; ¥+, re3e: SLLMIQ f PJR6RT: Sa PROCESS FOR PRODUCI NG ALKYL NI TRI TE TECHNI CAL
FI ELD The present invention relates to a process for 5 producing an \ “
nltrltef cid, which may be a by-product of a proc \ﬁﬁ@ \\
pr oducin ,M,,mmmmmm trite fromnitrogen nonoxi de, oxygen andemw\

al cohol , nitrp nmonoxi de, and an al kyl al.cohol, w th high efficiew¥y". 10

The al kyI n|tr|te is useful as a material” for produci ng ot her al kyl esters,
for exanple, dial kyl oxalate and dial kyl carbonate, through oxidation

processes. 15 BACKGROUND ﬁ%g%s%@hoﬁﬁ&%uﬁﬁ'ﬁ@o@&% ﬂ%%ﬁ kyl nitrite by
reaction of an al kyl al conol” W 0gen nonoxi de an n, Japanese
Unexam ned Patent Publication No. 11- 189 570 and No. 6-298, 706 di scl ose a
process in 20 ywhtglhit @k, aFkytpal cohol is fed into a top portion of a

reaction colum and allowed to fall fromthe top portion to the_bottom
portion through a nf2RlIBTPEEEFoANBENERET E&LEITER O FMPT TR al @Y v,

ni t r ogensnonoxpededtn ®Xygenlpassastat eef e@‘omemrtail@ Yacdild | ageidermaptive t he
bottom 25 portl n of eaction colum _and all.owed to fl W Up vvard hrough
Che. reacti on cbl HTPEIRETbast & PROCREST APFI RYOATIBAPhIAbIOIK an
al kyl nitrite;fmom f#herogsnl handbxgds, fbayt;enna@dntam Ik I raalcajﬂqdl, ni tr| te

is collected thro outl et |ocated i ortlo f .30 .t he
reaction col un- ?sr?grr‘%%ée’ss&?é %ﬁolaeggr sa ?gfoglct ary J‘ltﬁ.‘ trhaﬁh nitric

acid is producsftf ssiendy. product, in a el atlvely | arge anpbunt, and thus a

| arge a nt of them{gtégg}ef qulgi{:glbrs_e Ee%{]g R o%eﬁégélaga%/&nt ageously

u
consumegB 35 Therefore, désira he nitric acid is effectively
utilized to i rR:—’?@%Hs@-rt%eO*‘elﬁﬂ cREREY © $tﬁﬁé pEedueraswlss, dHaltarlget al kyl

nitrite. - oxapPadest exard Deda Pebgat e PURL-6alGH0R NG A tidp, 104
di scl oses a process, for continuously produ0| ng di ret hyl carbonate from

car bon nonoxi d&%ﬁf%ﬁe‘ihyl nitrite, in which nitrogen nonoxi de produced as
a by-product is 5 utilized to react with oxygen and nethyl al cohol to

regenerate mnet dinthis nethyl nitriteregeneration procedure,
nitric gél d |§%5%5ﬂ'&#a§fﬁ ni trogen-supply source. In this process, -
nitric acid is therdmld yprecenpoSer poodeotngt ennelkgdemixriides byl
However, the 0S| t i a (S Yy ehfjLiency
and the effec%eeve e@orép%g?ﬂh oﬁ?ﬂ gié?g#%%\é%%ghvgl%?%%&l H%%tos{l%t ndc
reaction syst@ﬂYQﬁrt,rlham%E%lrwnW%ngeﬁ H@h@xtd@uhéycwnpact met hyI

al cohol . Howeygy, itihe dveid ofsg Oﬁot h@—f’§§5¢6‘8 h9¥eAbken alpewrd that in
the reaction system for produ0| n% %]a nitrite from nitrogen nonoxide,

oxygen ahd nethichidbifotkyh sl$ e%le‘iin{-BtPhé E@RCPPE’ 18Ps Odmicauses

t he concent r atde@t® idfn @YY adrtd L1 1o@ged €doRaUR Eﬁomhehéea@»bl Pdrggasnt O
i ncr ease, andthecrefoDr the roductj.on 20. of gg% nltrltefromhnltrlc
F g

acid, nit rogeﬁ' TORGXi %@?naT%B%%?hm?tlﬂl RO&FHP8; &#c& I's very
di,ffi cult. ' mtﬂ:erpantelsanrlmGﬁmrwdeRat enttPobehcabnoniNe. ahd- 89 geN0

et o oo PEEER e AUTO0 SRR L IAELpoothl Mt gcR | |
reacti of® portlon of the reactlon column and al owed to flow upward
through the reaction column and react with the falling
alkyl alcohol 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.



colum and containing nitric acid fromthe reaction colum, and cooling and
recycllng the withdrawn |iquid fraction through the reaction colum and a
cooler. In connection with this reaction system the inventors of 30 the
present invention found that while a contact of nitric acid and the al kyl

al cohol with nitrogen nonoxi de occurs in_the_ reaction system the reaction
system cont ai ns oxygen and nitrogen dioxide in increased concentrations due
to the feed of oxygen into the 35 reaction system and, therefore, the

production of the %é@éne@é rUrIefkafxﬁQ[Ed“ﬁét&n@cl’ﬁiblmbEEQﬁﬁnN@SD”@UZ‘ée 1@nd the
al kyl al cohol wt h a high production effici enc%éiyver difficult.

Cheni stry Let t8rSS 10885 § FFRDESH s d Vs LR h U nPFPS&Sﬁnﬂl GigEhyd

produced by adJdaadnaie Hrdu td&lﬂbcﬁ?'zﬂaﬂbif’déﬂéll‘@gﬁétH?mohl:L@Q:L%% shewn in
reactlonforrrula(l) 5NO+ HNO3, - > n.an initial st age

3
of the reacti ORICH PLFTQERR MAN SHh B7P '\&é%%?l%ﬁ % %?m%c’(i?fto&éurs NO +
HNO3 - > NO2 + utiNQZ e t-)o hknm:rcerw;ﬁmeaxmmlmd(ﬁéthylda&ad\hamt ageous in

that 10 th | i b

or?gi nal s3e/ste lrj?;gsertfrerlal{rg g{e[%rgﬁ reacgﬂpt(r)%a%%%l on o g%é?& §| %’)]EI t&-g “and
nitrous acid medﬂ@r&t@m:‘emrrcmedmres mnttlfmuaclénd;s whenirkd eguil i br| um
O o he fpact ! oL deedin JIMA [ T el | A0k PLOBUCL <5V BLEILES a8l ey o8

the solubilit trog n wat er ati vél hi gh an
reaction syst é{hﬂi‘i%h—d@&?@@@-’cﬁd 0 tFOUST AEE dnARToaRr Pé}léélsd are
equili byates Wb wRach id&lecdbdd0f £8861 6 Ncd Bei6aNEERE {ALKORAOf nitrogen

di oxide or in the reaction pressure, causes the 20 productlon of nitric
acid to i ncredd i LR TR AT CISRCHr R cERBNSBE CALLVEgERCOMBRSAE 18N a

hi gh concent r atdmehacnnes; fdivdieul imi £2e, t orhhenaboverenrtban@¢stem,
di sadvant ages, the mve#ors of . t he %esent i nventi on concl uded that the

above- nent i ondd- TFrisc &1 S5 HiHsERTEF JLPBPYEA. BAYi AADSAFItalesPdlt i ce for
pr odulcl ng gl t ra]gﬁhdjll oxndﬂ,lzemd: nlﬁm@uﬁnwmﬂofs Oﬁfnthéld@ragledt Enfleherion
Encycl opaedi a vQ 32nd Prin n_Reduced .Si ze, _page 665,
di scl osgg1 rfcgess pr o&r% nréeath’ esnysh%nlgx da 8350 84d&rn ﬁleéclqu, .
concentr at ed 30.tmltre (fram chititdgen bhemox hde copppgen! eddomembydury metal or
i ron oxide (Ilg; Ui ar c{]éé)xf%% 1d b ScREOLERE bl LE8LeA causes

st oi chi orretrlc reactlon Teducl ng materi a nmprising the
above nenti ondd SreEHICIIC l’cﬁﬁld@mf ey @oP| dYSdninragear géoxdgentin the
Therefore, the:é’a'i:tas.bﬁ')/ a[BarEd: ONesh-DL OE €SSnf St hoadeguat e thi FQ@H&EE&%E
practl ce - SUMVARY OF THE 1 NVENT| ON. The present invenfion intends to
provi de?® pr oé%‘sé“?*d?y-prfbﬂ‘ﬂ’c%% LFem| ‘P(Jy'f-rh?ti"‘?i-é f PORFRASR RPROFiEshGnd

methyl alcohol with a high efficiency is very difficult.

|nth

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 ligquid
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



5 ni,trogen nonoxide and nitric acid which may be a byproduct of a process
for producing an alkyl nitrite froman al kyl al cohol, nitrogen nonoxi de and
oxygen, with a high efficiency and with a high industrial utilizability.
The process of the present invention for producing 10 an alkyl nitrite
conprises bringing a nitrogen nonoxide gas 3 nto contact with an aqueous
solution of an al kyl alcohol and nitric acid, to produce an alkyl nitrite.
In the process of the present invention for producing an alkyl nitrite, the
al kyl al cohol ¢t&féeubkty 15 has 1 to 3 carbon atons. In the process of the
present invention feﬁemg%g'clﬂ 2@ 3l Kylo 2y tridfs) t@fs@ggggystﬁgk%heﬁess

preferably contains nitric 3 in a'concentration of 60% by nass or |
20 In the processregephdiprédentsi prediced Rr PrirRRerHeR aff abkyripi &fide,

the aqueous sqfithonipEEEEhARLY0%REAILES stAldtyIrédcoioh trdula (1):
concentration of 5 to 70% by mass. In the process of the present invention
for 25 pBoduci ng anN@l kyRHENPt ri*t 8NQ:he 8¢t acting of the nittbhen nonoxi de

gas with the aqueous. LO f t | _al cah d njtri cid |
preferably car?be Hohﬁgg?gg ?égﬁSrg?ugéﬁgFﬁﬁéﬁ%éﬂ:f%’z Cfé%ﬁékégaéifﬁ%t
a;nnﬁpheric prb@sneecpionnfermuﬂanéﬁ)nuw@uuﬁinl20_NPa G Sg In the process
of the present invention far producing.an alkyl nitrite, the agueous
solution of the aIk@é gl@&ﬁbrgaﬁg2nrtgpg2acid optionally fur&%&r contains a
?at al yst_ conpri si ngH@!be{lréaﬁéﬁéferBiabgaba alagt iGf clﬁgatnff éﬁl‘&dgé@.ﬁ@g_ﬁn e%(rﬁﬁ?t
or platinumgroup netals and o oup.I.B metal s of the Perjodic Table.
|1 the  Pocesctif TeReL bHBEIAT PRvERE! O 2P OBr ddhic GhF ML AL AT ES 119, ¢ he
catal yst is prefierebiyinal Syspemsedtiei,naaa amust then prusdectofomedfl , of
20% by mass or_|ess S’%?SXQQ thd”ﬁi% ﬁf ot . ;30UG0Ys, %P'c“&{coé‘n copt al i ng
t he al kyl al oot SR NP EPFE8cPAY PATERS p?b &ss of tHe preseh% i iventi on
for 5 produci nis ashi &f kg lhi endi ewhehe thiet eqged ooy def gawe i s preferably
substantial l'y f£eg {Lor gzt Iiﬁg{ﬁﬁv@é! ?,85 £REOdUGRd 4 g&gg@:&n?ctpr of

mol ecul ar oxygen contai e_nitrogen nonoxi gas. In the process of
the predént i rfdde i onsfohe180prbalétgodn ndititpigem diaxide H Matexerd

nonoxi de gas !ﬁbiﬁ@i@%f@!MiéHbﬁhéDtEﬁ|kxéfE@%dHTEH'H§§H¥ﬁ¥1ﬁﬂﬂ¥gﬁkh
dinitrogen trioxide, dinitrogen tetraoxi de and nolecul ar oxygen. 1Tn an
enbodi ment of FHXIHBceREEHPUE haCHHeaBAt NIG IRy @tichiRForeBY P %an

alkyl nitritewi#y) éhenagtreds sal ihteeaek tihe tdlekWordlarpfteltiad ditric
acid is prepared in ar actign colggnFﬁé groc%QUres such that_ the a

| kyl
al cohol is fedtHYTE tBp°POrEi Bh EREEER &5 Wi |°ea%ﬁﬁsovﬁ%g t he
fed al kgb al cowdduatiahl ofomatthcoaghd2fot hecreastorarcblasms nesulogen

monoxi de and yJen AssesoAr ox f e 26pAMAkELK Rl LAOR! hiaigy nto a bot tom
portion of ‘the reaction colum iIle allomng the fe
oxygen gases tPHFRFIPWaPE PRFOUBA F‘héfﬁééégi-on%‘(ﬂ dreh tYRd aRPV€sact wit h

the falling aljemt£5néd ce@hohaviieagesyl taat igaenkicad i wntdydig al kyl
nitrite gas is, delivered thr of the r.eactjon colum and

ﬁugh a Fog oHtIeE 1
the resul tant YTRITP? aCPPONESAt EPAFNG PhE ﬁgﬁfﬁﬁﬁﬂ¥¥&T%ﬁIaﬁoﬁﬂﬁﬁﬂﬂﬂ and
nitric asid diwsdwvesfaotoayeasi sncohiestedailn pa akatitoem fmar pradduwfing

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.

ni trogen nonoxi de and -



30 the reaction colum; and the collected liquid fraction is wthdrawn from
the bottom portion of the reaction colum and a portion of the w thdrawn
liquid fraction is fed into a reactor, and (B) in the reactor, a nitrogen
nonoxi de gas is 35 brought into contact with the fed liquid fractlon to
produce an alkyl nitrite. In the enbodi nent4¢ of the process of the present

- 6 invention for producing an alkyl nitrite, preferably a gas fraction
produced in the reactor and containing the alkyl nitrite is withdrawn from
the reactor and introduced into a portion |ocated between the bottom and 5

m ddl e porti onsyeMaklye oreasEsi anvedTwoN, the introduced gas fraction is
allowed to flom/upmg d together wth the %di fraction frod ced in
o] é 7 b r

reactor col um throdgf PAESEEZCE e8GRt PHe em?tﬂr?ﬁﬁss
falling alkyl abgobebduzddgdt he rdkiyied ialrkitle nitomten gakkys aktoweled 10

t hrough t.he top.outlet of the react olu t,of the
process c;’f thegﬂiggggﬁp %ﬁ\l}é)ﬁctlfign a1n(<):1'r %pro%&ucgcgldanwrga % n}?'(tj}%gfg b?—
preferably, thprodtcogef aopmmp@eSgésrf@quu£rnguamnalbybu@ptreﬂeffnqmthe

Same source as ﬁhggté%?ra‘t%hoﬁa%' %o&%‘ U%no%&dé‘aﬁt&&%?é’h mept (Rt he.

process of t he® pr rnventi én for produci ng an
preferably, thblsbr?ﬁéﬂcé?npﬁeamﬂqMMim|%Mﬁh§ht#Q§P$?¥#ﬁ¥tﬂﬁ%kﬁ%@h%b#tYhe

reaction colum 'nt@hEhErB%@%EOBfCQ&%ab@%dHﬁH'fhéghéﬁéﬂ‘€b§0$§§@ﬁé§$ on of
20% by nass or less and the non 20 reacted arﬁ%- al cohol in concen ratlon

of 15 t3d%0% By AREEl PATFRECCRBBEFHESS OF ’]cﬁc?cé’élst’b‘?g‘t‘hé“%‘f*%%% T
invention for paedugtBgcantakkylvirint mint equryo@tgrs&tthmcamcmean poOrkyon of

the liquid frac%io 'thgramm fronttg %5 bott orti q{ the reactlon

colum is cool & C?ﬁ?&haﬂ al¢5brEr 45RE 1 5&5F° (?Qﬂ%ﬁh%&tﬁﬁ? bR of the

reaction col um. InInhEhgnbpdceestodfthhegmemaa;sxﬁvadma¢ne33mt i nvention

for producing }r@? éué%g”hkr%&ﬁ ? 520l Y. g 13Q, 1 eaCJ%/&AM@ LESAM £5 Of
[ t he |q¥ rac P e

t he anot her on o Ctién fromt tom por tlon I nto the
m ddl e éértlonh@ﬁrbugﬁ Bh@acb@neﬁtpﬁseontlnuously carried out, while (a)

the recycling rate, hnth@rggoetsgas% 8k #Ef"es%’?% her, i eneSf the | quid

fraction is control ed to 300 ti s the feed rate, In terns of
mass, of the aPk9AuU@LBEhaR PAKBlt REt¥a4Eti Ghec AAMNAPUY HokHelabtal of the

feed rate, in pLEpBrQh1POEBntains nitric acid in a concentration of 60%
by mass or less.

