1 -DESCRI PTI ON Met hod for producing town gas 14 NOV 2003 Technical Field
This invention relates to a nethod for producing town gas, and nore
particularly to a nethod for producing town gas containing nmethane as a
mai n  conponent using dinethvl ether as feed stock. Background Ar 4 NOV 2003
Recently, in the major cities, town gas jis obtained by evaporatin

| i quefied natural gas (LNG . However, to produce town gas from LNG requires
the facilities for maintaining the DESBREHANG at extreanmy |ow

t enper at ur hur}{iTer -162 t and for evaporating the LNG to produce town gas.
Accor di ngl Y/€tN94 Tqr PragyciagileWpIgest or smal | or nedi um sized busi nesses to
produce town gas from LNG Further, it is forecasted that LNG becones
scarce in resources in the near future. Accordingly, it is desired that
town gas ipedmfiealfFigmn feed stock except LNG or, from substitute natural
gas (SNG . And so various nethods for producing town gas have been

proposed.  Met hibds insengomydresanbonsmamolierd shatking HOGIHE caLe MRt iggs for
produci ng town gas from hydrocarbons, such as ' |i que?l ed pé&troleum gas

(LPG) and Rripek/rdy 19 aneibed Fat predwRing taed igas ddntainmblddiHAR7 adisalpses a
met hod for roduci;r]%i{gas. cotgt ai ni ng nmethane (CH4) as a nmmin conponent,
hydr ogen (qgg'yg?or&%[}% QiekRethel eiosD RS dRkr 6Wckon nonoxide (CO), by neans of
steam reform ng of hydrocarbons of carbon nunmber 2 to 14 wth the catal yst
cont ai ning nickel, ceriumand alum na. And Japanese Patent QOpening Gazette

No. 144089/8£L8@Qreins¢lagses a method for producing gas containing nethane as
a main conponent, by neans of steamreform ng of heavier hydrocarbons with

the catal yst cdneeemiyngin dhéemiajon clies) tewn daparesdiaiRadepy SpfHrBthg
Gazetite Ng 17003/ 1987 di scl oses a nmethod for producing gas " containing
met hane as'@CHEH MalyipbaRetNGy Mexeyeaftospredice ddven wasdrah 1NG NENLIPED3 . 2

desul furi e ML h I I ni heni O
ethoos udf R aTianors Ranublhe F a7 NiRcat erheRd kv pttmecity « own
gas from aliepoh 62 SUaHd 36 eUmidANeY HERENo Blodliokthe ols. "AL3NghgENd

water (H20 . Japanese Patent
it is not suitable for small or medium-sized businesses to produce town gas from

LNG. Further, it is forecasted that LNG becomes scarce in resources in the
near future. Accordingly, it is desired that town gas is made from feed stock
except LNG or, from substitute natural gas (SNG). And so various methods for
producing town gas have been proposed.
D Methods using hydrocarbons as feed stock;
There are methods for producing town gas from hydrocarbons, such as
) liquefied petroleum gas (LPG) and naphtha, Japanese Patent Publication No.
51134/1987 discloses a method for producing gas containing methane (CH4) as
a main component, hydrogen (Hz), carbon dibxide (CO2) and carbon monoxide
(CO), by means of steam reforming of hydrocarbons of carbon number 2 to 14
with the catalyst containing nickel, cerium and alumina. And Japanese Patent
Opening Gazette No0.144089/1980 discloses a method for producing gas
containing methane as a main component, by means of steam reforming of
heavier hydrocarbons with the catalyst containing ruthenium, Further, Japanese
Patent Opening Gazette No.17003/1987 discloses a method for producing gas

containing methane as a main component, by means of steam reforming of



Publ i cati on No.24335/1932 di scl oses a nethod for producing fuel gas of

hi gher heating val ue where a gas contai ni ng net hane, hydrogen, carbon

di oxi de and carbon nonoxide, is produced by contacting nethanol or mxture
of methanol and water with the catalyst containing ruthenium fol [{olRgV 23
met hanati on of those produced hydrogen Zand carbon nonoxi de. And Japanese
Patent (Qpening Gazette No. 156196/ 1987 di scl oses a nethod for producing

met hane bydesulgirggdwveregarbyns srithabe ioatplysttdmmtahingrruthemivehur e of et hanol
and water it !t@qqf cat alr%/st ciont I ni ngJ rut heni um and | ant hanum as

essenti al SUSIpg A¢aiols 38088 §0Ckat ent Openi ng Gazette No. 234499/

' ' fdci . ' f ligquid ph
rothanol and. wal BF vitPoR el (o6 BRng BRILAAPrefl bRyE, YRR s

react or anghegi=hct ciradqdj h Ja L
Openi ng Gazgtte Ng%oﬁs‘i'?9@’3%?2?’?%@226'?%@%'3@9 'sgggggﬁé;gtgﬁtbon

di oxi de f rBublisiopr NdEEEd shiy:EChdiscleaes izomettaet feremrodlicinhdlelgss f édiRsrusi ng
l'i quid phase al cohol. Japanese Patent Opening Gazette No.123737/1991

di scl oses RealEHEvaileowherR 2t §a% oaRiabkng reebwaes hydmgenosarker dioxide khiize
this evaporation_and

preheat of feed stock. And, we have not been able to
find out t¥RIPRL; BP”RF‘B&» H%@é?‘g‘i'%f gyﬂ“ﬁﬁfdmgf”&eﬁtﬁ%l%i fﬁad'ffsmﬂfeaﬁéhw m

di mret hyl e I f occclf ] ugj ydr s .feed
stock r equ%rir;tg vta%l%r @ggitﬁ%t | esIy %goﬂg@ﬁq E?%?ﬁﬂ.ﬁ%nfd"gg’ﬁ% %%%ﬁ?ﬁ%@nﬁused
for the degakéurprédidedn. hyaitegemy dh@JearboAC Yidfoxidd. NCArRUCIhpaRdsoC pRGRS as
napht ha contain sul fur conpounds. Further, sulfur in hydrogen sulfide
produced o@pdeig EareitaiNoohs6186It/% disclwsgerematiod for peodwasng methane biyde.
It cannot hel.é)glt reat |t51)g the zinc sulfjde as_ industrial wastes since_zinc

sul fide i sSAFTSRCHED R CABEGHPYJBEhRAC BLSeMixIye oh melband @l wabeeHbal

probl ens ip_t : . e - stock in
many casesﬁeﬁg%w{{@@%'@gwrﬁg%ﬁggﬂ ee%ﬁe%&[ﬁgtrﬁgéﬁgﬂst he course
of production, paAHLS WdpaAkkePatbAC OpehirRs Galz8us Mo 2ok ya/, eaYidisdoddt Lhese
met hods. In this respect, these nethods are superior to the above nethods
usi ng hydrmetrdbiy efficibatyl esapoiatiohmidigeid, pprsed metinmnd awd water,f whichrethanol
is carried out according to the follow ng reaction equation, )

t heor et i cangstedchy tegy heay ofseytiel gas opsopeacion apd1are1 pentzeied disectly. wihnol

cor oo, eh TRPb R S P eS PEeh £ GRpueNp, oo iRbss hstbels 27
method for separating carbon dioxide from gas produced by the reaction
between alcohol and steamn, using liquid phase alcohol. Japanese Patent
Opening Gazette No.123737/1991 discloses a reactor of the type which
recavers reaction heat to utilize this evaporation and preheat of feed stock.

And, we have not been able to find out the Prior Arts regarding a method
for producing town gas from dimethyl ether as feed stock.

The above methods @ using hydrocarbons as feed stock require the
facilities for desulfurization, supply of hydrogen used for the desulfurization, and
hydrogen recycle, since such hydrocarbons as naphtha contain sulfur
compounds. Further, sulfur in hydrogen sulfide produced on desulfurization
process, is generally fixed as zinc sulfide. It cannot help treating the zinc
sulfide as industrial wastes since zinc sulfide is difficult to decompose and reuse,
which causes environmental problems in the future.

