1 SPECI FI CATI ON PRODUCTI ON METHOD OF METHYL METHACRYLATE Technical Field
The present invention relates to a nethod of producing nethyl nethacryl ate
. More particularly, the present invention relates to a nethod of producing
met hyl nethacryl ate, having excellent features such as producing ability on
the scale of 100000 tons or nore a year land econom cal. Methyl nethacrylate
is inportant as a raw material for synthetic resins and the |ike.
Background Art Japanese Pate i i Lai d- Open (JP-A) No.
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and this is used as a starting raw material and reacted with carbon

nonoxi de a : ol..in the presence of a palladiumcatalyst to produce
met hyl netﬁgggﬁﬁggg.Ffﬁﬁg production nethod is an attractive production
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met hyl nethacryl ate can be produced at maxi num ( PETROCHEM CAL PROCESS p. 29
(The Japan PetroleumlInstitute ed., Kodansha, published in 2001)). (2)

To coIIecthgk%%gPEBOQQQng m xtures of propyne and propadi ene froma
plurality of ethylene plants, for increasing propyne feeding anount, is not
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foll ow ng steps:
material and reacted with carbon monoxide and methanol in the

presence of a palladium catalyst to produce methyl methacrylate.

This production method is an attractive production method



Ther mal deconposition step: a hydrocarbon having 3 or nore carbon atons is
thermal | y deconposed to obtain a deconposed gas having a total content of
propyne and propadi ene of 2 wt % or nore, Separation step : mxed liquid
rich in propyne and propadiene is separated fromthe deconposed gas
obtained in the thermal 4 deconpositiongstep, Propyne purification
step: the mxed liquid rich inpropyne and propadi ene obtained in the
separation f%gguis subjectﬁgvto xtraction distillation, for separation
into purifisdpropyfed SAGLdr THEY5To ki SHEOS 0RRAI ARRGL HE opAdirerreluas righe
mai n conponent i zati on step; the_crude propadi ene obtained in

sone
t he propyne %ulpy}i%%‘f*l%ﬁrgﬁ@ﬁei‘S’ngoﬁéﬂ?‘zé(éleilﬁ’-the presence of an

i sonerization CAaét aldéldsitrig thPObt ai n crude propyne containing propyne as the

mai n conponent At botRY&EFb9asiep: tthethar idnsappr opywendotrai, ned

in the propyne Qurificatg on step is reacted wth carbon nonoxi de and
met hanol i n THe' pf edErfitt & T4 ogigmsevPn thetstakard 180080 stens aompreduce
met hyl neth creglratee. Eri gf D.es}g:r,i pti on of Draw ng Fig. 1 shows an
exanpl e of TPOWSi Rt Re 204t 1! dRRIRMIM A L hedyrasagecupviencommodi ty
Expl anation_,of narks A: therpnl deconposition step B: separation step C
p chiem ff % 4 EE 4 0
propyne purlrfl Carfon $Tep Rt ¥onetf2atibndeeepoEtvearparghat descstibpdF:
net hyl nmet hacryl a urjfi.cation ste 5 Moddes for Carrying Qut the
Inve%tionIE%IgW,%%u%,Jj:1sruﬁ:necegéarllyeconomically%n:gndustrially
advantageous production method.
(1) The content of a mixture of propyne and propadiene in
a decomposed gas in naphtha thermal decomposition or ethane
thermal decomposition is as extremely small as 23000 to 33000
tons per 1000000 tons of ethylene in the case of naphtha thermal
decomposition and 1000 tons per 1000000 tons of ethylene in the
case of ethane thermal decomposition, and even if adjacent to
an ethylene center of 1000000 tons class, only about 50000 tons
of methyl methacrylate can be produced at maximum
(PETROCHEMICAL PROCESS pP. 29 (The Japan Petroleum Institute ed. ’
Kodansha, published in 2001)).
(2) To collect by transporting mixtures of propyne and
propadiene from a plurality of ethylene plants, for increasing
propyne feeding amount, is not practical since propyne is a
compound containing a triple bond and having a risk of
decomposition explosion. Thus, the scale of the methyl

methacrylate production plant is limited to 50000 tons a year

per plant at maximum as described above.



The present invention includes the follow ng thernmal deconposition step,
separation step, propyne purification step, isonerization step and

car bonyl ati on step. The thernmal deconposition step is a step in which
a hydrocarbon having 3 or nore carbon atons is used as a raw material gas
and thermal |y deconposed, to obtain a degonposed gas having a total content
of propyne and propadi ene of 2 wt % or nore. For exanple, by thermally
deconposi ng a hydrocarbon having 3 or nore carbon atons according to a

met hod described in US Patent No. 6333443, a deconposed gas having a total
content of yne and propadi ene of 2 wt% or nore can be obtai ned. The

f eedi ng gasgfig@%%%%e%?e?g%nyﬂ%m@l% a raw material gas, a recovery gas
and steam The raw material gas is a hydrocarbon having 3 or nore carbon
atons, prefer alSJIr F MAffocat PO PEIRFeS 8 bRea PEESsaT Ot o kxanphes

t hereof include si rtLgI e gases sel ected from propane, propylene, butane,
1-but ene, PBIRENET PESRUELRE, 2 MSEHPCeRE RiERAUfAREMEREY LorehhRe8Y dates
conposed of two or m)ﬁ of them The recovery gas is _a gas separated from
the separatTOfFRd EFCEE LEPOPYTRE MRS FHERIE DRYSEEFINTHRD Widuhendthesseahti s
usually in t{e ¢€§§ of 0.1 to 5-fold by weight, preferably 0.5 to 2-fold
by wei ght % H (g ctO1DH PheMBt oF WM RYf CEMRORAGAtat eri al gas and the
recovery gas. gﬁ% 6 reaction apparatus is a tubular deconposition
furnace, and c PEGEERT o N ECR BN el YT ai N GRS ek Y ﬁ&%ﬁ?nmt%@angaw
materi al over-heatjng part and radiation part. The raw material gas and the
recovery gé‘éeqf%‘?f ééf Jé}kbr'éhﬁe&q”ﬁg‘fnﬁar L afd e et 8d. PtRe sardded

to a gas to be déschar. ed fromthe pre-heating part, and fed to the m xed
raw materi &’ 1At G .p‘3lf1‘ﬁ:5J PRRpR LS ESPRle hedttihe WS [afemore

radi ation part is usuyal in the ran f 400 to 1100C. The tenperature in
the tube i sg%oﬁrliéecfgilpebgt%?tb%mb&%t gﬁ?’?‘léﬁd ‘?%%p‘eersd%]tﬁ'%‘tglrﬁééioélﬁtd Hagt

exi st. The pressure i.sC usual lﬂ;’é in the ﬁran e of 0.01 to 1.0 MPa, preferably
in the r_anégroo‘?yrff 0¥ 8 098alpLY Whichh LR phet iSoRISEsd ste shephpt
separating mxed liquid rich in propyne and propadi ene fromthe deconposed
gas obt ai n&¥fY q‘iucheer i O Yo sit3n {te £oken Spkci FFEneRAFPlLE of