20 In the process of the present invention for
producing an alkyl nitrite, the agueous solution
preferably contains the alkyl alcochol in a concentration
of 5 to 70% by mass.

In the process of the present invention for

25 producing an alkyl nitrite, the contacting of the
nitrogen monoxide gas with the aqueous solution of the
alkyl 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.

30 In the process of the present invention for
producing an alkyl nitrite, the aqueous solution of the
alkyl alcohol and nitric acid optionally further contains
a catalyst comprising at least one nitrate salt of
Group VIII metals except for platinum group metals and of

35 Group IB metals of the Periodic Table.

In the process of the present invention for
producing an alkyl nitrite, the catalyst is preferably



_ 7._of .the alkyl alcohol into the reaction colum and the recycling rate,
internms of nole, of the non-reacted al kyl alcohol contained in the
recycled portion of the liquid fraction is controlled to 20 to 150 tines
the feed 5 rate, in ternms of nole, of whole nitrogen oxides into the
reaction colum, and (c) the concent rati on %of" t he non-react ed al kyl al cohol
inthe liquid fraction collected in the bottom portion of the reaction

colum is cont te. 15t %10 .hy . I SCRL P, OF THE
DRAW NGS Fi g. gip%’éggtf?8w§§h§’8?9§°ﬁéwlﬁgt%%%zsnt?(?‘?i’ﬁegtn of hge_bigo]r\{?)%elggsﬁf t he
present inventéonléss,pbadadi ag sheahkygls 5 il idapiedig.s@lusianf| ow sheet
show ng anot he Epen f p of, QL j avention for
produci ng an aﬁi@?ggﬁ%r tE?Qaﬁgng}gégggﬁglaaﬁ%gafgﬁggfq%%%ﬁing a process
for 20 produci ng a #itatrkgl poRapasecfuthei pregeart crfiitiern HOrthe process
of the pgesent,ifyenthonsf 01 R, OAHE! N akkylAddde mnBE; -
CARRYI NG-QUT TRE T RVERR S 3554 1 FEEE%F%@&'%WH%‘,{ e e |Jf1&vgen§a| s

ni trogen nono@ERIRaLIE PrbspRtialéycéresct ram MidF eapredusid®s uti on of

an al kyl al cohptodndedi dd Ct3CtHe WBk8eakbkOWNGNiddu1GaAd & d&h react with
ni trogen nonoxi de and %he alkélaalcohol, to produce an alkyl  nitrite. 30 In
h

the aqueous sdIWFHMCE R ethE ROLFPHAPRAMPBR*EE S 98 Sconcent rati on. of

nitric acid. Usual |3n thérpeoaess o5 phef prableytcdmvainigich fex

concentrgtion o 0% or . | .opre _preferably 1 to 60% by mass

nore pr ?elrablpy]'Iol‘16 %gg%ﬁflg]ﬁ}%]s,g?ﬁrf‘gg’aaﬁgoﬁ%t&ﬂ &?n%ﬁﬁg‘;a&ﬁ Iy

al cohol usabl edfefexdel processantiahdypfesent rionv erttiroyer efiendlde, has 1 to
3 carbon at oy BN dSe 0L £1 0k £hET AL 1 SebEhed kAR IR IEON0) g1 A1 Y

- g alcohol n-propy and’ i sopropy cohol, nore preferably
met hyl al cohol®X¥9fFt he aqueous sol ution, the alkyl alcohol is preferably

contained in a concentiatdiodindnt 0of 0%BYpBoERES JPLGPRIAN Y 15 tO
60% by nmass, still npre preferably,ZO to 55% by nass. The aqueous sol ution

cont ai ntAg ni EHG A AieF (P KT afLoROKY kP L16&E 19 ddi)d thea@guapus
obt ai ned, as adMishicsE fH&M BkPI 0gBS6hbD wWhHChiariadl kyidalieohHe gas kP
reacted with nitroqgn nnnoxidghand oxygen tgggroduce an.al k i e, as

L nitri
di scl osed in JP PLHSRF 557 £ A B2 % BHRC9BBL RS FHCPhitga&"a\é@,e e Ydqueous
solution (the dliaplial fiactednmntps ef etapl yoronovai ng nher reaatiidbn wod umn

ConcentratiOndﬁif@”@f@bﬁ?ﬁ? éHelfﬁé’afP§f Qiggﬁgﬁbkg %all down through
20 the reactor column; nitrogen monoxide and oxygen gasses
are fed separately or together 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
25 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
30 the reaction column; and the collected liquid fraction is
withdrawn from the bottom portion of the reactien column
and a portion of the withdrawn liquid fraction is fed
into a reactor, and
(B) in the reactor, a nitrogen monoxide gas is
35 brought into contact with the fed liquid fraction, to
produce an alkyl nitrite.
In the embodiment of the process of the present



15 t.o 20% by nmass, still nore preferably 2 to 15% by mass, and the
non-reacted al kyl alcohol in a concentration of 15 to 60% by mass, nore
preferably 20 to 55% by mass. The nitrogen nonoxi de gas usable for the
process of the present invention, preferably contains nitrogen 20 nonoxi de
in a content of 4 to 100 by volune. Usualdy 4n the nitrogen nonoxi de gas,
nitrogen nonoxide is diluted wwth a dilute gas ion-reactive with nitrogen
nonoxi de, for exanple, nitrogen gas. The nitrogen nonoxi de gas nmay contain
a gas conponentinwknth odods et o ilrst rarctaliel abkyrinet rprefpreddyi rg
reaction for tBgsp%ggg%io%fPE%%UE&Q?QH{'QHB’ éé%brh?@§|¥on£ggg the.
nonobstructive~gas _conponent may conprise carbon nonoxi de, carbon d|0X|de
and al kyl al cohdkyvapéisitiowsyetit qwnxﬁngmtﬁhete¢getoalkyﬁ nitrite from

nitric acid w &hteoagclaegfin%fof 'ac'permor; %dyéé@%éw@@mﬂe Héﬁtbﬁ and

preferably substantially free fromnitrogen oxi des produced R% t he presence

of molecdl ar oRygehecORTAIRBE ioF (e HAATFAT fishbXTRle §RS. INEFReAYCedhe
ni trogen nonoxgde kgapkebar akl Wiswhaland alaw fumeafd orogétiegenidhoxhde,

35 dinitrogen trioxide, .dinitrogen tetraqgxi de and nol ecu 0 SO,
t he aqueous soFﬁF|SﬁaSFlPﬁepﬁpggFegléﬁh %%mﬁf%ﬁFQFCF%i%Tplghﬁ%gg the

preferabl%/ fLeEeéeeart belahavend togbe rrmﬂ:jrmiedu(rjun rﬂgenf?xlﬂxgg a}mélhe
process o t he re |nven|on ni_tr 1. Je erer e I n an
rount of 1t o B65REes BHoben Pardmas S R o 1t °4F | fPLYghEca
preferalloy 2 5thnoﬂ@hnbhestpproumﬂetobﬂmﬂne(IQanthwmnanl¢mnreact|on
system In the proc?ﬁst% ERBthgé%'%t 'f”“c%%t 'p%%[cés'@g faﬁ&é‘%\i é’ﬁ@d“re of

nitric acid with nifrogen nonoxide an erably
carried out atimveotienpéeatpredsciog @n2@d(?>ylrrmlé:rplﬂe€er Dabiy, 1@@@:

The reaction ppessy @n' ﬁo%ﬁﬁ%a%‘a}é e am %@a@é&@%@%dﬁpﬁ@ésﬂf&nor
nore, but not nore Than G™ nore preferably not nore than MPa G

still nore preF%?aBFVGOSQUFSelaﬁPéhGF & FELC HEHT It SR E DS the 15
process1gf the preseftthBvenbbaimeak RE e pRGcAEs WHlethPresssehged

dit t d ab t.h f th t t th
Feact i on pr ocel G BRo: EPEePEERHCHFEN I Fraden Hoterd e SHEESHEL kyrhe
al cohol in an popebos aédtba1EsqopdldmathyoﬁOﬂaﬂwﬁnnm(nne|bbtﬁmmpmﬁsem£e
of a catalyst. a%?&?# t%@?uﬁﬂ“?ﬂ‘d% £k “t:'e%%t%fr @oti{ﬂaclr?sc'rplt eas 3 @ Ky!

al cohol optlon er confain a cat yst conprisin one
nitrate salt of @P@@@nvratlnﬂtaﬁs20éx@epmaﬁérOEIdﬁﬂﬂﬂﬁ%ﬁ(ﬂhﬁrﬂn%&s and of

Goup | Bonet al ¢ 9frbhea2RyPeripdhe1Tabl @ cHheeRitiiatiald s Pfe Srop 1|
netals for the catalyst are preferably selected from for exanple, ferric

nitrate, nickeéf@$ftrate and cobalt nitrate. As a nitrate salt of Goup IB

netals for the cataiysthecepbb@ifiehtabe -kheppebeedy b mioymkbsdie 30
catal yst is prefer i.n_a _conten i,n_t. n1of met er%}%&ZO%by

p
mass or | ess, h%Y%n€+é?e%85I§r8dfc%8glﬁﬁ) kN SISy S S A mass
of the aqueousam@tmerop030m0a|nfngha|ﬂaquldcfdaamdcm kel £ hed meodTO| £ T SFh et he

react  09Procagi el 0L LELE 88T Enk LRRILEATER BRNOLAR AN A1E Al !

al cohol “P's carT7 ed out se In type reactor or a
conti nuous typeeEaEt ®Rd :rﬁeyiaéeét LBfopréddder @ors icoh @fcttd Beagtelon

column.
In the embodiment of the process of the present
invention for producing an alkyl nitrite, preferably, the
30 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
35 300 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,



- 10, steps of placing an aqueous solution containing nitric acid together
with an al kyl alcohol in a reaction vessel equipped with a stirrer; and

i ntroducing a nitrogen nonoxi de gas into the agueous solution under the
anbient 5 atnospheric air pressure or higher, while stirring the agueous
solution or blow ng a nitrogen nonoxi de gag i-hto the aqueous sol uti on under
a pressure higher than the anbi ent atnospheric pressure while stirring the
aqueous sol ution under the higher pressure. In this procedure, 10
preferably subsf atité adllyyhoahtohogennsori dbs aﬂe@cm-'c@duwdhdu’e and t hiee
presence of MolEcyl A1, Xygen 925 £aBhal BEU N ol NN lIOGRM, MR de gas,
thus are contain nr f rogen nonoxi de gaé are |nto t he
reaction syst eminl thkcokattopntIhard i ﬁbesmgﬂﬂqlﬁd|Hﬁﬁ?ﬂQanﬂ£¢h% t he
reactor as |ong agid Ne-4aEgsh [83ELhoRoTaBAD LI M 1 Middl SAd sfagd ory

efficiency in the reactor and the reactor can have a single reaction
section &r a prabed ity %‘Frfﬁ%a‘éfl BAlgecPEoniodre BiHrAgan QFigtes dativrs e
connected to q&%@g&&&nc@puﬁ@psghaute a reactlon 20 system The reactor nmay
be in the formof a reactlon vesse rer or_a nuki t.age type
reaction col um, fof bxéﬁ%?ecoﬁcﬁﬁﬁﬁm%19§a8?| Cc BORHT $5° 5F ray
reaction cmlﬂnﬂc¢mmbv3m tlas lheuidafteonibar colé eprreckesn athd e yresent
invention is q Nt ac ssel  t.y t or
et on, 15 Yo S5 b1 YAS ZE.EPILACLOL KRR, SUhRR LR MegPdlo tips g oA
providedOmjtrlbylmmm%lIer capabl e of dlsper5|ng 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 nultistage
type reactor dGifh RESCRENTIOMeOE oFEENPRAWENREDI y i s packed with a packing

material capabl e ofpghhanci 10xt heo@asnbbdusHoreAbach @hdoeigRat ofM&he
resultant alkyl nitrite ester is delivered 35 together with the

above- ment i onRFPRSS KF 4 lb%lsplf‘?%%PFoth?PBhPPhéOFeQEP(SIF%gt k& Sdtilde of
t he reacsgor, amiﬁgxéunlonally washed and refined and then supplied to a

- 11 desired use. enbodl nt of the process _of e pr

i nvention, the procPl %%e pfgg%n%h?ﬂgeﬁﬁPgﬁngsa&?F%e e&mﬁga%geﬁrogéés
for producingtmeapﬁqdesstwftEhé esé¢eent ninhechipnodess praduglikyg azal coho
IS reacted\Mtg%ﬂytr @@no e and oxygen, to enhance the yield of the
target alkyl nitrite ester. his case, nitric acid produced, as a

by- product of the éhMWe~hehﬁ|®n%b0%r%%@%§ Sh§WmﬂBIﬁz@éoﬂéﬁstﬁ@rprocess of

the presgnt i nuediohg 10 dimikys @Q@PQtQEn&tlié&lh@eaﬁQE§%B%l&%h%tb@n of
t he al kyl al cohol and nitric acid is epared in a feaction cqlum

by
procedur es su&WQJRﬂOQQﬁ§eﬁ§yWh%JE%ﬁ%?nFleﬁﬂthPB goFoBrSSPFPBH 8f the
reaction col uraLiwii Ieieddwwi ng the fed al kyl al cohol to fall down through
the reactor 15 columm; nitrogen nonoxi de and oxygen gasses are fed
separately or together into a bottom portion of the reaction colum while
al | owi ng the BEETIMATERYEIF nBARIKY TRG a@dT oORYGeRNYENESONo f| ow upward t hrough

the reaggion col umyandd G FSa8ds W Nehbepfabbhng; abkyk 18hC0BOkL; ttBGen
monoxide gas is brought into contact with an aqueous
solution of an alkyl alcohol and nitric acid while
allowing nitric acid to react with nitrogen monoxide and
the alkyl alcohol, to produce an alkyl nitrite.