The above methods @ use methanol as feed stock in many cases. Since



corresponding to 28% of the weight of nethanol) is also produced. In point
of transportation of feed stock, it is not econom cal since potent,i4arl‘dvy
reproduced water, not being fuel, is transported. Further, on the 2003
production of town gas, it is needed to evaporate the water when
evaporating net hanol. Accordingly, enelgy is unnecessarily consuned.
Furthernore, it requires ‘liquefied petroleum gas as carburant to nake the
t own gas. Mekanal mgisy been deswiriasd cot thef cobrse iohverntuction, odesulfviidaticn

met hod for roduci n I n which sul fur conponent is not contained

) t own gas, | . L
in feed stf@:E'Et,’es s‘?gedgghlrqul ZBUERGt B ithess daetipds unie bl dp§pedndhese

cryogenic rage g . l.s nnecessa and transpor

effici encyrﬁlé@oﬁlg f%?@dgﬁg’rg’?(tLSé%@ﬁng@e%%ﬁol{Sln%i}%@[?ﬁg S ?%geeec{/ﬂ%kat i on
process of HRee/&t Mfbdudng tbhvilugid P GhEMLRHM ieliSottNAE r
carburant, and whi ﬁ i% sgi tablg for smalt? ﬁlrﬂ”msrrg i‘&%%‘?&zgﬁﬁz@nb&g(‘% to
carry out .foldwsiogosacorotglaventhomefibaiabove obj ect can be sol ved by the
met hod for producing town gas, of «claim1; using dinethyl ether (CH30OCH3
or C2H60) dsHfleddsPodiGHand 2ev@per@bing the dinethyl ether, and reform ng

the dimethyl ether _catalyticall undgr, the existence of steam and

produci ng g& l%oﬁ%éi'ﬁPﬁ'@’ﬁ?@Fﬁé eﬁairhﬁ[?'?bkl]'h’é AnyeitRg i e %Fgeg-zﬁdpok eed
stock can Qe.cr.u di.ngt e r ont gi ning,,: alc I ieh nt ai,

net hanol acg r%@élln%g%nﬁgﬁ\é%é,d a&@a O?%t e’%ﬁ %%é‘lﬁ% ﬁg’f)hﬁ‘a"’\%f gﬁgd{%%g t own
gas is parddr@%p@nairﬁcwzsw@f i WBRyht @f InsehBgol) 1$arh Qf@dﬁ%@t'ﬁlr‘?oim of
theoretically: 4 C2H60O --, 1.5CH4 + 0.5CO2 Coexi stent steam functions to

suppr ess tteanspoditior ofi edoslockadt isonot syst@nical sirice potedtaty fepodtde above

reaction equation that 0.75 nol of carbon element in 1 nol C2H6O is .
convert ed Waleh tplabeingdusl, 18 trrpppeted-ndiuridias, opdhe eredirtion: of tenn gasmit ch i s

simlar tg_t -e i t ha eed stock. wever,.thi s nethod
usi ng di rrgF h@ eog%%é? ?\ééspgrgﬁgﬁgnf\%%ﬁrdeﬁgba ?%Pg%%ﬁlg 7% ”P/'r e\,@\%:iommgly,
transport aidedgy i$ URRBCESRrilScoumeRT GaigRfmoraINi F&{Uirel@%ﬁheﬁé@bgﬁoﬁeﬁnﬂm
unnecessari |y "consuned on the evaporation process of the feed stock. In a
met hod f orggs aslsarmgativlenmghs thefoveh gem 2 according to claim1l, quantity
of the steamfor catalytic reformng is within 10/1 to 0.5/1 nolar ratio of
st eant di et hyl A¢¢sdindNecibd8 ary @hiesit Pt Jhist invRetiet danprovider @ mathed, for

ﬁg&gbg?? ibél{ogH l%BStOQJn ciggé.r ﬁ)'ld\lkj.ﬁc Osnuhiur}tcoorrtlglcenern Ellg tnio rt]:ors1 as"t]éa ir]; ?ge Cs”fjotcﬁ.i de.

so desulfurization facilities are unnecessary, and cryogenic storage faclilities are
also unnecessary, and transport efficiency is higher, and extra energy is not
consumed on the evaporation process of feed stock, and liguefied petroleum
das is unnecessary as carburant, and which is suitable for small or
medium-sized businesses to carry out,
Disclosure of Invention

The above object can be solved by the method for producing town gas, of
claim 1; using dimethyl ether (CHsOCHs or C:HsO) as feed stock, and
evaporating the dimethyl ether, and reforming the dimethyl ether catalytically
under the existence of steam, and producing gas containing methane mainly.

The dimethyl ether used for feed stock can be crude dimethyl ether
containing, alcohols which contain methanol as main component, and/or water.
Such a method for producing town gas is carried out according to the following

reaction equation, theoretically:



case the dinmethyl ether contains water beyond sonme quantity, the steamto
be introduced fromthe outside may be unnecessary. The quantity of the
coexi stent steamto suppress the tenperature rise of the reaction systeinkiNgV 2003
reduced and the consunption of heat energy is reduced in the nmethod for
produci ng town gas according to claim2.41n a method for produci ng town
gas, of claim 3 according to claiml, the tenperature for the catalytic
ref orm ng of CelHeD dirnibtaGHs &t BHCOs within 200t to 600 r-, and preferably
within 250 "C t8 550.t .. Such a nethod prevents deactivation of the

catal yst caused“B§XiglEddssteaBmidpeiiaise 19 | S ppsess Hempesattieo mises pit wactiom a
nmet hod forS ﬁ%j]uci ng town gas, of claim4 according to claim1, dinethyl
ether is suﬁ% ied to serially installed adiabatic fixed bed reactors, under

the existence of iété\ﬁ@éntbﬁoﬂ”ﬁwo‘cabwg r%gﬁéﬁwﬁgg{%?ﬁ%ﬁjg P”g’l ;sogg&ggoﬁ(})l i ng

means installed between the reactors, sup ally

to the reaelepissit WA paint Caltsli ¥i desh Hicaeiiy! cetheind 9.330Rb1 ed 49 Whe
reactors serially, and at the sane tinme, the renmaining part of the divided
di net hyl ettiieries istpplQzeavhich tshermilantoNde 7E08uSing ubsthguenas festsibek. Such
a net hod sggpresse . excess, tenpperat uEe rise of reaction system caused by

heat of thE FEVEh g IE8RRY UsHa Airetayicalser by effsion) anf apaeMserrNedwed
reactor, Jn.Aa pL: WeTo P clLaim 5 accaording to,claim
| O B AR DL ARl CEBLD BB T
reactor Whhgdtdssaily cbrisafiadodn tHieevadgtihorf bAdRs8lof the 1@tk st ages. Such
a nethod for producing town gas prey, ,its excess tenperature rise of
reacti on systenirby mestingd iféi pcbdmingiemb .gdsn o cleird dcoordigdoliadlaig ttown
gas, of claim6 according to claim1, by-produced carbon dioxide renoved
from't he r8edrite@f e staduifreaialytisralrmingsigewithinndl hde Qob/dduelss rgte obf
hi gher heat, : n ontainin I ngombustible gas. In 1 hod, for
produci ng %Hg\g\ﬁlﬁ’%@]‘s#ﬁﬂfeqh?gi ﬁefeééé’%r%ff%{gﬁf 8F§'lea$tr?ﬁg?ls %rg}rl%ﬁv gE ISR s
removed usiR@ndnyt ipfrolD&idrPldtethe G BBINICESste APRBAPELEDY 1BEONEPMS in the
al kanol am ne sol ution or heated aqueous potassium carbonate solution; (2)
Adsor pt i oncdse maadmteylseihegiqogtains water beyond some quantity, the steam to be
inroduced from the outside may be unnecessary. The quantity of the
coexistent steam to suppress the temperature rise of the reaction system is
reduced and the consumption of heat energy is reduced in the method for
producing town gas according to claim 2.
In a method for producing town gas, of claim 3 according to claim 1, the
temperature for the catalytic reforming of the dimethyl ether is within 200 C to
600 C, and preferably within 250 C to 550 C. Such a method prevents
deactivation of the catalyst caused by excess temperature rise of the reaction
system.
In a method for producing town gas, of claim 4 according to claim T,
dimethyl ether is supplied to serfally installed adiabatic fixed bed reactors, under
the existence of steam, by one of the following manners;
@ Passing cooling means installed beiween the reactors, dimethyl ether is
supplied serially to the reactors;

