore than 20 ept enber -5 1n the process of the present
i nvention for bottoduandmiddie @bmdnsmftthle teactiom eolunin, theimtrodueerk gas frgetion s

preferably substantigl]y_free fr i des roduced du to the
bresence of it GUEMER B IO RUHEAIREeT Avih A 6% JBRTONBRGRcE Botre’
the process Ofreééi@r Eé!ﬁﬁ'ﬁ‘mhrdnﬁ’gf?fﬂé Eéécfd?rcdﬂfrﬁﬁl#hk:lnﬁ 166" resfirtedl with e F@hng he
nltrogen nonoxi de gas is preferably substantially free from nitrogen

di oxi de, di nidomag@lhylialcahol,dnd the nefinesllyl miritesgas laéiea\wedrsh@@ghéhe 9B/ gen.
In an enbodi men f the present invention for producing an
al kyl nitrite, %ﬁfOfth%?%%%@ﬁ&éﬁ'gﬁl ‘'ution of the alkyl alcohol and nitric
acid is prepared in a reaction colum by procedures such that the alkyl

al cohol is fed into a top portion of the reaction colum while allow ng
the fed al kyl latherHypcess phithe quasent: inveniign fereprodasingr ag Alikdmnitrie: Higyen
nonoxi de mﬁl ly or together into a bottom
portion O ﬁg%\rhgg elq%ﬁd% p%?t&%dcfar%lﬁ%g@rmﬁﬁg the fed nitrogen nonoxide
and oxygen gases to flow upward t hrough the reaction colum and to react
with the falllng al k al cohol ; the resultan% gas fraction

al kyl nitritelgdge; OBEW @& the RresentJRvantis, fupraguctg ?ﬂé’"kﬁd’@fﬂtﬁn I'lg"ol um
and t he r%ﬁtﬁ&.ﬁatoﬁ i hRrdgeRCthbABxiBRNg A WithdtHe8qiiodus SBRiiBH & the afdycohol

and nitri
alcohol and nitric acid is preferably carried out at a temperature of from 0°C to

200°C, under ambient atmospheric pressure or more but not more than 20 MPa
G.



acid dissolved in water is collected in a bottomportion of the reaction
colum; and the collected liquid fraction is withdrawn fromthe bottom
portion of the reaction columm and a portion of the withdrawn liquid
fraction is fed into a reactor, and (B) in the reactor, a nitrogen_ npnoxide
gas is brought into contact with the fed liquid fracti OHS@WG'ES‘B%M an
alkyl nitrite. In the enbodi nent of the process of the present 14 Septenber
2006 -6 invention for producing an aI'QyI nitrite, preferably a gas
fraction produced in the reactor and containing the alkyl nitrite is

wi thdrawn fromthe reactor and introduced into a portion |ocated between

t he bottom anié thedgiozegerdfi thespesehhmventian tfoo pradu imy ant akkyl nitriteddeed gas

fraction is allowed to flow upwayd together . wth th as_fraction produced
in the rRiegenr wwngxde: 9asulh A r"f@&c?‘bl?sei@'?ﬁ'%ﬂ%?regng' YHOPER | 9’883% th

the fal IhRg,abkYdudhé IRa! predBAcd Ut MBidclRY Skygeh Bbhidine W_SthésnitrégéhVer ed
t hrough the top outlet of the reaction colum.”™ I n the enbodi nent of the
process mbnokidegassent i nvention for producing an alkyl nitrite,
preferably, the, nitrogen noxi de s for. the reactor is i fyom the
sane source ab gaPr St ethﬁeﬁ@lsﬁaﬁ‘ryglnh%f}of Rre 'Wd?@ﬁbhﬁ%’ttﬁg
process @irohBf MoRBRIMe gAY ER! pRiTefadly RUBStHHtADY dfee dtdiil niiogeht gioxide,
preferably, "the portion of the liquid fraction fed fromthe bottom portion
(1c) of dihdrageadripyidecdiniiragantetrapniderangcmelecoaitaxyggnitric acid in a

concentration_ of 20% rl t v ol in
a concentrati Igna%pn%ﬁ%grqgéah%\/prﬁgégs' %Fﬂ-'% ﬁgesgﬁgbﬁ%ﬁ@ﬁﬁqg?b@g Cprgggﬁss of
the presgryl ritiveA) e baLediSSoIELOE ofithe alkiyalcohdlrdridenitry acidigpteparadiot her
portion of the liquid fraction withdrawn fromthe bottom portion of the

react i oniNcaIrgaetiars celuIey tipsadures ishl that (g aint aleriirl il ded infooa dPRdI e
portion (1&hn0hs ffer a%@Bh'@d?uv%ﬂ' Wil all|Bu)irf§§tﬁé"?&§"éWtaleéh I8 Rfilcasss of
nftor p ng an alkyl ni t he

0
t he presfent I'nventi o roduci rite, preferably,
recycl i ngrgugrc eder eactdr thlinamohieyepononoxidel anide okygen dyadseacarerfedr om
the bottom portion into the m ddl e portion %r%t%n?t he cool

cont i nuotnarately pr EQQ_QSE@[ infgha| tpttqgly PPH!Q'T 8(:. ; R Column vﬁﬁlp@lo&dn%ss,
o1 vony REFERTRE HRNGJod B RES gHeaf s vl | dpicaRung 0
react i oncalotmamandt tee reattalwitbf thehdalfiegdalkylt alcohnl; t tensesafitambl ggs fractiept enber
2006 containing alky! nitrite gas is delivered through a top outlet of the reaction column

and the resultant liquid fraction containing the non-reacted alkyl alcohol and nitric

acid dissolved in water is collected in a bottom portion of the reaction column; and

the collected liquid fraction is withdrawn from the bottom portion of the reaction

column and a portion of the withdrawn liquid fraction is fed into a reactor, and

(B) in the reactor, a nitrogen monoxide gas is brought into contact with
the fed liquid fraction, to produce an alkyl nitrite.

In the embodiment of the process of the present



7 of the alkyl alcohol into the reaction colum and the recycling rate, in
ternms of nole, of the non-reacted alkyl alcohol contained in the recycled
portion of the |liquid fraction is controlled to 20 to 150 times the feed 5
rate, in terns of nole, of whole nitrogen oxides into the reaction colum,
and (c) the concentration of the non-reacted al kyl al colidISeptenatvrs 2006 ui d
fraction collected in the bottom portion of the reaction colum is
controlled to 15 to 60% 10 by mass. Bfi-EF DESCRI PTI ON OF THE DRAW NGS Fi g.
1 is a flow sheet show ng an enbodi nent of the process of the present

i nvention for producing an alkyl 15 nitrite, Fig. 2 is a fl ow sheet

ShO\é\A' ng anmmmnl mrrtmk | didueing mfalkghaitrﬁteoqaesferaﬁty }ahga$)rrf]mﬁon hp'rodemd imtheor
producing an a nitrite, and Fig.. 3 is a.flow sheet showi ng . a progcess
for 20 prfeaHernga erripiing Jhe| éﬂ'@& e 15 HﬂIWa‘é’ﬂb QMethe G‘FantPﬁea’ﬁocess
of the pr | | £ar | T g ALBE

carrvi G D T PR JoEF 8 feoRne i ird ridule derlodlbraN

ni t r ogen reactioxicdienygsthiesintrodugéd  gast fractiont iscallowad tarfloagupwasd tegsther on of
an al kyl al.cghol and nitric acid.while | | owin itri,c.acid to react wth
o1t 1 ogen Wh T GeS daston roaied nhfhe feactor SR Rirbla, o3F kaddls ESBR "5
In the ag b8 Pbfid®With! ther Rlling ARyl AIBbAG! BAA the refifiéd eNGf Aftfiteaga® s Of
nitric acid. Usually, nitric aci I's preferably contained’in a

concent r dtgliveresf theoeghthentepoutlet of thesreagtierecplusirer ably 1 to 60% by mass,

O o SL L B ol rkod B wRSHERER BREHGS RoRolbfg Y ¢
to 3 car ki Hiteifes préfdably, the nitrogen monoxide gas for the reactor is supplied from
the same source as that for the reaction column.

In the embodiment of the process of the present invention for producing an
alkyl nitrite, preferably, the portion of the liquid fraction fed from the bottom portion
(1c) of the reaction column into the reactor contains nitric acid in a concentration
of 20% by mass or less and the non-reacted alkyl alcohol in a concentration of 15
to 60% by mass.

In the embodiment of the process of the present invention for producing an
alkyl nitrite, preferably, another portion of the liquid fraction withdrawn from the
bottom portion of the reaction column is cooled through a cooler (9) and recycled
into middle portion (1e) of the reaction column.

In the embodiment of the process of the present invention for producing an
alkyl nitrite, preferably, the recycling procedures of the another portion of the liquid
fraction from the bottom portion into the middle portion through the cooler is
continuously carried out, while (a) the recycling rate, in terms of mass, of the
another portion of the liquid fraction is controlled to 50 to 300 times the feed rate,
in terms of mass, of the alkyl alcohol intoc the reaction column;
the total of the feed rate, in terms of mole,



is nore preferably selected fromnethyl alcohol, ethyl 14 Septenber 2006 -
8 al cohol n-propyl alcohol and isopropyl alcohol, still nore preferably
nmet hyl al cohol. In the aqueous solution, the alkyl alcohol is preferably
contained in a concentration of 5 to 70% by 5 nass, nore preferably 15 to
60% by mass, still nore preferably 20 to 55% by mass. Thy4§qmesm@r &Khtion
containing nitric acid and the alkyl alcohol may be a liquid fraction
obtai ned, as a by- product, froma process in which an al kyl al cohol is 10
reacted with nitrogen nonoxide and oxyged to produce an alkyl nitrite, as
di scl osed in JP-11-189,570-A and JP-6-298,706-A. In this case, the aqueous
solution (the Jiquid,fractjo pr.ef erably_contai ns. nitri cid.in a
concentration ng tg&%)atl)];(ly%a%isc%}ro elsné:fj %g‘raer%?ce leorlgbﬁo;iu%ml n?okgf)% by mass,
still nore prefesyvabipg2rave 1508 henmgsof mahel, t¢® Wonnhoaaceadtafikyl al cohol

ina cgﬂcen_tr%tlik'gm aﬁcoﬁé%jh@orﬁéa’@ﬂ@ab{ms?henp%@y@mf %ro%lilifbnzeft@h&% by
mass. e nitrqgéen nnoxj de gas us rt process .of t pr esent
i nvention, pr éﬂgPéﬁrgr%H%? e’ rﬁﬁ&&gﬁegotﬁo‘ﬁ%xﬁ%eﬁl ntém88n?§%t£%‘?§4 to
100% by %ol uneatgsuahl yerms rof o lei,t pdgwhobenokitimepaoxidesr dgbd theoxi de

is diluted widhcaidh! dbBufkds dHN-reactive with nitrogen nonoxide, for
exanpl e, nitrogen gas. The nitrogen. .nono i€€EF as may ¢ tahg ﬂ gas
conponent whi ch dod§) notBCHET @FlPHeogl QTq%ég-ﬁ oBut¥ng reaction
for the procedsobblthe preskmuidifeactdoon MNabldgted He nbe-bobstm ucti ve gas

conponent may [GORPLLSEs CARD UL IMNDN 881 umfs A Dot i si1da 28d18l kylsal cohol
vapors. However, to produce the target alkyl nitrite fromnitric acid with

a 30 higR ef f P¥ BAES: the nitrogen nonoxide gas is preferably
substantially free from nitrogen oxides produced by the presence of

mol ecul ar oxy@gRefOBESERESTIdN i€ TRt bRERPNGS

Fig. 1 is a flow sheet showing an embodiment of the
process of the present invention for producing an alkyl
nitrite,

Fig. 2 is a flow sheet showing another embodiment of
the process of the present invention for producing an
alkyl nitrite, and

Fig. 3 is a flow sheet showing a process for
producing a dialkyl oxalate, utilizing an embodiment of
the process of the present invention for producing an
alkyl nitrite.

BEST MODE OF CARRYING OUT THE INVENTION

In the process of the present invention, a nitrogen
monoxide gas is brought into contact with an aqueous
solution of an alkyl alcohol and nitric acid while
allowing nitric acid to react with nitrocgen monoxide and
the alkyl alcohol, to preoduce an alkyl nitrite.

In the aguecus solution, there is no limitation to
the concentration of nitric acid. Usually, nitric acid
is preferably contained in a concentration of 60% by mass
or less, more preferably 1 to 60% by mass, more
preferably 1 to 20% by mass, in the aqueous solution.