30 In the aqueous 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 agueous solution.

35 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



20 resul tant gas fraction containing alkyl nitrite gas is delivered through
a top outlet of the reaction colum and the resultant liquid fraction
cont ai ning the non-reacted al kyl al cohol and nitric acid dissolved in water
is collected in a bottom portion of the reaction columm; and 25 the
collected liquid fraction is withdrawn frorf the bottom portion of the
reaction colum and a portion of the withdrawn liquid fractionis fed into
a reactor, and in the reactor, a nitrogen nDnOX|de as |s br ought |nto

contact with th c%almqarapmlaalpeﬁlolt G180 IFYBHBY TarP HRYPL ni T+
the reactor, preferpbtyeranygencang lniallicegel .di oxi de are not f ed.

Lo i % wit i vkt FBo PRESSHST aR¢ts S SR Aoddded TR Por ?ﬁna' !
| ocat ed bet vveegsréfleré)blyomaﬂdmeddha pocloinares: tafa tikeen rca‘acs |tcm T4 un, t he
i ntroduced gas_fraction is w r.d, ther wth

t he gas gractl%éh %r o%ﬁﬁ%dpfﬁf \é%ggagtsot%cglld&mn% tn}ﬁ'soSUQhZEJh Hctor col um
and to be refipmafersblyh20f abl bAg dywmaslskyl al cohol, and the refined
alkyl nitrite gas isdeklyghed LBAAUGRA BB QY ¢ ofs f; e By 7 L

colum. The enbodi e process of pres i nvent1on w
further eprmaﬂﬁﬂbmahc®b©brmﬁzeb§oatﬁéqaﬂﬁaéﬁ@@ﬁﬁanQHﬁﬁlﬂﬂﬁ&H&Srﬁ;hXT

Fig. 1, areagligome&p] UpPosh 505ré9eegoqﬂcchanaal ls»ilkyl tdiddhpstey has an
upper section la, a [ower section Ib, a bottomportion |Ic |ocated bel ow the

| oner séftion ARRCELE opl bbr Ri BROSAN| BERCEAIEHERE CFY ARIHEP RIFAGUSE 138 and a
m ddl e porti Orhlleyi ogit edt bet &@eﬂlbheouﬂﬂeﬁnamﬂ’-h@ﬂﬂ@QS,QsCIO-EmSadca and | b,

2 through a pipc 11725 o ki bught AnE oot RE=Bet FOM FOHACDH IR fETte L<ket | on
colum 1 is cdnmymidxfrantuunudpeeperabdy zanmhimhendeadmomcld'Emeatop
portion 1d of ct&gcérgtgrc%%%&c%u%l%lb#ésmgg%nggt ggsi;so Og,u ﬁjﬁpf%%a%l&oqnect ed

20 to a supply sour f aTi'q alco

Al'so, the top q@r?c%rbndnass codhedletiors arpffgéahlweZSthOrlm tiydimewisng and
optional ly ci rgi alidig, aéxéﬁthQFygeﬁﬁﬁéhgq iR fah%on%ae%ter%rstl%' W 1.
The pipe line as a ran di scharging a portion of
the gas fractildh t® ke @ﬂt%@%@ro$°¥ﬁePFé§éF?8ﬁYs§§téﬁlSﬁﬁebﬂbﬂﬁéﬁlportlon

lc of the reaction ®d ui:dodénCRBAEGEEE ghsalsHBREr fRR kneh@rReleskoo®
supply source of “ni trogen nonoxi gas t hr,ough ar%g pe 30 line 7

not shown
and a supply §%U%d%F?§ER sHOVRH £ HP ox?ﬁ@ﬁeﬁagEYhFBG&ﬁlaspPﬁé §&¢ 7a. The
pipe ling 3 i mdrwmﬁ:ré erhai @omdﬁlteopanttbheoeef byovalpimee | Us@adlkavi ng a

cooler 9 located nozft;f' &n pr%{xoa?lde 9596 &i'”%oée%”%o%%%%%t g¢ to the

m ddl e 35 portlon feaction co
dlluted 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 obstruct 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, *o
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-



The .reactor 2 has a pipe line 10 through which a top portion 2b of the
reactor 2 is connected to the pipe - 13 line 7, to feed a gas fraction
generated in the reactor 2 into the upper part of the bottomportion |c of
the reaction colum 1. Also, a bottomportion 2c of the reactor 2 is
connected to a supply source (not shown)-of 5 nitrogen nonoxi de gas through
a pipe line 11. Further, the bottomof the reactor 2 is connected to a pipe
line 12 for mﬁthdramﬁng a liquid fraction generated in the reactor 2.
Referring to Meptioned| RybFaIark9¥idf&ohol is fed 10 into the top portion
Iﬂ of Lhehr eaction ml*fnﬁr@ Broesk| ow Fhé bgqlf%dt?ﬁklﬁ/lerﬁii@ﬁhmniﬂrclfg?éﬂ ilown
t hrough t he upper an pwer sections La.an of t r tion u :

Si nul t aneousl| J‘?O%o’fﬁ ?ob@npﬁ%ﬁ%’i?}agygggdaﬁa ) SWQ%% é%gclortoa 5rc1q0tn?‘ /
nonoxi de- oxygenbre xerke fesabsy f d5i 86020 hrolbsyppen ljamoref pHreef dxddlom 2
portion Lc throu the, pipe.lines 7 and.7a.so_that .the f ni t.rqgen
nonoxi de”and 3%&3@%I&%%g%ss?Foﬂ?gﬁmﬁfdgf%?éégﬁEfﬁel&é%%ﬁﬁﬁ%}%ﬁﬁéﬁ%?Ql and
conme into contsadtemth and react with the falling liquid al kyl al cohol, to
produce the al kyl nitrj ' S a r; I g raction (a)
containing the al k;#r'i nﬁ%i %go?%ggagﬁeaggrﬁggﬁgﬁgd l\?“m%;éﬁtttal%tg "t gcﬁe:c ng al kyl

al cohol and wingaiwien fpoeredenp oft Netrade enédt vp tponiita®ge® Fronasddd on

col um 1 througiy afi PE1kY 1€a Peokh 801 st PReEEEHLE YN alrirdwid JuaGld an
contai ning non 25 reacted al k cohol™and nitric acid generated 3gs a

| al
bypr odutf ~of tW%tﬁ/@%n@fo%eﬁor%%ﬁonmﬁﬁﬁ Bressr@edYi i dnetCerl 005 ch i s
a by-product afhd heed®@eLdh OpresSutdeis egebEoPabyURhel anbiageunul ated in

t he bott ti | f th ti I 1. The liquid,f t i
30" wi L avn. FOTHATHEEAR LBRE BOFET oie | B5Ra BeboPProRceh. B 20 ahaea O ' °

w t hdrawn | i quickd rmdfemalfby notfredrentbabhg MPddGe padililomoZe of the
reactor 2 thr i i he, 3, oth p I b- f e .\ awn
l'i quid fractigﬁg%ﬁéﬁﬁgﬂfe%yglgd %ﬁ?gﬁgﬁ'thgﬁﬁigégkgggg8p§%§%9ﬁ%%§§‘cgb er 9
i nto the5ni ddiprquess of IehefprsRentattVeRtEonUAANLDETRETEdSde@utandder
recycled |iquigdddacti g (Pordi{Bbhs 49VRe£L98LBAT aWLLB.the falling |iquid
al kyl al cohol - 14 through the Iower section | b of the reaction colum
(1), to control thel® eh? iBFPEeMpe?ht e BFCEABLaLlRYPN&LEOBNOCDRE th nitrogen
nonoxi de and @ dP proesiies develeribeapoat wnRh( Bitxogknt B nloixqdied
fraction (b) fed 5.into the reactor 2 i s brought |nt8.contact Wi, th Ege
nitrogen monof"fe YR FEY 1 MAFIR! bR t 9 PEFEPBR BEYGE™ RE PREHCHRLZY

t hrough2¢ he piqee-digte it Thushéiprecemece dofoat aanaedysn .t hdapetllyi,ornheb- 1)

of the liquid fraction reac ith. the fed_nitroge oXxi d the
non-r eact ed 16%ﬁﬁaﬂseﬁé% % ?ﬁi%fﬁ¥%%5%% %%l§|ﬁ§F ﬁﬁgrggggﬁnééggggaphase. A
resul tant gas dptdetrianty cjurmaiepmeeineat apgetyatkgbmpresing atd lepgst

non-react ed Nid Qe SDNOXE de: | 5 i hds appr froarbhe t aRcaptk! ebrof the top
portion 2b of the reactor 2 through the plge line 10 and 15 fed into the

upper part of BifEI58t% IE PR TR+ 3RE Het r €BREPoRBCcBREARS19EnESEgh t he

pipe line 7. e ifellgasaiiact imie (g)tfdoussapyer dft ggetper vt hethes

ni trogen nonoxi de .and ox%gfn gasses th ougﬂlthe ;ea tio? colugnrl, and the
non-react ed nitYo fohoxt de- &t o5y Ten™ Fr-Y he® 60839 F3Bi 6R%(c) reacts
with the fall iexgprdlle] fRooimlinambtde neskélanitabkyl andt cobeland t he

al kyl nitrite J. ga r d ) S r +kefi L

falling down é’llkr{yl{g% 'coksl%sf %ﬁd%§%e§€%€t%%e?ﬁg}lgwltéh&%ﬁggsgbfqr gg%i on (a)
fromthe reactiad®ItAtumrIPEIF ouEtE P50 the PoHpLpbRPLneMalefP6ugh ThRe pi pe

line 5.3dhe |iquidJdactd ob-d SBr ASTHMESEEFc | Int Bechbatbam, pent kern2erof the
reactor 2 is optlonajlg'MAthdramn t'hrough the |ge
metal, of 20% by mass or Iess, more preferably 0.1 to 10%
by mass, based on the total mass of the agueous solution
containing nitric acid and alkyl alcohol.
The reaction procedure of nitric acid with nitrogen
35 monoxide and the alkyl alcochol is carried out in liguid
phase in a batch type reactor or a continuous type

reactor. The reaction procedure is conducted by the



line 12. Referring Fig. 2, the sane reaction procedures as in 30 Fig. 1 are
carried out, except that the gas fraction (c) generated in the reactor 2 is
wi thdrawn fromthe top outlet of the top portion 2b of reactor 2 through a
pipe line 13 and fed into the mddle portion |le of the reaction colum 1.
35 In the above-nentioned enbodi nent of th&lprocess of the present
i nvention, the nitrogen nonoxide gas for the reactor 2 may be supplied
separately fromthe n nonoxidé Q%Dfor the.reactiog col um
Lﬁés T s

Ltrogen - 15
1. "Howevel, prefPab?s, PLAGIAS: PBBRUFONGK CYEF 1O 2 oThon
supply source soidotbgthbereadthoancalliyl klamthdlhenr eactescR2iohnvébssl

case, referring to Figs. .l and_2,. he ppl i ne jtro nonoxi de
gas froma coﬁ%%%lgaéglVlégu?cg%%ﬁoF&éhSWn %@?%ﬂé&%ﬁgﬂﬁ%/éﬁﬁgggﬁninto bot h
of the pipe | imendxtoangesednto the rgaebusn sodlunmerl wnitkt hehei pebiene 11

connected to t f 2, . Ih [ e i oo I
substantgally ??%ésggé?;%n?ﬁ?tgggé%hg%iggggggﬁéggegﬁgﬁggt%gﬁégl% e%%%ce of
nmol ecul ar oxygeguéous hechutiogearnbiowide gasitHrgaagdnaxidengds)into

generated in thg rg@gﬁéﬁﬁfsamt%hh%awe b Felie om p1dd A2 oft he

reactor 2 is prefer ed rnto a portion the reaction colum 1 15
t hr ough whi ch ¥B?Pi¢oh 2BHBOFPHAF 4CaPKFFSHIFEoWSI 1RalStslr Hivie HrefXAHRAYS a

portion betweesoiheidh dgdh€epPothbOnibBeangdrebeubel.t ommpantiPptscedutde
., Wthdrawn fromthe re ctqg 2

reaction_colum 1 V%gf t he gas ftaghion (c)

i s introfuced BHeteT R i HUPEEPBFLASAYI B0 AL IEEa NG 2GR 0 yee

t hrough the pidee |tmetAd sheswnca bfgmo2ectulerpaxyigen (duas?)carftdired ifuid
fraction wthdr fr e t p i on n 0ol.ed by, t.he cooler 9 is
preferably f e}rg%”f%gn %?Oﬁgﬁéf%g\,}?t ﬁégl’oggl:%o%r%t %vc\%t%ﬁnt%de J'd"ast Faction
(c) fromthe reactoger? menonidedased 25di are fled rinddl ehgomtdaztian of t he
reaction colu r h j lin a far j.an. (c)
fed into the ;g;,ac élrgnﬂcr:l%%mg%g%{)?rbw ggé/gfdi\%i %otgtp%%gr%g:zt]ilr%{%itgﬁé qui d
fracti ohS(b-2)tanthearedetashedlondr e f88 RREEeth&epgItiiiong carkyre al cohol

in the upper Q%Mé& ohut awP'_EhtB&ti@@é&k@@ycekﬁ%i}a-ncWanittHé)%hc_rEHpXi de
gas to be fed into the reaction cobggg % gggﬁﬁontaln ni trogen di oxi de,
t et P

di ni trogen tridd d @Rt nFEfo 8e r RGPS S PbrR%erft, in
terms of gramphorsl iy nbfrogectidh sécbibheger BORAXIrdd ity tdfe gas-tHergrore

i trogen di oxi e S M7 oger rerr ahbhere SondEITE T e il ccui ar
oxygen)20s prefyatny ehipt oyeactar anaynbaninothe. 2o of. 25 neslog;iamor e
DLl ET oY ) A0 AL e PP 820k BLAEOUERSIE Tt e
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-ligquid
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 agqueous 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 column
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