this step inglude enbodi nents shared with a part, for exanple, a separation

step of g pa}dgvna}n ap%epciﬁsglryng‘?@“ %ﬁ%‘?\ eb‘?%?f}f) 1bgd I oahRe? %dh%l%ggﬁc,i

met hane, ethane, e ene ropane, propyl ene, butenes and aromatic

hydr ocar borFr}baynC tlﬂ%ﬂ#ﬁrl g‘%@%&ﬁ&@?&ﬁgp‘? %;18‘? o@&roﬁlb‘r‘feﬁla\ﬁciﬁloémt?ﬁ]iby cafBon

at ons. Herei, het h dlrocar%on havi n ﬁto. 0 .carbon at ons inlgl ude at | east

one sel ect ecPC%ursorﬁ itapht ha VB A9E Sy ajn% éﬁt?e?ﬁ&ﬁé’.ne takow At hat

specific ar’éqlbojreftercggllffe enbodi ment Si)f Iot hf separatjon step, .those including

the fol |l owing steps are e@%ﬁg?{ﬂai ghagrylate gRrg Lkﬁqs]tcir}'l at-f8R18CeptOt he

deconposed oht.ained.i.n the therml deconposition step is cool ed, then,
ToaCH R R Ss (the BT T e P

fed to a fir Ated into a fraction |
conposed of a lfllyl rocar bon having 4. or, re .carbon. atons_taken oyt Jromthe
an od of

col utm bot t om Ya FractionP5eRErH) )}ngp 0S8t BF L RYIT 0§8n Sarltf
hyd b i N t0.3 t t ak t f t_h l, t
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step is fed toq@ tion .colum ed,into a fraction

n still | nd separ at
3 mainly conpose8§§%9ag%§%$ _ar 6ﬂnﬁ§§ﬂﬁgaShX§FBSﬁr§PBﬁ%aYhﬁ%ﬁ3861m?¥%n1the
col umm bot t d raction 4 inly conpos of . hydrogen and a
hydr ocar bon qg%?%SQTR ?iitggfﬁgn éi%%%o?ggﬁﬁ gﬁ%OPFé&Pt SeESIRRT Lo s
Third disti]]ati tep:;, t fractioon 3 obtained in the second,disgillation
step is feém?gggP?hﬁfﬁgéiggﬁFFa%igg SRS 8Rd BépRF SBeiﬁ?ozaw faction 5
mai nly conposed of propyne and propadi ene taken out fromthe colum bottom
and a fraction’'6 mainly conposed of propylene taken out fromthe colum

t op. The s derived fromthe thermal deconposition step is
usual |y conposggggg?g?§g5%§ﬂ§d§%68§ﬁJﬁﬁFggﬁé?héfh%ﬁg?yg?ﬁVﬂ E?p%§%$%?ene,
pr opane, ptr: I r , .propadi ene, hutane utenes.or, aromgatic
hydrocarboﬁgp%ﬁiﬁﬁﬁgg§g§é?%%Fﬁgegﬁﬁapgﬁgﬁg g?ﬁyPBES}“E?e%?IEﬁ%,tﬁﬁﬁ%®}ene,
but enes and aromati c hydrocarbon in the deconposed gas are common to
products of an ethylene plant for thermally deconposi ng a hydrocarbon
having B 2 to 10 carbon atons, perfornmed for the purpose of producing

vari ous petrochem cal basic raw materials, the separation step can al so be
shared with a separation step of the ethylene plant. O course, it may al so
be perm ssible that the separation step is used solely in a nethyl

nmet hacryl ate plant, and hydrogen, ethylene, acetyl ene, propyl ene, butenes,
aromati ¢ hydrocarbon and the |ike are produced as co-products of nethyl

met hacryl ate However, in this case, the production anmount of the co-product



The fraction 1 taken out fromthe colum bottomof a first distillation

col um usual Iy includes butane, butene, aromatic hydrocarbons and water,
and these conponents are subjected to an ethylene plant to give a product
of the ethylene plant. The fraction 2 taken out fromthe colum top is
usual Iy conposed nai nly of hydrogen, nethane, ethane, ethylene, acetyl ene,
propane, propyl ene, propyne and propadi ene, and propane, propylene, propyne
and propadi ene are conpressed by a conpressor for |iquefaction, then,

subj ect ed t%%%?%%%%hﬁgg?s%F?Pation col um, and separated into a fraction 3
conposed mai nly of propane, propylene, propyne and propadi ene and a
fraction 4 con%g"éﬁgﬁh RFyLbFahyarcyar: fibeheined dtilwarie, rethyirepeoppte
acetylene. The fractjoon 4 is subjected to an ethylene plant |ike the
fraction 1,aré<?e1é°rt?§ 1eheaPseingd imdhedrenaret ivhes behyl ®selbgleantd to
contrast, the fraction 3 is_subjected to a third distillation colum, and
separ at ed i Tt A EYR L6 15 1asapss kP rgicRiay agf opr bpyd ene idriddapfopghé pn 6
conposed nui nly of propane, propyne and propadiene. Also the fraction 5 is
subj ect ed t3’ 1195H%% egéoﬁﬁgﬁ?n§s apnbeinved | mpreadivnef ashe téehyhehe
plant like the fraction 1 and the fraction 4. The fraction 6 is subjected
to a pr opyn%onﬁiﬂ‘ﬁqtc'ati on step. The fraction 6 may be separated further
precisely into_a fraction conposed mainly of propane and a fraction rich in
propyne and pr 6p8FER&2h&Pr §t6RIy thReCFRdet PBAPRRERNENODE BPYAE Andthe
propadiene is subjected to a propyne, 10 purification step. In this case,
the fracti &{Oégﬁﬁo?él&lﬁ&icrﬂt}%r ShEBpafel $@ne LRl ch ttieaptrkeemele of an
deconpositi,on step. ., The propyne purification step is a step of

subj ect i ng tIESHLEEE 19T HEHE 4 nEpr epfrAdnasd usieo rEiEmeE obbat aetiig t he
separation _step to extractive distillation, for separation into purified
propyne, amd %6ride 35 SHSdiEHE CERRSEER taiafid) of propadi ene. The mi xed
liquid of the fraction 6 conposed numinly of propane, propyne and propadi ene
obtai ned in the?§ BQVEFFEJHHSFEEPMt}t‘ﬁep‘ﬂ%(%le‘{iiIan@ﬁywcﬁbt@ilpedpyrmetmd
propadi ene_prepared by _further precisely separating the fraction 6 can be
subj ect ed P&Oé’%ﬁﬁaBPFgélﬁF‘ PP g‘E?Bnl,Str@%;%% ¥iéhpgarbpadnpnopyde and
utilizing %'%%fferenc in the solubility in the extraction solvent. This

m xed i quit§ 1675 SUBHTPEGSEHCEXRT AcBToBPd 5T mearlonakayysorewstren,
propyl ene. . The extraction solvent in_the propyne purification step is not
particul ar Iy P5§FPF€tE§%5W MGthG Y 1edSi-f ests a difference in the
solubility for propyne, propadi ene, propane and propyl ene.