@ A part of divided dimethyl ether is supplied to the reactors serfally, and at the

same time, the remaining part of the divided dimethyl ether is supplied to the



U Sel ective separation by nmenbrane. Such a nethod surely renoves carbon
dioxide fromthe refornmed gas. In a nethod for producing town gas, of claim
8 according to claim1l1, hydrogen, carbon nonoxi de and carbon di oxi de,

whi ch are by-produced on reformng process of dinethyl ether, aré&#éNOV700]
met hani zed either before or after renp\i ng carbon di oxide fromthe
reformed gas. Such a nethod increases furthernore the heating value of the
produced rebsERBENGRECIArA. a nethod for producing town gas, of claim9
according fo,claim1,, dinethyl ether used for feed stock is added to the

prod:Jcedfr YO AGe ¢ SLPPIEEPER PERRSS RRRSTAIVIE di5e Pt f@ﬁpﬁﬁyﬁ%@ a‘gé’S@ﬁ
T oneti od SEITH @ he g ROMRE FRAGRN I a FRRt Bt R peg RS °S

controll ed so ag aei t 8rd g ﬁ?g{f\r; | Q0: Nﬂﬁ" Bri.ef
Descri ption of Dr%\?\rnﬂngisdélsz?(ogr. ?rc% sﬁ{rﬁ:{a [ rs&%?%dﬁ?:ltm?ﬁ év?/ scC ”ﬁgg ‘g%'ﬁ%r}é

exanpl e whiickiti 8 @ppt iledeformddeignbotizentedf rdiis bpueotiopuiaFigadet s the

second product flow schene, as another exanple which is applied to the.

enmbodi nentVigEh tigiiz & favanet e sPglp stage emthet plural PaoekctSddiow reethedeloras a

further exanBI e which is ar%gj ied to thi enbodi nent of, this invention. Best
e PHVERTS

Mode for GAPPYTRY @D EACHSS AHIPE S PBed, el heiedr Ly

produci ng J9Wesa8 ing to this invention conprises the steps of;
usi ng di rrebt hWIet Eg?ﬁg@é eed stock; evaporating the dinethyl ether and;

reformng the dhnetigthot ket prddutirlf e idas, tdIeclBlR S REoRfing a6 At 1t O
produce reforned gas containing mainly nmethane . Conventionally, dinethyl

ether is pnopckdedradedry dicxideis @imowedhiaml the wafarhicidsgay oldicedhylretgtvance.
Howeyer, in recent %@ars, the dinethyl ether tends to be directly produced
by the reat9bn@betdiead HyaddeRs a@d ehr BiSher nbaatidievalger a1t owPARINING
equati on; .ﬁé—%ﬁéﬁ%-ér CH3OCH3+H2O I n this reaction, CH3CH is sonetines
by-producé ébé 'O In this. invention, not onl y pure dinmethyl ether

but al so crude |di a8hBHoEICpr&URY MW g (@hQLsn Of LA gBL NoSRTRONeNt

I s met hanol, and/or water, can -be used for feed stock. Since dinethyl
et her doesanoon condde i amdwad osinp@mgndfshe Solloviag rhanneret hanol ,
desul T url 28} hABSorption by aquesus alkanoiamine Loldion o Heaisd aqusous potaseium
carbonate solution;
@ Adsorption by pressurs swinging;
@ Selective separation by membrane,
Such a method surely removes carbon dioxide from the reformed gas.

In a method for prqducing town gas, of claim 8 according to claim 1,
hydrogen, carbon monoxide and carbon dioxide, which are by-produced on
reforming process of dimethyl ether, are methanized either before or after
removing carbon dioxide from the reformed gas. Such a method increases
furthermore the heating value of the produced reformed gas.

In a method for producing town gas, of claim 8 according to claim 1,
dimethyl ether used for feed stock is added to the produced reformed gas as
carburant. Special facllities for storage or supply of carburant Is unnecessary in

contrast to such other carburant as liquefied petroleum gas, and heating value

of product gas can be controlled so as to adjust to the standardization.



town gas. Further, since the boiling point of dinmethyl ether is -25.1 1t ,
which is close to that of nethanol, the cryogenic storage facilities as
needed for LNG is unnecessary. Any nethods can be adopted to reforind NOV 2003
di ret hyl ether catalytically under the existence of steam The gas

cont ai ni ng mai nl y methane is produced wifth the reaction shown in equation
(D, reform ng the dinmethyl ether <catalytically within 200 t

to 600 I C f'%rlﬁe%ﬁfkpﬁieﬁaﬁl aWiRei n 250 t to 550 4C of 1 4 NO V ?003 7

he catal yst coRta TR FOEREREL Ve ees e RerA B HESgs B 10
Openi ng éeérﬁgo e]ﬁ%@ﬁ? ﬁ%‘gﬂ% the catal yst containing nickel (Ni),

cerium (Ce) and um na scl osed in Japanese Patent Publication

No. 51134/ 1987; F@aras@ the beéwwo&%mf'dvl)ech@nm aad bﬁ@theH?e@%:é?%we)@' SO

produced besi des “CH4 and COQ produced with the reaction equation

Si mul t aneoysilgd LDHbufemmbmnM*mgaeﬁua& ioeni@)y., (.) and (4) proceea; CO+3H2 -;
CHA+H20( 2) CO+I—LZ 2(3) CO2+4H2 -- CHA+2H20(4) Accordingly, when

di met hyl et her f'g- "?é?é*ﬁ ird aRTRdyeY 8@WI gcheme pafarfhgbeysxampnvaien i$2,

CO, 02, 0% s of the reformng gas vary Wit h
the reacti Eeggge %% uq(?;pggﬁgp% hPé]% on. The conpositions of the
ref ormed gas be5|des H20, are about 50-70% CH4, 20-25% C02, 10-30% H2 and
0-3% CO. In the case that the catal yst containing nickel is used for the
reform ng Best MatihafnaﬁanmngmnhéIlg{vémiemr eduction treatnment of the
catalyst with drogen is required in advance. Accordingly, the hydrogen
suppl y faC| I i tlfg% shoyerissgebieds Rrmeadyfor predeciogdewof ggr adowriding tchihis own
gas fyrom L

for the dégﬂ?ﬁ“{ﬂr\ z‘\étcferFBrr‘ns?hsﬁy@@ntnﬁiﬁéoste S nBlﬁ{é‘fgl c‘g bec usé%érh%aégggwggen
Suppl i ed-car A HEWELBOPEERT AN LRl B GRS IRl Vst
oforming reaction of the by ﬁ??%’ﬁa???‘ef’éﬁ‘ﬁf’g%%“????“ﬁﬁg%ﬁ%’”%é“n%‘i@“e hen
t he tenper at ur eCofivanivnaiwcdinoethyly stemis i reduesd dys debygrativheofr efetirariahg
which is produced in advance. However, in recent years, the dimethyl ether
tends to be directly produced by the reaction between hydrogen and carbon
monoxide as following equation;
4Hz42C0 — CH3OCH3+H0
In this reaction, CHaOI_-I is sometimes by-produced besides H:O0. In this
invention, not only pure dimethyl ether but also crude dimethyl ether containing
alcohols of which main component is methanol, and/or water, can be used for
feed stock. Since dimethyl ether does not contain sulfur components, similar to
methanol, desulfurization facilities are unnecessary on the production of the
town gas. Further, since the boiling point of dimethy! ether is -25.1 C |, which is
close to that of methanol, the cryogenic storage facilities as needed for LNG, is
unnecessary.
Any methods can be adopted to reform dimethyl ether catalytically undef
the existence of steam. The gas containing mainly methane is produced with

the reaction shown in equation (1), by means of reforming the dimethyl ether

catalytically within 200 C to 600 C, and preferably within 250 T to 550 C of |



reactioh of the equation (1) becones not to proceed toward right side due
to chemcal equilibrium Besides, there is a possibility of the side
reaction which produces ethylene (C2H4) as the foll ow ng equati OnHNbV?gg
NOV 2003 8 C21-160 ---1- C2H4+H20 Et hyl ene deposits resinous material 0 J
the surface of the catalyst and prevents! the reform ng reaction.