5 For the reaction colum 1, nitrogen nonoxi de and nol ecul ar oxygen are
usually m xed with a gas nonreactive with the al kyl al cohol, oxygen,
nitrogen nonoxi de and the reaction products in the reaction colum 1, for
exanpl e, nitrogen or carbon di oxide, and 19 the m xed gas is fed, as a
material gas into the bottomportion | c of the reaction colum 1. In this
case, the material gas preferably has a total content of nitrogen nonoxide
and oxygen of §e§9r%§ % volune, nore preferably 5 to 20% by volune, and a
content of the non reactlve gas of 10 to 90% by vol ume, nore preferably
20 to 80% by vol unelInThe sabediakngasff dhet ey aaess | @h tlmupmes_eway contain
an al kyl al cohe S e 2 to 40%
by vol une, and ﬁ%? %?ﬁca% 5 p%%ﬁ%f%hékaﬁﬁ703ﬂﬁg ¢£yﬁln|tr|te 0 The

ni trogen rmnoxwelgagdrréyrbé BEREESW L9t s asifger s &by bptiohbtey a

non- reacglve g@stkp EHewﬁQ@Mep%BBEb%ne@nmawwylFHIHEH61C¥§ £&Eé%éﬁ*&f%%
reaction colum 1, and the resultant m xed gas is fed into the reaction

colum 1. Al t ePhBEFPIBRYMOPRELAR ABGeRXHERSHI ¢ BRNFRC A ? HELOXG oh
may be ﬁepar ateéygéedamyg ﬁﬂthlﬂ]l?@r eléﬁb'fr .of 1trhe-Hhiod ltcm@,orrtimd ]?aCldgl this
case, the nltro en mopoxide_gas for t reaction.col um efera
supplied from%& %6Hﬂ8ﬁ rsBppfy ¥08F88uF§r°?h§%Fzﬂﬁqy e-;e é%fgﬂég

al cohol to be isdutmlmzeaefoeacheoprocbasnofithqnpﬁayeﬂﬂyanxﬂmxi@d.from

al kyl ohol s havi to A I t hy! al ¢ and
et hyl ahgohol and p'?lgpg; gl grgﬁéfijb.fﬂgﬁgl,e F%ram%%yﬁr& o rgl thCq{ae an
al kyl nitrite @d5kpkoalcedolnagg neSponsecnd uﬁepmagﬂreﬂ<inuﬁ feattinro t he
reaction colu Kk h p al.l d A ef fed
o tenper at cpaLory B Py ofEBRren bacRPhgtlent BN AR TR o

nmenti oned abovEltrafEPRLPYrtiAL @ﬁkyheaFééﬁéﬂqmsqQ%YmﬁﬂW¥¥%%(ﬂi%ﬁW#ﬂ%m of

the reaction OQﬁémPe@anﬁirlLowé'thlf ebl fQQWnd‘anOHQﬁcIu@% HERC A1} um,
and thebg nitrogen nonoxi gas and nol ecul ar oxygen gas arec{ed into a

bottom porti o Of T he %SEPF R ’BBPaﬁﬁ Snénél CINEE ™+ IS67 GReari®d hr ough
"the reaction (méplaima‘aelﬂytt_ﬁrctwgethéﬁ canbaet beitttont herftaldn g alHey |

al cohol . Thus,. 2, gag;L i G dngophagh LoRELERY 1AL ouBterel et b0 g

rel ati onship occurs N e reéactron col anm. Fate ATt erns ot ol e
of the al kyl andhotyfdemrogepesreaction upwtam:i rttlrpm@meutéll@l Y e@c2 iam 3. 0

times, more prefALADI ¥nd. Sot Pedcp %Li’ﬁsth@efta‘itﬂ'n f%q lataQ_c' gtler%

nol e, of the nitrogen oxides including nitrogen de and anot her all
nltroge%OOX|dé§9%# H%%%dga$r%ﬁ?%?%@@g@ﬁnﬁéﬁﬁkpaeaéﬁﬂlo%9§éﬁt@ngﬁﬁelﬁaterlaI

gas fed into td’@lixe@@édi Oﬂhﬁ@ugﬁnaaﬂgpnbﬁ{ﬂg@no@&%@ e alchtilod beadinin @md he
reactor into the reactj e process of

the present i tq%ﬁu 5?%5 %b??%Snf6ﬁbFHBDaFR9F°&Pc8HoF%Fgnﬁ@'ﬁ@ﬁ St t he
reacti on col ural kyy &bcémdllmndhmlsrateaoidadmssbloedvapowaw@mo1Ehe bott om

portion of thecor:ﬁlla{ééé’é‘ fr?'é‘r@o{@éﬂuggr%t_@npbgetk ”?ea% &'ﬁec%'lh'%u%ge%nd

nonoxi de gas or noxr dé-"ox h7 rough "an ot'her pi pe
line 2525hantﬂhﬁzﬂnﬂ&£¢mﬁdlbh@@l®|@éa¢th@nféﬁ Whéhdrﬁwagémomom@ﬁlde gas or

the nitrogen mpoxdMes@xyosH GfX@Q’egf‘éac’é’ﬂbhecbh‘.ﬁmﬁoﬁﬁﬁs'at 'p%rz}t(itant be
material gas is maintained in the above-nentioned ran%8 In the reaction
I

col um, the r &t i'Gh-1EFIER at 12 f L BBCERB ARy o4l é8R6I 2wFERCHPEr 0§8f

monoxi de and oxygensp piefeiabtyacosty okl ﬁﬁ!tl’r@g@n’i moiaast@derr@la@ pref er abl y
5 to 80C, still_ nore preferabl 10 to |nen%&of the process

of the presentPiIRERT i TACC o 21 e? %B|Vlt$hgﬁﬁugﬁFdﬁﬁﬁaéguéﬁas Qful &Ped i n
t he bot3®m 35 pporduam af dbeyvleactrbdbecol um is withdrawn by a

Ly aul 0t ansport ot o Rl Lok EXABLEe: BB TPok)ghaS UNNAL0:BhGY 1 and
dioxide are not fed.
Preferably, a gas fraction produced in the reactor
and containing the alkyl nitrite is withdrawn from the
35 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,



- 18 fraction is introduced into a cooler to cool the liquid fraction to a
desired tenperature, the cooled liquid fraction is returned into a portion
of the reaction colum | ocated between the m ddle portion and the bottom5
portion of the reaction colum, to allow the cooled liquid fraction to fal
down. This liquid fractioncirculating pché&ure is preferably carried out
continuously, nore preferably, continuously and sinultaneously wth the

above-nenti oned reaction.. rocedure. of the alkyl alcohol wth nitrogen
nonoxi de and o &53(%81‘%3”\]&9}% eav%asanfd]pac%%;r%la %’6%?‘?%%80%& ﬁgel Fﬁﬁlcgior
fraction contricoltes t chrengh nohd heeacant | onlieat agénecabedriefiinke wowkr
section and th 0 : t ion a LAt akni,hg t he
reaction 15 te%ﬁ%rg%ﬁgggggf4ﬁh;%%%i§3%ec |%%’W%?%?ﬁﬂa ggg??%ﬁ ?éﬁ 2. The
amount of the pértiiice ¢fas He |dejuiverfechcthnougly e feedpi audleheodi tbal ati on
system i sg est abljshed se $ihat, the above-nentioned contribution can be
attained. In the liquid fraction-circul ation procedure, (a) 20 the
circulation rate inTher @plsdimens otf t4e IRXRARFT ra€tt0R, PFASERE ot her
words, the retuyniicng oAt §iliN WY M hdmss®Of a hed Wyl O6lr adBel bk debr B8RRI ON
into the reaction colum, is preferably controlled to 50 to 300 tines, nore
preferably 60 B&tESHeE &YWl nore 25 preferably 70 to 160 tines, the
feed rate in ternms @efeRyindf dheiaj kyl, al cadwdtidh acd hemsieactbpn col um;
(b) atotal feed rate_ in ter qf mq%g of the al.cohol fed into the reaction
col umm antl t hePAGAYFERE: &3 aﬁ% e S e | 3 (RRPTRL BPRECT i 4Rt d
fraction into &héo®%err eacttiiom dAd,uran hHcs qurefmratilon cont Iot&eedtibe 26wt ©hd 50
times, nore preferabl 0,120 tines,. the tot fe t i ns of
nmol e, of mhole%P 8§nf F%&Sﬁ 3%Vd5%t¥§HHQ#E§? éﬁ$§%%$?%%§c%?%%%;£§%d (c)
the concentrat hppest spefiosadiedral kyimiglddeh@orwimmni edl ¢eated betusen 35
fraction CO||e@h%dubBeEh%nQOHBW@ﬂﬂyédﬂybdg & dfan]] Wb eRBy i S0 each
preferablg'controlled to 15 to 60% by mass, npre preferably 20 to 55% by
mass. 1519 pPhheRe cTPEUFSECEHTASY G@é@ﬁ%,l tife PUMEDL DIt 2 TRATERBvh
Izi)gui d fracti ?Bh&&u@hgéebal%lg)él%@ﬁ@ ad the o dte el lﬁl’ﬁ? 6%@:6@ &Q&d '.Bdﬂ'dl lct _oOI
, nore prefera to el.ow t he .t enperature, of the rawn |iqui
5 fraction bef 8Fe%éoFFﬁ§.‘tl\ﬁﬁeﬁ°tlHér‘ncit1r&?l Cind}?cgre&e%rae %%cﬁﬂ% portion of
the wi t hdrawn pbgtiidnf 2acbiforhler amaichtenr €act iIire codpurporsiaar¥d edf otite so
that the above I d.r i.r t (Sl e sat] sfded,
reacti on heat ggﬁélfzgtggdcf’gﬂ#‘h’e%rg\%er%ogg%eﬁt%?Ifbaon%ar‘?cll%éb%r?égn‘%)yéé V\A%‘{']‘Qﬁi gh
ef ficiefdy, theoproduppilynsetirgiet rinetasihewsan hd iesty) ctled tbiquidw | evel,
and thus the anQ)&?l”ﬁ’ﬂEbBB@@ 9a3 sl auing C«:%EJ ?g:ér&:&%?tl'cpri§3£brpﬁe&fécﬁcé&d

with a high efficiency. The above-mentione rate of_ the al kyl al cohol
15 into the re&cPiBf gépﬁnﬁ FOEN ¥ TE NAFeHI e &R G QRE NNy FIGFULR S
fﬁd in the st aélegagf fik;iaalﬂﬁ.dna@lén@r\a&]?@r iana/hey ﬁgaﬁtﬂdrpmcghzﬁnrﬁul:{si ]gleuédnt 0
the reaction colum, . For _exanple, referring to.Figs. an the feed rate
o of a total SFOEnRiMRqf HoR By PIAFCORS HEE S ihe Pog APIRATIEh 2d o
t he reads on cpbubtmot olir shgh gklse fwigpe ilonne o4 theheudlskide adtatid fed in the
state of a vappg, EiHhSEyE@Eﬁ.the bottom portion I c of the reaction colum
1 through a pipe [ine 7,"together with the nitrogen nonoxi de gas, and the
al kyl al cohol cont aFhedbPhtPRePgasing Lot i egERActal iGP 1R rledd or 2

and fed into thgnheaebHoRtCahUIRpErahadtl @GRiHedF Q@\@%ﬁﬁ? ngihce portion
le and the botton1poFt|on | ¢ thereof through the pipe lin 0 or 13.

P

However, the alR9F &PEBRAI CLoRLEFREIGT AONRE GG GaGn O U i Hd%awn | i qui d
fractiogoand fednd07i aha theubbdd§l ecpeckl gmoke sbwrhe gfeandjidgan aplsum 1
t hrough the piﬁg ling 8 is noﬁ.inv | ved in the calculation of the total
feed rate of theT8FR§I 2aPeBRor1ffit d% he reaction colum 1. The content in
terms of nole of thehal kybeallcakol3 s 85nhlee tleidgaitd af mactdlen peadd ected in
t he bottom porgj he.reagti.ancal 1. nef.erqabl ot .0
times, nore pr%%§?3%?y9§.% Eébg.gﬁkgngsgaygggfge ngggefﬁg%%;%%gé 9 &

middle portion 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



- 20 of nole, of whole the nitrogen oxides fed into the reaction colum 1.
Referring to Figs. 1 and 2, the reaction colum 1 necessarily has a | ower
section 1b 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 which water
produced as a by-product of the abovenentipped reaction (1), and contai ned,
together with the alkyl nitrite, in the resultant gas fraction (a). 10
Preferably, the upper section la is connected to the | ower section 1b

t hrough a m ddlLéngorti ea Ieehaaiggsaﬁrappnoprb@m@ﬂaaqﬁiln'Hhetqﬁxutqnnzion

la is not lim t f y S Ik I can fal
down t hrough 1£§€ﬂegﬂ%p§ ggcbggk g gﬁg %%QQPa wﬁ'aﬁt %cohol can
absorb noi st ureegohiannedlinnt he gééspnaétb@ﬁtﬁﬂod@GEdQHwQQKpﬁekhﬁlon

colum 1 and flowpgrupwasdcbinaugldt ke apeappq@cts'o%éea (R SR &¢ the
upper section la may have a nultistage disti tion _colum 20 structure

havi ng aSpl ur abiEyo8ent PaPexifgr 9a8ga F@ug§|év§l@@aQ§JEﬁ Mal v&WGtes or a

packed col umm shéUugbdtemi BfWehehrpaekbRg2makeciodlnectcd wxamMyi®e Raschig
rings or Pall are packed. There |iéno Ilnltatlon to the structure

|
and type of thLngmé? §8€tW6ﬁh95aﬂénﬁoﬁ Suife IFRGHERT iISREEALES Yhe
al kyl al cohol whé&hrakttegen. nDnOX|de and oxygen can be effected with a

satisfactory efficiency. For ex t he Lower, se have

nul tiple stgge distgF%éFfbﬁgch gst}uc?u}éqBFd aﬁ%&ﬁe&i&ﬁ rﬁéﬁure

simlar 100 thainod the tppepogsedbnondl af ﬁﬂeNaEEbﬁgcmh@dﬂﬁmﬁIEMthﬂhUﬁw1

preforabl y Nas. A0 yPREIGSEeLlonahachaYi 98 3aM! Lkaes. skl Wl Langol um

structure or a pac ure nd~a Iomer sec
packed col um @mdub@wé apdtiaonshép annh dbl efpdiie malcet:icm ieed- Ut v!:een t he

upper and | 0m§1§§l§§ﬁéb9§§yl,aaaH;d}.t%B:c[;éHdmBﬁBkﬁglea%a%p%rn@ra!nato@ch%fhgtg'&s the
upper section la, the m ddl ortion Ie and | oler section 1b |ng

connect ed wntHOEaEhnbFﬁ@ﬁePomPBPﬁFereﬁygen mixedy@aSedd ifGe dditamtheas
shown insFig. &ppér2paka betheabbi@bmappatabus 1sh@NrouyhFithe bide 2,

f bly, Ld_f t ' | at ed the b tt t I f
Phe react]on coiBfn 1 F8957BoRP: FOBSoR) wtERrdi SR D ABR A BHE™ ne 3. 4
m nor portion Qby@éno@asbesmfﬂbdrapmakﬁthdohgac&m@nr@dbﬂumnxmuhummously_or
peri odi cal 1y | BRACIURET; hBLOCBRESRE! G 8 WREOUARCR BLRS, lifl® S dnd, @ i or

portion (b-2) rawn | rac con |nuous y cool ed
in 10 the cool b:q@ldndlkeiuahedhpﬁmotphern:ﬁu@leet@@r taléwyll@lm‘rnttree ime&cti on

col um %t hrOU?QstBﬁ‘aQépe ‘rh@ergsuh.@ahlﬂe B%a%tr%"ct%on“'(tar' AR ooy dijed
as a by-producti_in_ the portion (b-2) of the .1 quid fractlon (b), reacts with

ni t rogen nDnox?HEY1ealFﬁiéﬁgh5tWéSBFSeOFl refinegdny it fphe falling alkyl

alcohol and withdrawn from a top outlet of the top
portion 1d of reaction column 1 through a pipe line 5.
Also, the resultant liquid fraction containing non-