N, N-di met hyl formami de is preferable fromthe standpoints of propyne
separation L econony, chemical stability and industrial easy
availabiIiF?Eebh@%Sﬁfﬁpﬁﬁgétﬁgl GPifefi%de is used as the extraction solvent,

the solubility.j j ghest for propyne, next for propadiene, third for
propyl ene, an?%%mgis?s%%‘?s p"?'rbp‘g’?é‘?g]i% % hifsl B digt Pth:grc%'%@rﬁ)ﬁ exaghidrion
N,N—dinethgkfgﬁganiggehg used gs t he extraction solvent, 11 purified
propyne having qual Tty suffVER&APPy satisfactory for subjecting to methyl
nmet hacryl ate g# gﬁé@n can_.be obtained via an extraction step and a
propadi ene di fTusIon st¥p UbsB?Th®d later. Wth respect to the quality of
purified propyne,. .each content of. propane, propylene and propadiene is
usual ly 1 mﬁ@%%r }5%§?aé;é#%9@ﬁﬁ§l€ﬁ@% WEPpm or 1 ess, nore preferably 100
W ppmor |ess;, e ar‘l;_ie.extraction step is a step in which the fraction 6
conposed mai nly S?Ebropéﬁﬁ? %ﬁ%%yne and propadi ene obtained in the
separation st t m xed. Lliquid rich in propyne and propadi ene prepared
by further pr S%i csgﬁof seepé)r%]fji%fgg‘?%orf r3c¥ on 6, and N, N-di net hyl f or mam de
are subjected[;Ofg%ﬁggfgg;jve istillation colum, and a m xture conposed
mai nl'y of propyné,” propadi end: ahttMN, N-di met hyl f or mami de i s obtai ned from

t he col um bott.0 a -mxture conposed mainly of propane is obtained from
t he col umm to%ﬁ @éy%hﬂ¥%ﬁ%ﬁ%ﬂﬁ%ﬁﬁpdiffusion step is a step in which the

m xture conposed Lnl.y _of .propyne, propadi ene, and N, N-di net hyl f or mam de
obtained in t%g ex P’ciqﬁ$4§%§?%%§%nﬂﬂgiéiﬁﬁﬁ%P%i%ﬁ??usion col um, heat is
applied, and crude propadi ene conposed mainly of propadi ene having | ow
solubility is diffused, and |Iiquid conposed nmainly of propyne and

N, N-di met hyl f ormami de is obtained at the col um bottom The propyne
distillation step is a step in which Iiquid conposed mainly propyne and N,
N-di met hyl f ormam de, obtained at 12 the colum bottom of the diffusion
colum, are subjected to a distillation columm, and purified propyne is
obtained fromthe colum top. The m xture conposed nainly of propane
generated at the colum top of the extraction step is recycled as a
recovery gas to a thermal deconposition step. Crude propadi ene diffused in



suspensi on bed, liquid phase fixed bed, gas phase fixed bed and the I|ike.
The crude propyne obtained in the isonerization step is preferably fed to a
propyne purification step fromthe econon cal standpoint. The isonerization
catalyst is preferably an alkali metal or alkali netal oxide supported on
alum na fromthe standpoints of isonerizgtion ability, econony and

i ndustrial easy availability. The carbonylation step is a step in which the
purified propyne obtained in the propyne purification step is reacted with
car bon nonoxi de and methanol in the presence of a group VIII netal catalyst
system todﬁrﬁduc met hyl methacryl ate. By reacting the purified propyne
obt ai ned i n tHeS ptobyrRl priti¥i €ati bhestepenridncar bon nonoxi de and net hanol
in the presence of a group VIII netal catalyst system nethyl nethacrylate
can be producedPeThBIgE80p ANVeHeten dacavges syke erfcld qwiafer abkymal
catal yst containing, pal | adium el enent fromthe standpoint of reaction

sel ect i vi t yICTABRQPL t HN §d€PLan®ep® L7 51 oo S tsant PEabwne pursstirdat iath stepj s
usually 1 mpl % or, |l ess, preferably 0.1 nol % or |ess, nore preferably 0.01
nol % or | essSAMEH 72t SEP propyrrrbervha t hen ego®®ri cal st andpoint. In
contrast, it is, fromthe standpoint of reactivity, usually 0.00001 nol % or
nor e, preferabIT@eO.Wm%l AesemRRSd. t iR ofpeRnd Todt aitrfimgia pHusphoaus
atom nitrqgen atom oxygen atom sulfur atomand the |ike can be allowed
to co-exist FIRAMD I R %3 r BECTPER Icegion, Atomsorits olsedags i anraw

selectivity )
material gas and thermally decomposed, to obtain a decomposed

gas having a total content of propyne and propadiene of 2 wt$%
or more.

For example, by thermally decomposing a hydrocarbon having
3 or more carbon atoms according to a method described in US
Patent No. 6333443, a decomposed gas having a total content of
propyne and propadiene of 2 wt$% Oor more can be obtained. The
feeding gas is composed essentially of a raw material gas, a
recovery gas and steam. The raw material gas is a hydrocarbon
having 3 or more carbon atoms, preferably a hydrocarbon having
3 or 4 carbon atoms, and examples thereof include single gases
selected from propane, propylene, butane, l-butene, 2-butene,
isobutane, isobutene and butadiene, or mixed gases composed of
two or more of them. The recovery gas is a gas separated from
the separation step or propyne purification step. The amount
of steam is usually in the range of 0.1 to 5-fold by weight,
preferably 0.5 to 2-fold by weight with respect to the total

amount of the raw material gas and the recovery gas. The



14 and catalytic activity. Though the ligand is not particularly
restricted, a diaryl (alkyl-substituted 2-pyridyl)phosphi ne described in
JP-A No. 04-215851 is preferably allowed to co-exist fromthe standpoints
of reaction selectivity and catalytic activity. Though the use amount is
not particularly restricted, it is usualky in the range of 0.1 to 10-fold
by nmol with respect to a group VIII netal catalyst. Though the solvent is
not particularly restricted providing it dissolves propyne, carbon
monoxi de, nMEERSRAPNaRPPFEGEHSVIUT aretdvutal aflgsempysiehen | fuirsapeef emabl e,
from the standpoint of easiness of recycling, to use, as a solvent,

net hanol whFERSFItaFe8 &fr eactrr¥nmpARL Frat elitsl~heRid ngs 0 arouniiksdnataw
particularly restricted. Carbon nonoxi de can be produced, for exanple, by a
hydr ocar bon@E 8AAPL e fOTHH e aietHbd PaE tpard alragdmibdon opanket hodfhandaivt s
production nmethod is not particularly restricted. Carbon di oxi de and

hydr ogen arBapfefalgis anenbledresove i ga6r @B nEatt tei aeer anthers titey pane