The alkyl alcohol usable for the process of the
present invention preferably has 1 to 3 carbon atoms, and
is more preferably selected from methyl alcohol, ethyl




nonoxi de gas. Nanely, the nitrogen nonoxide is preferably substantially
free fromnitrogen dioxide, 35 dinitrogen trioxide, dinitrogen tetraoxide
and nol ecul ar oxygen. Also, the aqueous solution of the al kyl al cohol and
nitric acid is nore preferably free fromthe above 14 Septenber 2006 9
nmentioned nitrogen oxides. In the process of the present!4i3eptanmbesz006
nitrogen nonoxide is preferably fed in an anount of 1 to 50 noles, nore
preferably 1.5 to 20 noles, still nore preferably 2 5 to 10 noles per nole
of nitric acid into the reaction syster 4n the process of the present

i nvention, the reaction procedure of nitric acid wth nitrogen nonoxi de

and the al kyl _al cohol is preferab carried _oqut at 1 enperature of 0 to
200C, nore pr% %?%% fbﬁﬁxﬁgﬁlﬁgffhg*ﬁglré&%FFgﬁygrgggﬁg%iis %%% erably the
anbi ent  at nospherprefaraddyr @ephy horkcolnlt.- not nore than 20 MPa G nore

preferably not norg than 3uMBasGostitidn M NkOhenabbyoD. Zsto 1 MPa G
The reaction the 1 rocess of the,preagn | Ve tion can be
d

£r0$ed re of .
carried out uht® er%h%%ﬂﬁﬂnF?éBe ohdi ¥ i G RS TR0 abdve’® Y t he
process of theaps egente ipredetrhbhy 1heto réddcbiyomapsecetitlk mfrenitric acid

Wi th nitrogegpggggpgg¥§ N4t Besahkuhadd cohol in an aqueous nediumis

optionally 20 carried”out in the presence of a catalist. h?gﬁ%{,'the

aqueous sol ution Off&hiagueeugcraluhirn PRhaPAng) BARBLC I [E9€f ur t her

contain a catallsl alaghdlsinag hé & ebsjuidfeanittinat ebsaltedf & aupyVvl |l |

netal s, exce platin e h@ o] als of the 25
for Sl 1y 2o dbEppUES T Hber(, G PAReq i T

Peri odi c Tabl'e. e nitrate of G oup e catal yst
are prefrabl jRactast vEdly pdFogsh MRS anfePrYEeR| 1P REPIYGCREl nitrate

and cobalt nilkyl enitASit@, nbbraieckaddd din Greup-LBIpeIals £t t he
JP-6-298,706-A. In this case, the aqueous solution (the
liquid fraction) preferably containg nitric acid in a
concentration of 20% by mass or less, more preferably 1
15 to 20% by mass, still more preferably 2 to 15% by mass,
| and the non-reacted alkyl alcohol in a concentration of
15 to 60% by mass, more preferably 20 to 55% by mass.
The nitrogen monoxide gas usable for the process of
the present invention, preferably contains nitrogen
20 monoxide in a content of 4 to 100% by volume. Usually,
in the nitrogen monoxide gas, nitrogen monoxide is
diluted with a dilute gas non-reactive with nitrogen
monoxide, for example, nitrogen gas. The nitrogen
monoxide gas may contain a gas component which does not
25 ocbstruct the alkyl nitrite-producing reaction for the
process of the present invention. Namely, the non-
obstructive gas component may comprise carbon monoxide,
carbon dioxide and alkyl alcohol vapors. However, to
produce the target alkyl nitrite from nitric acid with a
30 high efficiency, the nitrogen monoxide gas is preferably
substantially free from nitrogen oxides produced by the
presence of molecular oxygen contained in the nitrogen
monoxide gas. Namely, the nitrogen monoxide is
preferably substantially free from nitrogen dioxide,
35 dinitrogen trioxide, dinitrogen tetraoxide and molecular
oxygen. Also, the aqueous solution of the alkyl alcohol
and nitric acid is more preferably free from the above-



catalyst, cupric nitrate is preferably enployed. The 30 catalyst is
preferably present in a content, in termof netal, of 20% by mass or |ess,
nore preferably 0.1 to 10% by nass, based on the total mass of the aqueous
solution containing nitric acid and al kyl al cohol. The reaction procedure
of nitric acid with nitrogen 35 nonoxide and the al kyl #&6Riembes2@qG ried
out in liquid phase in a batch type reactor or a continuous type reactor.
The reaction procedure is conducted by the 14 Septenber 2006 - 10 steps
of placing an aqueous solution containirnd nitric acid together with an

al kyl al cohol in a reaction vessel equipped with a stirrer; and

I ntroducing a_nitr : |.de I nto the aqueous sol ution under the
anbient 5 atnggaﬁéggggangggﬁggd}e%%ﬁ'higher, while stirring the agueous

sol ution or bl owi ngnathet PEeRes hnfotihgergasenht bhvarntd caguddtisogeh ut i on

under a prﬁSSlﬂfo@;oEkiiﬂEeﬁ.sltﬁﬁé\féﬂﬂ:l &i@hﬁmhhaﬁhnm&km g Ar %Isgoerﬁe_s\mg,e

stirring the agueous _solutio er, the.higher, pressure. Ln this

procedur e, 10“%F§f8f36?§a§£%s?é#tchﬁpymﬂ8eﬁrt?Eié;1Wﬁﬁed€§eg?5a%¢%dﬁced due

to the pbesenc® 30 molesuper modggedf gasréondeidethtion theheeattiogen nonoxi de

gas, thus aregg@rbained in the nitrogen nonoxide gas, and are fed into the

reaction systémin the reactor. There is no specific Iin%hation 15 to the
u

reactor as |ong as PhEPEaPERICTRAE itHR BARSHRE YHISIE@ outD&i t h
sati sfactory ekhctiencprovedire refaatioricaadid hel theadttargeanmbaveide si ngl e

reaction secti,Qn Qhe2a1RY U’ & ddn610% s BREELPIL P Wd A% q0bu REULAl Ty Of
reactors_ are connected to each other to constitute.a reaction 20 system

g
The reacfor n&E$TBETRRUFReCt t hDROL FealPFRPrlvntlntg 8¢9 Ter, or a
mul ti st age typaer easttdon wmodssmre fisr perbaphiely alpackddeneact i on col um or

a sieve 1raykRdchhoR;&obilL,OWeY Rbre aShl RO nEAT 26 s RY,0CESS Of
the present invention is of a gas-liqujd ]

more preferably not more than 3 MPa G, still more

preferably 0.2 to 1 MPa G. The reaction procedure of the
process of the present invention can be carried out under
pressurized conditions as mentiocned above.

In the process of the present invention, the
reaction procedure of nitric acid with nitrogen monoxide
and the alkyl alcohol in an aqueous medium is optionally
carried out in the presence of a catalyst. Namely, the
agueous solution of nitric acid and the alkyl alcohol
optionally further contain a catalyst comprising at least
one nitrate salt of Group VIII metals, except for
platinum group metals, and of Group IB metals of the
Periodic Table. The nitrate salts of Group VIII metals
for the catalyst are preferably selected from, for
example, ferric nitrate, nickel nitrate and cobalt
nitrate. As a nitrate salt of Group IB metals for the
catalyst, cupric nitrate is preferably employed. The
catalyst is preferably present in a content, in term of
metal, of 20% by mass or less, more preferably 0.1 to 10%
by mass, based on the total mass of the aqueous solution
containing nitric acid and alkyl alcohol.

The reaction procedure of nitric acid with nitrogen
monoxide and the alkyl alcohol is carried out in liquid
phase in a batch type reactor or a continuous type
reactor. The reaction procedure is conducted by the




25 contact type, when the vessel type reactor equipped with a stirrer is
used, the stirring apparatus is preferably provided with an inpeller
capabl e of dispersing gas bubbles in the aqueous solution with a high
efficiency and a rotary neans for the inpeller capable of enhancing 30 the
gas-liquid contact efficiency; and when the nultistage1ﬂf$@“W@§€ col um
Is used, the colum preferably is packed with a packing nmaterial capable
of enhanC|ng the gas-liquid contact efficiency. The resultant al kyl
nitrite ester is delivered 35 together Wth the above-nentioned gas, as a
gas fraction, fromthe reactor to the outside of the reactor, and is

opti cnal |y vasheh an diediagdaandobian, suanliied Loyt dds &memr 2006 -

it desired use FoCess o esent  invention,
t he process o@c%%é:%%té’@ﬁt vtk el KT s al&tolhlollzéa Po?e%fplr%é@sssﬁér
produci ng an adikibpdu twiithe aSsesteérj nnhiiclt rpaeeess, a afi ttdgdn al cohol is

reacted with _nitrogen nmonox I de._and oxyge enha e viel f the
target al kyl Wﬁ??*%é? fntPngP |%9%§§§% %ﬁlP?lon u£§F} éh(i%ﬁ? gs

by- product of atihes Risoie @nt boassupe coedsghers uhuez%@#@rnq Itétepr ocess of
the present inyelidBo1l@iba BP'ﬁl&mﬁj'%ﬁEroﬁé}l hbgoREQss Skt i on of

the alkyl alcohol and nitric n_a reaction_.colum by

procedures suth® ?ﬁﬂeqq§esgﬂﬁ§F°3I%Q#ﬁﬁ 3 §EféﬁuanPbg%F{(ﬁ?ﬁﬁ3FP|on of the
reaction col vambidnt etalcdsphengc phesdwuwe alhkiye akéohbng tthd @duedsdn t hr ough

the reactor 1§oﬁ5ﬂ1‘5ﬂ“un’&' L QH@”hDiﬂQX ﬁ%s@'ﬂgeoxygﬁnt}gfé%@d@rfe?d
ety

separately or to ort,ion of eaction colann whi | e

al lowi id the ¥ ?ﬁ% géﬁgﬁﬁﬁﬁﬁf W&%§§8ﬁng8§é%e§c?%q(ﬂﬁoﬁﬁﬁﬁ d t hrough
the reaction dusltumthengreeeneactf walealierf akigey edkydontacaledl int he 20

resul tant gasyfd agid QResORbabRiAY ALY lthlist birkec8RBaifed in the
nitrogen monoxide gas, and are fed into the reaction
system in the reactor. There is no specific limitation
15 to the reactor as long as the target reaction can be
carried out with satisfactory efficiency in the reactor
and the reactor can have a single reaction section or a
plurality of reaction sections or a plurality of reactors
are connected to each other to constitute a reaction
20 system. The reactor may be in the form of a reaction
vessel with a stirrer, or a multistage type reaction
column, for example, a packed reaction column or a sieve
tray reaction column. However, as the reaction for the
process of the present invention is of a gas-liquid
25 contact type, when the vessel type reactor equipped with
a stirrer is used, the stirring apparatus is preferably
provided with an impeller capable of dispersing gas
bubbles in the agueocus solution with a high efficiency
and a rotary means for the impeller capable of enhancing
30 the gas-~liquid contact efficiency; and when the
multistage type reactor column is used, the coclumn
preferably is packed with a packing material capable of
enhancing the gas-liguid contact efficiency.
The resultant alkyl nitrite ester is delivered
35 together with the above-mentioned gas, as a gas fraction,
from the reactor to the outside of the reactor, and is
optionally washed and refined and then supplied to a



delivered through a top outlet of the reaction colum and the resultant
liquid fraction containing the non-reacted alkyl alcohol and nitric acid
di ssolved in water is collected in a bottom portion of the reaction colum;
and 25 the collected liquid fraction is withdrawn fromthe bottom portion
of the reaction colum and a portion of the withdrawn | il Fegtembar2Pe® is
fed into a reactor, and (B) in the reactor, a nitrogen nonoxide gas is
brought into contact with the fed liquid_fraction, to 30 produce an al kyl
nitrite. In the reactor, preferably, oXyb%n‘and nitrogen dioxide are not
fed. Preferably, a gas fraction produced in the reactor and containing the
alkyl nitrite gssmddiawnm fromthe 35 reactor and introduced into a
portion | ocated %etween the bottom and m ddl e portions of the reaction
colum, the introdited §EPCALBARRT R |idhenProReast 61 Fioty RERRETE 14

Sept enber 2:)06invez?]r2£ori,ﬁgatﬁhpfomééél dmazlr@a@rfe@aﬁti onvenothiced i n the
reactor colunmn,.thro the_reactor.co nd to b fined.w.th the
falling down alfjf(ljllzaﬁ&é%ﬁgl 8 Bﬁ‘a“‘%se frc’e iplnyeggugllggl &n nfg%}h%t eﬂg%slvp'ﬂies del i vered
t hrough the topstRE |ia whtichhprecesaictalom lEgluphcolrpt EhiRAGRak Ytht he
process of thenpiasRi monB¥eRE &fd Vbitigdis kur BRRAnE€xptigd Neik el blf £REer ence

to the attached draw.ngs. Referring to Fig. . _a_react] .cOl 1 for 10
produci ng an aﬁiﬁﬁeﬁﬂ Hﬁ§ el gféiekﬁé?%ﬁi u&%eF%%gcf?gg}léégbﬁf F%%gr section
| b, a bottom peradusred,c asogabpdrbedunt dfe theoabpveemenoirnes PXOCEPSporti on

I d | ocated aboye ddi8 iZdRPebrSers i godes2d anBi gdbsepOridwihtionl ocat ed
bet ween . the upper anglLomer sgctlons #@ %Sd | b coan)tqg %Po%aﬁn915.
other. Tife reacti orticdPdin TP redPdd 1§ IPERLY of hr Sagh™a pi pe
line 3 througheMyilchklckhdoboendm porid geildc is prepared in a reaction
column by procedures such that the alkyl alcohol is fed
into a top portion of the reaction column while allowing
the fed alkyl alcohel to fall down through the reactor
15 column; nitrogen monoxide and oxygen gasses are fed
separately or tocgether into a bottom portion of the
reaction column while allowing the fed nitrogen monoxide
and oxygen gases to flow upward through the reaction
column and to react with the falling alkyl alcohol; the
20 resultant gas fraction containing alkyl nitrite gas is
delivered through a top outlet of the reaction column and
the resultant liquid fraction containing the non-reacted
alkyl alcohol and nitric acid dissolved in water is
collected in a bottom portion of the reaction column; and
25 the collected liquid fraction is withdrawn from the
bottom portion of the reaction cclumn and & portion of
the withdrawn liquid fraction is fed into a reactor, and
(B) in the reactor, a nitrogen monoxide gas is
brought into contact with the fed liquid fraction, to
30 produce an alkyl nitrite.
In the reactor, preferably, oxygen and nitrogen
dioxide are not fed.
Preferably, a gas fraction produced in the reactor
and contaihing the alkyl nitrite is withdrawn from the
35 reactor and introduced into a portion located between the
bottom and middle portions cof the reaction column, the’

introduced gas fraction is allowed to flow upward,




of the reaction colum 1 is connected to a mddle portion 2a of the
reactor 2. The top portion Id of the reaction colum 1 is connected to a
pipe line 4 connected 20 to a supply source (not shown in Fig. 1) of a
liquid alkyl alcohol. Also, the top portion Id is connected t

line 5 for withdrawing and optionally circulating a ga§4ﬁﬁaﬁ$ﬂﬁﬁzggﬁerated
in the reaction colum 1. The pipe |line 5 has a branched pipe line 6 for

di scharging a 25 portion of the gas fraction to the outside of the
reaction system The bottomportion Ilc & the reaction colum 1 is
connected at an upper part thereof to a supply source (not shown) of

nitrogen nnnog é%ﬁgﬁsJiQﬁo%gh aa?'f?%é% |In%°§ %Qg fh Lﬁgﬂﬁé%§gggce (not
shown) of oxyge % gas througﬁ ES i'heé FRo4T I ne I'S connect ed
at a middl e paelunnhéheotghothe pxwuqrn@ogumavan@ ’eoclaﬁ)l@rfl@eldovatbd in a

m ddl e porthih@ffatlhqnlgl aewﬁ amypcam;%toqq bagt hﬁer&@lﬂir@@%mutlon |l e of
the reaction colu which a top

portion 2b of it ngl}aeé’@Foﬁ's d?le:%lh ctthé(?utgg Fﬁ% *)‘i’%eo%% &(%u%gg 2006 -