25 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

30 withdrawn from the bottom portion lc and a portion (b-1)
of the withdrawn liquid 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

35 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 liquid alkyl alcohol



15 t.he non-reacted al kyl alcohol in the portion (b-2), in accordance with
the process of the present invention. In this case, the feed rate of the
liquid fraction (b) into the reactor 2 is preferably controlled so that the
| evel of the liquid fraction accunulated in the bottom 20 portion Ic of the
reaction colum 1 is maintai ned constant- The-content of the non-reacted

al kyl alcohol in the liquid fraction (b) is controlled as nenti oned above,
and thus the content of the non-reacted al kyl al cohol 25 contained in the
portion (b-1) dhrenghwichRdlawer| Bggitdorr dét iodn the eedatt el ureldinmt Ol  he
reactor 2 is prgfepabkyi1CeRtr ebhed iba 12mbR RR%RY JBsSthe PG Prefesabl y 20

to 55% by mass. Al so, the content of nitric acid contained i the portion
(b-1) of the | V4tRdR38TPESEt MOROKETS P Y FEd i 198355/ 4 P nay be
6_0%hby Has?] o][f! e_SSThéSprtE§npr(bf-Qf)r©¢ ttlh*@t 1tiflag1biai kﬁ#adﬂidﬂ lt(aoj sféy oduced
\pl)mr E)cegur :-:'Sgof et ﬁéglﬁnegﬁér I5\%ﬁtcfzgﬁlrjﬁg€1tslr ggtol(‘:loﬁt{mﬁﬁ@%éﬁ{%%tcc%;ﬁﬁﬂﬁékggaci din
35 the withdranmbtkbgendmbnagtidenggls) fiesd pmefcerald waotdn addethidro 20% by
mass or | ess, re_preferably, 1 tao,20% by .nmass,. still e preferably 2. to
T5o by mes. THES TBB58E2 Knbehiny Bt § Pt 1) i uhd TRt 135
colum 1 contatgstaaped @nodheepogsianbybpﬂoduwﬁ'uﬁetlﬁquiduﬁﬁantiﬁnt¢h3
alkyl alcohol wLhp.li 58genaDRaN A 20LAXKIHDAUL Ao HIBHN, Al &l kY
t actor 2, anit roduced 1

nitrite. 51n ere rogen “nonoxi de gas 1s in nto the
liquid filacti onlkpl2pleebeilvedioi proRgceeadt olky t vidugite il pe ddse 11 and
the reaction ofphBe,ni & k%s@@.l{tﬁn‘ﬁ‘ bR sNieHRA8d AMROXi 6 afth 14 al&y!

B
al cohol is carried out under .the arbi ent atnospheric pressure or 10 higher,
whil e stirringt®REeki i<y 1t PAEEEGR. ARG SRR aqtRd MAYRAST nonoxi de
gas is int L odumeﬁokmﬁg_ tibewﬁ.eaa&'@tr}]m?f&@ﬂl teihe rt%@ﬁtd@;lﬂl.éﬁ @iargﬂeeohcswtl ynd_e;I
pressure above_the.a nt .at nospheri c _pressure, ile stirring the ligui
fraction (b-Z)POFﬁlPHiE%rgéc%ggn?efgtﬁFe e%%ﬁ?VQﬁﬁ}qﬁtH%ﬁﬁn%*ékl fEYas
and t he 15 qui dfédachitontheduppes phetr edcttdre Doarteons isdttaidr ald yof rgee from
ni trogeén oxide e t res e _Qf l.ecul.ar i n the
nitrogen nnnox?ggégggﬁ gﬁgﬂﬁgagt%ggoﬁ %cgg%igggﬁﬂiﬁﬁ$Ifhu?g%%ﬁggéqﬁﬁg t he
reactor 2 20 nhyapelen achaféhwsypewerda tegetinaronst thygdie Thitrigemgen
monoxi de to bepbedxh L0 ahle okGaeh0ya2 sTRY the R i th d Ad RIS MNONIE gas

or a mxed gas in which nitrogén nonoxide is diluted wth a non-reactive
gas, for exanpPB? RfEr B§BNTEASTER A trRser Jaioxisiepadieraigen the Hide
line 11 2;oor fegdbngrlhbeiaht r(egememgexkod&rg&&ei a0 1tiey raﬁlg@loral?cd}ﬁ)ll
connected to a_pi,p i ne _7.caonnec to.a_nitroge noxi as- supply
source (not shS&ﬁ ?HeFFSSPl%aQﬁda %y&tn %ﬁﬁﬁﬁi%ﬁ#nﬂﬁér%iﬁiiﬁ%%FWH@QHan at
whi ch the pi pethengagaffrectfieadi(rg amreowpgdredd®mase fiinabwiedt ethd o t he
pipe line 7, te prexgn ntami Ratianny QY : [ dygen, mppoxi de
gas to be fed ?ﬁto t ehﬁggc%g?&g.%+%ghﬁglggégggﬂ%¥f%ﬁééfk§§#{ro gﬁﬂﬁgnoxide
to be fed intothReJdr8aétrdct2opude)béreguaihe & edc tise ahamn He Qushar

amount ofs ni trtgeaebg %@@'&:_&bﬂeddi RhirfB@ghl @wed fiRetli gk (- 1)rHd Thgfeact or
2. In the case _where the nltro%%%lg%g%nge as fed into the reactor 2 is

fraction (d) acc in the bottom portion 2c of the

supplied
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



- 24 liquid fraction contained in the reactor 2. The reactor 2 is not
limted to a specific formor constitution, as long as the reaction of
nitric acid with nitrogen nonoxi de and the al kyl al cohol can be effected 5
with a satisfactory efficiency in the reactor 2. The reactor 2 nay have a
single reaction space or a plurality of +ea&ctdon sections or may be
constituted froma single reactor or a plurality of reactors connected with
each other in series or in parallel. The reactor 2 10 may be in the form of
a reaction veskepoxide aagtferetheoreaChmpnl§pégenréactH@we@eKUnn for

exanpl e, a packedr&Laci{ONcR8! HIPr8heR ﬁbﬁ&ﬁlﬁéa)zja%e%%t ifly GQlgwmy, As the
reaction is a gas- [ qul d contact reaction when a stirrer- equl pped reaction

vessel is useCBNRN rBABPLY 20urset ke BPFhrERE &BRStALHs CRISMHE Févi ded

with an inpel lie aflda@tbet ary maaﬁleaeabbe ek fetririhigng ot @q?rseaqt laiy y,stem
with a hpigh stirrin L ElenCé a hi asdi, er5|n% i ci ency, and
exhibit a hi ghtRfss @Pa tBft EtneFFPS? n@ NOWHER §3Sultirst &g&FERE i on

colum is 20 useshly packeag( ﬂateshawnmaysngrefbtrgblgadikmdwdd igauat &{btth
efficiency is eferabl% pac ed therein reactaor .2 res#Ita
% e

gas fraction (&) cont&t fe’ tﬁ?ag?cﬁﬁﬁyFon fFi ¢ SaﬁF&8Bc8

conver si on of tnerprpacldnes1MAdenaQMedhtoughetheatmprza ouwhet 2b of the

reactor 2 and Aﬂ%f§§§§l oh8kPag BOLILL" QEfEPSnga F%Qmﬁelgqaglf&%rough

whi ch portion t fion
|ncludeé0the|ﬁ¥Rmenbb¥@G©ﬁ Qéld?ﬁepréde¢e§eéuﬁoﬁolbhén@rﬁﬁ@neetp@nlportlon

lc of the reaQﬁéP@b@PéHanﬁgeﬁhiﬁugﬂetH§t9b88n390hb&§8e1%a§nd 7 of Fig. 1
or the pipe line 13 of Fig. 2. In the case where the anount of the nitrogen

nonoxi de gas |ntrodﬁ%%dgﬁﬁtBr?ﬁel?%aéFérgénF§aﬁ8§ i80 thar geactre dgagnd

fraction (c) Ivslth@dmceﬁlomntneetbbepoﬁtddheza%tfl eReleec@ktblRe 2l gwer
section 1b of the_re c£|o$ % gn 1, 35 referabbé into the m ddl e gortion
le, more pref FBiSFaR1% F8CatibR Bf PPAELARAAFE e tHGr FEEH O a66HE N

| ocati ohSat whilcho die whiculpbedlpﬂrthenlﬁbuZM aﬂkyheaubqhbd Eeaq@|on -
23 froma co I C h n noxi fed into
t he bottompo;’fF(PIn #PQ%% %ﬁfyrga |o% go %Wg%g Fgg 5%3 éP@ af al kyl
nitrite ester andprhelubettami perhibar e afiothe UéanmnpogenlmmnoﬂldeWhenS

circul ated throughyas peeduet ban éys&z%hhﬂa%' @?o}nh%ha' 'f)éactor
nitrite-production systemis conblne wth a dialkyl oxal ate productlon

system the feRETATRCHE %HEOnFP?o@éﬁdﬁﬁnB?FHéoﬁaéelﬁFotpﬁerﬁéﬁéﬂeﬁ 2 is
preferabby condsDhhedli shsoafhathangepehatinkhesr eastinonnofrighe 23! kyle

al cohol 10 with nitrog noxi and oxygen_in.the r. t|on olunn and t he
reaction of tHCHFSY g?égﬁo?§mgﬁﬁ ﬂ?ﬂPdé ﬁrﬁﬁﬁdﬁpdglgﬁ Eoﬁb €n the
reactor and otbmwt@moyuction pcoerducesladebpothki ndeled. 9Vﬁere t he

NI trogen monoxi dee O, [9r eLHCAE et ga2ibi BURBL Bile 188LET A SUPREY gour e

other than th or t e“reactron co nol ar anoun
ni trogen nonoxikre 98s1fracsioni res Eremnbhar rasster 8f isi tniteoduviced

containgd in theedighedmisacki g8riDbHOUHCEE LRet ?‘%aﬁ%@%tnoﬁog.um%o il n the
reactor 2, the reactjon tenperature of nitric acid with nitrogen nonoxi de

and the al kyl BICOROP FREpPEPEr AbRS 63¢oSo0bRatrshe ﬁPéféFéSF}OQO(Fd 100G,
and t he reactunadpiﬁseutbelSeaceienabbyumhecaﬁbfeaw abwaiahe&t@oa&essure or

nore but not 0 ref l.y _nat nDr t han MPa G
still nore pre era%?ggﬁa tpg ickﬁggGgg %ﬁg )t 858G gﬁ Wﬁ@th Sfor 2
may be effectedeﬁn@ed vitbsthe. fihélneaeﬂkgh ahcphelreacthe 2piperoptional |y

carrled3@ut |rb5f@a@ﬁe§gngg ggeargggghgﬁtcgggmhlglng at | east one 30
nitrate salt of C?oup I'l1 nmetals except for platinum
The nitrogen monoxide gas to be fed into the

reaction column 1 may contain nitrogen dioxide,
dinitrogen trioxide and/or dinitrogen tetraoxide.
However, the content, in terms of gram atoms of nitrogen,

35 of nitrogen monoxide in the gas is more than 50% based on
the total amount, in terms of gram atoms of nitrogen, of
nitrogen dioxide and dinitrogen tetraoxide.



group net.als and of Group IB netals of the Periodic Table. The G oup VIII
netal nitrates are preferably selected fromferric nitrate, nickel nitrate
and cobalt nitrate, and as a Goup IB netal nitrate, cupric nitrate 35 is
preferably enployed. The catalyst is preferably present in a content, in
terms of netal, of 20% by nmass or |ess, -maree preferably 0.1 to 10% by
mass, in the - 25 (b) is introduced into the mddle portion |Ic through
the pipe line 8. In the case where the nitrogen nonoxide is introduced in a
| arge anount into tTheeresgden Pnopeettanbbyygehe¢ dasphedetriatiy( @mployed
cont ai ni ng the, al kyl ifritesis,dLregt ] od Lnt r part of
t he botton1por%?b%gl%é%gﬁ#n%% thzp#%egr#%ehgaéf ggggcggfgﬁ§§§§§$§aﬁgto t he
| ocation at whiehlthe pope, | pee MaléooforRygenges monpvedtded tfort Héepi pe |ine
7 and downstr lepmthe {an{éggtggnm@BQthhg'pipe line 11 for feeding 10
nitrogen nonoxide to the reactor 2 1s connected to the pipe line 7 as shown
in Fig. 2 so that Tore Hae Feaction ¢e}ums ki xadtwrornt Renexidegemdnonoxi de
gas and then vhdiedheaPXygpfefagrandstihelyeaukbant; i ¥hxad g8as nion i Ntroduced
into the bottomportion |c of the reaction colum 1. The 15 pipe line 7 is
preferably co FetlVe o hh uppRrapaYL 8t CPhelpoPEBARRer PLE%A9ER The
reaction syst empsdoide i andi ghe lreaction peoyuusef ih the vakicedsnsynt hesis
reactions usiBg farbo? nPnoxide and an.glkél nitrite ester., tg& exanpl e,
for a 20 produtit ¥R of’ a~f aF RGP oRal 4tET8 ?8r°5r°8r8P&|§9PX& Botdfe
ester. The reacte anixgdteas ehsbied, the di mbkgkiatabake iesberher batdioal kyl
car bonat e est : nt | S C ith.a high ce time, yield
and in a high%é%#§%$$v?§y§£ggﬁg %%%géggHsﬁg%ﬁ%banig?gsFigg ?ﬁsfhetéﬁocess
shown in Fig. teriahcygas pueferabpivduaéng totdral kphtexal afe ndstregefwhi ch
will be referrgdt9;d€aghQo gﬁrsfngfggrl%%sbgggggﬁﬁgg Abran end portion
thereof to a pipe line 22 for ?eedlng a_carbon noxi de gas into the
reactor. Al so,PE®EeFaREYoP Pa ?4%chrneetemesoand eheopipat! iode thef aon-
deliveripg thergastivacgaonoeony atdi 9gsapyalkyhimi,t hbke brewetl®150R0
portion 1d of 'the @g ct1on. col um %. Further _t he r&gcto% 21 i s gonnected at
anot her end pot®i Oh® tAer¥tiTs- a PrpemfFfiEias €8F WPEhAPEWERGCE QRS
fraction (e) gonkumhed may3Sohbhaineant aik@l. aThehpilpénl ithe 23atte odnaect ed
to a | ower porfi sorptio 4.,conn ed. a n. upper. portion
thereof to a 6?%%@I?%eégagfbrI?e%d?%égéﬁgnog 5698a§§%rg¥i%ﬁﬁﬁpédi§nd
conprising a |fextlenl kgrban cobrpxidaeanddorpanonléylumitZdties connected at
a bottogyportion thepgohitLodeR REnbkD8e23abOmhaP bRAMAWERT A thi ied
fraction generated in the abSorption_columm 24. The top 5 portion of the