m xed in carbon nonoxide, a side reaction occurs in conbination. Though the
reacti on nodRdiRrfotepErdi cHtEay ipeaddedtieal 2 peS| B0 Pialilsyha ddaglifdophase
honbgeneous reaction system The reaction tenperature is preferably 100C or
| ower from Ehe Sedissititnof Patibpr édsi ofedf tsol Yiner mizedorraf metleylial

met hacryl ate to be produced. The production nmethod of the present

i nventi on pPRRETABRyIRGMEditns ADAEtRAC hRdt e £ I tdtcet woe ioffi tdae ired istepn
descri bed bel ow fromthe standpoints of the quality of nmethyl nethacrylate
15 and i npre¥ehert vshaddanbmtiy neagenafet@@lta @2967C ng.The tempeeatetrky|
met hacrylate purification step is a step in which the reaction mxture
obt ai ned i MR heP@aFBbrylatneh seepiredstpj bet eanebantgasndi teupesature
operation, distjllation operation and/or extraction operation, and

unr eact ed cCHHSHERBIBAY dX19E opyiie BF@SRtaid Usvelliocdvetbe, rangemetthyl
nethacrylateﬂés purified. The reaction liquid generated in the

car bonyl at iOrP5tled tdhithiars BrETREALEE Hyl tha Faeaag &fe 0 - 96t iyl OcBoMBaat e,
met hanol , propyne, carbon nonoxide and group VIII netal catalyst system O
them net hyl C%BFbﬁﬁﬂ?qa§lé”bﬁﬂﬁﬁbd§c?,Séﬁ@ P ssrasaédsar pirket liheid
produced conpanent is renoved out of the system It is preferable that

met hanol , pridpyAé PEGPYHBR aRshBXraadamteqroup the feperppsediaas ebteysedm are
recycl ed. Tho%ﬂg tqf %ggﬁration met hod is not particularly restricted,
separ at i on i WAt PSRV et Ge@B0Rt Yl eRr FEeB- out by distillation utilizing
a difference in _boiling Qoint or extractive distillation utilizing a
difference i n SBIRWINHT §XPAPLRE 8kt iaks i TR dnrende ?8P0ék@ﬁﬂ¢é,sgar§ﬂ,
carbon nonoxi de as a gas conponent, and partjal propyne not dissolved in
the sol vent” ade‘FEsé‘goﬁ ﬁg%H@ 1P FFRRG ot O FREP PE chpdendi eepvédrin
the liquid can be diffused. partially by acconpanying an inert gas fed

t her ei n. TW@“&%cgﬁgg&ﬁpﬁgpbggt?H%VhééQdHFﬂPag%%Qr%gﬁ%nF@§§@Eﬁh gtbrnde,

car bon nnn%%haﬁ{ net hane and the ljke, and it is greferable to use carbon
nonoxi de iTH i BT8P88%a PEARY 1O r AW LRES #af ahiomed imBrdsegarhenon

after diffusion can he omtted. The use anount thereof is preferably an
amount at WHi %ﬁeﬁﬁW%#LY RES Y PeddPER R 158 £ et dtPnt 8 ﬁé?%?h

met hacrylate in on ass., Wien djffusion of propypne is_insufficient at this
anount, a ?i%r?a\sef gg'égrs%’l eEP%d%ﬁ’ rﬂcﬁirh)roéjgé’rﬁyjd? of, tearlforfafisd detomet hane

and the like qr i xed gas co sed of _two or re of them nmay be fed

t oget her . éﬁ‘rcgélrﬁla%g}ié]ﬁ%%t ah& g?gﬁ9E%gsféf&é‘? QFBH%F@ Pekint e@ropage and
carbonylati% step. Next, conponents having hi gher vapor pressures than
that of mef gﬁnﬁbthacrylate are separated by distillation. The conponents

havi ng hi gher yapa ressures than that of t nmet hacryl ate include, for
exanpl e, propy%ﬁ 5%H%Mﬁ9mﬁﬁ??l her é eﬁ?e£%¥$%ienﬁpﬁ8999P§FéiQﬁ the
distilled, and m.xed |igquid osed inly of nmethyl crotonate and group
VI netalSggﬁgﬁf§f”%y§Y%ﬂ1rgﬁgﬁﬁ% h?gfﬂglgglJﬁﬁ3b6¥%6ﬁVlTﬂeﬁﬁ%ﬂﬁi@?%uid
conposed nai nl o%”nethyl crotonate and group VIII netal catalyst system
may be disgéFﬁé&} ¢ ‘usual Iy, the group VI1l metal is preferably recycled
because of high cost. Though the recycling nmethod is not particularly
restricted, it is usually a nethod in which only the netal of an anount
corresponding to nmethyl crotonate generated in the carbonylation step is
renoved out of the systemfromthe m xed |liquid conposed nmainly of nethyl
crotonate and group VIII netal catalyst system and remaining portion of
the nmetal is recycled to the carbonylation step. The tenperature of the

met hyl 17 nethacrylate purification step is preferably 100C or | ower from

t he standpoint of suppression of polynerization of nethyl nmethacrylate. A
pol ymeri zation inhibitor may also be added. Exanples of the polynerization

P



Condition (2): The separation step is shared with a separation step of an
et hyl ene plant. Thus, descriptions of hydrocarbon conponents (fractions)
except having 3 carbon atons are omtted. 18 34 T/ h of propane (fluid
nunber 1), 10.11 T/ h of recovery propanes (fluid nunber 5) and 44.14 T/h of
steam (fluid nunber 2) are fed to a decomposition furnace of the thernal
deconposition step (A) and thermally deconposed, to obtain 88.25 T/h of a

deconposed gas_(fluid,n r. 3) having total content of propyne and
propadi ene of g(l S\llflmg/%sgﬂgf?'é%éi‘tsatrﬂpzd@g@r%ﬁgﬁp‘b%%d CESRRI RtmderinFhes fed
to a separattiona;f’]gg ﬁ(fBTé of, an ethylene plant, conbined with fluid of the
et hyl ene plakt™ FTPYROSERHAT af BBPI AP0 CROEREt it HAA e 42 of LibEe
carbon ato 1 ttgﬁén out froamthe colum bottomand a fraction 2 having 3 or
| ess car bori &t FHKEh S omrChacReF Rt bpte iR 4 rRctdondilsEPTPasEen

col um. ThefresHI tdant fract Eon,z hgvi ng 3 or less carbon atons i s separated
into a fracti n"IRIPAGCOS CAVBEA At Ohe"Y Lk &GP IRRAD BLoms: ke kesl ank Hverom

and a fracttihoen 4 _havi Bg % or I(iss car bon a%oms_ taken out fromthe colum
top in a sédonGOdEr PPEEPBrAtdIufmacThens ¢ 821 BhY $IPAsGtheseaydrogen