13 liné 7, twededenacgdsmfiracti on generated in the reactor 2 into the
upper part of the Bl LQRLEHEAOoF CHY ptrI&@eséeéftt]‘i’é‘ ;%Eslélﬂ% 1. Also, a

bottom portion 2c of the__reac nnec to a su sour ce (not
shown) of 5 TSR ERbH 8 HUSCHaR G SATRR JEL PY ek 192990k, TReF RS ( e
bott om of t heatrteadtedr d2awsngsnnected to a pipe line 12 for mnthdramﬁng a
liquid fraction gg@g q&ggglgo £ ﬁea%tg agtlgﬁféﬁ Aot g 1, aliquid

al kyl al cohol i into_t top portion 1d of the reactlon colum 1
to all ol tfu?qqqﬂﬁ¥ﬂgaPRyPlﬁY%d%Eﬁr%ﬁ?'FéFFrdBRﬁ FRrWRRAT (WELIBPet2r and
| ower sections loweandeklhioh 1be a éatidomnpeokian Ic located below the

lower section lb, a top portion 1d located above the
upper section la and a middle portion le located between
the upper and lower sections la and 1lb, connected to each
15 other. The reaction column 1 is connected to a reactor 2
through a pipe line 3 through which the bottom portion lc
of the reaction column 1 is connected to a middle
portion 2a of the reactor 2. The top porticn 1d of the
reaction column 1 is connected to a pipe line 4 connected
20 to a supply source (not shown in Fig. 1) of a liquid
alkyl alcohol. Also, the top portion 1d is connected to
a pipe line 5 for withdrawing and optionally circulating
a gas fraction generated in the reaction column 1. The
pipe line 5 has a branched pipe line 6 for discharging a
25 portion of the gas fraction to the outside of the
reaction system.
The bottom portion lc of the reaction column 1 is
connected at an upper part thereof to a supply source
{not shown) of nitrogen monoxide gas through a pipe
30 line 7 and a supply source (not shown) of ocxygen gas
through a pipe line 7a.
The pipe line 3 is connected at a middle part
thereof to a pipe line 8 having a cooler 9 located in a
middle poftion of the line 8 and connected to the middle
35 portion le of the reaction column 1.
The reactor 2 has a pipe line 10 through which a top
portion 2b of the reactor 2 is connected to the pipe




Si mul t aneously, a nitrogen nonoxi de gas and an oxygen gas or a nitrogen
nonoxi de- oxygen m xed gas is fed into the 15 upper part of the bottom
portion |Ic through the pipe lines 7 and 7a so that the fed nitrogen
nonoxi de and oxygen gasses flow upward through the reaction colum and
come into contact with and react with the falling |iquid4aieeigmbg 'E@H@I to
produce the alkyl nitrite in a 20 gas phase. The resultant gas fraction (a)
containing the alkyl nitrite is washed or refined with the falling al kyl

al cohol and withdrawn froma top outlet & the top portion Id of reaction
colum 1 through a pipe line 5. Also the resultant liquid fraction

contai ni g non, 25, reacled.alkyl ool cahol. @00 BRLELECACIH GRNALed,as a by-

product of the above- nentlone i on and Which is a
by- product of e ridcuipar PArthef theadotspmepParhon 1% Cefcéuhﬁul ated in the

bottom porti orh:égcuai‘n t:la@urnﬁao;t | OAL £ tamboi;toﬂihpoktm dch rECtthen (b) is 30

wi t hdr awn fron1th ortlon c and a rtlon thdramn
liquid fractlon q:) flgd PHto ad&lug 3r§° % o?t ho""gz

t hrough & pipéﬂhnﬂgew moanaléﬁomm%ruﬁﬁwwmoﬁ Pbpe)lhmethb-mﬁWﬁdha%n I|qU|d

fraction (b) It&qé%)&loﬁdotfhm@gfbéck&rplzpqsl bBﬁn&:@@&j w%%ﬁ ooler 9 into
the mddle portion. lLe of the reaction nd_recycl ed

liquid fraction{%-12 f°FaY’|l§h%%ﬁl‘l%g?‘etlﬁgkll@qfﬁa?%“r aﬁqq%ﬁjt@%qb?d al kyl
al cohol 14 Septreberac20062.- 14 through the | ower section | b of the

reaction colum (llerek@if n&é%é h61 r%aQEhQEdtQﬂPﬁ aélte:ro@wqf ikheeal ky!

al cohol _ with nitrogen nonoxi de and %en to a desired | evel gﬁ portion
(b-1) ofl% he I3RRA Foer 6P Bﬂr%bﬁnflého PRt BRREIPR KB L $OpR LMt i nt o
contact with tidte liguidgebkypbnadcalelgas fedli dbwn ttierdait cmepoppeon 2c of

the reactor 2 Lfy qlé%ﬁt ggf:{?ic?:’?a'ia[‘eanjdl )bTBEStHétfééc@l%rﬂ colQRhained in the

portion (b-1) of t. he ci1on
Simultaneously, a nltrogen monoxide gas and an oxygen gas

or a nitrogen monoxide-oxygen mixed gas is fed into the
upper part of the bottom portion lc through the pipe
lines 7 and 7a so that the fed nitrogen monoxide and
oxygen gasses flow upward through the reaction column 1
and come into contact with and react with the falling
liquid alkyl alcohol, to produce the alkyl nitrite in a
gas phase. The resultant gas fraction (a) containing the
alkyl nitrite is washed or refined with the falling alkyl
alcohol and withdrawn from a top ocutlet of the top
portion 1ld of reaction column 1 through a pipe line 5.
Also, the resultant liquid fraction containing non-
reacted alkyl alcohol and nitric acid generated as a by-
product of the above-mentioned reaction and dissolved in
water, which is a by-product of the reaction, in the
reaction column 1 is accumulated in the bottom portion lc
of the reaction column 1. The liquid fraction (b) is
withdrawn from the bottom portion lc and a portion (b-1)
of the withdrawn liguid fraction (b) is fed into the
middle portion 2a of the reactor 2 through a pipe line 3,
and another portion (b-2) of the withdrawn liquid
fraction (b) is recycled through the pipe line 8 and the
cooler 9 into the middle portion le of the reaction
column 1. The cooled, and recycled liquid fraction (b-2)
falls down together with the falling ligquid alkyl alcohol




reacts with the fed nitrogen nonoxi de and the non-reacted 10 al kyl al cohol,
to produce an alkyl nitrite in a gas phase. A resultant gas fraction (c)
containing the target alkyl nitrite and the non-reacted nitrogen nonoxide
is withdrawmnm fromthe top outlet of the top portion 2b of the reactor 2

t hrough the pipe line 10 and 15 fed into the upper part 18/Septamhes2086n
portion Ic of the reaction colum 1 through the pipe line 7. The fed gas
fraction (c) flows upward together with the nitrogen nonoxide and oxygen
gasses through the reaction colum 1, - ahd-the non-reacted nitrogen
nonoxi de and oxygen in the 20 gas fraction (c) reacts with the falling

al kyl alconol ., gt gy st agloal iyttt e andcLe, aldlopigite T

the gas fraction refinéd with t
al cohol and d’éfPlcw‘féT?’fé”(PJ{ G@@t HGFCW@h tenpergayrer aét e %lef radm@ﬁé reaction

]g:ol um 1 EQ; owigth %ﬁﬂt@;tnowoaﬁﬁa@r\aﬂdd dﬂ}l’g@lﬂlghotzbed@sﬂﬁedll@fei Thtze l'iquid
raction accumyl ated.i.n t ont.ion t he t.or i's

optional ly V\nthdrarev\hm T d&ﬁ fﬁ’ePg gfgqo éuffld gf%‘?ﬂ%‘b ‘ﬁ) ef t he sane
reacti orP procteft? edheagsiagtoB02Fig. bllOlwl‘é— dartpei ednbact \eiwep-‘chq hat the gas
fraction (c) ngensjat %n‘oﬁhﬁ@eg5§3§écprlna:d $hwi bhdeann.d+oipd e bep outlet

of the top portion 2 ctor thrao ha line 13 and fed.into the
m ddl e portion§ &G Qﬁez Fgﬁfw?%nﬂ}%lﬂhﬂ% $in §59$n t S o e Af i Bned
enbodi nent ofcermaipregt dos theé poireiqr gderit) fivehei bhquide mictiogenbironoxi de
gas for the f&&?@sorw1%hm}‘leb§e§L&Pﬂx‘cﬁ%rﬁ%ﬁﬁﬁ&ﬁéyaﬁcﬁOtmé homidebeges 14

Sept enmber 2006 nonoxi de gas he reactlon colum 1. However,
preferadl y, tHEH (HEQER L nbRORFAI Sy &1K¥4 PEBREE dimfor?@Suppl y sour ce
to both the r@eatd.on Acolesmbtdnt agak tihractdaat oc) 2contaiimy case, referring

to Figs 1 andZodhusaphy:Lios oy wid HoAeRIRAOK! e A rom a common

supply source (not, shown) 1s _preferabl
monoxide is withdrawn from the top outlet of the top

portion 2b of the reactor 2 through the pipe line 10 and
15 fed into the upper part of the bottom portion 1lc¢ of the
reaction column 1 through the pipe line 7. The fed gas
fraction (c) flows upward together with the nitrogen
monoxide and oxygen gasses through the reaction column 1,
and the non-reacted nitrogen monoxide and oxygen in the
20 gas fraction (c¢) reacts with the falling alkyl alcohol
and the resultant alkyl nitrite and the alkyl nitrite in
the gas fraction (c) are washed or refined with the
falling down alkyl alcohol and delivered together with
the gas fraction (a) from the reaction column 1 through
25 the top portion 1ld through the pipe line 5. The liquid
fraction (d) accumulated in the bottom portion 2c of the
reactor 2 is optionally withdrawn through the pipe
line 12,
Referring Fig. 2, the same reaction procedures as in
30 Fig. 1 are carried out, except that the gas fraction (c})
generated in the reactor 2 is withdrawn from the top
outlet of the top portion 2b of reactor 2 through a pipe
line 13 and fed into the middle portion le of the
reaction column 1.
35 In the above-mentioned embodiment of the process of
the present invention, the nitrogen monoxide gas for the
reactor 2 may be supplied separately from the nitrogen



divided into both of the pipe line 7 connected to the reaction colum 1 and
the pipe line 11 connected to the reactor 2. The nitrogen nonoxide gas is
preferably substantially free fromnitrogen oxi des produced due to the
presence of nolecular oxygen in the nitrogen nonoxide gas. The gas
fraction (c) generated in the reactor 2 and withdrawn frdfmSerteniss 2086rti on
2b of the reactor 2 is preferably fed into a portion of the reaction colum
1 through which portion the liquid al kyl alcohol falls, nore preferably a
portion between the middle portion leqgnd the bottom portion lc of the
reaction colum 1. Wen the gas fraction (c) withdrawn fromthe reactor 2
is introduced into the mddle portion le of the reaction colum 1 through
the pipe line.13 sho rtj of .the,l

fracti on MPTRS S fomtndediiar eobirn Pon HoWayRr PlasBiasybira Mtk or o

is pref ernﬁ'&‘ndknfl@%a@ns fed R6A1 é%nﬂﬁbﬁ‘yubbg écﬁﬁéé 't@'boﬁi thﬁqréﬁwoh helans 1

fraction (c) ft the reactor 2 is introduced into the mddle portion |e of
t he reactandntheoreasion 2t hinubls case,praferringnte Figs.$antha thaesupply flingcef on

fed th t | f t
i o 1 rgesh MR 688 4n A Ba i s8N S e SRR PR RRY oy
al cohol " idvidée |MBpl§ifthpc§frﬂ1b0ﬂPé3lmeO? ddimetRACHd tHe fedation doluriinet rind treen
nonoxi de gas to be fed into the reaction colum 1 may _ contain nitrogen

di oxi de, Pipanline ddesennectsd tecthen@astord. ni hecstgtm%m%@%idyegas i prfarabiase,

he *gas ShesiPefThER R MARG ARBeR prficed il Wi hrELBAcE o RO LT

of nit r@g9genm‘tm;i tiitrogen mersxidelgas.ni t rogen di oxide, dinit rogen trioxide

and di ni trogen tetraoxide. 14 Septenber 2006 - 16, The % gm&ﬂpcr:ul ar

oxygen) is prdifergas jraetion (ﬁ)egﬁnqrﬁteéd"éhﬁdﬁ@d@f 2cansbwithdega

pr ef er abl E{:B(Rk t f

reaction pl\/)n%ﬁgbrozg%?{%%t%? ‘?snﬁpe%r gerooﬂ;n &ehr eac on Coréafé‘.%on C%E]Li"ﬂiggen

monoxi detMmdghnwhmtvbartm»(ytgerhqarde allsdiaditghoti fells, wmidre prefjermbho@ podiot i ve
e _reaction
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di oxi de, ygheh tRetdss Fatfoh 985 withdtain ASmatheBkedctal 298SintrBHAcéd §ntdOtHeom
middle portion 1e of the reaction column 1 through the pipe line 13 shown in Fig.
2, the portion (b -2) of the liquid fraction withdrawn from the bottom portion 1c and
cooled by the cooler 9 is preferably fed at a location below the location at which
the gas fraction (c) from the reactor 2 is introduced into the middle portion 1e of
the reaction column 1 through the pipe line 13, so that the gas fraction (c) fed into
the reaction column can flow upward without contacting the liquid fraction (b -2)
and can be washed or refined with the falling alkyl alcohol in the upper portion 1a
of the reaction column 1.