accor di ngl i[s desirable to control the reaction tenperature within

, It
t he above %@?ﬁfé? Br BSingngelH-kpowp ciatalysterer refasminenhydreteracnagueghasethy. | n
this invenfi,QN.,C - coexists . for refor.m ng reaction of dinethyl ether.
The pri nci‘%)éat?@shré)ogggm J c’b@‘ﬁ@t"@néé%f‘j@?'«@gﬁqi@ +/3Pa0Btf eBatenheOpening
t enper at ur ! t [ Xi St en f _the
St oam requs reer ey e PRERr Bhh SRR iRl obRE R Celant |
the whol e afstie (ArOdudistRBeErAUEBaNOIe PRRbM PMblicHRsH NOCOPdaMHes: it is not
econom cal that quantity of the steamis beyond 10/1 nole ratio

(st eant di nethstis@trer).5Chrd05¥8d2er abl e gllantity of the steamis under
10/1, and nore preferably under 5/1 ratio., However, it becones difficult

to suppres$s ?rﬁé"?%ngéraé‘tdu@ presglsgrppRaced kepices Ghs o WRerprgaugrd wihof

the steamj .1 rati 0. Accordingl v, most preferabl e quantity of
he st oam e FRE 0a DAL 1oy EPEECKA R She BipuPeoRSuR A s et

quantity t@)beodtsefl and easiness of tenperature control of the reaction
system As a reactor used for the reaction process of reform ng dinethyl
ether cat al $Oi+84lzly, CGHheHeOcan be used @p adi abatic fixed bed reactor

whi ch has no__internal cooling neans. In this case, special considerations
are requi reocpmHE%KéE&gg*H%e reaction t@hperature within the preferable

rangg. For dippthyl, ether is sypplied to plurally and serially
installed a iégggl%fc flaE!téﬁ%ﬁé reactor K‘lgfl ed with catal yst, under the

exi stence McaiHRAN, whAGROBIHdIgyt &M%sfﬁfm@%@g@n% e pr%??ﬁj(&% @%gl o0

nmeans installed between the reactors, serially’s lied

to the reamriziss idr, OQJi @6LhykLC, eindlemairdy dCMi deGofidositions @frméor@orr@ﬁ? a
part of dinethyl ether is serially supplied to the reactors, and at The
sane ti ne,9@h¥aneyih ibe spapian tonperaise hgatabiste rnilso suppfhedorpashiens
subsequent i act ois. I%lesi dez}, enH? fluidized. bed_reactor or a .

mul ti -t ubdl'al"% JEYBICY $85s 865965 M2 Qs i RGO mOriRPFe drHer 20rRE% CO:,

t enper at urgy. ot he ss@el-honcgystemis sufficiently cooled down. It may be
used in single stage. The tluidi zed bed

In the case that the catalyst containing nickel is used for the reforming or
methanation, generally the reduction treatment of the catalyst with hydrogen is
required in advance. Accordingly, the hydrogen supply facilities are needed
similarly to the case of producing the town gas from LPG. However, they can
be simplified because thgy_ are not used for the desulfurization in contrast to the
case of LPG.  And also hydrogen recycling facilities are unnecessary. In
recent years, some commercially supplied catalysts are stabilized by partial
reduction. When such catalyst is used, the hydrogen supply sources are not
always necessary.

The reforming reaction of the equation (1) is highly exothermic. Hence,
when the temperature of the reaction system rises excessively, the reforming
reaction of the equation (1) becomes not to proceed toward right side due to
chemical equilibrium. Besides, there is a possibility of the side reaction which

produces ethylene (CzHs) as the following equation;

Syt



1 4 NOV' 1003 9 reactor has a perforated plate under a fluidized | aver of
powdery catal yst, The powdery catalyst is fluidized by introducti.loQ WZUU}
feed gas through the perforated plate and is cool ed down by intern N
cooling neans, The multi-tubular reactor has many reaction tubes filled
with catalyst. The outside of the reacti®bn tubes is forned as a jacket and
is flowed W th c umfor cooling the catalyst. In the case that the
f1uidized bed?Fa8ctor C8f4 & nul ti-tubul ar reactor is used for reformng
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for renoving carbon di oxi de can I's 1 nventl on, one of the

fol I owi ng mroperaturet s the qotaecripeyatatopiR@ by QoARSPIY FQttibY RausRUS
al kanol am ne sol ution (HORNH2) or heated aqueous potassium carbonate

sol ution (RIETBYElY. HOMNHS +FREDECOR SHERNIBHIOER {08)refKACEB HHROOET dimRKNCO3
(6) Both reactio are reversi bl e and absorbent can be regenerated.
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si eve or a@rﬁ;ﬁ’@raﬁ%% Mgrreg'&%%gé,%c essure and desorbed under the

at nospheri c or lower pressure. ive separation by nenbrane; Only C02

can be separ at ediovRhves! ineetok ddtennd BetHE ehe refuies edntiHedhab¥ne pane
having a |l arge perneability of C02, such as polyimde, cellulose “ester,

pol ysul f onheeting anesolietiadsteathén tiesroiale of theaprodociibroxiatesspfehetakhy,
met hanations of carbon nonoxide, hydrogen and carbon di oxi de, which are
by- pr oduce83¥n PReCdipglyoft i§ Rgt preaBisabihagiavantity| ofdhresteamris keyonded/dbut to

e oree | NS Bre Al B BBy, SR e
Do S finge, SopE el raBRE SRR B AR O,
di scl osed tmsippesestheParepdranbdlriseatt the rdectDASSHEdASRHeAngudhity of the
met hanat | Ogtegerlﬁ/ isbﬁngglr EJIS?? rgtlijr;. ejﬁ.ggg'rdinbg?g, Onrwgstoprlre?értaglre quantity of the steam
is the within 1/1~2/1 ratio in consideration of the steam quantity to be used and
easiness of temperature control of the reaction system.

As a reactor used for the reaction process of reforming dimethyl ether
catalytically, there can be used an adiabatic fixed bed reactor which has no
internal cooling means. In this case, special considerations are required for
keeping the reaction temperature within the preferable range.

For example, dimethyl ether is supplied to plurally and serially installed
adiabatic fixed bed reactor filled with catalyst, under the existence of steam,
according to the following manners; O passing cooling means installed between
the reactors, dimethyl ether is serially supplied to the reactors, or @ dimethyl
ether is divided into two or more, and a part of dimethy] ether is serially supplied
to the reactors, and at the same time, the remains of part of dimethyl ether is
supplied to the subsequent reactors.

Besides, when a ﬂuidi;ed bed reactar or a multl-tubular reactor is used

for reforming dimethyl ether, the temperature of the reaction system s

sufficiently cooled down. It may be used in single stage. The fiuidized bed



‘elimnating carbon dioxide. Further, dinmethyl ether used as feed stock may
be added as carburant, to the refornmed as. In the case that the heati ng
value of the town gas is standardized, the heating value of the ref le]UJ
'gas is adjusted to the standardized heatl ng val ue by addi ng sone quantlty
of the carburant. Dinethyl ether used flor carburant may be at the gaseous
state or at the I|qU|d state. In the case that di met hyl ether is at the

liquid st afe@ciqrihasse Rprkdaied plae F%‘?%fr%’b“%e%d layRT @h@ﬁ“@@ﬁbﬁﬁ@éﬁt THiR e 1

Sroue V| R AEHE ke Bl TR R BT BB
GV z U c ﬂéte?én@)ts Eddleddbivi Lg’} Fridrmal coflifY nidar®, QTIweQ;lﬂultﬁtubglar reactor
has many reaction tubes_ filled with catalyst. The outside of the reaction tubes
is formed as a jacket znd is flewed with macdium for coaline the catalyst. In the
case that the fluidized bed reaclor or ihe mulii-tubular reacior is used for
reforming dimsthyl ether, the tempueratirz of roaction systein cen be ecsily
controlled with the coaxistence of steam.