propyl ene, pr ne ropyne and, prqpadi ene. Subsequently, the fraction 3 is
separ at ed iarﬁ]tdggghﬁlqjjé‘g??gﬁog %‘Fﬂd}&)%gldth?’ FRGRATeRECRE taESR AUInd rodpthad a
fraction 6 fl ui q: nunber 4) conposed of propane, propyne, propadi ene and
propyl ene at ltuﬁ[glcoq%rm bottom in a third distillation colum. In this
process, the flLow rgt , of .Hﬂe fraction 6 gfl ui d nunber 4% is 17.83 T/ h.
Thus obt ai ned ?88P|o§1§t& GtdORuRbEP 4F NPT paFERPRAZ bGP EARRFNgROLRE
extractive distillati sing N, N-dinethyl formam de as_an extraction
:sr;)lhve?t in fgrﬁrtogﬁélgg#?ﬁf‘a?% lftbt%ggg: Saerfﬁo7 37n°_i|_/9‘;§§}5é|1§tt§6mi ﬁ‘?burgpz 11
0 rec%\ﬁ%r% Bro%gngs. ui nL%. er .. 17. of crude propadiene
(fluid nunber By°ebrposed Wafri 52D Pt 3 CRRRO?SEP TR BET pEr FppRd
propyne (fluid numnper . The crud r opadi_ene | ui d_nunber 6) is
i soneri zed%v%m%gﬁga%ggtaggﬁnuﬁtggﬁbgﬁzﬁ Qﬁgpgfc?@d%ﬁ GPUHPRaPeLEamyaRd at o
17.37 T/ h of._cr ropyne (fluid nu r 7) in an.is rization step (D),
and recycl géra'%glit %egﬁ%mgﬁwpfﬁgaﬁﬁ%%o@ﬁq gfd a?.}qggr‘?l:ﬁr@fmtlh%vb%‘ﬁi fied
propyne (flul u r. 8 bt ai ned in the propyne purjfication step (O is
subj ect ed tloltg cr}ar orkl)yqr?ata?cé)ﬁnss&eag(?%)oﬁaog@ﬁ%‘grt%ﬁ t6198 598 of met hanol
(fluid nunber cand .14.46.T/h of recycled fraction (fluid nunper 12)
di scharged fr o%ﬁégﬁefjﬁﬁug%?ﬁé(wylsiteg'pLXi‘?]iefi éféatqach?ns{Beﬁ)k?:tcﬁﬁﬂ?‘?#njg“ 5t T/ h
of carbon ide. (fluid nupber 11) fed.to the nethyl .oethacryl ate
purificati g‘%ﬁgﬁg&%%f;gg%%ds i tl%eE%gécgeﬂctguo’?@glégllﬁaf;&f?f‘c%?]alll%t , to
obt ai n 27. / jon mxture (.fluid nunber 10) containing 20.2
T/h of net %}I}Fi %g%g%F%ﬁ?&gﬁ?ﬂaggﬁPpa tm?]eréa{ico%“f?ﬁ%&%f)g PrPRYRCinder
10) and 5. Lhy . car (0)'4] | uid.nunber 11) were subjected o a
net hyl net ﬁggﬁ&?&%&eﬁﬁ ?lcg@?o)rﬁrgﬁeéﬁﬁf?l%w& g%é?ﬁtﬁﬂdi%tghj‘l%h%nﬁh of
recycl ed fracti i r.12 omosed mai.nly of .carbon nonoxi de,
propyne anglg%'? aﬁ%?“!p%f%.o?éﬁ%{:%bﬁ)lﬁﬁlﬁflaz(c?r}re?‘h%ﬂ%r%? ht;ber)ﬁ w0 £4QR
nunber 13) an 3 [ il oint. fraction (fluid nunper 14),
by gas di ffus?%%ea(ﬁ%géf&(?%?#a%%%%(gﬁgra i%(l)fﬁfn tgﬁ TapTRa WHPMMDE" 1 2 3
4567 Te%ébaigrﬁéxﬁlf’ﬁ‘? composed mainly of hydrogen, methane, ethane,
ethylene, acetylene, propane, propylene, propyne, propadiene,
butane, butenes or aromatic hydrocarbon. 1In this case, since
hydrogen, ethylene, acetylene, propylene, butenes and aromatic

hydrocarbon in the decomposed gas are common to products of an

ethylene plant for thermally decomposing a hydrocarbon having



224 130 55 18 -6 28 Wight flowrate(T/h) 34 44.14 88.25 17.83 10.11 17.37
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2 to 10 carbon atoms, performed for the purpose of producing
various petrochemical basic raw materials, the separation step
can also be shared with a separation step of the ethylene plant.

Of course, it may also be permissible that the separation step
is used solely in a methyl methacrylate plant, and hydrogen,

ethylene, acetylene, propylene, butenes, éromatic hydrocarbon
and the like are produced as co-products of methyl methacrylate.

However, invthis case, the production amount of the co-product
such as ethylene and the like is correlated with the production
amount of methyl methacrylate. Usually, demand for methyl
methacrylate is smaller as compared with ethylene and the like,

accordingly, when the separation step is used solely in a methyl
methacrylate plant, the production amount of ethylene and the
like per plant is smaller as compared with an ethylene plant,

thus, burden of equipment cost per product in the separation
step is larger, leading to economical disadvantage. Therefore,
it is more preferable that the separation step is shared with
an ethylene plant, and co-products such as ethylene and the like
are subjected to an ethylene plant, and only a fraction having
a high content of a mixture of propyne and propadiene obtained
during the separation step is subjected to a methyl methacrylate
plant. For example, the decomposed gas is mixed with a
decomposed gas discharged from a decomposition furnace of an
ethylene plant, and quenched, then, fed to a first distillation

column of the separation step.
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The fraction 1 taken out from the column bottom of a first
distillation column usually includes butane, butene, aromatic
hydrocarbons and water, and these components are subjected to
an ethylene plant to give a product of the ethylene plant. The
fraction 2 taken out from the column top is usually composed
mainly of hydrogen, methane, ethane, ethylene, acetylene,
propane, propylene, propyne and propadiene, and propane,
propylene, propyne and propadiene are compressed by a
compressor for liquefaction, then, subjected to a second
distillation column, and separated into a fraction 3 composed
mainly of propane, propylene, propyne and propadiene and a
fraction 4 composed mainly of hydrogen, methane, ethane,
ethylene and acetylene. The fraction 4 is subjected to an
ethylene plant like the fraction 1, and used as an active
ingredient of the ethylene plant. In contrast, the fraction

3 is subjected to a third distillation column, and separated

~into a fraction 5 composed mainly of propylene and a fraction

6 composed mainly of propane, propyne and propadiene. Also the
fraction 5 is subjected to an ethylene plant as an active
ingredient of the ethylene plant like the fraction 1 and the
fraction 4. The fraction 6 is subjected to a propyne
purification step. The fraction 6 may be separated further
precisely into a fraction composed mainly of propane and a
fraction rich in propyne and propadiene before only the fraction

rich in propyne and propadiene 1is subjected to a propyne
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purification step. In this case, the fraction composed mainly
of propane is recycled to a thermal decomposition step.

The propyne purification step is a step of subjecting the
mixed liquid rich in propyne and propadiene obtained in the
separation step to extractive distillation, for separationinto
purified propyne, and crude propadiene composed mainly of
propadiene.