The nitrogen monoxide gas to be fed into the reaction column 1 may
contain nitrogen dioxide, dinitrogen trioxide and/or dinitrogen tetraoxide. In this
case, the content, in terms of gram atoms of nitrogen, of nitrogen monoxide in the
gas is more than 50% based on the total amount, in terms of gram atoms of
nitrogen, of nitrogen monoxide, nitrogen dioxide, dinitrogen trioxide and dinitrogen

tetraoxide.



portion Ic of the reaction colum 1. In this case, the material gas
preferably has a total content of nitrogen nonoxide and oxygen of 3 to 40%
by vol une, nore preferably 5 to 20% by volunme, and a content of the non- 15
reactive gas of 10 to 90% by vol une, nore preferably 20 to 80% by vol une.
The material gas for the reaction colum 1 nay contain1$§eﬂpﬁﬁﬁf§@@%hol in
the state of a mst or vapor, in a content of 2 to 40% by vol une, and
further carbon nonoxi de and/or an alkyl nitrite. 20 The nitrogen nonoxi de
gas may be mixed with the oxygen gas—ah® optionally a non-reactive gas in
the above-nentioned m xing proportions outside the reaction colum 1, and

the resultant m x IS f ' r tion 44y, t tively,
t he nitrogen nonogﬁgg%% bggs?g%%&%ﬁghggvggﬁﬁgaggn%ﬁaie sgéhfﬁké§§9§ed into
an upper part’ d? (WSt PENP pdt ti v P 120 MehAer here R f/uAP 1 vnit PBgen

nonoxi de gas f®r0 t20e modaGt pen welaidE hitsogphenenabide Sy itkd from a

common supplyﬁégggfg%'& rthgereéé¥§§é”b UmgolThe al kyl al cohol to be fed
into the reaction ™ col'um I'S preterabl’y selected from al kyl al cohol s

having P to 3 car ¥ &benseagbionaapire lpenhyroger dloxigied asdhyl al cohol

and propyl algsihS.armekeqph e es aldual IRekakbdah CONA ,ganhoan al kyl nitrite
I s produced i to the reaction

35 .response o the alkyl  .alcohol fed i,
colum. The é? %ﬁ%ﬁﬁeb ﬁgﬁ Féeo% |%%u§%éﬁh8g0Igﬁ¥%% ' ?#hﬁp E&bly fed at a
tenper at ure dfoncpgder gngoche niractipnSegodnbes 200Ee reprtipnef erably -10C
to 30C. As neidiweied aBeyeexaisier allt¥ogkhcod! K¥tbdd ildides ah@d into a

' f th o] I d_all fall h th
oncti O col e TERES AESS R (10 RoRBXPALSbaS Bt e RoPBELPAT oxygen

reacti on colunn,'
gas are fedpantgoa Bet oéntperreantion chdurmatti on adligmeaged the

material gas preferably has a total content of nitrogen
monoxide and oxygen of 3 to 40% by volume, more
preferably 5 to 20% by volume, and a content of the non-

15 reactive gas of 10 to 90% by volume, more preferably 20
to 80% by volume. The material gas for the reaction
column 1 may contain an alkyl alcohol in the state of a
mist or vapor, in a content of 2 to 40% by volume, and
further carbon monoxide and/or an alkyl nitrite.

20 The nitrogen monoxide gas may be mixed with the
oxygen gas and optionally a non-reactive gas in the
above-mentioned mixing proportions outside the reaction
column 1, and the resultant mixed gas is fed into the
reaction column 1. Alternatively, the nitrogen monoxide

25 gas and the oxygen gas may be separately fed into an
upper part of the bottom portion lc. 1In this case, the
nitrogen monoxide gas for the reaction column 1 is
preferably supplied from a common supply source for the
reactor 2.

30 The alkyl alcohol to be fed into the reaction
column 1 is preferably selected from alkyl alcohols
having 1 to 3 carbon atoms, for example, methyl alcohol
and ethyl alcohol and propyl alcohols, more preferably
methyl alcohol, and an alkyl nitrite is produced in

35 respense to the alkyl alcohol fed into the reaction

column. The alkyl alcohol is optionally cooled and
preferably fed at a temperature of -15°C to 50°C, more




allowed to flow upward t hrough the reaction colum and to cone into
contact with the falling al kyl alcohol. Thus, a gas-liquid contact
reaction in a countercurrent 10 relationship occurs in the reaction col um.
The feed rate in ternms of nole of the al kyl alcohol into the reaction
colum is preferably 0.2 to 3.0 times, nore preferably ¢ .Sentgmber@00p nes
the total feed rate in terns of nole, of the nitrogen oxides including
nitrogen 15 nonoxi de and another all nitrogen oxides produced from

ni trogen nonoxi de and oxygen in the matérfial gas fed into the reaction

col um and ni trogen nonoxide introduced from the reactor into the reaction

col um. Also,pkﬁfgp$i§€b§ﬁtgﬁ§% ?go he process of the present invention, a

20 portion of "the a . e fed into the reaction colunm may be
fed in the state obhSdeRtoNSE FRPBE: | PAIFeRaRd YoothEnPpbY ti BFATOL HE
reaction col ufedt biesigh tdie popitRen!| bhetHdrrddie ivint E6YaRAN NOINDXd dewgds or

ni trogen mongxi dey PXyGEN MXRHN0RRe OFed U .OUIR ARt NERaPLRS |1ne 25 than
the above-nentT oned pipe |ine tor € nitrogen —nonbdxide gas or the
ni t r ogen nonoRi HECBRY geanatiided 9gasand vikhe aaligsud sposYgeD T a%e materi al

gﬁs I s maintakagdintd é%t?%\égoﬁﬁﬂéﬁﬁlﬁﬁ:Heﬁ&@ﬁcfﬁ.Bntﬁ@ltﬁ@ﬁ&idd)n col u_m;,
the reaction t erature..o the a cono L1 niroge noxi de
and oxygen isafg&%_ r%%ﬁ}c’&’oHPWSff?e‘ah{%‘yﬁ’ ?Célelﬁﬁéfzwﬁ%rrlec%ir%q eraadlrr?/OS to
80C, still nofemegritty aduntat® wotBohe |falliag edbydi abpehek. t Hausrocess of

the present igvgRiPNquid@hehdl! Yeadfford 11GHiad cbhack@RrA&Eunul ated in the
botton1f$ portlﬁg of the reaction col um |s,mAthdéamn by a |iquid-

transpot? at i oh®hREHPSHR ELHAPI &7 IR (HGT SROWR tn” Figs. 1 and 2), a
maj or portion of thee viddidrawe Lnquédnd o fSeptlenrbér tRO0SLkyl I cohpdction is

introduced in{Ee8d CA0IALadtQor0Bb1ARE 14 Plterbbal bR L9 R FaSiksd
tenperature, the cool ed |i qui . ,
more preferably 0.3 to 2.0 times the total feed rate in
terms of mole, of the nitrogen oxides including nitrogen
15 monoxide and ancther all nitrogen oxides produced from
nitrogen monoxide and oxygen in the material gas fed into
the reaction cclumn and nitrogen mecnoxide introduced from
the reactor into the reaction column. Also, in the
embodiment of the process of the present invention, a
20 portion of the alkyl alcohol to be fed intec the reaction
column may be fed in the state of a mist or vapor into
the bottom portion of the reaction column through the
pipe line for the nitrogen monoxide gas or nitrogen
monoxide-oxygen mixed gas or through an other pipe line
25 than the above-mentioned pipe line for the nitrogen
monoxide gas or the nitrogen monoxide-oxygen mixed gas,
while the composition of the material gas is maintained
in the above-mentioned range.
In the reaction column, the reaction temperature of
30 the alkyl alcohol with nitrogen monoxide and oxygen is
preferably controlled to 0 to 100°C, more preferably 5 to
80°C, still more preferably 10 to 60°C. 1In the
embodiment of the process of the present invention,
preferably, the liguid fraction accumulated in the bottom
35 portion of the reaction column is withdrawn by a liquid-
transportation means, for example, a pump (not shown in
Figs. 1 and 2), a major portion of the withdrawn liquid




fraction is returned into a portion of the reaction colum |ocated between
the mddle portion and the bottom5 portion of the reaction colum, to
allow the cooled liquid fraction to fall down. This liquid fraction-
circulating procedure is preferably carried out continuously, nore
preferably, continuously and simultaneously with the abdd&ehtianmbes<086
reaction 10 procedure of the al kyl al cohol with nitrogen nonoxi de and
oxygen. The wi t hdrawn and cool ed portion of the liquid fraction
contributes to renoving the reaction heat® Yenerated in the | ower section
and the bottom portion of t he reaction colum and maintai ning the reaction

15 emperat ur opy ol i OURESELLOTLIN I Bo1deSts ScbdangR 1iTheqaount of

the portion of t raction I nto ](ﬁ(arculatlon system

i s establlshedf%ﬁF?%ﬂﬁ t°tﬁedﬁﬁbﬁﬁﬁrﬁﬁﬁﬂ%ﬁﬁéHrEOnf??tﬁR? B8 att ai ned.

In the liquid fracticom-ie rethatednpoceporeiofapt 2 themctiiooul ation rate
in terms of ”aééJfLﬂi(n tl%%a 'egubgtwér%{iaq}'ieo'ﬂ\ldﬁfﬂet B?r@i&?r antPtd bbBEof € Urni ng

rate in terms he W thdrawn liquid fraction intqQ the reaction
colum, i% pr e@‘é‘?falmry OéoﬁPPoF?éﬂt’c‘?P RPLUFn306°t PhEQY THE é’%’rl@'fier ably 60 to

180 ti mes, st|1iquﬁﬂWEra251ﬁhe£@rf&mL/damnto Th0st 1impsid thmacftded-rate in
terms of mass ofo e Alkyboalaohol d naeLhe roacki peeym: (b) a total

feed rate in terns reacti on col um and

t he non- reacteﬁPQﬂ#ﬂﬂouéﬂd@h@PrecEﬁﬂﬁﬂnﬂh}YunCPﬂélﬁ%ﬁQﬁ#ﬁxﬁqq quid fraction
into the 30 L e@iczﬁl defhrfé@'u!é!_f) W§tl§)rﬂ‘¥]§raaﬂvlé ﬁaﬂtwﬂaé@dréaua@nto 150 ti lrres f
nmore prefera 30 the to rate e, o
whol e t nltrgiﬁa 2 %bﬁda+$ﬁ%)3H%§hPéagfl "t ?ﬁn?|%°%§§?ﬁ %%gn
concentration oxygan)n ﬂ@acweuhéxiwn aﬂdb@heﬂedon©thﬂﬂiQﬁ1ﬁﬂ$elﬂﬁq9¢d 35
fraction collegtfd iidh LRALPOHEOSR PQY trichidvebigt BRe r €8LdH i¥h heakum i s

0, 0,
ﬁ;gfser ably cont ro'xla(ai:%dt ?nléhéolgvge{:q bs\écqalon angD{he %oegt%rma%lﬁt%gntgf 55% by

the reaction column and maintaining the reaction

15 temperatures of the lower section within a desired range.
The amount of the portion of the liquid fraction to be
fed into the circulation system is established so that
the above-mentioned contribution can be attained.

In the liquid fraction-circulation procedure, (a)

20 the circulation rate in terms of mass of the liquid
fraction, in the other words, the returning rate in terms
of mass of the withdrawn liquid fraction into the
reaction column, is preferably controlled to 50 to
300 times, more preferably 60 to 180 times, still more

25 preferably 70 to 160 times, the feed rate in terms of
mass of the alkyl alcohol into the reaction column; (b) a
total feed rate in terms of mole of the alcohol fed into
the reaction column and the non-reacted alkyl alcohol
contained in the returned liquid fraction into the

30 reaction column is preferably controlled to 20 to
150 times, more preferably 30 to 120 times, the total
feed rate, in terms of mole, of whole the nitrogen oxides
fed into the reaction column; and (c¢) the concentration
of non-reacted alkyl alcohol contained in the liquid

35 fraction collected in the bottom portion of the reaction
column is preferably controlled teo 15 to 60% by mass,
more preferably 20 to 55% by mass.




14 Septenber 2006 - 19 In the circulation procedure, the portion of the
withdrawn liquid fraction is preferably cooled to a tenperature of O to
60C and 1 to 20C, nore preferably 3 to 10C below the tenperature of the
withdrawn liquid 5 fraction before cooling. Wen the circul ation procedure
of the portion of the withdrawn liquid fraction from t he 14Segtambkss 28689 um
Is carried out so that the above- nentioned requirenents (a), (b) and (c)
are satisfied, the reaction heat generated in the | ower section | b can 10
be renpved with high efficiency, the prodiction of nitric acid can be
restricted to a low |l evel, and thus the above-nentioned gas-Iliquid contact

reaction can be effeqhedoui L f hirplh-alda6irBNCYne Thor@hayesmeRLi oned feed

rate of the al kyl al cohol Jeaction col'um negns a total feed

rate of the afksMZARoRSANEEEFFCHIRD dSaPECIBF2PIY TP LAY B Fapor and/ or
m st fromthe eanisadauret oft hets e@Ctd @mdcal uon20°Eprmesanlegernblprding to