After reforming dimethyl ether, incombustible carbon dioxide is removed

from the reformed gas. ;}ny method for removing carbon dioxide can be
] adopted. In this fnventfor_r,i éne of the following proven methods is preferably

adopted. L’ .-
oy Absorptlon by aqueo;s“all;awolamane solution (HORNH2) or heated aqueous
potassium carbonate solution (K2COa);

HORNH2+H20+COz; lHORNHsHCOa (5)

KeCO2+H20+C02 — 2KHCOa (6)

Both reactions are reversible and absorbent can be regenerated.

@ Adsorption by pressure .f?‘winging;
CO:2 is adsorbed on silit;et .ge!, molecular sieve or active carbon under higher
pressure and desorbed under the atmospheric or lower pressure.
(® Selective separation by membrane;
Only CO2 can be separated selectively from the mixture of CHs and CO: by
membrane having a large permeabllity of CO2, such as polyimide, cellulose
ester, polysulfon membranes.

Besides the removal of carbon dioxide, preferably, methanations of
carbon monoxide, hydrogen and carbon dioxide, which are by-produced on the
reforming process of dimethy! ether, are carried out 1o increase the heating
value. The methanations of CO, CO:z and H: are carried out with the catalyst,
preferably containing alumina, nickel and barium oxide (BaQ) as disclosed in

Japanese Patent Publication No.8810/1988, besides the catalyst containing
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standardizec heating value by adding some quantity of the carburant. Dimethy!
ether used for carburant may be at the gaseous state or ét the liquid state. In
the case that dimethyl ether is at the liquid state, it is added to the reformed gas
through vaporizer.

Table 1 shows vario“glg_; characteristics of the town gas produced from

dimethyl ether, comparing with the town gas produced from methanol.
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be'installed serially three or nore. Further, in the case that DVE contains
wat er enough, a process flow which does not introduce the steamfrom
outside, is applicable, omtting the water storage 14, the punp 114 800 2093
the conduits 1c,1d fromFig.1, DVME is supplied--serially into the first
and second reform ng reactors 15A 15B ild the above, However, a part of DME

may be supplied serially into_the first and second reform ng reactors
15A, 158, and at ttR&Ppsrentirom, Tametinbat theletersthaavpf vapotizatitin etdimethyl

lied i . d rgformi tor 15B. Referring to Fig.1, DVE
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outl et gas of the first reformng reactor 15A. According to su a nmanner,
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between the fir econd reform ng reactors 15A, 15B, Equalization of

§ and s ‘
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converted stoth. Astdtave desdribedalioyemesupénsitial(t8)ustndintéthyl el RatickRe
heating value of the reforned gas increases. This net hanaYi on reaction is
carried outlogh@EtoWRdasconditions of a tenperature of 250 to 400 t and a
pressure of 0.4@ %‘f 7.83 I\/?a 65 to, 80 kgf/cm2) in use of the catal yst
known for met hangttéhM& %%L?i?{n,r}ofUF'”Sﬁawgl @AS goeofflingyle ermbadigiantn §f Miani na,
ni ckel andnbagfidHMaxite gedibs | e Pupljcatio ]

o 8510, 1950 AAHTNAN thF Gl ISP IdherptBBIBTRE SRS " BElERer S BME y bed
reactor i nwillfingad thé mbbeadatidri ohtlimethyh efHeit di zed bed reactor or a

mul ti-tubul ar reactor. The reforned gas fromthe nethanation reactor 16 is
led into aféshembodiment ahthiskweatigas heats with the feed stock DVE in the

heat exchanger %Za And then the reforned gas ,is led into a heat '
exchanger 12b t RiBoligFNoWs oA drfioduch rflown $chsmeo eif etpWhegasi comdingiele, thise
r ef or med b Si [ a NS k _17A through_a condyi ], and
condense dg@f‘ﬁm{bg?lnﬁ%&seg@gt g@@:‘%ﬁzg iR8d bEHX rexldiors" 2P Serfalfy Setahed” 1o
reforming reaction. In Fig.1, DME, sucked with a pump 1P from a DME

storage 11 to a conduit 1a, is evaporated in a heat exchanger 12a and the DME
is supplied into a bottom portion of a heating furnace 13 through a conduit 1b.

On the other hand., W_ater, sucked with a pump 14P from a water storage
14, is supplied into the heating furnace 13 through a conduit 1¢ and the water is
steamed up at a portion 1d of the conduit 1c which passes the heating furnace
13. The steam is led into' the conduit 1b and then the steam and the DME are
Joined there. That is, DME is supplied into the bottom portion of the heating
furnace 13 together with the steam and heated therein. Then, the DME is
supplied through a conduit 1e into a first reforming reactor 15A which is an
adiabatic fixed bed reactor. The first reforming reactor 15A does not have any
internal cooling means. ‘ Fyrther, the DME contacts with catalyst which fills the
reactor 15A, and then the DME is reformed with reaction as the above
equations (1), {2), (3) and (ft).



condensed water is discharged froma bottom portion of the condensing tank
17A. Furthernore, the refornmed gas is cooled in a cooler 17BR Ioca’sfﬂu@& ?
portion of a conduit 1 p which connects the condensing tank 17A a 00
condensi ng tank 17B, and condensed water is separated in the condensing
tank 17B. The condensed water is dischh8ged froma bottom portion of the
condensing tank_17B. The reformed gas from which noisture is separated, is
led into a bott@aAs Which énied cutcHpmomalifsh aeforbisgr pearior dlér thigughr sugh a
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way of the extraction of e source gas so as to be used for town gas,

The DVE as car buhameassn [thdt thd oefarmigapeaaioar ofl OMAris ugiided cirsl uwe, by
whi ch branches off fromthe conduit |a and the DVE i s evaporated therein.

The evaporgHRRYYIDREDME intaeiet trst madcsernnd reformingr wiaginral vl 16B1Wgethar t he
it hat t DVE tai nj ne t hanol, th | cohol ter,
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It is neceééiéﬁﬁt FrPtk?edPeé&nﬁ%'%q BEYciiMRoR of 3 8 e{hg-;'t i @éiﬂgﬁrﬁg, besides
karo sor on ~d

separately. The aqueous a ani ne solution a bi ng car i oxi dé at

hi gh conciget faat ithat thes réfeningt ceatioarsiubME sBofvhoby the dyelkosypaidhi o) of
the carbon dioxi de absorbing tower 1-8. And then the solutionis led into
a top porthenproes dint ogpemneedalaeridl tahthsidee Jesbenital gequliwiumowhan dbgh a
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reaction which is exothermic reaction. In this respect, reforming reactors may
be installed serially three or more. Further, in the case that DME contains
water enough, a process flow which does not introduce the steam from outside,
is applicable, omitting the water storage 14, the pump 14P and the conduits
1c,1d from Fig.1, o

DME is supplied_'i_seriaily into the first and second reforming reactors
15A,15B in the above, However, a part of DME may be supplied serially into
the first and second reforming reactors 15A,15B, and at the same time, another
part of DME may be directly supplied into the second reforming reactor 15B.

Referring to Fig.1, DME from the DME storage 11 is divided into two at a
downstream point of the heat exchanger 12a. A part of the divided DME is
heated at a top of the hg?.ting furnace 13 through a conduit Th and then is
supplied into the second refﬁ;ming reactor 15B through the conduit 1g together
with the outlet gas of the first reforming reactor 15A.

According to such a manner, it is possible to more equalize the load



into thée heat exchanger 12b through a conduit | u and is heated therein,
And then the heated liquid is returned to the bottom portion of 1t1,t1mv2003
regenerating tower 19 through a conduit 1v. The aqueous al kanol am ne
solution is heated by the above neans in the regenerating tower 19. Hence,
the carbon dioxi de absorbed in the aquedus al kanol amine solution is
regenerated. 1 4 Nov
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The reformed gas from the methanation reactor 16 is led into a conduit

1m and exchanges heats with the feed stock DME in the heat exchanger 12a.