The mixed liquid of the fraction 6 composedmainly of propane,
propyne and propadiene obtained in the separation step or the
mixed liquid rich in propyne and propadiene prepared by further
precisely separating the fraction 6 can be subjected to
extractive distillation, to separate purified propyne
utilizing a difference in the solubility in the extraction
solvent. This mixed liquid to be subjected to extractive
distillation may contain propylene. The extraction solvent in
the propyne purification step is not particularly restricted
providing it manifests a difference in the solubility for
propyne, propadiene, propane and propylene.
N,N-dimethylformamide is preferable from the standpoints of
propyne separation ability, economy, chemical stability and
industrial easy availability. When N,N-dimethylformamide is
used as the extraction solvent, the solubility is highest for
propyne, next for propadiene, third for propylene, and lowest
for propane, in this order. For example, when

N,N-dimethylformamide is used as the extraction solvent,
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purified propyne having quality sufficiently satisfactory for
subjecting to methyl methacrylate production can be obtained
via an extraction step and a propadiene diffusion step described
later. With respect to the quality of purified propyne, each
content of propane, propylene and propadiene is usually 1 wt$
or less, preferably 1000 wt ppm or less, more preferably 100
wt ppm or less.

The extraction step is a step in which the fraction 6
composed mainly of propane, propyne and propadiene obtained in
the separation step or the mixed liquid rich in propyne and
propadiene prepared by further precisely separating the
fraction 6, and N,N-dimethylformamide are subjected to an
extractive distillation column, and a mixture composed mainly
of propyne, propadiene and N,N-dimethylformamide is obtained
from the column bottom and a mixture composed mainly of propane
is obtained from the column top.

The propadiene diffusion step is a step in which the mixture
composed mainly of propyne, propadiene and
N,N-dimethylformamide obtained in the extraction step is
subjected to a diffusion column, heat is applied, and crude
propadiene composed mainly of propadiene having low solubility
is diffused, and 1liquid composed mainly of propyne and
N, N-dimethylformamide is obtained at the column bottom.

The propyne distillation step is a step in which liquid

composed mainly propyne and N,N-dimethylformamide, obtained at
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the column bottom of the diffusion column,are subjected to a
distillation column, and purified propyne is obtained from the
column top.

The mixture composed mainly of propane generated at the
column top of the extraction step is recycled as a recovery gas
to a thermal decomposition step. Crude propadiene diffused
in the propadiene diffusion step 1is subjected to an
isomerization step. N,N-dimethylformamide remaining at the
column bottom of the propyne distillation step may be recycled
as it is to an extraction step, or purified by distillation
before recycling to an extraction step.

The isomerization step is a step in which the crude
propadiene obtained in the propyne purification step 1is
isomerized in the presence of an isomerization catalyst, to
obtain crude propyne composed mainly of propyne.

The crude propadiene can be isomerized to thermodynamically
stable propyne according to a method described, for example,
in JP-A No. 02-290831. The ratio of propyne and propadiene in
the feeding liquid is not particularly restricted, and usually,
the ratio of propyne/propadiene is 2 or less. The ratio of
propyne/propadiene in the 1isomerized reaction product
generated from the reaction vessel depends on the reaction
temperature and residence time in the reaction vessel, and is
usually 3 or more, preferably 5 or more. The reaction mode is

not particularly restricted and includes a 1liquid phase
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suspension bed, liquid phase fixed bed, gas phase fixed bed and
the like. The crude propyne obtained in the isomerization step
is preferably fed to a propyne purification step from the
economical standpoint. The isomerization catalyst is
preferably an alkali metal or alkali metal oxide supported on
alumina from the standpoints of isomerization ability, economy
and industrial easy availability.

The carbonylation step is a step in which the purified
propyne obtained in the propyne purification step is reacted
with carbon monoxide and methanol in the presence of a group
VIII metal catalyst system, to produce methyl methacrylate.

By reacting the purified propyne obtained in the propyne
purification step with carbon monoxide and methanol in the
presence of a group VIII metal catalyst system, methyl
methacrylate can be produced. The group VIII metal catalyst
system is preferably a catalyst containing palladium element
from the standpoint of reaction selectivity. Though the use
amount is not particularly restricted, it is.usually 1 mol% or
less, preferably 0.1 mol% or less, more preferably 0.01 mol%
orlesswithrespect1x>propyne,frmntheeconomicalstandpoint.
In contrast, it is, from the standpoint of reactivity, usually
0.00001 mol% or more, preferably 0.0001 mol% or more. A
compound containing a phosphorus atom, nitrogen atom, oxygen
atom, sulfur atom and the like can be allowed to co-exist as

aligande1thereactionliquid,tocontrolreactionselectivity
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and catalytic activity. Though the ligand is not particularly
restricted, a diaryl (alkyl-substituted 2-pyridyl)phosphine
described in JP-A No. 04-215851 is preferably allowed to
co-exist from the standpoints of reaction selectivity and
catalytic activity. Though the use amount is not particularly
restricted, it is usually in the range of 0.1 to 10-fold by mol
with respect to a group VIII metal catalyst. Though the solvent
is not particularly restricted providing it dissolves propyne,
carbon monoxide, methanol and group VIII metal catalyst system,
it is preferable, from the standpoint of easiness of recycling,
to use, as a solvent, methanol which is also a reaction raw
material. The use amount is not particularly restricted.
Carbon monoxide can be produced, for example, by a hydrocarbon
steam reforming method or partial combustion method, and its
production method is not particularly restricted. Carbon
dioxide and hydrogen are preferably removed by a pre-treatment
since when they are mixed in carbon monoxide, a side reaction
occurs 1n combination. Though the reaction mode is not
particularly restricted, it is wusually a liquid phase
homogeneous reaction system. The reaction temperature is
preferably 100°C or lower from the standpoint of suppression
of polymerization of methyl methacrylate to be produced.
The production method of the present invention preferably
contains a methyl methacrylate purification step described

below from the standpoints of the quality of methyl methacrylate
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and improvement in economy by raw material recycling.

The methyl methacrylate purification step is a step in which
the reaction mixture obtained in the carbonylation step is
subjected to a gas diffusion operation, distillation operation
and/or extraction operation, and unreacted carbon monoxide,
propyne and methanol are recovered, and methyl methacrylate is
purified.