Figs. 1 and 2, 4 rate.Ls al, o - Lol gL l;kyl: yal cohol fed
into the top 2%5 p%&r_tcfa(;%%lfg g}flétJfﬁeeltﬁgreelga(ﬁh%tgnIoéo%ﬁ%m@#%%&ﬁlg%l?ﬁgdpi pe line
4, the alkyl afeatdion dgfpret aeokinge &hen $APoFiHFUlaiiQn PFOEGeERES bot t om

portion | c of ¢hecHeaRlrit@BnCof Utie JvitHarawgh lagpiPpeftacicion frogether with
the nitrogen npnoxide, gas.nand. the-aldylo.dl cahehaponaigigddn the gas 25
fraction generated in t'he reactor and fed-Irnto the reaction colum 1 at
a location bethgfenianed FeduizeneRts 60 /| ¢ PAndnEheC bATDRIFIEELBAr | ¢ t her eof

through the pipe dd4e@id@ Bbai3geddmnery int BRealyér adexahion abntanned in
B Y o T
i nvol ved i n t hecidalagubet reatpicterd totallovedaveht e2nst &iwe &PRy| al cohol
into the reactdiQi,&aeifRohed gas-liquid contact reaction can be
effected with a high efficiency.
The above-mentioned feed rate of the alkyl alcohol
15 into the reaction column means a total feed rate of the
alkyl alcohol fed in the states of liquid and a vapor
and/or mist from the outside into the reaction column.
For example, referring to Figs. 1 and 2, the feed rate is
of a total of the liquid alkyl alcohol fed into the top
20 portion 1d of the reaction column 1 through the pipe
line 4, the alkyl alcohol fed in the state of a vapor or
mist into the bottom portion lc of the reaction column 1
through a pipe line 7, together with the nitrogen
monoxide gas, and the alkyl alcohol contained in the gas
25 fraction generated in the reactor 2 and fed into the
reaction column 1 at a location between the middle
portion le and the bottom portion lc¢ thereof through the
pipe line 10 or 13. However, the alkyl alcohol contained
in the portion of the withdrawn liquid fraction and fed
30 into the middle portion le of the reaction column 1
through the pipe line 8 is not involved in the
calculation of the total feed rate of the alkyl alcohol
into the reaction column 1.
The content in terms of mole of the alkyl alcohel in
35 the liquid fraction collected in the bottom portion lc of
the reaction column 1 is preferably 0.5 to 6.0 times,

more preferably 1.0 to 5.0 times, the feed rate in terms




The content in terns of nole of the alkyl alcohol in 35 the liquid
fraction collected in the bottomportion |c of the reaction colum 1 is
preferably 0.5 to 6.0 times, nore preferably 1.0 to 5.0 tinmes, the feed
rate in terns 14 Septenber 2006 - 20 of nole, of whole the nitrogen
oxides fed into the reaction colum 1. Referring to Fi % Septeamgr 2006 he
reaction colum 1 necessarily has a |lower section |b in which the 5
reaction (1) of the al kyl alcohol with nitrogen nonoxi de and oxygen is
carried out and an upper section la in 2&hich water produced as a

by- product of the above- nentioned reaction (1), and contained, together

with the alkyl pitgite i bhe,d el ant 683oLLagld Ofhdflnel0 Preferably.

t he upper section1d i's_connécte ower section I b through a mddle
portion | e haigartism cgdpmbptiate |ength. The upper portion la is not
limted to a speciddferriiYBetoaBidgdNA andt ¢ 8hkyresd«€diplcsiamnf @l | down

through 15 the upper..section |a and the fallin 0 lLkyl al cohol can
absorb noi std’reece@p(ﬁ%rd'ilﬁe o O Ak o e T gh l‘grmgqeyn the reaction

col um B and fdantiimg Upward théraligh tEicobippevitkcriwrrden mpopxageanpl e, the
upper secti ofhd &yR¥nhakecar Fbd i sifta@Radihat bppet | LG 24 structure
havi ng a pIuraIk%% of tra%s, fqi exanpl e, si.eve #rqysdﬁg val ve trays or a
packed col unBFLEATEE PROIMRTL D AcBYnErRELEF i &F s51'§ fP%¥%4npl e, Raschi g
rings or Palnertinged aeecpackedl) Theawe costadnéd i tegathert withethstructure

and type of theJiow8h 98el! R ik a%dudRAnSghbes RRed RAFL[QN (1) of the
al kyl al cohol_w'th ni.trogen nonoxi de ,and xygen can be effected wth

and_o
a_sati sflact orF® Plivancfe ERFCRERRHEN LRelP oINeE®] &7 B may have a
mul ti pl e st ageowdrstsiekcltdbnohb catxonylstar mitidie poriqracleedaviobuam structure

simlar to t@épr%fprtiggeugggétﬁ_ect ion |a.
The upper portion la is not limited to a specific

type, as long as the alkyl alcohol can fall down through

15 the upper section la and the falling down alkyl alcohol
can absorb moisture contained in the gas fraction
produced in the reaction column 1 and flowing upward
through the upper section la. For example, the upper
section la may have a multistage distillation column

20 structure having a plurality of trays, for example, sieve
trays or valve trays or a packed column structure in
which packing materials, for example, Raschig rings or
Pall rings, are packed. There is no limitation to the
structure and type of the lower section lb as long as the

25 reaction (1) of the alkyl alcohol with nitrogen monoxide
and oxygen can be effected with a satisfactory
efficiency. For example, the lower section 1lb may have a
multiple stage distillation column structure or a packed
column structure similar to that of the upper section la.

30 Namely, the reaction column 1 preferably has an
upper section la having a multistage distillation column
structure or a packed column structure and a lower
section 1b having a packed column structure and further a
middle portion le formed between the upper and lower

35 sections la and 1lb and having an appropriate length, the
upper section la, the middle portion le and the lower
section 1b being connected with each other to form a body




30 Nanely, the reaction colum 1 preferably has an upper section |a having
a nultistage distillation colum structure or a packed colum structure
and a lower section |b having a packed colum structure and further a

m ddl e portion | e formed between the upper and |lower 35 sections la and Ib
and having an appropriate length, the upper section |a, 1¢RerRRA €083t on
|l e and the lower section Ib being connected with each other to forma body
14 Septenmber 2006 - 21 of reaction colum, as shown in Fig. 1 or 2. In
the reaction apparatus shown in Fig. 1-ofl2; preferably, the liquid
fraction (b) accunulated in the bottomportion Ic of the reaction colum 1

i's 5 continuoug}y, é’gcttqu'}xfa%l ﬁou%% @nownpqnl bnﬁuousﬁrni nor portion (b-1)

of the withdrawn 17 qui rac conti or periodically
i ntroduced into a ridadher rzaCIth%uwpag%uﬁeshP% 3n - al % &r portion

(b-2) of the ptdiuhamny,l icaui ﬂlﬁtﬁﬁd?tﬂlfa’tt(ﬂ@h i(B) CaBthmbuatsddy 1moarned in 10

the cooler 9 nd returned Lnto t | e.porti f..the reaction
colum 1 throﬁ}fﬁl e ﬁl %é’oln “rhe r(«jea%t %ac §?m£§ b Fic acid contained

as a by- rﬁroduc@nwrtwslﬁowv-tbﬁr%‘bn 2f)hr(§=fu9thhé Piqﬁlbllw afbt iBMiOBY reacts
with nit roge 4 f1$doth£@él%ﬁﬂlﬁal@ﬁnp%lqbﬂa Ada@icbn (i) 18 the

non-r eact ed aI al coh in the, accorda the
process of the %}telg‘élrﬂus KvE8ht PB l&%hca]tqm éngﬁéguc?ﬁe r%t%gto

liquid fracti orhxdygh it pipehéineatt ond & gapjeef eqaabityn cﬁmzr)oqueahso t hat
the level of henddaQm dﬂ;ﬁ@stf@éb@iqﬁﬂmy)atlgdcbﬂtiﬂ@omg QBod@dpention is

of the reaction colu 1.is |ntan n ecotent of
non-reacted al g%ﬁ P Fﬂ hetugh |l(§1%P gh?l ﬁd% Efosr <SRkt 8| Péd as
ment i oned abovighe aaacactulomscbhemnohttdmoucgh the pope r-‘eméid altkythal cohol 25
contained in theRQt i0Nn(Prid ofid RRWAliRdEAYE Ligplighoduct in the
portion (b-2) of the liquid fraction (b) reacts with
nitrogen monoxide fed through the pipe line 11 and with
the non-reacted alkyl alcohol in the portion (b-2), in
accordance with the process of the present invention. 1In
this case, the feed rate of the ligquid fraction (b) into
the reactor 2 is preferably controlled so that the level
of the liquid fraction accumulated in the bottom
portion 1lc of the reaction column 1 is maintained
constant.

The content of the non-reacted alkyl alcohol in the
liquid fraction (b) is controlled as mentioned above, and
"thus the content of the non-reacted alkyl alcochol
contained in the portion (b-1) of the withdrawn liguid
fraction to be introduced into the reactor 2 is
preferably contrclled to 15 to 60% by mass, more
preferably 20 to 55% by mass. Also, the content of
nitric acid contained in the portion (b-1) of the liquid
fraction (b) is not specifically limited and may be 60%
by mass or less. As it is preferred that the alkyl
nitrite is produced with a high efficiency in the
reaction column 1 by the circulation procedure of the
withdrawn liquid fraction, the content of nitric acid in
the withdrawn liquid fraction (b) is preferably
controlled to 20% by mass or less, more preferably 1 to
20% by mass, still more preferably 2 to 15% by mass. The




fraction to be introduced into the reactor 2 is preferably controlled to
15 to 60% by mass, nore preferably 20 to 55% by mass. Al so, the content of
nitric acid contained in the portion (b-i) of the liquid 30 fraction (b) is
not specifically limted and may be 60% by nass or less. As it is
preferred that the alkyl nitrite is produced with a hi dhSeptamhesg8{6in t he
reaction colum 1 by the circulation procedure of the wthdrawn |iquid
fraction, the content of nitric acid in 35 the withdrawn liquid fraction
(b) is preferably controlled to 20% by24rass or |less, nore preferably 1 to
20% by mass, still nore preferably 2 to 15% by nass. The 14 Septenber 2006
22 wthdrawn liquid fraction.(b) .of t react L on..cal. nt ai ns wat er
produced as awjbtyhgﬁ:rag&ucjfthgfgtﬁl(ea%teléac i(%ﬁ ogf E{l%er%af%]]%m;lcg?é f(glﬁ.\i/vith

ni t r ogen noncydrde iamsd vekgyeprodited asmal bYaBﬁ@WC‘beéIWI TRAFELPR. 5 In the

reactor 2, a d¥ tdHa0Qn xyfenextsieo 0asi s nilktbyefl UfGb:t ied dndeokiygehd fraction

(b-2) received jn the..reactor 2 throygh. |pe line 11 and the reaction of
the nitric aa(ﬂc{j AR Lhi £P8YRh ?ﬁ)nag)ﬁyg‘enéﬁﬁwf e al kyl alcohol is carried

out undér the ambilenthet respher %, [ edsgpgedrmAMOKidthaidS Whi l e stirring the

liquid fractigftrodticker AatbVvehy  1iha diskaegesn NDHOX decgdvetiSinntli@duced
into the reactor 2 aIBd Ehe reacti.on ils Caéii ed, out urréd%rtiogrgfsyﬂ above
the anbi ent HTASIMeri EPPPRINF LIRMIES &t 7P n%hpI HE45qa1 d T racti on

(b-2). In thisitmdackicdd, wish pritrogey ponhaide t andemensidyildalgakohnd t he

liquid fraction£:deunbact bfadLatiOhmdidhe SURSIFYIRA byebE8Le &F OM
nitrogen oxi e.pr senc&g%a nol ecul ar oxygen in the
[

. ggjis produ%e$ due to. th ar
ni trogel mondkiterga¥NitheStivdty &S $1841 DUt n 1iqui d phase and the
reactor 2 20 ximermatdfedybatld ntitpegen aocvorideuyas itsypatrdtecedtr ogen
monoxi de to Q§u&?Qh£”E8aE98rrf@ﬁk?&h% reaction is carried out under
pressure above the ambient atmospheric pressure, while
stirring the liquid fraction (b-2). 1In this reaction,

15 preferably the nitrogen monoxide gas and the liguid
fraction fed into the reactor 2 are substantially free
from nitrogen oxides produced due to the presence of
molecular oxygen in the nitrogen monoxide gas. The
reaction is carried out in liquid phase and the reactor 2

20 may be of a batch type or a continuous type.

The nitrogen monoxide to be fed into the reactor 2
may be a pure nitrogen monoxide gas or a mixed gas in
which nitrogen monoxide is diluted with a non-reactive
gas, for example, nitrogen gas or an inert gas.

25 Preferably, the pipe line 11 for feeding the nitrogen
monoxide gas into the reactor 2 is connected to a pipe
line 7 connected to a nitrogen monoxide gas-supply source
{not shown in Figs. 1 and 2) at a location upstream of a
location at which the pipe line 7a for feeding an oxygen

30 gas is connected to the pipe line 7, to prevent
contamination, by oxygen, of the nitrogen monoxide gas to
be fed into the reactor 2.

The molar amount of the nitrogen monoxide to be fed
into the reactor 2 must be equal to or more than the

35 molar amount of nitric acid contained in the liquid
fraction (b-1) in the reactor 2. In the case where the
nitrogen monoxide gas fed into the reactor 2 is supplied



may be a pure nitrogen nonoxide gas or a mxed gas in which nitrogen
nonoxide is diluted wth a non-reactive gas, for exanple, nitrogen gas or
an inert gas. 25 Preferably, the pipe line 11 for feeding the nitrogen
nonoxi de gas into the reactor 2 is connected to a pipe line 7 connected to
a nitrogen nonoxi de gas-supply source (not shown in Fi gkt Septembler3006t a

| ocati on upstreamof a |ocation at which the pipe line 7a for feeding an
oxygen 30 gas is connected to the pipe line 7, to prevent contam nation,
by oxygen, of the nitrogen nonoxi de gas<8o- be fed into the reactor 2. The
nol ar anount of the nitrogen nonoxide to be fed into the reactor 2 nust be

|t t 5 I f .nitri id tajned in th
eaual 10, Or TBLen! i 38R0 28, PNl ik EoBEh RIS 11 (e

liquid fraction . or 2, e ‘case ere the ni't rogen
nmonoxi de gas Pedfiedtintichdhechetbemopertiupdic of theSepeetrdr 2006 - 23

froma comoncsupm Y1 SaEwrCexhapléhevidid QEER1MPNOXKigLitd edtif @d into the
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production procedures are not hindered. Where the
nitrogen monoxide gas for the reactor 2 is supplied from

15 a supply source other than that for the reaction
column 1, the molar amount of the fed nitrogen monoxide
is 1 to 50 times the molar amount of nitric acid
contained in the liquid fraction introduced in the
reactor 2,

20 In the reactor 2, the reaction temperature of nitric
acid with nitrogen monoxide and the alkyl alcohol is
preferably 0 to 200°C, more preferably 20 to 100°C, and
the reaction pressure is preferably the ambient
atmospheric pressure or more but not more than 20 MPa G,

25 more preferably not more than 3 MPa G, still more
preferably 0.2 to 1 MPa G. Namely, the reaction in the
reactor 2 may be effected under pressure.