absorption col ¥FAISA $3S cRRALP H°P61%KeapPBE‘ﬁPﬁ@t?VGPﬁaﬁhénr§§@tor 21, a
pl ati num gr oupaset@lneat abysd hsxcagt propdrtReher buRgite khe. rdacikhengas
fraction (a) gen &ateg in éh reacgi p.¢c Iunneé agd_cont%inﬁn% anhalkyl
nitrite 10 1s TOHTh b t R BARL BFS L PR ollgRSEE=pi B8 [ e 18 8nd"E
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 1lc¢. 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 response 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



carbon nonoxide gas is fed into the reactor 21 through the pipe line 22. In
the reactor 21, carbon nonoxide reacts with the alkyl nitrite in the
presence of a platinumgroup netal catalyst, to produce a dial kyl 15

oxal ate ester. The resultant gas fraction containing the dial kyl oxal ate
ester is wwthdrawn fromthe reactor 21 and,fed into the bottom portion of

t he absorption colum 24 through the pipe }lne 23. The fed gas fraction (e)
is allowed to fl ow upward through the absorption 20 colum 24. An
absorption IlqyrgfgggpnySng @ kbqubdcal kyl alcohol is fed into the upper
portion of the absor tion colu 4 and allome o f thro t he
DbSor pti on coumm. 980, BRBCPBRINGOGHE | PRELROADIS) Ciifes St TusRiak MR th
the falling abs@dpineﬁ hlqupdpbatZBncomnta@cu@menudnﬂdunumnﬂudﬁ d1d cadddow

t he di al kyl st.er be e te and conc trated the
absorption Ilqﬁ £g*§ d?@%u??ﬁﬂPg ﬁgd g P&&EPON © %fﬂgﬁnﬁV¥ jathe di al kyl
oxal ate éster extrageedmpnokhéeagaerpndomhb|mmhéqwiamtdnygam1qasnamme
absorption col hto +Ehe e i 2 | tgg:t

procedure for ?g@lgﬁtﬁ 5 Eg@ EH 8?95 ﬁ of §§§|§F§R§§§§f<$$5 é%da

absor ption I|q@1B0E9dU§Pn§19WdP§WBFﬁa$h§ﬁu@@IE@ﬁ Gﬁ@ﬂtﬂﬂﬂm¢QLvmﬂg?ndnto
Also, a resul t@ghe0agebrashkant (gl acanedirad lind ha g Aheiiil on Gplum 24

and cont ai ni ng nltrogen nonoxi de produced as a By- product of the reaction
carried out in®tBeSréagss Qﬁntﬁﬁﬁ FeaEtd@Nc dMbdn CRMGALFAIr BT al kyl

27 . ahigohol y¥apetioaBHipoBcEgast e tdiel %b@&ﬁbﬁicdﬁ%ﬂﬂthdra“ﬂ fromthe
top portlon of the absoggtlon colym 24 and fed, a nitrage

monoxi de- cont ai ni ngT &t EPFLI TGS, anFSrWﬁeoﬁopﬁ&ﬁ[9%%?@%1% Yof aifehol
][egct |hon 5hcol ﬂff’ﬂolthiar @Ug?tﬁ.bﬁ ﬁb%&mlnl ie Za,retf@g@ﬂlh 8" Wi ed IBe 0xigess gas

ed throu t L pe._li.ne n,this.cas t he reacti.o u Serves as
an al kyl gltrlﬁ%E%SBESFEFF8§Y |8nﬁ° ﬁé?eﬁf@ﬁ& F@eF%ﬁt#;(%%$zﬂr € ai"toho
is fed into 10tehwst of poiei onfldhef nileogeac vixdimesolimai ut iy m,ngiroaaqm pe
line 4 aad fal}sndQuRe! BhAUGRoLAE, 836! haR St ael G IRAGIA

cont ai ni'ng ni trogen nonoxi de_and oxygeén an into th ortlon I'c
of the reacti oRiEEPERA BOPPERABPRBAD CKNESHgH 1t & e St lcd ed gf-o15

comes into contpet rehtRibhecbalimhn@nal kih rdlgedh @londk i L AHHRIEIEdE Hrom
relationship ap n_is carrled out to re enerate an

alkyl nitrite. gﬁ gégﬁpfaﬁpgaaggﬁrﬁé ELE O f LM N X he YA nitrite

is wthdrawn fenbotihmetapofiotheobrbaesks bﬁetm@m@nayedﬂ)nnﬁanﬂldhaﬂd

| ntrodugad |0t gokDeheagt %eZ;‘l&gt&Og@i@E&,)%eL RePhel 1% Jnedldhald e

portlon t he rawn gas i s di'scharg rough a pipe line
6. The resul t apoLhinquindyf bacttiedn ifb)xheosttaite of tehanison-qrearired: dnod

al cohol and ni thbcpsekdnpLaduced 3% axd Aot lawacHima add n L he

bottom portion | the reaction colum and cont i nuousl hdrawn from
the bottom porPBR LENEhEBEghNE P& OdieHe MPNOK IS (936 B Q#R¥QH%WMramn

liquid fracti ofiohsxgtiecukgyed hhikedglyas eeOkBirch@ntra e Iditee 8 iard
30 portion_ 1 col u 1 and the

t i nt i
el i 16 por t FOR"OF “Pha bl ERAP N P quiRd B daficort o) 1S TR I3 t ho
upper portion fanokitlee gasaotroth? add rogeungtonoticiea axgaren onixdd hyas trogen

nonoxi de gas fed;hat h (RQr ti c r I he
pi pe line 11. gg q‘ﬁegptgagto?% f@l%?lt trolfgq'gé vix:neH}%nll 'ﬁagstggn ﬁnt)%]lg{(‘%é"g{bgnd t he
al kyl al cohol iR the abevermentdopesk g@giges carried out while feeding a

ni trogen nonoxide gas $WRSt-dRLkAlhY 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 liquid 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



- 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
5 reactor 2 and fed into the bottomportion Ic or mddle portion | e of the
reaction colum 2 through which portion thegalkyl alcohol falls down,
through the pipe lines 10 and 7 or the pipe |ine 13. The w thdrawn gas
fraction (c) may be directly fed into the bottomportion Ic of the 10
reaction col umiractthe fiedigasoduged dmtcl icoolasherb aroglefimed iyuide

fall | kyl t
from £ he reuct FOACCAPAmICL Ta gy SERvErithnly LoD aRted (RN o)
line 5. In thi §ré§§é°nt A& mettrulr(lfleé’mldlt}@r edpesd iy f b‘-;helsce;ﬁmrt in the

reaction CO'U”Eoluﬁﬁ“l@%a%bﬁ“b@%%é%% & HeO Ay ﬁd¥t£HﬁKHHHrEhé”béﬂ&%ﬁ
nitrite in the reactor th a high efficiency and can reduce the |oss of

ni trogen conpoﬁ@ﬁ?leﬁeofotgadF?@ﬁéﬁﬁ@ &P%HW?d|Wﬂﬂ%ﬂ#9¥ﬂﬁh%ﬂF?Qﬁe%ontalnlng

nitric acid andiguidh€raasidd koadailan dosn cormtrﬂsmrng;@m afkadtivt+ite and
ni trogen nonoxi_de. unt af the |tr en conp pent to be

suppl enent ed |ﬁf‘5cfl;’£8%ﬁ§§ctplr8ﬁ dCerhSc &F BE @é’
above- ment i onedostipheuspgci fioxrer gaeificarabdyst mnt&&@(ﬂl\ﬂ_t‘ﬁld‘he process of

the present ti mnll be further illustrated in the

foll ow ng exan%llg‘glgg etngnggJ hels?f% nc‘fuDo r?pér}% eéga#% Y he content
of nitril® aci dprecedueenofedhey adrkyilom 18@hatir mmttlroguaq:fqgezndncmcb}':idatam
and the conten another S _ar

chr omat ographyzﬁﬁgEn ?‘%Ar"ﬁ';& tocgglveq'lde i %ﬂ%@%%%aw hg EL capaC| ty
of 35 one Ii teifréﬁ@l@quspedl\hutth?Sat@t|rrerﬂ@tVJ¥m/|h’X'ge frRAC pla keaty pe

inpeller, a gaaeeeealtédn%zlt%eamérwstel&&eﬂ régucﬂoa?é ot¥¥h dortion of
| i qui d-wi t hdraw ng nozzle is charg W th Og of a 16.7 mass %

aqueous n|tr|ct5€|ae§8F&PPoﬁ°&H6m2§@§ @PHﬂQﬁﬁﬂlQQ(ﬁﬂﬂﬂr%ﬂﬁF%ﬁq in the
aut ocl aus was tembaeedumesmotfr anen gser Iutdien ivisiitin of ddmwired otdge. was

pressurized w ni_tro a r.essur G, .The m xed
gas of 10s by @gﬁuﬁ%‘og ? ?f r%%’ ndé)f\int?’ﬁe aﬁtqub]d%ﬁfa“{/%c“foerﬂr#%to t he
aut ocl ave at afédednmateh@fcxﬁcmﬂaﬁﬂadlamﬂtQMHunuﬁstdhﬂxﬁhﬁd(ﬁﬂitkmule
while the reacghgna§$§ge eﬁ%fgﬂ|@%g$n€}ﬂ%yg;ﬂujégntgga aetion in the

autoclave is wthdra thro the gas-w raw ng nozz e so t hat the
pressure of the reaéﬁ 6@%}@%@ rfrtawetmr@@m aroceditre hela)

tenper atyy e of thhecrieaul1ia®n ohy He@l® 1% ideeRAsad faoUE e haytiafter the
stage at which the tenper.ature of the re?ct on systemreached t he

0C,
conposi ti on of TEREt18Ngad s FLE iO5MSA ¢ e FHTHR T &t 1 FHTS

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 to 15 to 60% by mass,
more preferably 20 to 55% by mass.



liter/hour fromthe autoclave was neasured. As a result, the w thdrawn gas
fraction conprised 11.2 by volunme of nethyl nitrite, 2.1% by vol une of

ni trogen nonoxi de, 8.9% by vol une of nethyl alcohol, 2.8% by vol une of

wat er and 20 75% by vol une of nitrogen. Further, 3 hours after the reaction
tenperature reached 50C, the concentrationgf_nitric acid in the liquid
fraction contained in the autoclave was neasured. As a result, the
concentration of nitric acid was 9.5% by mass and thus the conversion 25
rate of nitric aci dxmmh@b@ufcﬁlgﬁbourprabednesul tﬁeaperszh@vm ofnthabl e 1.

Examples 2 to n.each pr.oc s as 30 in
Exanbl o 1 vor & CHIH AL bt TEkAcbt e haP™ e’ PEABEFON ¥ oRpEiARure dnd
pressure and ttemperatung cHndli to 066 ° @eardchanged0ds, smown prefellaely, 3and
in Exanple 7 e i C LA 1935
nole/liter of'%301§q¢68€f%gné$%tF%ﬁbg ggy%|§93£@ ? ﬁgr%¥ﬁe gglpts are
shown i n5Tabl efrlacmlpalp%tfw@ @ghpn@ 1 When3©heThersaﬁrétpp@c@d@|ceslua§ in
Exampl e 1 wer,£agkd oo ption CYECRhet PRLLARE,ANUEUS ANELREE 1861 ¢80l Whion

was replaced by 770g of a_ 11.7 mass % aqueous nitric acid solution and no
net hyl alcohorr%%%th?&eﬂoiﬁ@% theCaptEBdsOst nfPr FBakcitBes@PGVEon. One hour

after the rea%é@@lé@é@%@(ﬁwiﬁem&ﬁﬁﬁe@a5QC(bl)h§n§a$cf)r§<f*el @R tWistrhdeawn from
t he autocl ave throu the g ramn?ﬁ noz zk z fl ow rate gf 16.4
liter/hr was sUbf eﬁg%ﬂt%%n %egha9§g?§at elBak fr BWFEnSESEﬁPPsé §a§@6by

vol une b 10lhérxgmwwa@antmenl@h5&&bycyehuyﬁ ehenptodgen idnoxifdeit2i8% by
201 d duri ng 1 FS TRa3Th RS pr ST EaLY EolatOr Bobgi S8HC 116 SALFLUT FhEact i on
condi ti onsFl ovebeare-néMCotedr gaonPLessdr eohta¢t"” 2eaGrienperat bee
(G sStirring 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 1ld 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 alcochol 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 alcohol 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



speed (rom)ym xed gas (*)1 (h I~.ter/hr)concer.trat~on (*), (~ by
volunme)rate o~ nitric acid (gE vQ/hr)10.4

I SO_11001611. 2220. 45011005010. 5630. 42711006011. 27Exanpl e4l 0. 4

1 5011001A09. 7 1165~0 45021 0030011. 03160. 2281100 1166.0 170.228110C165.0 |
[Note] (*)1 --- A mxed gas of 10~ by vel wte -of nitrogen nonoxide with
nitrogen (*)~ --- Concentration of nmethyl nitrite in the 20 w t hdrawn gas
fraction Exanple 8 A reaction systemas shown in Fig. 1 was enployed. A
reaction col un®f 1mbbel, apfi vkpde thaneitrogenisgigasad@d25nizchdihght of 1400
mm and conpri sgg,@bigppes1seetion I a extending downward froma | ocation of
50 mMm below a top of the colum at a length of 800 mm and packed w th 100
nm Raschi g rings andefersies §ecFioh-1 b 8RfEehdi FHCdERAREA@T CORUAY deati on

of 30 mm bel owwébes 9t o0 BAY 8f lower3dection 1b in which the
5 reaction (1) of the alkyl alcohol with nitrogen monoxide
and oxygen is carried out and an upper section la in
which water produced as a by-product of the above-
mentioned reaction (1), and contained, together with the
alkyl nitrite, in the resultant gas fraction (a).

10 Preferably, the upper section la is connected to the
lower section 1lb through a middle portion le having an
appropriate length.