And then the reformed gas is led into a heat exchanger 12b through a conduit

Tn and is cooled therein. Further, the reformed gas is led into a condensing

tank 17A through a conduit 1j and condensed water is separated, The

i condensed water is discharged from a bottom portion of the condensing tank

17A. Furthermore, the reformed gas is cooled in a cooler 17BR located at a

portion of a conduit 1p which connects the condensing tank 17A and a

condensing tank 17B, and condensed water is separated in the condensing tank

17B. The condensed water is discharged from a bottom portion of the
condensing tank 17B. ]

The reformed gas from which moisture is separated, is led into a bottom

portion of a carbon dioxide absorbing tower 18 through a conduit 1q. Aqueous

alkanolamine solution is led into a top portion of the absorbing tower 18 through

a conduit 1y and is poured towards the boftom portion of the absorbing tower 18.



and is-cooled therein. And then, the reformed gas is led into the heat
exchanger 22a through a conduit 2e and is cooled therein. Further, the
reformed gas is led into a cooler 26R through a conduit 2f and is 1coM3%il]
therein. 14 NOV 2003 17 Furthernore, the reformed gas is fed into a
condensing tank 26 and condensed water]gs separated therein. The condensed
water is discharged froma bottom portion of the condensing 'tank 26. The
reformed ¢@B T1’lE|ﬁthahéaodnﬁtmsefngnedrgaszmmdutaﬁmtnttbe dowel a8tlises towarg
menbr ane- s aratl Epar tus 27 through a conduit 2g. In this apparatus,
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tank 28 is discharged froma bottom portion of the’tank or med
gas from widwhbe gas sxoasénbedisedtior igven geparated, is extracted through a
conduit 2n as a _source of towd gas. The heating value of the source gas is

contfol l ed by aH® ¥R & cam@m lad intar puexaporeton He thvgycbfa conduit 1z
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the car bur@ntwateh ishaisedséon fiead t$teck, ili ¢aneet lbl@d usedcesr thes dagburestl for a

reformng feackty it % '\rll%ce%ggry to add high-purity DME or any other carburants,

separately.

The agueous alkanolamine solution absorbing carbon dioxide at high
concentration, is led into a conduit 1s from the botiom portion of the carbon
dioxide absorbing tower 18 And then the solution is led into a top portion of an
aqgueous alkanolamine reggnerating tower 19 through a heat exchanger 12¢ and
the conduit 1s. L

Liquid extracted frorh a bottom portion of the regenerating tower 19 is led
Into the heat exchanger 12b through a conduit 1u and is heated therein. And
then the heated liquid is returned to the botton portion of the regenerating tower
19 through a conduit 1v.

The agueous alkanclan'l_ine solution is heated by the above means in the
regenerating tower 18. Hénce, the carbon dioxjde absorbed in the agueous
alkanolamine solution is evolved and so the aqueous alkanolamine solution is

regenerated.



18 it-is relatively easy to renove the reaction heat on the reformng
reaction. While the nethod for producing town gas, which uses the crude

DMVE as feed stock and which does not use the steam has been descri bleéNDW 2003
this enbodinent. it is apparently possible to use the steamto cool the
reformng reaction system Further, a ngthod for renoving the carbon
dioxide is not _restricted to the above nentioned. Furthernore, it is able
to include the Tiw cvebedotatinn dindidmas idschasged i fomm bidewesn pbitibroge rhe

car bon nmonoxi de and _carbon dioxide in the reforned gas. (Third enbodi nment

of this i AYBRAFEHSFIYVEr showhraughi fdcppdeitictwi | dins e nethee coantd,nghe o
IRAURA ; . , el p

the r et or nedeTrEied b ARy BRlen' I Staaes o tie iR 1
froma DMporighi 89ens leddchafng A 1o Wi 4 Bubfri 0t oraNSAL SXGARNGSL, 322

and is evaporated therein. n the evaporated

bot t om poriticon ofolar he® itm@ubhr Aagsdud3 1k hireughe aceprRduhindlt #o¢ isd heat ed
therein. Further, the heated DVME is led into many reaction tubes 35T

arranged WoeHRhthergim. t iFuriienl the saddbirols resirmnen o five tdphef tHeacatbomat®tidsucked
with a pur% 34P from a ﬁager t%rage 34 is led into the heating furnace 33
through a TBRHui'® 1QWEr TRe r Lo AlYed up at a part 3d of the conduit

3c whi ch goes throug | r 3, And then.the steamis |ed
into a jacket SJQJ{P]%f Qi‘%]\'teéeHggﬁétpﬁbﬁﬁgfgﬁ}%ggg%rca%nt leoé( ’naﬁ'teoﬁ%]f]we%f.
The nul ti -gagbidl adrrieagitofits utERAStIcH By AlqueBlY diearide bided
w th cat al%/sts, and the jacket 35J po%i ﬂuggeyd agt th%ﬁg]gt%gg%égﬁo%h\é%@

reacti on anybetbeBbiethtils caatter adoptet éanembtaitine thbonadisgide35J cool s t he
reacgion tgbes 35T and is discharged through a conduit 3g. And then the

hot wat er (GECPRE eskamiTest pEihis invetioRl conduit 3b in which DVE flows. That

Is, the DVE Wi thint dui t 30 i,s | ed, int he bott ) f,.th
nent i ng fur nace 192 (U NPERCh HBWC Eeaan st E1ie asSa “Brekieh S M hen

the DMVE igmb&séinigmto i bsdi r : t: it . 3e
and contacts 14%00@%@&&&%6&@%{@@?%@%{4 g (\:/ﬁiﬁbwg?ﬁg@rrégg‘{#gzﬂr E‘tll)%s

35T. In cdasdquecicef tola @A and arfeddizetdednreactoridandaptad tds bhef@bove
reaction equations (1),(2),(3y and (4). The catalysts with which the
reaction t'BBE®I35T are filled, and a

Referring to Fig.2, crude DME, sucked with a pump 21P from a crude
DME storage 21 to a conduit 2a, is led into a heal exchanger 22a and is
evaporated therein. And then the evaporated crude DME is led into a heating
furnace 23 and is heated' therein. The heated crude DME is led into a bottom
portion of a fluidized bed reactor 25 through a conduit 2¢. The fluidized bed
reactor 25 has internal E:ooling means. In the fluidized bed reactor 25, the
crude DME comes into qgrjtaqt with powdery catalysts, blowing up and fluidizing
the powdery catalysts, Hence, the crude DME is reformed with the reactions,
with the above equations (1),(2),(3) and (4). The components of catalysts, and
the conditions of the temperature and pressure on the reforming reaction, are
similar to those for the first embodiment of this invention.

The reformed gas lis.__leg into a heat exchanger 22b through a conduit 2d
and is cooled therein. An'd then, the reformed gas is led into the heat
exchanger 22a through a conduit 2e and is cooled therein. Further, the

reformed gas is led into a cooler 26R through a conduit 2f and is cooled therein.



tenperature and pressure of the reformng reaction are simlar to those for
the first enbodinent. The reforned gas extracted through a conduih“ﬂWZﬂgj
led into a conduit 3] through a heat exchanger 32b. And then the reforned
gas is led into a conduit 3k through the heat exchanger 32a. Further, the
reformed gas is cooled in a cooler 36Rland is led into a condensi ng tank
36. Condensed water is separated fromthe refornmed gas within the

condensi ng- Wi TEBe A Tefornaed grarigder inom eomiersing frokt & mndf cdriventank 36.