The reaction in the reactor 2 is optionally carried |
out in the presence of a catalyst comprising at least one

30 nitrate salt of Group VIII metals except for platinum
group metals and of Group IB metals of the Periodic
Table. The Group VIII metal nitrates are preferably
selected from ferric nitrate, nickel nitrate and cobalt
nitrate, and as a Group IB metal nitrate, cupric nitrate

35 is preferably employed. The catalyst is preferably
present in a content, in terms of metal, of 20% by mass
or less, more preferably 0.1 to 10% by mass, in the




contained in the liquid fraction introduced in the reactor 2. 20 In the
reactor 2, the reaction tenperature of nitric acid with nitrogen nonoxide
and the al kyl alcohol is preferably O to 200C, nore preferably 20 to 100C,
and the reaction pressure is preferably the anbient atnospheri ressure
or nore but not nore than 20 MPa G 25 nore preferably ndf Sﬁﬁwqeﬁgﬂo% MPa
G still nore preferably 0.2 to 1 MPa G Nanely, the reaction in the
reactor 2 may be effected under pressure., The reaction in the reactor 2 is
optionally carried out in the presence ot = catal yst conprising at |east
one 30 nitrate salt of Goup VIII netals except for platinumgroup netals
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eff|C|ency |an e rea actor ['e reaction space
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gas-liquid codaagtk ibfaebl@fin dWeN sieve tray reaction column. As the

reaction is a gas-liguid contact reaction, when a
stirrer-equipped reaction vessel is used as a reactor 2,

15 the stirring apparatus must be provided with an impeller
and a rotary means capable of stirring the reaction
system with a high stirring efficiency and a high gas-
dispersing efficiency, and exhibit a high gas-liquid
contact efficiency. When a multistage reaction column is

20 used, a packing material having a high gas-liquid contact
efficiency is preferably packed therein.

In the reactor 2, the resultant gas fraction (c¢)
containing the target alkyl nitrite produced by the
conversion of nitric acid is withdrawn through the top

25 outlet 2b of the reactor 2 and introduced into a portion
of the reaction column 1 through which portion the alkyl
alcohol falls down, preferably which portion includes the
middle portion le, the lower section 1lb and the bottom
portion lc of the reaction column 1, through the pipe

30 lines 10 and 7 of Fig. 1 or the pipe line 13 of Fig. 2.
In the case where the amount of the nitrogen monoxide gas
introduced into the reactor 2 is not too large, the gas
fraction (c¢) is introduced into either middle portion le

or the lower section 1lb of the reaction column 1,

35 preferably into the middle portion le, more preferably at
a location of the middle portion le above the location at
which the circulated portion (b-2) of the ligquid fraction




stirrer-equi pped reaction vessel is used as a reactor 2, 15 the stirring
apparatus nust be provided with an inpeller and a rotary neans capabl e of
stirring the reaction systemwth a high stirring efficiency and a high
gas- dispersing efficiency, and exhibit a high gas-liquid contact
efficiency. Wien a nultistage reaction colum is 20 used,1459piRmbesz006

mat eri al having a high gas-liquid contact efficiency is preferably packed
therein. In the reactor 2, the resultant gas fraction (c) containing the
target al kyl nitrite produced by the Coﬁgersion of nitric acid is

wi t hdrawn t hrough the top 25 outlet 2b of the reactor 2 and introduced into

a portion of the {ﬁaﬁéx%raueghuvﬁﬁt& E}m%%l\@h%@)?tggﬁtiﬁntﬂm eyl
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into the bottom portion 1lc of the reaction column 1. The
15 pipe line 7 is preferably connected to an upper part of
the bottom portion lc.
The reaction system shown in Fig. 1 or 2 1is very
useful for various synthesis reactions using carbon
monoxide and an alkyl nitrite ester, for example, for a
20 production of a dialkyl oxalate ester or a dialkyl
carbonate ester. The reaction system enables the dialkyl
oxalate ester or a dialkyl carbonate ester to be
continuously produced with a high space time yield and in
a high selectivity, by a process shown in Fig. 3.
25 In the process shown in Fig. 3, a reactor 21 for
producing a dialkyl oxalate ester (which will be referred
to reactor 21 hereinafter) is connected at an end portion
thereof to a pipe line 22 for feeding a carbon monoxide
gas into the reactor. Also, the reactor 21 is connected
30 to the pipe line 5 for delivering the gas fraction
containing an alkyl nitrite from the top portion 1ld of
the reaction column 1. Further the reactor 21 is
connected at another end portion thereof to a pipe
line 23 for withdrawing a gas fraction (e) generated in
35 the reactor 21. The pipe line 23 is connected to a lower
portion of an absorption column 24 connected at an upper
portion thereof to a pipe line 24 for feeding an




10 nitrogen nonoxide to the reactor 2 is connected to the pipe line 7 as
shown in Fig. 1, so that the gas fraction (c) is mxed with the nitrogen
nonoxi de gas and then with the oxygen gas and the resultant m xed gas is
introduced into the bottomportion Ic of the reaction colum 1. The 15
pipe line 7 is preferably connected to an upper part of 14Sgetesher 880%orti on
lc. The reaction systemshown in Fig. 1 or 2 is very wuseful for various
synt hesi s reactions using carbon nonoxide and an alkyl nitrite ester, for
exanpl e, for a 20 production of a diarFkyf oxal ate ester or a dial kyl
carbonate ester. The reaction system enables the dialkyl oxalate ester or
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fraction (e)‘ﬁ% Yated S A°35%tHe° reactor 21. The pipe line 23 is connected
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top 5 portionpf dile alserphl onrfaliimeadtbs §ONNELESSh bidridAGde
reacts with the alkyl nitrite in the presence of a
platinum group metal catalyst, to produce a dialkyl
15 oxalate ester. The resultant gas fraction containing the
dialkyl oxalate ester is withdrawn from the reactor 21
and fed into the bottom portion of the absorption
column 24 through the pipe line 23, The fed gas fraction
(e) is allowed to flow upward through the absorption
20 column 24. An absorption liquid comprising a liquid
alkyl alcohol is fed into the upper portion of the
absorption column 24 and allowed to fall down through the
absorption column 24. The flowing gas fraction (e) comes
into contact with the falling absorption liquid in
25 countercurrent relationship, to allow the dialkyl oxalate
ester to be extracted and concentrated in the absorption
liquid. The resultant liquid fraction (£f) comprising the
dialkyl oxalate ester extracted in the absorption ligquid
is withdrawn from the absorption column 24 through the
30 pipe line 25 and subjected to a procedure for isolating
the target dialkyl oxalate ester from the absorption
liguid by using a distillation column (not shown in

Fig. 3).
Also, a resultant gas fraction (g) generated in the
35 absorption column 24 and containing nitrogen monoxide

produced as a by-product of the reaction carried out in

the reactor 21, non-reacted carbon monoxide, the alkyl




pipe line 7. |
contained. Referring to Fig. 3, the gas fraction (a) generated in the
reaction columm 1 and containing an alkyl nitrite 10 is fed into the

reactor 21 through the pipe line 5 and a carbon nonoxi de

n the reactor 21, a platinumgroup netal catalyst is
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and fed into the bottom portion lc of the reaction
column 1 flow upward through the reaction column 1 and
comes into contact with the falling alkyl alcohol in a
countercurrent relationship and a gas-liquid reaction is
carried out to regenerate an alkyl nitrite. The
resultant gas fraction (a) containing the alkyl nitrite
is withdrawn from the top portion 1d of the reaction
column 1 and introduced into the reactor 21 through the
pipe line 5. Optionally, a portion of the withdrawn gas
fraction (a) is discharged through a pipe line 6.

The resultant liquid fraction (b) containing the
non-reacted alkyl alcohol and nitric acid produced as a
by-product is accumulated in the bottom portion 1lc of the
reaction column 1 and continuously withdrawn from the
bottom portion lc through a pipe line 3. A portion of
the withdrawn liquid fraction is circulated through a
cooler 9 and a pipe line 8 and returned into the middle
portion le of the reaction column 1 and the remaining
portion of the withdrawn liquid fraction (b) is fed into
the upper portion 2a of the reactor 2 and brought into a
reaction with nitrogen monoxide gas fed into the bottom
portion 2c of the reactor 2 through the pipe line 11.
The reaction of nitric acid with nitrogen monoxide and
the alkyl alcohol in the rector 2 is preferably carried
out while feeding a nitrogen monoxide gas substantially

as is fed into

nitrite in the presence of a platinum
group netal catalyst, to produce a dial kyl 15 oxal ate ester. The resultant
di al kyl oxa*ate ester is withdrawn fromthe
reactor 21 and fed into the bottom portion of the absorption colum 24
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wi thdrawn fromthe top portion of the absorption colum 24 and fed, as a
ni trogen nonoxi de-containing nmnaterial gas, into the bottomportion is of
the reaction 5 colum 1 through the pipe line 7, together with the oxygen
gas fed through the pipe line 7a. In this case, the reaction colum 1
serves as an alkyl nitrite- regeneration colum. Referrii§ Septambpr 2806 an
al kyl alcohol is fed into 10 the top portion Id of the reaction colum 1
through a pipe line 4 and falls down through the reaction colum 1. The
nmaterial gas containing nitrogen nonoxbgle and oxygen and fed into the
bottom portion Ic of the reaction colum 1 flow upward through the
reaction colum 1 and 15 cones into contact wwth the falling al kyl al cohol
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carried
as a component for producing an alkyl nitrite in the reactor 2, with a high efficiency

and can reduce the loss of nitrogen component due to a discharge of the liquid
fraction (b) containing nitric acid and/or the gas fraction (a) containing an alkyl
nitrite and nitrogen monoxide. Thus, the amount of the nitrogen component to be
supplemented into the reaction system can be decreased by the above-mentioned
simple specific reaction system.

EXAMPLES

The process of the present invention will be further illustrated in detail by
the following examples.

In the examples, referential examples and comparative examples, the
content of nitric acid is determined by an ion chromatography and a titration and

the contents of another compounds are determined by a gas chromatography.

Referential Example 1

An autoclave made from SUS 316, having a capacity of one liter and
equipped with a stirrer having four paddle type impeller, a gas-supply nozzle a
gas-withdrawing nozzle, and a liquid-withdrawing nozzle is charged with



out while feeding a nitrogen nonoxi de gas substantially 14 Septenber 2006
-28 free fromnitrogen oxides produced due to the presence of nol ecul ar
oxygen contained in the nitrogen nonoxi de gas. The resultant gas fraction
(c) containing an alkyl nitrite is withdrawn through the top outlet of the
reactor 2 and fed into the bottom portion 1c or niddl e 1¥oentemberc209f t he
reaction colum 2 through which portion the alkyl alcohol falls down,
through the pipe lines 10 and 7 or the pipe line 13. The w thdrawn gas
fraction (c) may be directly fed intosghe bottom portion 1c of the
reaction colum 1. The fed gas fraction (c) is washed or refined by the
falling al kyl alcohol and wi thdrawn, together with the gas fraction (a)

fromthe. reaction_colum 1 and fed intQ the reactor. 21 throygh th i pe
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determ ned by a gas chromatography. Referential Exanple 1 An autocl ave
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gas-wi t hdraw aui d-W Phedra ng nozzle’is ¢C

Sept enbeakaghéd 50°CotHeACsMpbdsitiod of Thd‘rﬁa§ fidction adthdrawn at @ flow cateafud.2n and
230g of nethyl alcohol and air in the autoclave was replaced, by nitrogen
gas, andVtlie/how; temothe autociayeowpsvaeagidedr A8 @ et Whewithdra®ie8@gas to

%ﬁgi?;ﬁfﬁt@h %rﬁ;r)%gégdnﬁ Wé?:ss/bﬁga/oﬁ’%rpg‘.c%fﬁﬂelﬂﬂsnmte,lg?‘f’“)é?)byvﬁlﬁ‘r'ﬁ% S niftbgérgen
monoxide, 8.9% by volume of methyl alcohol, 2.8% by volume of water and 75%
by volume of nitrogen. Further, 3 hours after the reaction temperature reached
50°C, the concentration of nitric acid in the liquid fraction contained in the
autoclave was measured. As a result, the concentration of nitric acid was 9.5% by
mass and thus the conversion rate of nitric acid was about 2g/hour.

The results are shown in Table 1.

Referential Examples 2 to 7
In each of Referential Examples 2 to 7, the same procedures as in
/\Example 1 were carried out except that the reaction temperature and pressure
and the stirring conditions were changed as shown in Table 1, and in Referential
Example 7, the aqueous nitric acid solution was added with 0.2 mole/liter of a

catalyst consisting of cupric nitrate. The results are shown in Table/1.