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 & 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 lb 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 lb 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 lb being connected with each other to form a body



t he .upper. section la at a length of 400 mm and packed with 10 mm Raschi g
rings. In to the reaction columm 1, a material gas conprising 6.4% by

vol une of nethyl nitrite, 12.6 by 5 volume of nitrogen nonoxide, 11.5 by
vol une of carbon nonoxi de, 4.8% by vol une of nethyl al cohol and 64.7 by
volume of nitrogen was fed at a feed rate of 15.0 N8B/ hr under a pressure
of 0.32 MPa G (3.2 kg/cn2 G into an upper part of a bottom portion |Ic
through a pipe line 7; 10 an oxygen gas was fed at a feed rate of 0.33
N8/ hr into thefbpthotipartobamic abrenghnaipi pegl.i nesr7a.and 7; and net hyl
al cohol was fed at t er f_2 feed rate f 3.5 liters/hr
into a top portion ?% gggtﬁ§5$é§8ﬁi888§%sgﬁﬁ f%PWPod@h é%ﬁlﬁeQ| %é 4. 15
The pressure ipreherakayti bhecdligomdlfwastéont (b))l edcumuladedPd G 0
kg/cnm2 G by | aged i h [ resul tant |iquid
fraction (b) g%%ﬂ%% ¥8L¥§OR ?8 gft?8%1§8?F?§ﬁhlg%o$mphé ?%hctlon colum 1
was wit hdrawn Qonthreagdly wipbdriwe shrAus‘hj ér ppoet ildme( 3,22 ofindre

wi t hdr awn |!QU%§r££@ﬁt snlvaéfleBEOQEEEQrbahola %qal%&a%tabnu%mngl% punp
(not shown in aced in the pipe_line 8 and cool ed. The ‘cool ed

portion (b-2) %?th%uPPahYd°¥raﬁfﬁeﬁlﬁéélweﬂaﬁﬁ@éU5@dalﬂtﬂwar5@@G§Pr2§ 360
liters/hr intothheughddl pipertine Be ahdt aemag@@t g@&t@@numb-ﬂh%ﬂ?(t@ieer 9
was operated soO. %Q t_the tenggrﬁ%urg.of tg§ . quid fractiqn in the botton1
portion I c of ThePEARE| ShIBSRURRETEEaR k8T adfuSPEFILNCHEEY K FiShi

cool i ngldat er hhal@gohereapendtne6umhe6015€bthheughdmLgmydnu;qnadketnxnot
shown in Fig. 1 o] fter th cti.on reach S

conditions, a g%% %?%% %éﬁ % ;u§8n€r%§|n §4t$§ ﬁpfoﬂdﬁg f’ nga q%e
nitrite, 4.01 bgagbdbun®, ofibkicogendnonoxadesdless4 bWAPMQﬂm@toﬁJnaﬂhnn
nonoxi de, u t > .alk go 92 .y I ni trogen
was dellvered2?$0n¥§#ep§og pg?t?§% ?gana EggFggépi ﬁ cgﬁ%cggeweﬁﬁbugh a
pipe line 5 athhtregan mpoexideefef throsghnther pipe l3nme Alls@nd wetdh qui d

fraCt'0@5C0”Drtﬁédnéﬁ—ﬂ%%9¥e33§§kgﬁ HEEBMBlaEEOQQE F%%t@%hb%kﬂ@ s, Qfy water,
8.6% by mass of nitric acid mass  of nitrite .and was

Wi Chir o ar SPPORAFAPE BELR Bel PrEFs fir OENEBEGPTERE™S HIFeNtine 3. 18 10
liter capacitytlaisochanwe thecfeéeraadeoﬁft8H813hﬁlwa$reﬁmh@medb)Th@to
reactor 2 was i t i vel JELer
and a stirrer €@%d9§§§%§%tgdkpgpgggggégﬁV 88§fr§&ﬁﬁ§Cted %@% t%@ % ec}gen
nonoxi de suppqusbnecélgnmd Shewhipn Ebgummﬁﬁt&dpupetMEnéorZOmor

di schargihng a fractko d t t he I fom t he
botton1ggrt|onﬁggyigﬁeigl%g gpée} ?E?éggﬁgwhﬁn 101 g%ﬁgtﬁéptﬁgn 2a of the
reactor 2 is coPn@edRE-to the bottom of the reactlon 15 columm |, and a pipe

line 10 through whighet BententPeEt tAB ABnokehbeckeaatkeyn 2o HeAnnect:ed t o
the pipe line 7, at a | ocat i, on ugstrean1to tEisconnectlon of

t he
oxygen- f eedi ng-bEped| FhECF4°BndPdokiis CPBERP ﬁnﬁﬁe“E%MHﬂaﬂﬁdoﬁhﬁwev and
ni trogen nonoxthtesfekdi agnpepe biEnehélnda- teabhedpap&jh REcbhdlnto t he

react or 23, o2 POghLonygh the.hit Bateenl (ubg Lhaction,trom.the reaeti on

col um was fed Irn an anoun rough thé pip ,alr in
the inside of fRacté@et bp Qemaﬁtréépééédlb?°n¢hﬁog@@¢@@§,2an@ 25 the inside

of the reactor 3eﬁ@§a9l95§5hh%8ﬂléhtQotﬁg @bt@@ge®y9%és%0 FoHeessure of 0.3
MPa G (3 kg/c gin the nitrogen nonoxi de_g he materi al as) is

i ntroduced at %?? e02PLYe28f to RAB/ RY PAGS -t hél FPqU| f CREHESFT in the
reactor 2 throngbribeapipecbnieihéd 38 whel gorheon qu-d )f ECtihen Wikuiidn the
Feact | ofibsyot eht AEETPROKBIs S8 PBEo0RREAASa L T ar P R0 PGt B 608
wi t hdrawn t hr onghméae prpéebsne 28 sa tibaprefierpees sivae ametbdkwéactlon
systemin 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
35 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



35 tthe reactor 2 is maintained at the above-nentioned |evel.

Si mul t aneously, a portion (b-1) of the withdrawn liquid fraction (b) from
the reaction colum 1 was introduced at - 33 afeed rate of 1.75
liters/hr into the reactor 2 through the pipe line 3. Al so, a resultant
liquid fraction (d) generated in the reactpr 2 was withdrawn at a flow rate
of 1.61 liters/hr through the pipe line 12 so that the 5 reaction
tenperature was mai ntai ned constant at 50C and the liquid | evel of the

reaction Syst%ﬁﬁdf%ﬁ‘@i%@ﬁd@%é@%nﬂb? beqdhd Yehue off RhouWhL Q. 8
liter. The withdrawn i fraction (d) had a conposition of 58.0 by nass

of et hyl aIcdﬁ%@taBWs4W%9eﬁBE§°6¥C§@ #at &r PY3P7RAEF tnRss the FiedGtd Saci d

and 0.4% by ness efie n®lkyl #i¢6héE. witht hetregehi aBnoiidee aheaeikgiged the
conver si on ofH%%éric ac%g was 60. 4 b% B s..AIRsTgé t he wi t hdrawn gas

fraction (c) & cHRPOSi FTAR b0, 35 %; DOFGMESof nethyl nitrite, 10.03
by volung of carbonIid5thei oxaceer 12, 38 bytvobenemohoxadbo@asodsxide 4.74

by vol une of rgﬁ{?gdggg h9ﬁ¥§nQR€B}§§ by ¥9%§€?09f 093?91%% W%Sgﬁﬁh

i ntroduced at om1ra I nto rea
the pipe |inesrd@ctemd 7. tkoowghed pheerdanei oh éoddthﬁomgapmlDMeOﬁeabﬁlon

colum 1 and trﬁﬁff@%é’id%P@Haﬁftfégghemoﬁgﬁleewﬁﬁﬁ' tt'h‘é”a‘i glh%l%%ﬁol

fraction (a) d vered fromthe reacfion colum t hr oug pipe |ine 5,
was subj ected ¥ ¢deryad anhl yaeer thenasbisnpti Pﬁ@éspﬁ§tﬂ€h@r§§§uﬂ”ﬁa@tﬁ on

(2) 25 gompri sertyd: 5o,Ry1¥0L uP: ohg TeREYL 1 BLLEI Eeacdi89 by vol ure of
nitrogen nDnOX|de gg B]P%ma of carbon nonaoxi de an 79 by vol une of
%

met hyl al cohol %H%r%itS%e nBibFoRehr BGRRXAAR HaS &élﬂ@éF@@uéﬁda t ot al

flow rate of lin€d W&/ heacBOr Exaanlietle Theasatenr eactia@ ipdooR@ULRHRS | N
Exanmple 8 were carried out excep t_that % e reaeﬁ on te erature L n.the

aut ocl ave reactors ﬁ%sagﬂ%%gﬁg f?%?%gﬁ £5198 e§%cAPF FStRE tgpﬁ&Fature
and liquid | evetirmingetbeat bidave feactmonZ(beéane Shalthes rbachuQM|d

fractio (d) r e a w,_k at 34
1.61 1i ers/h %y%icon é 9?{{85%5 HS 8§ F ng %hg 5%%ng§ mate of
39.2 by nmss, ﬁﬁ4¢¢€°%cfﬁdoin§°QDh%yrﬁﬁggoéna ﬁﬁ?h?Pbﬁﬁﬁﬂﬁﬂéléﬁ drew py

mass and eXW[EE&ﬁ 21 EPBYER SbRD1OE PLHELEaCHTeO 07908 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. 1In the case where the
nitrogen monoxide gas fed into the reactor 2 is supplied



5 Also, the gas fraction (c¢) was wthdrawn fromthe reactor 2 and
introduced at a flowrate of 2.1 NnB/hr into the reaction colum 1 through
the pipe lines 10 and 7. The withdrawn gas fraction conprised 11. 1y by

vol une of nethyl nitrite, 8.86 by volume of nitrogen nonoxide, 10 10.98 by
vol une of carbon nonoxide, 7.21 by vol une 0f sethyl al cohol and 61.79 by
vol unme of nitrogen. Further, after the reactions in the reaction colum 1
and the autocl ave reactor 2 becane stable, the gas fraction (a) w thdrawn
fromthe top pbigqibd fdaotiohecabtadnedi don tbeumeattolr @ugh Thiee pipe line 5
was subjected nal ysi I opfi ot draction (a)
conprised 15. 6%9%§93€|%n%§0 °% Ehmﬁéﬁgtgﬁténgg %g§g ?%F%ﬁ% of nitrogen
monoxi de, 11. 390®§twbmnh@nofa§algbﬁ ﬁﬁnéh?déeagtlQHbev@ﬂﬁﬁéCOBQﬁiI%ch

al cohol and 20,638 eQYmUQbHEEeOEnH'EH@QQ@k?@daW@%hEﬂIQ@%aW% A fe el
flowrate of 15,19 NnB/ hr. Conparative Exanple The sane reaction

procedur 8s as Whtﬁx%nﬁﬁﬁl%fQ%F%rZSeEQFFF@HCBuﬂneﬁéépFe@ﬁépraﬁl t he

procedures rel atingrhée fé@ca@fozlmuy heaet ar s2ngilechédichdonf @paeamy @ the
introduction of.the.l]j fraction gb%ﬁfron1the reacti on col.um %b d t he

feed of the niRtohRht nB He2G5EOAndCtheCP8alli BAYi P8 FOTSEAEHGED TTRE} e
omtted. 30 Itama$ngbeffeaeﬂorhar ahplnralntyaoﬁdrpandnuedc@&n&c&ﬁdproduct

by the reactiaon, ] r on_c n i,zed C he
target methyl %}%gi%£$ha§§ﬁ%hugntggy |ela¥ai ﬁgr%%%ﬁll nF%%lgégg%U dEnot
be incrédsed. B3y | NODUSTRERE APPR @B&Lrwcmenpveeegi ofitthe sregwmer,

i nvention enabéfsaaﬁul¥ls§§%e gégngBgt&biﬁmBO R i RIUS gﬁ'a||y§%5@%k Fd

with high efficlen romnpitric acl nitrogen nonoxi de an
al cohol . In th%e®¢5é%%sc%¥u@ﬁe°5réséh?VPn§é6V|6ﬁacﬁﬂpﬂl§°ééﬂ@ -pr ddu as a

by- product of feprecs8Sis0s §hEe-Diguoduebhencef radcalibyl, Winen e from an
al kyl al cohol, nitrogen npnoxi.de and.oxy gen can.be utilized to enhanﬁf t he

yield of the t3ryEfSarRGPIRAPERi TRACAISR, VPASPRe 15 HEESS o8t & REamOLe

inventiqQl{, an ggelestusrsdhgt appapbtast nustabedpirbvaded atithelayy lidweller
concentration an al coho oduce the t ar get

alkyl nitrite % hahfﬁga5¥f¥%?8ﬁc§ap?ﬂ epchﬁgérSFnﬁh I’hﬁréfélﬁtJ‘lr‘i’\/entlon i's
very useful fosysteynvhehis heghtsbmrnsnggeaf1ambacyabndompmu@dsgaan al kyl

nitrite ester oL, 8X ; agl tiy fy di al kyl
oxal ate ester %gg%gg%ggg %g?gé%g % s%e8 Q?H&Fﬁfs sﬁﬁgﬁ %%% qggggs t he
process of theC@m%@@hteﬁﬁw@h@neﬁ coﬂbﬁﬂbat@gltésﬁééﬁeé§ﬁﬁ§lpﬁede@@noﬂs

nltrogerCOHDO@gaas §U§Qcﬁ§nelﬁatsrﬁsndhdvgngoathagﬂl%@@angauqh e tlalequi d
fraction and as ? tritée and 20_ni troge ngnOX| due to the
di scharge of tHk b%ge??%choﬂregﬁﬁ@?AYeBaﬁ gh@ PE&dPion of an al kyl

al cohol with nitrogen tbaoxedetand2pxyhenreandtsati ggst Heasttppnenent ati on
of the nitroqe@oﬁ@QPRfﬁQt§he 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 1b 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 (¢) 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 liquid fraction



- 36 CLAIMS 1. A process for producing an alkyl nitrite conprising
bringing a nitrogen nonoxi de gas into contact with an aqueous sol ution of
an al kyl alcohol and nitric 5 acid, to produce an alkyl nitrite. 2. The
process for producing an alkyl nitrite as claimed in claim1, wherein the
al kyl al cohol has 1 to 3 carbon atons. 3. ?pe process for producing an
alkyl nitrite as 10 clainmed in claiml1, mhereln t he aqueous sol ution
contains nitric acid in a concentration of 60s by mass or |ess. 4. The

process for prﬁﬁﬂﬁ'émbéﬁh@ﬂky&p§1§réé§r@é gbai PR hA+ebakM honWhabel Rot he
aqueous solutlon cont ai ns al cohol 1n a concentration of 5 to 70%

by mass. 15 5.PernEedriote’dstherber ﬂ%cPﬂﬁtéﬁnaFRfoanﬁlF§a§§l@Pa|ned in
claim1, whereaidide conta€teoimphe, nivhepgeanmanryildaigastwi bRtklre igqueous

solution of the a al cohol dnitric ac s.carrie
t enper ature ofP ?9%ﬁ§§ﬁ:Y%FQ%O%?P%ﬁ%%ra%ﬂuﬁﬁb?gnPlﬁFﬂﬁ?Bh@Ppexégepﬁéssure or
nor e but5not|nmm£ulﬁmedka5bugh &. pdfbéuptdoessyboempiaduwting aheakbRikly 1

nitrite as cl 1 acléﬁéﬁ&%% thS {thbg 98#8?H5958H%E'8nd9 %h al kyl

al cohol and ni er c alns a Cca rises a east one
nitrate salt cﬂXiiinq)Rﬁ¢du©©$®msszstemcephefﬁeeglaatﬁunfgtbapnaﬁtabsnand

of Group IB nﬁﬁ@ﬂ%%fﬂietc?@s EX 6’%1%@9\/\#@1:0? 2TE§ EE@‘EF%b&?ScBE‘E%‘i'l@Q a”

al kyl nitrite as al med a|n1 ereint present in
amount, in ter¥s %Hchmﬂeﬂan%# blat biheeEeaeEipBsef Eageélgﬁloﬁlcpﬁélnass of

the aquegus sQfikh O oM & Mhdlok DEe ahKY | oﬁ%@@ﬁohnaﬂﬁenkbéb‘ﬁlé\%‘n @olﬁmntTEe
ereln e