The reforned gas fro condensed water is separated, is led into

m.which ,th is_
a pressure¥el Hﬁisﬁﬁaﬁ?dégrtﬁ‘?rﬁﬂ’- apPparandenssrd waresUgHischesgerifensa kottbraar bon
di oxi de i r 1S, ved by adsorption therein. That is, the
appar at us cB}lJISrSI Oﬂﬂﬁ ggﬂg/ivlt‘ n%%%{gggr si eves as adsorbent. Plural
adsor bi ng t owerpre Geea a Lo de:.un pr re.of Q.49.10
7.84MPa (5 to 80 kg/cmf‘%d@r?ﬁ Eﬁgﬁiﬁnﬁﬁeﬂg'@dgﬁ%% (l:sg?%%n'ﬁtﬂ c‘)axisﬁgecm’l%ler
at mospher i mepitessesseparatingr aftraispERSHHSG; ar eorduianged WithRi B dd8tus,
apparatus  37. These adsorbing towers are by turns used. The evol ved carbon
di oxi de i ¢hedi=demedarst RPGEGhiNie coniast twigh aseiadive r efmaratin gasmbraome, whi ch
carbon di gxi I s renpbved, is extracted through a conduit 3q. The reformed
gas from \/\"ﬁﬁgﬂqq 5’3%%%?8%”&8% ang é%\?@&’,oni HOXIEg 15 SEAiKely separ=eddanger

32b throu t f,@(}p a i ex rel t hen the

ref or med gg%' r{éi‘or e #ﬁ%’o%gahe&?ﬁg%%eﬂsoﬁr}ﬁ@ggﬂgén%gé{ﬂp%%gjs?f5‘ Bﬂﬁ'ﬁl?iqft%bul ar
react or, tlargeuahribes osfdHblovdribefdiein ﬂﬁ&)@@tlﬁ@_@?ﬁ ' %ésﬁbﬁéllﬁf-ﬁbe?sr LR ged
w thin the nmethanation reactor 38, are filled with catalysts for

net hanat i @Pauwddcrimin autsidendianmesede Tofe migrawceyas & sisplidkdooate Wutdidd of

wat el or tﬁt g]ame{_ cool ant. The hot water or the steam circul ates through
the j acketN8gwiiopy "??f?é%fﬁgww £ iCREP I aRXIdsg0. theraformed garpernentaedhyas

from whic LOX] r Ve tact.s .1 _4 .20 20. . wth the
cat al yst s%ﬁﬁt{)ﬁg'rbr ﬂ%@’}’ gﬁet%bes%?h%ﬁg%ydﬁ%[%'gﬁ, 'SE‘%b%ﬂqﬁ%dB%Paéj B d

car bon di qygildey, fisdrsch are contained in the refornmed gas, are converted into
met hane with the above reaction equations (2) and (4), and so the heating
val ue of the réforsmparatedi narkess efoxidhescaisehpates) dsed fher apberdtes hznat i on
reaction, ., and. a tegggrature"and pressure of the nethanation reaction are

sinilar tdMdiHea FeRdyihehanole freiasmedngasliframt which tha sathasodiowide st he

met hanat i qambaMd [¥PfRo Ao SiaF B8R FPAYRH Lnauits 2j,2k and a heat exchanger
22h and then the reformed gas is cooled therein. Further, the cooled reformed
gas is led into a condensing tank 28 and condensed water separated in the
condensing tank 28 is discharged from a bottom portion of the tank 28.

The reformed gas from which the condensed water is separated, is
extracted through a conduit 2n as a source of town gas. The heating value of
the source gas is controlled by addition of pure DME as carburant on the way of
the extraction of the source gas so as to be used for town gas. That is, it is not
possible to use crude DME as the carburant since the crude DME contains
water.

Referring to Fig.2, DME used for the carburant is sucked to a conduit 2p
from a carburant storage with a pump 24P and then the DME is evaporated in
an evaporator 20. Further, the evaporated DME is led into the conduit 2n
through a valve 20V. Insteads, it is possible to use LPG as the carburant,

in the case that the fluidized bed reactor 25 is used for a reforming reactor,



are carried out after renoving carbon dioxide. It is different fromthe
above first enbodi ment which carries out the nethanations before resNgy 3
carbon dioxide. Both "after"” and "before" nmay be adopted in principle.
However, in the case that the concentration of carbon dioxide is higher
than that of hydrogen and carbon nonoxilde, the nethanations of hydrogen
and carbon nonoxi de can be efficiently carried out when renoval of carbon
di oxi de i st darieladivebueapefter @mone thetrhaskian drst oGnthehesfonningaraaction. t he

case t hat concentrations of hydrogen and, carbon nonoxide are higher
t han t hat M‘(ﬁgalﬁﬁo'ﬁ‘eh’f@f%fe?mﬁﬁt:ﬁ‘%ﬁo gaslhvgr%gwsm saidsoRMbp @6 Xead
before re als) rhepcli gxlde, .C d e t | gsses of hydrogen .and
car bon m%ﬁ?@eagﬁ ?ﬁgbtfeﬁ%%/sfjn%mp?%geg@éos%%gﬁr %%ﬁ g)l%SQi JE5%; ‘%a‘ﬂ this

met hani ze @hboderemon 1disoxpsigretly IR BRTR tUsBBhe TR aFP TP LB hgct ed
fromthe nethanation react%ﬁi@rSB ysﬂbﬁed into a cool gr 39R tﬁtr%ﬁg f&gﬁ[égnduit

3s and is icaoliend tvséerai n.Fuliicbrt Bemaihed rfef oemedingdse icarb@d didide as not
condensi ng tank 39 and condensed water is separated fromthe reforned gas.
The conden@éH‘C\R%é o the qalaevyeargedignesm - wdheromrport inralse wchéncledmdbasi ng

tank 39. The Qr as framwhich the condensed water is separated, is
ext r act od MRS SR BT BIAn g 2eC oh EaagrPS TWOIRARY SO e natals Ahg

val ue of tdgpbeiRsNBE 9RSe }@foprﬁg(gr?gj ed so as to be town gas, by addition
of DME as a carburant on the way 8 the conduit 3u. That is, the DME is |ed
into an ev@padatrabodiendmtarhthisdniditiosy or age 31, through a conduit 3z which
branches off fromthe conduit 3a. And then the DME is evaporated in the
evaporat or 30 ahi@-3 shpwa & third prieduciofrmischemei aconhding to hisis reehioodiment ds

flows, t h lve 30V, 14 NOV 2003 111  Next, >ss sinul at i d
exper | mont U FERCETGREC Aty RFcls upepedis be PSTUMeaROEn rd

enbodi nents w | : r: . : i I 1] escri bed
an exanpl e of pﬂﬁgﬁgi ﬁgst%%%dg%gégﬁgg%%ﬁ %lhl Egﬁ%k}& %‘{Eér%ﬂaebﬁ Egcgage
kg-nol / h (21 846G kerdVit 3aciedediimg 4 AebhexdHdngler 30AROR RBAapYHBY eéRIENCE

to Fig.1. In this exanple, the steamis introduced at a rate of 1000
kg- mol / h (Amddoen theevapdrated DNE isded mvtooa boddms puitienosfad Ihgatiog fiinacki r st

o oo SRl kT S35t B R Rl oo TS, HL 200 S e, 1
an adi abatihf, fRAGREAS Subldl ST BFERGYE Swiltin a multi-tubular reactor 35.

On the other hand, water sucked with a pump 34P from a water storage
34 is led into the heating furnace 33 through a conduit 3c. The water is
steamed up at a part 3d of the conduit 3c which goes through the heating
furnace 33. And then the steam is led into a jacket 35J of the multi-tubular

! reactor 35 through a conduit 3f.

The multi-tubular reactor 35 consists of many reaction tubes 35T filled
with catalysts, and the jacket 35J positioned at the outsides of those reaction
tubes 35T.

Hot water or steam within the jacket 35J cools the reactien tubes 35T and
is discharged through a conduit 3g. And then the hot water or the steam is led
into the conduit 3b in which DME flows.

That is, the DME within the conduit 3b is led into the bottom poartion of the
heating furnace 33 together with the steam and is heated therein. And then the

DME is led into the multi-tubular reactor 35 through the conduit 3e and contacts



1 96 MPa (20 kg/cm 2), as gauge pressure, and its inlet tenperature is 300
"C. Areaction experinent is carried out under the foll ow ng condltlons
using a feed gas which has such conpositions as indicated by [1 e1] NGV 2[]03
Tabl e 2; Catalyst : Conpositions of the catalyst are nickel of 60 wt% in
the formof N O ceriumof 25 wtw%in tAéd formof Ce® and al um na of 15

wt % The orned frompowdery state into the pellets having 3
mmin di am&t éath aé'siﬁﬁ”r{ﬁ‘"’l E?ﬁgfeh‘cpﬁérté%ﬁ 86Tt hén G@ﬂaﬁqsenﬁa)rthedlulﬁder t he

above cond Jhe anmpunt t he cat al S
200 cni . Péfbﬁﬂ%glg{écc%ﬂgﬁg -cattﬁFy OVE %a?“?{gﬁﬂir@ior\ﬁ/& (Sptde 286t ¢ yt he
wei ght of the ca@hal ¢ ) r Plipfe I | f , DMVE ,or
cruge DVE (kg/ h). Thgtaégérfrg ‘6"5’?. wﬁtb?‘orgb{?s%éscg 35??;'39%\,“1"&@ e?QﬂpF‘es

Reactor : THmperafwecand premsdes of tisé ablohess Eéaeﬁfbn A¥aI inilRAse %ﬂoé’sﬂ?&bﬁ ki C
structure substantlal I%/ shutting out the exchange of heat wth the outside.