Comparative Example 1
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that the aqueous nitric acid solution was replaced by 770g of a
aqueous nitric acid solution and no net hyl

was m xed

One hour after the reaction

t enper aturereattet SQacibh SondHidns | T ACt TEEW Wiehdd UT VW { T OTTT L TE [g6Hversion vV €
t hr ough| t he gasH \M t hdr '=\M ng-nozz s m&&d)gusr(*a.t e | d@hcehfrattbnl)J | raltee rof hiitrivyas
subj ectled to an|HRIEHPS emppity "?ga lqgéctlon conmpri sed 9.5% by 9od une of
ni trogen nonoxi de, 0.5% by vol um nitraogen. dio
wat er and 8. 72% (wpaGpl Ug® of ni t fegen. r\{gﬁ'geé’gﬂvers ‘6&’”?%%“’[ ri {QH}GB?"HFEUH ng
the reacti on pt1oxedure |s@s recogpiiaed. Table 1 11.2

204 50 1100 60 10.5 6

3|04 27 1100 60 11.2 7

Example |4 (0.4 50 1100 180 9.7 16

5|04 50 2100 300 11.0 3

6 0.2 28 1100 16 6.0 1

7|02 28 1100 16 6.0 1

[Note] (*)1 — A mixed gas of 10% by volume of nitrogen monoxide with nitrogen

(*)2 --- Concentration of methyl nitrite in the withdrawn gas fraction

Example

1

A reaction system as shown in Fig. 1 was employed. A reaction column 1

had an inside diameter of 158 mm and a height of 1400 mm and comprised an

upper section 1a extending downward from a location of 50 mm below a top of the

column at a length of 800 mm and packed with 100 mm Raschig rings and a lower

section 1b extending downward from a location of 30 mm below the bottom end of



Reaction conditions Flow rate of MN Conversion Pressure Tenperature
Stirring mxed gas (*)i concentration (*)2 rate of nitric acid speed (MPa
G Cr m(Nliter/hr) (%by volunme) (gHNG3/hr) 1 0.4 50 1100 16 11.2 2 2
0.4 50 1100 60 10.5 6 3 0.4 27 1100 60 11.2 7 Exanmple 4 0.4 50 1100 180
9.7 16 5 0.4 50 2100 300 11.0 31 6 0.2 28 1100 16 6.0 114 Semermbery?0pfoo 16
6.0 1 [Note] (*)i --- A mxed gas of 10% by vol une of nitrogen nonoxi de
with nitrogen (*)2 --- Concentration of nmethyl nitrite in the w thdrawn gas
fraction Exanple 1 A reaction system-asilshown in Fig. 1 was enployed. A
reaction colum 1 had an inside dianmeter of 158 nm and a height of 1400 mm

and conprised_ _an upper _sectio 1a ext nd| W, ation of 50
nm bel ow a toﬁﬁ(?f up§§ 2RY L & &Y eng?ﬂg&? %’80 mn"gln n@%elégg\n th 100 mm
Raschi g ringswand a0l omeRasasict |r0mlg§ b extendi ng domnward froma | ocation

of 30 mm bel ow t he QoL L opmench e b §Sli?ﬁﬁﬁbf‘r 20 eriadl gabhe upper section
la at a length of 400 mm and packed

Raschi g ri,n In to the
reaction col uFR™Pri§1R%t %rq%albygeY§luE‘8nB%| @?H@yng]%%rwe\lollar‘rggo? ¥ et hyl
nitrite, 512. 6%ohymeSo¥ ohitmEogin motoadgda, nbhox$ dey vbLuB% by vatrbeme of carbon

monoxi de. 4. B3 YQLUME. &f WPt lnal GehaLe AP Siboi¥ibunaveluse 9 ni trogen

was fed at a rat under ressur 3% ﬁ ]g a G (3.2
kg/cn2 G int Hoéﬁmeuﬁﬁe‘ﬁlb%ﬁ‘-{e”of”aé B&et B "i‘)ofr?‘? 3% Ofr ddg 6P6e 1ine 7
10 an oxygen gasewas peesmire dfedd3eampact (333 WyBmfirG) ninko tdme bott om

portion lc th Pe | st ch 8B Ton ol cHERMYH aabggholinasy fed at a
t enperat ure of’ %gg% gaP{: eeéd ré:t%e g? onll ers/ hr rit(% g}oj) p%rtlon I d
of the 10 an oxygen gas was fed at a feed rate of 0 h

the bottom portion lc through a pipe lines 7a and 7; and
methyl alcohcl was fed at a temperature of 20°C at a feed
rate of 3.5 liters/hr into a top portion 1d of the
reaction column 1 through a pipe line 4.

15 The pressure in the reaction column 1 was controlled
to 0.3 MPa G (3.0 kg/cm® G) by using a valve placed in
the pipe line 5.

A resultant liquid fraction (b) accumulated in the

bottom portion 1lc of the reaction column 1 was withdrawn

20 through a pipe line 3. A major portion {b-2) of the
withdrawn liquid fraction was introduced into a cooler 9
by using a pump (not shown in Fig. 1) placed in the pipe
line 8 and cooled. The cooled portion (b-2) of the
ligquid fraction was returned at a flow rate of

25 360 liters/hr into the middle portion le of the reaction
column. The cooler 9 was operated so that the
temperature of the ligquid fraction in the bottom
portion 1lc of the reaction column 1 can be adjusted to
40°C, by flowing a cooling water having a temperature of

30 5°C through a cooling jacket (not shown in Fig. 1) of the
cooler 9. After the reaction reached stable conditiens,
a gas fraction (a) comprising 14.72% by volume of methyl
nitrite, 4.01% by volume of nitrogen monoxide, 11.54% by
volume of carbon monoxide, 4.82% by volume of methyl

35 alcohol, 64.92% by volume of nitrogen was delivered from
the top portion 1d of the reaction column 1 through a
pipe line 5 at a total flow rate of 14.95 Nm*/hr.



reaction colum 1 through a pipe line 4. 15 The pressure in the reaction
colum 1 was controlled to 0.3 MPa G (3.0 kg/cn2 G by using a valve
placed in the pipe line 5. Aresultant liquid fraction (b) accunulated in
the bottomportion Ic of the reaction colum 1 was withdrawn 20 through a
pipe line 3. A major portion (b-2) of the withdrawn |iqd#Peptemiaralitas

I ntroduced into a cooler 9 by using a punp (not shown in Fig. 1) placed in
the pipe line 8 and cool ed. The cool ed portion (b-2) of the liquid
fraction was returned at a flow rate of 325-360 liters/hr into the niddle
portion le of the reaction colum. The cooler 9 was operated so that the

tenperature of the |qU| fractl n he bottaom_ pokti
reaction colum 1 % iﬁl be ad g ?rac e coom%rlldc'v?n nstraggo%f I%Isg Q)ef

havi ng a tenpseahnt ealﬁolgﬂ,5@3t R obyhmas & ool |W?g:qraclﬁe§%(hbtm%$ﬁ)\mf | n Fig.
1) of the coglefi@. adkfd erantdh@ 'S%asﬂr'ﬂélsé e@m@h@uahllerwadaﬁdm a gas

fraction (a) conprising vol u t hyl ite,. 4.01%Db
vol ume of ni tY’bngﬂr‘?f‘b’hcﬁﬁ c?ef ﬂ’ éﬂ'@/?b?/gelvt){ ﬁs#s&i TRBFT e, 4 82% by
vol une o$ net bypeBBJ.:aé cohol , 64.92% by vol une of nitrogen was delivered

from the top portjiofy g af E*a?aageflté%&ﬁmeﬂacw&oygma@e &t pe line 5 at
atotal flowrate of 14.95 t enber. 2006 the liquid

fracti on conpFPSedl &am,FPLONES - of TheettRATH SOIMSE, ‘33‘3189)?% Hdss of
wat er, 8.6% bywoassepd omidirsicc tacbilnesnghd.%ewe lInaes eof an@tahyl nitrite and

was Wi thdrang ot f |G (BkBeBted: £9 413655 Mnd NOUGknLbES @ e |ine 3.

AlO liter capaC|ty aut ocl ave react or nmade of 316 was errpl oyed. The
react or 19 wasPaEEPHHR AN It \ﬁBPE?%piP‘b‘Tc%l @ &PBWHe%nalﬁﬂga Vevd neter
and a stirrepipaniimoneediosddtiechapypey |a ricighlidcdraecien (d) a

generated in the reactor 2 from the bottom portion 2c¢,
the pipe line 3 through which a middle portion 2a of the
reactor 2 is connected to the bottom of the reaction

15 column 1, and a pipe line 10 through which the top
porticn 2b of the reactor 2 is connected to the pipe
line 7 at a location upstream to the connection of the
oxygen-feeding pipe line 7a and downstream from the
connection of the nitrogen monoxide feeding pipe line 11

20 to the pipe line 7.

Into the reactor 2, a portion of the withdrawn
ligquid fraction from the reaction column 2 was fed in an
amount of 6 liters through the pipe line 3, air in the
inside of the reactor 2 was replaced by nitrogen gas, and

25 the inside of the reactor 2 was pressurized with the
nitrogen gas to a pressure of 0.3 MPa G (3 kg/cm® G).
Then the nitrogen monoxide gas (the material gas) is
introduced at a feed rate of 2 Nm*/hr into the liquid
fraction (b) in the reactor 2 through the pipe line 11,

30 while the liquid fraction (k) in the reactor 2 was
stirred at a stirring rate of 600 rpm, the temperature of
the reaction system was increased to 50°C, and a
resultant gas fraction is withdrawn through the pipe
line 10 so that the pressure of the reaction system in

35 the reactor 2 is maintained at the above-mentioned level.
Simultaneously, a porticn (b-1) of the withdrawn liquid
fraction (b) from the reaction column 1 was introduced at



10 nitrogen nonoxi de supply source (not shown in Fig. 1), a pipe line 12
for discharging a liquid fraction (d) generated in the reactor 2 fromthe
bottom portion 2c, the pipe line 3 through which a mddle portion 2a of
the reactor 2 is connected to the bottomof the reaction 15 colum 1, and
a pipe line 10 through which the top portion 2b of the rlé&sptamieri2§06
connected to the pipe line 7 at a |location upstreamto the connection of
the oxygen-feeding pipe line 7a and downstream fromthe connection of the
ni trogen nonoxi de feeding pipe line 11 20 to the pipe line 7. Into the
reactor 2, a portion of the withdrawn Iliquid fraction fromthe reaction
colum 2 was fed in an anmount of 6 liters through the pipe line 3, air in
the inside of the reactor 2 was replaégd by nitrogen gas, and 25 the
inside of the reactor 2 was pressurizéed®with the nitrogen gas to a
pressure of 0.3 MPa G (3 kg/cn2 G. Then the nitrogen nonoxi de gas (the
material gas) is introduced at a feed rate of 2 N8B/ hr into the liquid
fracti ona tBed ratehsf t@&cliters/Br irto dhglreabtor @ prroughdhe 1pipedinghdl eAtsee & i qui d

fracti b). in.th toy, 2 tigpred Lirr t 600
the 1 empatatard R Tadiandih Gedaratsd in e fratior BasiptitlahBdt g Jote P
resul t anioropg4 flftéi%?ﬂrofhrbﬁgl‘{“tﬁé‘cﬁiﬁé‘ﬂiggh!@t%htﬂéﬁh@i RActibh temberstord hads t he

pressure of the reaction Systemin he reactor 2 is maintained at the
above- nemaiotained esoristantSainf0’@nendsthe ligujsblevednofl tha ) regctionesydtemdsawn

liquid fraction (b) fromthe reaction |y .was introduced at 14
Sept enbermﬁﬂtféneq é%')'%tapgﬁtoa E%'g nguqé)%%ﬁw@-g/]‘ﬁ_ ‘into the reactor 2
through the piR WitAgralvn Agsial. fractione@)| aanh dorfipdsitidn af t5800P%( by nysszeoht ed
in the reactor 2 was withdrawn at a tlowrate of 1.61 liters/hr through

the pi pe Methyl algokel, BF 4% tyanasaef water Snde byt maes whditrigackt and Ot dhst ant
at S0, a8 bt i o 86 sbARIFATL 3BacP 2°he SonvERbiBh B Aftle GRRFt an!
was 60.4% by mass. Also, the withdrawn gas fraction (¢) had a composition of
9.42% by volume of methyl nitrite, 10.03% by volume of carbon dioxide, 11.36%
by volume of carbon monoxide, 4.74% by volume of methyl alcohol and 63.93%
by volume of nitrogen, and was introduced at a flow rate of 2 Nm*hr into the
reaction column 1 through the pipe lines 10 and 7.

After the reaction conditions in the reaction column 1 and the reactor 2
became stable, the composition of the gas fraction (a) delivered from the reaction
column 1 through the pipe line 5, was subjected to the gas analysis. It was
confirmed that the gas fraction (a) comprised 15.56% by volume of methyl nitrite,
3.59% by volume of nitrogen monoxide, 11.50% by volume of carbon monoxide
and 4.79% by volume of methyl alcohol and 64.56% by volume of nitrogen and

was delivered at a total flow rate of 15.04 Nm®/hr.

Example 2
The same reaction procedures as in Example 1 were carried out except

that the reaction temperature in the autoclave reactor 2 was changed from 50°C to
70°C.

After the temperature and liquid level in the autoclave reactor 2 became
stable, the liquid fraction (d) was withdrawn from the reactor 2 at a flow rate of



The withdrawn liquid fraction (d) had a conposition of 58.0% by nmass of
rret hyl al cohol, 37.4% by mass of water, 3.7% by nmass of nitric acid and
0.4% by mass of nmethyl nitrite. In the reaction in the reactor 2, the
conversion of nitric acid was 60.4% by nmass. Al so, the w thdrawn gas
fraction (c) had a conposition of 9.42% by vol une of néfllﬁﬂptwlqulg
10. 03% by vol une of carbon dioxide, 11.36% by volune of carbon nonoxi de,
4.74% by vol ume of nethyl al cohol and 63.93% by vol unme of nitrogen, and
was introduced at a flowrate of 2 NnB/Bf tnto the reaction colum 1
through the pipe lines 10 and 7. After the reaction conditions in the

reacti on col U{mSI’Ldﬂ[ Ierts rﬁrﬁl%%]o%ﬂgte*)@scaorge %ttﬂgllealégi‘ﬁ’?ﬁo ti on of the

gas fraction ered e teactlon ggt ‘the pi pe
line 5, was skbjexted waserhefgadl- ahadpy iaes | niggdc ashdi 9hel AMabYt he gas

fraction (a) Iﬁ@é@rarscﬁdxelcﬁy569{q’aylwl¢m ofs et hrksnkhdi éehibitead% by vol ume
of nitrogen nonoxi de, vol u%e f)f7 Cglb bon nonoxi de and 4.79% by

vol une of net%?/nv%ﬁ Jo%olc’faﬁ&g%% ©58% y 'volune ‘of nitrogen and was
delivered at a totalsd,| elver gae bfadsion (Migmas. wEkhApeen 21k t9&me reaction

procedures asréicde@Pladl iver8acdéd | Hd aOLftlo%XQﬁl% othaf1 th€/heaction
tenperature in the aut ocl aye reaftor was C anged from 50C E}é\b &;ch' After
c

the tenperat ut® Lord'q itEGCEPBVEPI IR thBERUGl: £0E PRRRtH1°F st abl e,
the liquid fractiThe Withdxswni gasr wac firagmcomprieadt i . DStatbya viollower at e of

14 Sept ember @P%eth B%flt}lféé '%tgéélw vd1aheC BRL ﬁm:isoé’én ']F&Mld@l cohol  of

58.3% by nass mass, nitric acid % by mass and
met hyl tri tjedogf 90 %@W“Wﬁsgfaﬁﬂr‘%%ﬂﬂ@é&d&' aoﬂﬁr@f o‘f‘fJ SPtric acid
of 79.6% 5 Alsthyl dogaelf badt 6 bn7{E)bwa lwinehdfanatfegant he reactor 2

and introduced at p%xft'h%w rg!eeepft@e Jré\mfl s 1At hbheeddagdd on colum 1
through the pipe lines 10 a The wt drawn 8as fractlcinre ri sed
Riggé

11. 15% by vol (i ™ofl r?é‘ldh§Pen?W‘i"f]eaV% IEEGEY G oPERRTOTS Y monoxi de,
10 10. 98% by yad ufmaoafionan bonwirondxawte, f rom2 tebyopoponeiwt ldmwithyheal cohol

and 61.,/9% by, yol iy eh10kh" 29ERroudt e Hipdl 1 €het Oy LA/ QRSN the
reaction to an analysis. It was confirmed that the gas fraction
(a) comprised 15.6%% by volume of methyl nitrite, 3.29%
by volume of nitrogen monoxide, 11.39% by volume of
carbon monoxide, 5.72% by volume of methyl alcohol and
20 63.92% by volume of nitrogen and was withdrawn at a total

flow rate of 15.19 Nm*/hr.