The reaction liquid generated in the carbonylation step
contains mainly methyl methacrylate, methyl crotonate,
methanol, propyne, carbon monoxide and group VIII metal
catalyst system. Of them, methyl crotonate is a by-product,
and it is necessary that the produced component is removed out
of the system. It is preferable that methanol, propyne, carbon
monoxide and group VIII metal catalyst system are recycled.
Though the separation method is not particularly restricted,
separation is usually advantégeously carried out by
distillation wutilizing a difference in boiling point or
extractive distillation utilizing a difference in solubility
hltheextractionsolvent.-Forexample,first,carbonnmnoxide
as a gas component, and partial propyne not dissolved in the
solvent are diffused in a gas diffusion column. Propyne
dissolved in the 1liquid can be diffused partially by
accompanying an inert gas fed therein. The accompanying gas
includes nitrogen, argon, carbon dioxide, carbon monoxide,

methane and the like, and it is preferable to use carbon monoxide

8
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which is also a reaction raw material since then separation
after diffusion can be omitted. The use amount thereof is
preferably an amount at which carbon monoxide is reacted to be
converted intomethyl methacrylate in one pass. When diffusion
of propyne is insufficient at this amount, a single gas selected
from nitrogen, argon, carbon dioxide, methane and the like or
a mixed gas composed of two or more of them may be fed together.
Carbon monoxide and propyne separated are recycled to a
carbonylation step. Next, components having higher vapor
pressures than that of methyl methacrylate are separated by
distillation. The components having higher vapor pressures
than that of methyl methacrylate include, for example, propyne
and methanol. Thereafter, methyl methacrylate is distilled,
and mixed liquid composed mainly of methyl crotonate and group
VIII metal catalyst system remains at the column bottom. The
mixed liquid composed mainly of methyl crotonate and group VIII
metal catalyst system may be discarded, and usually, the group
VIII metal is preferably recycled because of high cost. Though
the recycling method is not particularly restricted, it is
usually a method in which only the metal of an amount
corresponding to methyl crotonate generated in the
carbonylation step is removed out of the system from the mixed
liquid composed mainly of methyl crotonate and group VIII metal
catalyst system, and remaining portion of the metal is recycled

to the carbonylation step. The temperature of the methyl
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methacrylate purification step is preferably 100°C or lower from
the standpoint of suppression of polymerization of methyl
methacrylate. A polymerization inhibitor may also be added.
Examples of the polymerization inhibitor include hydroquinone

and the like.

EXAMPLES

The present invention will be illustrated in detail by
examples below, but the present invention is not limited to
them.
Example 1

In the case of production of methyl methacrylate via
purified propyne to be produced under the following conditions,
it can be carried out optimally, for example, according to flow
in Fig. 1 and material balance in Tables 1 and 2.

Numbers in the figure correspond to fluid numbers in the
tables.

Condition (1): In the thermal decomposition step, propane
is used as a raw material, and a decomposed gas having a
composition of propyne and propadiene of 2 wt% or more is
produced according to US Patent No. 6333443.

Condition (2): The separation step is shared with a
separation step of an ethylene plant. Thus, descriptions of
hydrocarbon components (fractions) except having 3 carbon atoms

are omitted.



Et hane

Et hyl ene

18

34 T/h of propane (fluid number 1), 10.11 T/h of recovery
propanes (fluid number 5) and 44.14 T/h of steam (fluid number
2) are fed to a decomposition furnace of the thermal
decomposition step (A) and thermally decomposed, to obtain
88.25 T/h of a decomposed gas (fluid number 3) having a total
content of prépyne and propadiene of 9.3 wt%. The resultant
decomposed gas (fluid number 3) is fed to a separation step (B)
of an ethylene plant, combined with fluid of the ethylene plant,
and first, separated into a fraction 1 having 4 or more carbon
atoms taken out from the column bottom and a fraction 2 having
3 or less carbon atoms taken out from the column top in a first
distillation column. The resultant fraction 2 having 3 or less
carbon atoms is separated into a fraction 3 having 3 carbon atoms
taken out from the column bottom and a fraction 4 having 2 or
less carbon atoms taken out from the column top in a second
distillation column. The fraction 3 is composed of propylene,
propane, propyne and propadiene. Subsequently, the fraction
3 is separated into a fraction 5 composed of propylene at the
column top and a fraction 6 (fluid number 4) composed of propane,
propyne, propadiene and propylene at the column bottom, in a
third distillation column. In this process, the flow rate of
the fraction 6 (fluid number 4) is 17.83 T/h. Thus obtained
fraction 6 (fluid number 4) is purified by carrying out
extractive distillation using N,N-dimethylformamide as an

extraction solvent in a propyne purification step (C), and
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separated into 10.11 T/h of recovery propanes {(fluid number 5),
17.37 T/h of crude propadiene (fluid number 6) composed mainly
of propadiene and 7.69 T/h of purified propyne (fluid number
8). The crude propadiene (fluid number 6) is isomerized with
a potassium carbonate supported on alumina catalyst into 17.37
T/h of crude propyne (fluid number 7) in an isomerization step
(D), and recycled to the propyne purification step (C). 7.69
T/h of the purified propyne (fluid number 8) obtained in the
propyne purification step (C) is subjected to a carbonylation
step (E) together with 6.08 T/h of methanol (fluid number 9)
and 14.46 T/h of a recycled fraction (fluid number 12)
discharged from a methyl methacrylate purification step
combining 5.82 T/h of carbon monoxide (fluid number 11) fed to
the methyl methacrylate purification step, and reacted in the
presence of a palladium catélyst, to obtain 27.8 T/h of a
reactionmixture (fluid number 10) containing 20.2 T/h of methyl
methacrylate. The resultant reaction mixture (fluid number
10) and 5.82 T/h of carbon monoxide (fluid number 11) were
subjected to a methyl methacrylate purification step (F), and
separated into 14.46 T/h of recycled fraction (fluid number 12)
composed mainly of carbon monoxide, propyne and methanol, 1é .75
T/h of purified methyl methacrylate (fluid number 13) and 1.36
T/h of high boiling point fraction (fluid number 14), by gas

diffusion and distillation operation.
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Table 1
Fluid number 1 2 3 4 5 6 7
Temperature (°C) 30 224 130 55 18 -6 28
Weight flow rate(T/h) | 34 44.14‘88.25 17.83110.11|17.37|17.37
Weight percentage
(wt$)
Methane 10.5
Hydrogen 1.8
Ethane 19.1
Ethylene 1.3
Propane 100.0 0.7 54.1 |95.5 |37.0 |37.0
Propylene 4.2 1.7 3.0 15.5 |15.5
Propyne 5.1 25.1 |1.2 24.0 |43.2
Propadiene 3.86 |19.1 [0.4 23.4 |4.2
N,N-dimethylformamide
Methanol
Carbon monoxide
Methyl methacrylate
Water 100.01}50.0
Inert gas (nitrogen
etc.)
Others 3.5
Total 100.0(100.0(100.0(100.0(100.0/100.01100.0
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Table 2
Fluid number 8 9 10 11 12 13 14
Temperature (°C) 24 25 40 49 -33 69 86

to 51

Weight flow rate(T/h) |7.69 |6.08 [27.8 |5.82 |14.46{18.75|1.36

Weight percentage
(wt%)

Methane

Hydrogen

Ethane

Ethylene

Propane

Propylene

Propyne 100.0 9.3 17.3

Propadiene

N,N-dimethylformamide

Methanol 100.013.4 25.9

Carbon monoxide 92.8 36.7

Methyl methacrylate 2.7 9.9 100.0|14.7
Water

Inert gas (nitrogen 0.4 7.9 3.6

etc.)