ﬁr?fgSanﬁgno%?Hg'ﬂ%g fggggg ?a&%f£$%$ fk%é ?hSﬁPﬂFtWéﬁ@hgg%#88§nproduced
due to 35 the neseide aidnolecid ascodygenthe tbechbkr agenonheexi de gas. 9.
The process f‘Eréﬁué%%éﬁmkfghé%§¥es”é%é'ﬁgt Rindgrgai 3&Zlhere 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



clainmed i.n claiml1, wherein (A) the aqueous solution of the al kyl alcohol
and nitric acid is prepared in a reaction columm by procedures such that
the al kyl alcohol is fed into a top portion of the reaction colum while 5
allowing the fed al kyl alcohol to fall down through the reactor colum;

ni trogen nonoxi de and oxygen gasses are feggseparately or together into a
bottom portion of the reaction colum while allowi ng the fed nitrogen
nonoxi de and oxygen gases to flow upward through the reaction 10 colum and
to react with tihe fal inbgodlbkgtd aheohehe mhedleswploradiongds fulaeiign the

cont ai ni ng al i ey gas Le hr.o a.top outl et of.
reaction coluﬁﬁi%ndiiﬁé ?eSUFPaﬁﬁ8|Ié§Ing%£8tgg &ﬁf%Q?qu?qq? 1ée 18
non-react ed al kytradicoddl iand hargecamoudtdissol vhe ineagatosr 2,s 15

col | ect ed L, pPorLompor 0D, 8hot BEaEEach! B CRTL: AN (A conbact o

liquid fraction 1s wt wn om the bottomportion o e reac on col um
and a poPtion Bit¥heew hdia@Atlyghngrpaucedoantts Bad Uppes aDarréTa@tforthGand

(B) in the real%@f@map«B}:EiQEe@c”QE‘oihg@ i bip %Ol%féuqhtae ratqovc%tl%t with
the fed liquid fraction produce an al ky nltrlte 10. _-The process for

produci ng an aWR?Yrﬁ?Tr#?etB§ EPﬁﬁﬁéanlﬁthBPﬁPchﬁh§%Q%1%i%ﬁmiqr@%ﬁlon

produced in thexygest 0§ eofneeveai ﬁbnﬂhéhplpbk)ﬁln@l 7r ian@ idowdsitidEaawn 25
fromthe reactfr and |nirod ced |8t B |on | oc ted 33 en t he .bottom
wpae d

and niddl e portTPRstBF tRE3FERR P mir et Répﬁn G4s faedti%n i s
al | onedl1to fl awitpogend nogekhde MDtbhéheegaﬁotracnsonomm@duQQUﬂdﬂtmhe

reactor colu o] the_re I d O.refi d W th.the
falling dommng?igé E?Q%h@lag ggggﬁegg Egae él%ylgﬁﬁngpg & gf%ﬁﬁlo@Ered
t hrough the tofc but$ enigedtWbthehbei phtsopermmondxike Igra@c@sxsi fedrenpmadinci ng
an al kyl n'tr'Eﬁéa§x§§@h”§Qs'Qn8|§h€19esﬁ@€5ﬁ%nmﬁQ%dn OQ%” %QQQﬁhg%dgas

for 35 the reactor 1S sup romthe same source a
reaction coIun%PtQZtthEOEFQEeEQrFéPnpi@dgélﬁbeaﬁeépﬁypnnﬁpﬂﬁm@ ds The -

38 claiged i pchai Mfe V\h%eFBeEBEaBQ&tb@Hn@EthetU A dpheaCiaan bed from
t he bottom of the reaction colum_into the reactor contains nltrlc acid in

a concentrati o€ JPOeBIR bPORRESN 0 CFess and the non-reacted al kyl al cohol
inSa ConcentratlOnh@frééctQoﬁosybyemasBowi31nTFQgprQCQ&SZfQ@ @@Q@UClng an

al kyl nitrite dincla ar.tion the liquid
fraction with eFu? ge t%%r%B??oﬁ¥BB$hF6ﬁ SFaFﬁéOPEaEF&PQCSPﬁ%Wnls cool ed
t hrough a coolmwn@ndd$e@ydled ahkpll0inrddkeeporti ofouf etkhapleactiioona
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13, wherein the recycling groce ure e another portion o e liquid
fraction fromSEHePHOREBNEPBEF onThAt BSRRELANIEY ELEBr ENGR1EHr Sigh diRékydol er

15 is continuottsdyatarésedrodt, awdibekyd) chkPBohaeXClisherl @t bel N terms
of , mass, of the anot her gortlo racti on |s controlle% t,o 50

00 500 11 s LEelt SauShaPe br R Ebde v Erhdch ok BBRED D eI S the

reaction col unm;hl¢h(belebeivotal by ahprbeedsrahewnlﬂnteuqs af. nole, of
t he alk!g alcohol |fﬁotﬁge £8?§E%OQ FH a0 tge reggg %%g 5qt%o in terns
% P ol con ﬁ

of nole, of the non-reacte ai néd i n the recyclea portion
of the |iquid PFREEFHRTi & @éﬁikﬁll@daiétﬁoe§§e£5®wb#ﬁ§sWﬂﬁé beegeferred

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 1d 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



25 rate, in ternms of nole, of whole nitrogen oxides into the reaction
colum, and (c) the concentration of the non-reacted al kyl al cohol in the
liquid fraction collected in the bottom portion of the reaction colum is
controlled to 15 to 60% 30 by mass. . A
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L$10983&' () ~g996 R t9-hekextracted and concentrated in the absorption
liguid. The resultant liquid fraction (f) comprising the
dialkyl oxalate ester extracted in the absorption liquid
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
liquid 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
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he material gas containing nitrogen monoxide and oxygen
and fed into the bottom portion lc of the reaction
column 1 flow upward through the reaction column 1 and
15 ~ 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 1ld of the reaction
20 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
25 by-product is accumulated in the bottom portion lc 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
30 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.
35 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
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The resultant gas fraction (c) containing an alkyl
nitrite is withdrawn through the top outlet of the
5 reactor 2 and fed into the bottom portion lc or middle
portion le of the reaction column 2 through which portion
the alkyl alcohol falls down, through the pipe lines 10
and 7 or the pipe line 13. The withdrawn gas fraction
(c) may be directly fed into the bottom portion lc of the
10 reaction column 1. The fed gas fraction (c¢) is washed or
refined by the falling alkyl alcohol and withdrawn,
together with the gas fraction (a) from the reaction
column 1 and fed into the reactor 21 through the pipe
line 5. In this case, the nitric acid produced, as a by-
15 product, in the  reaction column 1 can be utilized 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
20 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.

25 EXAMPLES
The process of the present invention will be further
illustrated in detail by the following examples.
In the examples and comparative examples, the
content of nitric acid is determined by an ion
30 chromatography and a titration and the contents of
another compounds are determined by a gas chromatography.

Example 1
An autoclave made from SUS 316, having a capacity of

35 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
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nitrogen monoxide with nitrogen was fed into the
autoclave at a feed rate of 16 N liter/hour through the
gas feed nozzle while the reaction system is stirred, a
portion of the gas fraction in the autoclave is withdrawn
10 through the gas-withdrawing nozzle so that the pressure
of the reaction system in the autoclave constant, and the
temperature of the reaction system is increased to 50°C.
One hour after the stage at which the temperature of
the reaction system reached 50°C, the composition of the
15 gas fraction withdrawn at a flow rate of 19.2 N
liter/hour from the autoclave was measured. As a result,
the withdrawn gas fraction comprised 11.2% by volume of
methyl nitrite, 2.1% by volume of nitrogen monoxide, 8.9%
by volume of methyl alcohol, 2.8% by volume of water and
20 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
25 rate of nitric acid was about 2 g/hour.
The results are shown in Table 1.

Examples 2 to 7
In each of Examples 2 to 7, the same procedures as

30 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 Example 7, the
aqueous nitric acid solution was added with
0.2 mole/liter of a catalyst consisting of cupric

35 nitrate. The results are shown in Table 1.

Comparative Example 1
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S out, except that the aqueous nitric acid solution was
replaced by 770g of a 11.7 mass % agueous nitric acid
solution and no methyl alcohol was mixed into the aqueous
5 nitric acid solution. One hour after the reaction
temperature reached 50°C, the gas fraction withdrawn from
the autcclave through the gas-withdrawing nozzle at a
flow rate of 16.4 N liter/hr was subjected to an
analysis. The gas fraction comprised 9.5% by volume of
10 nitrogen monoxide, 0.5% by volume of nitrogen dioxide,
2.8% by volume of water and 8.72% by volume of nitrogen.
No conversion of nitric acid during the reaction
procedure was recognized.

15 Table 1
Reaction conditicns Flow rate of [MN Convarsion
Pressure|Temperatura|{Stirring(mixed gas concenktration|rate of
’ speed (*): (*) . nitric
acud
{MPa G) (°C) (rom) (N liter/hr) | (% by volume) | (gHENQ,/hr)
b 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
Examnple| 4 0.4 50 1100 180 9.7 16
2 Q 4 50 2100 300 11.0 31
& 0.2 28 1100 18 6.0 M
7 0.2 28 1100 1€ 6.0 1
[Note] (*), --— A mixed gas of 10% by volume of nitrogen
monoxide with nitrogen
{*), -~-— Concentration of methyl nitrite in the
20 withdrawn gas fraction
Example 8

A reaction system as shown in Fig. 1 was employed.
A reaction column 1 had an inside diameter of 158 mm and
25 a height of 1400 mm and comprised an upper section la
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 lb extending
downward from a location of 30 mm below the bottom end of
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volume of nltrogen was fed at a feed rate of 15.0 Nm/hr
under a pressure of 0.32 MPa G (3.2 kg/cm® G) into an
upper part of a bottom portion lc through a pipe line 7;

10 an oxygen gas was fed at a feed rate of 0.33 Nm’/hr into
the bottom portion lc through a pipe lines 7a and 7; and
methyl alcohol 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 lc 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
liquid 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 liquid fraction in the bottom
portion lc 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 conditions,
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.
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two steps of disc turbines and a level meter and a
stirrer, and connected to a pipe line 1l connected to a

10 nitrogen monoxide supply source (not shown in Fig. 1), a
pipe line 12 for discharging a liquid fraction (d)
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
portion 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
liquid fraction from the reacticn 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 (b) 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 portion (b-1) of the withdrawn liquid

fraction (b) from the reaction column 1 was introduced at
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5 reaction temperature was maintained constant at 50°C and

the liquid level of the reaction system is maintained
constant at a liguid volume of about 0.8 liter.

The withdrawn liquid fraction (d) had a composition
of 58.0% by mass of methyl alcohol, 37.4% by mass of

10 water, 3.7% by mass of nitric acid and 0.4% by mass of
methyl nitrite. In the reaction in the reactor 2, the
conversion of nitric acid was 60.4% by mass. Also, the
withdrawn gas fraction (c) had a composition of 9.42% by
volume of methyl nitrite, 10.03% by volume of carbon

15 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.

20 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)

25 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.

30
Example 9

The same reaction procedures as in Example 8 were
carried out except that the reaction temperature in the
autoclave reactor 2 was changed from 50°C to 70°C.

35 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
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of methyl nitrite, 8.86% by volume of nitrogen monoxide,
10 10.98% by volume of carbon monoxide, 7.21% by volume of
methyl alcohol and 61.79% by volume of nitrogen.
Further, after the reactions in the reaction
column 1 and the autoclave reactor 2 became stable, the
gas fraction (a) withdrawn from the top portion 1d of the
15 reaction column 1 through the pipe line 5 was subjected
to an analysis. It was confirmed that the gas fraction
(a) comprised 15.69% 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 8 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
not 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
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alkyl nitrite to be industrially produced with high
efficiency, from nitric acid, nitrogen monoxide and an
alkyl alcohol. 1In the process of the present invention,
nitric acid produced as a by-product of a process for the
5 production of an alkyl nitrite from an alkyl alcohol,
nitrogen monoxide and oxygen can be utilized to enhance
the yield of the target alkyl nitrite. Also, in the
process of the present invention, an agqueous solution of
nitric acid in a relatively low concentration and an
10 alkyl alcohol 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 compounds, an
alkyl nitrite ester and carbon monoxide, for example, a
15 production of dialkyl oxalate ester or dialkyl carbonate
ester. In 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.
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CLAIMS

1. A process for producing an alkyl nitrite
comprising bringing a nitrogen monoxide gas into contact
with an aqueous solution of an alkyl alcohol and nitric

5 acid, to produce an alkyl nitrite.

2. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the alkyl alcohol has 1 to
3 carbon atoms.

3. The process for producing an alkyl nitrite as

10 claimed in claim 1, wherein the aqueous solution contains
nitric acid in a concentration of 60% by mass or less.

4, The process for producing an alkyl nitrite as
claimed in claim 1, wherein the aqueous solution contains
the alkyl alcohol in a concentration of 5 to 70% by mass.

15 5. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the contact of the nitrogeh
monoxide gas with the agueous solution of the alkyl
alcohol and nitric acid is carried out at a temperature
of from 0°C to 200°C, under an ambient atmospheric

20 pressure or more but not more than 20 MPa G.

6. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the aqueous solution of the
alkyl alcohol and nitric acid further contains a catalyst
comprises at least one nitrate salt of Group VIII metals

25 except for platinum group metals and of Group IB metals
of the Periodic Table.
7. The process for producing an alkyl nitrite as

claimed in claim 6, wherein the catalyst is present in an
amount, in terms of metal, of 20% by mass or less, based

30 on the mass of the aqueous solution containing the alkyl
alcohol and nitric acid.

8. The process for producing an alkyl nitrite as
claimed in claim 1, wherein the nitrogen monoxide gas is
substantially free from nitrogen oxides produced due to

35 the presence of molecular oxygen in the nitrogen monoxide
gas.

9. The process for producing an alkyl nitrite as
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fed separately or together into a bottom portion of the
reaction column while allowing the fed nitrogen monoxide
and oxygen gases to flow upward through the reaction

10 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 1is

15 collected in a bottom portion of the reaction column; and
the collected liguid 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

20 brought into contact with the fed liquid fraction, to
produce an alkyl nitrite.

10. The process for producing an alkyl nitrite as
claimed in claim 9, wherein a gas fraction produced in
the reactor and containing the alkyl nitrite is withdrawn

25 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

30 refined with the falling down alkyl alcohol, and the
refined alkyl nitrite gas is delivered through the top
outlet of the reaction column.

11. The process for producing an alkyl nitrite as
claimed in claim 9, wherein the nitrogen monoxide gas for

35 the reactor is supplied from the same source as that for
the reaction column.

12. The process for producing an alkyl nitrite as



" #$96Ti mes New RomanAri al Courier New'h Root EntryWrdDocunent: S
I"H#B9& ()*+,-./0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

" #SYR ()

10

15

20

25

30

- 38 -

claimed in claim 9, wherein the portion of the liquid
fraction fed from the bottom 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 €0% by mass.

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

14, The process for producing an alkyl nitrite as
claimed in claim 13, wherein the recycling procedures of
the another portion of the ligquid 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 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 thte
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

(¢) 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.