Comparative Example 2

The same reaction procedures as in Example 1 were

25 carried out except that all the procedures relating to
the autoclave reactor 2, including, for example, the
introduction of the liquid fraction (b) from the reaction
column 1 and the feed of the nitrogen monoxide gas and
the reaction in the reactor 2, were omitted.

30 It was confirmed that the nitric acid produced as a
by-product by the reaction in the reaction column 1 was
net utilized to produce the target methyl nitrite, and
thus the yield of the methyl nitrite could not be
increased.

35
INDUSTRIAL APPLICABILITY

The process of the present invention enables an



colum 1 and the autoclave reactor 2 becane stable, the gas fraction (a)

w thdrawn fromthe top portion id of the 15 reaction colum 1 through the
pipe line 5 was subjected to an analysis. It was confirned that the gas
fraction (a) conprised 15.69% by volune of methyl nitrite, 3.29% b

vol ume of nitrogen nonoxide, 11.39% by vol ume of car bon14n$ﬁ8§r|“8ér,20§?é72% by
vol unme of nethyl al cohol and 20 63.92% by vol une of nitrogen and was
withdrawn at a total flowrate of 15.19 NnB/hr. Conparative Exanple 2 The
same reaction procedures as in Exanpl e BSwere 25 carried out except that
all the procedures relating to the autoclave reactor 2, including, for

exanpl e, the _i,ntroducti 0 |Jl.qul cl] Ny ; reaction
colum 1 and ta}%gg_’fle_ggg%%g%]hgg n%{ﬁ&gg%q%gﬁ%; d%fcgg){a}lsée?rﬁ;l%?lﬂgaggacti on in the
reactor 2, weedfspieped, Boom tnifgdCeahfify nRHtYPERN IRNAFICL] 8ndc?l produced

as a by-produQkybyatBsnéeactiprne prbecteast i eie Gdswntl inkenthof, utili zed

to produce the.target pethyl.nityite, and__thus t iel f t hyl
nitrite coul d™ flgeaFﬁr%%%%%leg FN%U’SW%\ c%ﬁﬁl%&él‘%ﬁ%@ %’E’g 1![;ﬁra(:"ocess of
the presént i mwreducbhornablas alkyl4 ndepibebbrom e alkydsalgpkgl  nitrite to

be industrial |n¥.t96§@ﬂcﬁgnéﬂ:$&b hirgh ox§hbhCl 8 e fH0MzRidt kbCeARifle Ni trogen
nonoxi de and an a_k¥l alcohol. Int g ggocess, of tgﬁ present. i nventi on,
nitric acid prB8u¥iBldseh B frad@ect 35KY A Pock® f 6H5Phe B %)P%ducti on of
an al kyl nitriprecéssnpaintlaé kytessintohoventhon ; oreragquemessi delahdonxyfen can

be utilized tg;ephange;qthe ¥iRlidedlelperbrr @stcaldode ibint bhiican Al SO, in the
process_of the I nventiQn, an agueous._sol ution of ni H;)I{f acidin a

resent
rel ativéPy Ioﬁ’rl@éﬁ cBhtPRet STARE 4§ed to produce the target a

nitrite with high efficiency.
The process of the present invention is very useful
for a synthetic reaction using as material compounds, an
alkyl nitrite ester and carbon monoxide, for example, a
15 production of dialkyl oxalate ester or dialkyl carbenate
ester. 1In this synthetic process, the process of the
present invention contributes to decreasing the loss of
nitrogen components such as nitric acid due to the
discharge of the liquid fraction and as alkyl nitrite and
20 nitrogen monoxide, due to the discharge of the gas
fraction, generated by the reaction of an alkyl alcohol
with nitrogen monoxide and oxygen, and saving the
supplementation of the nitrogen components.




10 al kyl al cohol can be used to produce the target alkyl nitrite with high
efficiency. The process of the present invention is very useful for a
synthetic reaction using as material conpounds, an alkyl nitrite ester and
carbon nonoxi de, for exanple, a 15 production of dialkyl oxalate ester or

di al kyl carbonate ester. In this synthetic process, thelpSeptembes0@he
present invention contributes to decreasing the loss of nitrogen
conponents such as nitric acid due to -36re di scharge of the liquid fraction
and as alkyl nitrite and 20 nltrogeq% |de due to the discharge of the
gas fraction, generated by the reaciion of an al kyl alcohol wth nitrogen
nonoxi de and oxygen, and saving the supplenentatlon of the nitrogen

conmponent s. 14 Sept enber 2006 -36 CLAIMS A process, f.or, produc
alkyl nitrite corrpﬁ RIPRGSDH fﬁ&?wmaﬂ@w@m‘ﬁﬂe ?&HBWP'B@%H@'”B Fr@%‘?f?a

with an %g,hﬁ weagdn (A
the aqueous sg‘%ﬁ%& td @tﬁé Vﬂ{ﬁkéﬂ 5%66%1 an %g%t”ﬁmé’ﬂ?gﬁs'l é’nd Blrepa(gdéd in a
reacti on col ummefdin by procedures such that the alkyl alcohol is fed into
a top portion (1d) t he reaction [ um i l.e all ow he, f ed al kyl

al cohol to fall do {th[ﬂ?ﬁ@rg“feﬂﬁs féémuﬂﬁyl ﬁIF??Q}ggﬂé nlﬂmxl"'ﬁ'a Bnd
oxygen gasses are fed $eRaréd ¥ r@écﬁ&geétbﬁfn {ﬂ)ttﬁz BroRedlre’ suehtthanthel ¢) of
the reaction colum while allowi ng t rogen nonoxi de and oxygen

gases to flow upward thraﬂwgalcoh@ lsgqi:mtcoat@mpamﬁma(ﬂd) pbtheggactiongelimnhe

gas 15 del fvered- ¢ hrougittierapwind o T67 2kE ey il doli b v ' e
resultant liquid fracti @é\acﬁ@ﬁé@mmhng.tmp@nriﬁ@woﬁ@éh@@x@@&ﬂga@é@@b@ feaind
nitric acid dissolved in water is ected in a bottomportion of the

reaction columm; and t heepea@itelyer degethefuinte arkattons portion\iie)Rftharfeastion t he

bot tom por i on of the &k Ui UTG I focPAliopR Abnblfe Y keh

gases to flow upward through the reaction column and to react
with the falling alkyl alcohol; the resultant gas fraction containing
alkyl nitrite gas is delivered through a top outlet of the reaction
column and the resultant liquid fraction containing the non-
reacted alkyl alcohol and nitric acid dissolved in water is
collected in a bottom portion of the reaction column; and the
collected liquid fraction is withdrawn from the bottom portion of
the reaction column and a portion of the withdrawn liquid
fraction is fed into a reactor (2),

(B) in the reactor, a nitrogen monoxide gas is brought into contact
with the fed liquid fraction, to produce an alkyl nitrite; and a gas
fraction produced in the reactor and containing the alkyl nitrite is
withdrawn from the reactor and introduced into a portion located
between the bottom and middle portions of the reaction column,
the introduced gas fraction is allowed to flow upward together
with the gas fraction produced in the reactor column through the
reactor column and to be refined with the falling down alkyl
alcohol, and the refined alkyl nitrite gas is delivered through the
top outlet of the reaction column.



fraction is fed into a reactor (2), (B) in the reactor, a nitrogen nonoxide
gas is brought into contact wth the fed liquid fraction, to produce an

al kyl nitrite; and a gas fraction produced in the reactor and contai ni ng
the alkyl nitrite is wthdrawn fromthe reactor and introduced into a
portion located between the bottom and niddl e portions ¥rSemempazx30fon
colum, the introduced gas fraction is allowed to fl ow upward toget her
with the gas fraction produced in theyggactor colum through the reactor
colum and to be refined with the falling down al kyl alcohol, and the
refined alkyl nitrite gas is delivered through the top outlet of the
reaction colum. 14 Septenber 2006 -36a 2. The process for producing an

al kyl nitrite as clained in claiml, wherein the alkyl alcohol has 1 to 3
carbon atonsz, 3. ik pRicesssr protutihgcalRyl ritiité bl dlairiedr intctaias 1 civakreie i n
claiml1, wherein the contact of the nitrogen nonoxide gas with the aqueous
sol ut i dhe atkyt alsokelias blocheboNA@MS tric acid is carried out at a
tenperature of fromOC to 200C, under an anbient atnospheric pressure or
nore but not nore than 20 MPa G 4. The process for producing an al kyl

nitrite as c3.ai nEthe pravkss forlprodoeingiam alkfienitiité ae giaimedninxglaim §aehemin
substantially free from nitrogen oxi des produced due to t sence, of

nol eculthe C@R‘é@éﬁf the nilfegen mpxKlegaLYItadhg gquees Q‘ﬁ@'cﬂﬂ ng’sesﬁkﬁra?ﬁl%uci ng
an al kydo, hitedd i em{ n?;{%@ 3 ' ' aif8ck-an'hebrRint (A
t he aquéenéjaglirgdo%ﬁij?%ﬁéﬁlfeéte(ﬁg al t;tlel a %tgﬁ%ﬁigﬁ nclrtfegl) gngf:q;'d rlms a|c')1r epared in a
r eact i atmosphenic prespurecrdnoresbut mohmiohathan20 BPayG. al cohol is fed into a top
portion of the reaction colum while allowi ng the fed al kyl al cohol to fal
down through the reactor colum; nitrogen nonoxide and oxygen gasses are
fed separat f.y of Thb sl HoBudnG @h!AK)I ARAtEIATIAMEdTR JRACH, Wribréial urm
whil e all ow ng the d nitrogen nohoxidé and oxygen gases to flow upward

t hr ougtthe mérageadnonoxide yasis substantialetiee from nitrogére oxides prrfusedduedpdigol ;
the resul tant s fraction cantaining alkyl nitrite gas is delivered

t hr oug P el Bneerdiar oBmsTraLs Mynded maRodiedasne Tosul tant 11 qui d
fraction containing the non-reacted al kyl al cohol and nitric acid

di ssolved in water is collected in a bottomportion of the reaction
col um; and %-he cbhe piocess far greducingan plyl nikite\As hdr awn




fromthe bottom portion of the reaction colum and a portion of the
wthdrawn liquid fractionis fed into a reactor, and (B) in the reactor, a
nitrogen nonoxi de gas is brought into contact with the fed liquid
fraction, to produce an alkyl nitrite. 6. The process for producing an
alkyl nitrite as clainmed in claim5, wherein a gas frac?@gﬁﬁpmbﬁuggﬁ in
the reactor and containing the alkyl nitrite is withdrawmn fromthe reactor
and introduced into a portion |ocated between the bottom and m ddl e
portions of the reaction colum, the introduced gas fraction is allowed to
fl ow upward together with the gas fr&dti on produced in the reactor colum
t hrough the reactor colum and to be refined wth the falling down al kyl

al cohol, and the refined alkyl nitrite gas is delivered through the top

out| et @émidajeinrmu ,Qihet 8N the’ aqudtRis o ftieh Hf e aIRS/ICéithhdMnamltﬁb i is
nitrite as claimed in claim wherein the nitrogen nonoxi Ef\%:?asfor t he
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6. The process for producing an alkyl nitrite as claimed in claim 5, wherein a
gas fraction produced in the reactor and containing the alkyl nitrite is withdrawn from the
reactor and introduced into a portion located between the bottom and middle portions of
the reaction column, the introduced gas fraction is allowed to flow upward together with
the gas fraction produced in the reactor column through the reactor column and to be
refined with the falling down alkyl alcohol, and the refined alkyl nitrite gas is delivered
through the top outlet of the reaction column,

7. The process for producing an alkyl nitrite as claimed in claim 5, wherein
the nitrogen monoxide gas for the reactor is supplied from the same source as that for
the reaction column.

8. The process for producing an alkyl nitrite as claimed in



(c) the concentration of the non-reacted al kyl alcohol in the Iiquid
fraction collected in the bottom portion of the reaction colum is
controlled to 15 to 60% by mass.
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claim 5, wherein the portion of the liquid fraction fed from the bottom portion (1c) of the
reaction column into the reactor contains nitric acid in a concentration of 20% by mass
or less and the non-reacted alkyl alcohol in a concentration of 15 to 60% by mass.

9. The process for producing an alkyl nitrite as claimed in claim 5, wherein
another portion of the liquid fraction withdrawn from the bottom portion of the reactor
column is cooled through a cooler (9) and recycled into middle portion (1e) of the
reaction column.

10.  The process for producing an alkyl nitrite as claimed in claim 9, wherein
the recycling procedures of the another portion of the liquid fraction from the bottom
portion into the middle portion through the cooler is continuously carmried out, while (a)
the recycling rate, in terms of mass, of the another portion of the liquid fraction is
controlled to 50 to 300 times the feed rate, in terms of mass, of the alkyl alcohol into the
reaction column;

(b)  the total of the feed rate, in terms of mole, of the alkyl alcohol into
the reaction column and the recycling rate, in terms of mole, of the non-reacted alkyl
alcohol contained in the recycled portion of the liquid fraction is controlled to 20 to 150
times the feed rate, in terms of mole, of whole nitrogen oxides into the reaction column,
and

(c)  the concentration of the non-reacted alkyl alcohol in the liquid
fraction collected in the bottom portion of the reaction column is controlled to 15 to 60%

by mass.