Others 4.2 6.6 85.3

Total 100.0/100.0{100.0(100.0|100.0}1100.0|100.0
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Industrial Applicability

According to the present invention, a method of producing
methyl methacrylate, having excellent features such as
producing ability on the scale of 100000 tons or more a year

and economical can be provided.
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CLAIMS

1. Amethod of producing methyl methacrylate, wherein
the method of producing methyl methacrylate is performed
in a combination of a methyl methacrylate plant and an
ethylene plant for producing hydrogen, methane, ethane,
ethylene, propane, propylene, butenes, and aromatic
hydrocarbon by thermal decomposition of a hydrocarbon
having 2 to 10 carbon atoms, wherein the method comprises
the following steps: _

Thermal decomposition step: a hydrocarbon having 3 or more
carbon atoms is thermally decomposed to obtain a decomposed gas
having a total content of propyne and propadiene of 2 wt% or more,

Decomposed gas mixing step: the decomposed gas obtained in the
thermal decomposition step and a decomposed gas obtained by thermal
decompositionofahydrocarbonhavingZtolOcarbonatomsintheethylehe
plant are mixed to form a mixed decomposed gas,

Separation step: mixed liquid rich in propyne and propadiene
is separated from the mixed decomposed gas obtained in the decomposed
gas mixing step,

Propyne purification step: the mixed liquid rich in propyne
and propadiene obtained in the separation step is subjected to

.extractive distillation, for separation into purified propyne, and
crude propadiene containing propadiene as the main component,
wherein the separation step is shared with a separation step of the
ethylene plant,

Isomerization step: the crude propadiene obtained in the
propyne purification step is isomerized in the presence of an
isomerizationcatalyst, toobtain crude propyne containingpropyne
as the main component, and

Carbonylation step: the purified propyne obtailned in the
propyne purification step is reacted with carbon monoxide and
methanol in the presence of a group VIII metal catalyst system, to

produce methyl methacrylate.
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met hacryl ate, wherein the nethod of producing nethyl nethacrylate is
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pl ant for produci ng hydrogen, nethane, ethane, ethylene, propane,

propyl ene, butenes, and aromatic hydrocarbon by thermal deconposition of a
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are mxed to forma m xed deconposed gas, epargtlon step. m xed
liquid richhenepnopheesepalrpr bpad e dospgepasatbd frodhrwhegnskeps :
deconposed gas L ned_in the. deconpose as_mxin te . Propyne
purification st g%g{? hglﬁlkﬁle%aﬂ%%i %{%) ‘chgi‘e?l %erz%%%%sqea@mgagﬁ o?)%%?:'erheeé oﬁ%/ai ned
in the sepahat itdrerstedp dscsoubpert Bsh t etept riact tveldd st ichleat, i ofiedf @b a

o1 opadi ene T8 En A AR B0 AR el S THAGOR atton & dPd< Harkd
Wth a sepabapbesdstsep af hfh@reddwdanenglang, 42 or hSRCRZFHONSLRP: the

crude propadi ene obtained in the propyne purification step is isonerized in
t he presenéékSF Ayt from the column "bottom and a fraction 2 mainly

iSO”EriZatEBﬂﬁéEQ&Y§E1hg@?&?%ﬂ?%ﬂﬁerQB%H%%%QB@E”E%gHEQPXUQx§S%t@&r in
conponent, and Car bonylation step: the purified propyne obtained in
t he propynatpusi takaniont stepnithe exdtued wiorh car bon nonoxi de and net hano

in the presence gr VLLL .netal, catal yst St to produce et hyl
nmet hacryl ate. i%éogd dqlé%l\{‘?‘ﬁlg l%ﬁ oasutcetcg 'onl:?r{r%t r%%czgggjlgr dzlg)né3 bt%gl&egi mi,
wher ei n t hehbydiesar dasthatbngoR taehO icarfedn taf cirbsésorad Hea8611DdEion

sel ected from napht ha, butane, propane and et hane. | 3. The_production
mot hod accSPAPRY: (870 SPRFAS CoRrBh 1 heTSepiiiat 7 of 52k SURRISLOR

foll owi ng s{8pScarbon hklisy g shirbbat b@Bnst @Rkehhe e campsetk gas1 @kt ai ned
in the thernmal deconposition step is cooled, then, fed to a first

distillatiBREEBRUARD ahdfSephiated MAiElY f¢AMITM 10EohyoFegenf aad a
hydrocar boHyB?MbQEbénlohan@ Garpon,a %oha%n%tﬁéﬁ&m blie gl hot t om

and a fraction 2 mainly conposed of hydrogen and a hydrocarbon having 1 to
3 carbon aredsmnakem. out fromthe colum top,

Third distillation step: the fraction 3 obtained in the
second distillation step is fed to a third distillation
column, and separated into a fraction 6 mainly composed of
propyne and propadiene taken out from the column bottom and
a fraction 5 mainly composed of propylene taken out from the

column top.

4. The production method according to Claim 1,
comprising the following step:
Methyl methacrylate purification step: the reaction

mixture obtained in the carbonylation step is subjected to a



Second distillation step: the fraction 2 obtained in the first distillation
step is fed to a second distillation colum, and separated into a fraction
3 mainly conposed of a hydrocarbon having 3 carbon atons taken out fromthe
columm bottom and a fraction 4 mainly conposed of hydrogen and a
hydrocarbon having 1 to 2 carbon atons taken out fromthe colum top,

Third distillation step: the fraction 3¢btained in the second distillation
step is fed to a third distillation colum, and separated into a fraction 6
mai nl y conposed of propyne and propadi ene taken out fromthe colum bottom
and a fractgaen airfeﬁudipmomgmﬁa:tm,pr crpayéteirﬂdattaloen cmperfactdmn heapd) orm

t op. §?§. T@e groduct'on neth acc org $g §9 r|S|n% t he

f ol | owi ng gact1on Opetd Foﬂetﬁﬁ Vpﬁ?%c ¥ ??E%??oﬂog?ﬁb ©t hB"PREE i on
m Xt ure obts@idnecheithahbe carbonykabieRedt epnds BEULhETt efetRadryPBtgasis

di ffusion operation, distillation operation and/or extraction operation,
and unr eac®¥FicdfBon nonoxi de, propyne and net hanol are recovered and

met hyl nethacrylate is purified. 5. The production nethod according
to daim1, wherein the crude propyne obtained in the isonmerization step is
fed to a propyné pur Thecapiregustépn methog, Fﬁ@oﬁﬂéaectﬁ&1rﬁ%mwﬁ 1,

according. \AeQahMhe WABKE! B LAGuEXLERGLHOR 261 VAL LORCEDE PIOR By

purification step is N or mam e pro ion
accordi ng tie Cedi bpla phepena pinel f sorterarz &ttiegn catal yst is an alkali neta
or alkali netal oxide supported on al um na. 8. The production nethod
according to Claiml, wherein the group VIII netal catalyst system contains
pal | adi um el emest.. The production method according to Claim 1,

wherein the extraction solvent for the propyne purification

step i1s N,N-dimethylformamide.

7. The production method according to Claim 1,
wherein the isomerization catalyst 1is an alkali metal or

alkali metal oxide supported on alumina.

8. The production method according to Claim 1,
wherein the group VIII metal catalyst system contains

palladium element.