I'ts interwst ediceenerlis 21.4 nmand its length is 1.5 m In order to
neasure the te erafﬂure di strlbutlgn of catalyst |layer wth thernocouple,

a tube made of 'SEJFIATEEL @rpeKage H§ELF{Q$U3|W6UM%I tSelﬁdelﬂtQ)fa ¢dmeluiteBict or .
The tub r an nt neter 2 mm The
re:ctgreagﬁﬁ% e ezgcér%?: aﬂf‘,@ﬂ%be é§ ot %‘ én‘fé’fﬁ 6%1'? lﬁaﬂnf"éq’ AREAsEr A"
14 NOV 2003k 2roluigh he Iedt/exbhiahget 32a0L POfhet, ARk 18 H M gas & Loblef] gV° @
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cooler 36R and is led into a condensing tank 36. Condensed water is

separated from the reformed gas within the condensing tank 36 and is

[

discharged from a bottom portion of the tank 36. The reformed gas from which
the condensed water is sepa.rated, is led into a pressure-swinging adsorbing
apparatus 37 through a conduit 3n and carbon dioxide in the reformed gas is
removed by adsorption therein.

That is, the apparatus 37 is filled with molecular sieves as adsorbent.
Plural adsorbing towers, adsorbing carbon dioxide under a pressure of 0.49 to
7.84MPa (5 to 80 kg/cm ?) and evolving the adsorbed carbon dioxide under
atmospheric pressure or a reduced pressure, are arranged within the apparatus
37. These adsorbing towers are by turns used. The evolved carbon dioxide is
discharged through a conduit 3p and the reformed gas from which carbon
dioxide is removed, is extracted through a conduit 3q.

Ths_e reformed gas from which carbon dioxide is removed, is led into the
heat exchanger 32b through the conduit 3g and is pre-heated therein. And
then the reformed gas Is led into a methanation reactor 38 which is a
multi-tubular reactor, through a conduit 3r. The inside of reaction tubes 38T
arranged within the methanation reactor 38, are filled with catalysts for
methanation reaction and the inside of a jacket 38J is flowed with hot water or
steam for coolant. The hot water or the steam circulates through the jacket 38J
by internal cooling means 38C.

That is, the reformed gas from which carbon dioxide is removed, contacts
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with the catalysts in the reaction tubes 38T, and hydrogen, carbon monoxide
and carbon dioxide, which are contained in the reformed gas, are converted into
methane with the above reaction equations (2) and (4), and so the heating value
of the reformed gas increases. The catalysts used for the methanation reaction,
and a temperature and pressure of the methanation reaction are similar to these
for the above first embodiment.

In this embodimant, the mat-anations of hydrogen and rarbon monoxide
are carried out after removing carbon dioxide. 1t is different from the above first
embodiment which carries out the methanations before removing carbon dioxide.
Both "after” and "before" may be adopted in principle. However, in the case
that the concentration of carbon dioxide is higher than that of hydrogen and
carbon monoxide, the methanations of hydrogen and carbon monoxide can be
efficiently carried out when removal of carbon dioxide is carried out before the
methanations. On the contrary, in the case that the concentrations of hydrogen
and carbon monoxide are higher than that of carbon dioxids, methanizing
hydrogen and carbon monoxide before removing carbon dioxide, can decrease
the losses of hydrogen and carbon monoxide on the removing process of
carbon dioxide and can methanize also carbon dioxide at the same time.

The reformed gas extracted from the methanation reactor 38 is led into a
cooler 39R through a conduit 3s and is cooled therein. And then the reformed
gas is led into a condensing tank 39 and condensed water is separated from the
reformed gas. The condensed water is discharged from a bottom portion of the
condensing tank 39. The reformed gas from which the condensed water is
separated, is extracted as a source for town gas, through a conduit 3u. The
heating value of the reformed gas is controlled so as to be town gas, by addition
of DME as a carburant on the way of the conduit 3u. That Is, the DME is led
into an evaporator 30 from the DME storage 31, through a conduit 3z which
branches off from the conduit 3a. And then the DME is evaporated in the
evaporator 30 and is led into the conduit 3u in which the reformed gas flows,

through a valve 30V.

44 NOV 2003
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Next, process simulations and experimental reactions according to the
above first, second and third embodirments will be described.
(Example 1)

First, there will be described an example of producing town gas by
supblying DME at a rate of 400 xg-molh (15400 ka/h), accorc'ing to the first
embodiment with reference to Fig.1. In this example, the steam is introduced at
a rate of 1000 kg-riol/h (16000 xg/h) and the DME is intreduced civisicnally to
the first and second reforming reactors at a rate of 200 kg-mal/h (9200 kg/h),
respectively.

@ The first reforming reactor

) The first reforming reactor is an adiabatic reactor. lts inlet pressure is

1.96 MPa (20 kg/cm ?), as gauge pressure, and its intet temperature is 300 C.
A reaction experiment is carried out under the following conditions, using a
feed gas which has such compositions as indicated by [1¢] in Table 2;

Catalyst : Compositions of the catalyst are nicke! of 60 wt% in the form of
NiO, cerium of 25 wt% in the form of CeQz and alumina of 15 wi%. The
catalyst is formed from powdery state into the pellets having 3 mm in diameter
and 3 mm in length (hereafter the catalyst formed under the above conditions, is
named "Catalyst A").  The amount of the catalyst is 200 cm’,

W/F | W/F is 0.5 kg-catalyst - h / kg-DME.

) W/F represents the weight of the catalyst (kg) per supply ratio of unit
weight of DME or crude DME (kg/h). The same definition is used in the
following examples.

Reactor : The reactor is made of stainless steel, which has an adiabatic
structure substantially shutting out the exchange of heat with the outside. Its
internal diameter is 21.4 mm and its length is 1.5 m. In order to measure the
temperature distribution of catalyst layer with thermocouple, a tube made of
stainless steel is inserted into the center of the reactor. The tube has an
external diameter 3 mm and an internal diameter 2 mm. The reactor as above

described will be defined as an "Experimental Reactor A",
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Previous to the reaction, the pretreatment of Catalyst A is carried out by a
flow of hydrogen at a temperature of 350 C for eight hours under the
atmospheric pressure. As the result of the reaction under the condition of an
inlet temperature 300 T of the reactor, the temperature of the exit of the
catalyst layer rises to 545 C. Further, as the resut of analysis of the
composiiions of the outlet gas of the reacter, it proves that all of the DME reacts
and the cutlet Jas has such flow rate and compositicn as indicated by [11] in
Table 2.
@ The second reforming reactor

The second reforming reactor is an adiabatic reactor similarly to the first

) reforming reactor, Its inlet pressure is 1.813 MPa (13.5 kg/fem®), as gauge

pressure. A reaction experiment is carried out under the condition that a feec
gas has such flow rate and corposition as indicated by [1g] in Table 2, which is
the gas indicated by [1f], adding DME at a rate of 200 Kg-molth. Catalyst A of
200 ¢m’ is packed into Experimental Reactor A. W/F is 0.5 kg-catalyst - b/
kg-DME. Previous to the reaction, the pretreatment of Catalyst A is carried out
by a flow of hydrogen at a temperature 350 T for eight hours under the
atmospheric pressure,

As the result of the reaction under the condition of an inlet temperature of
285 C of the reactor, the temperature of the exit of the catalyst layer rises to

i 545 T equal to that in the first reforming reactor. Further, as the result of

analysis of the compositions of the outlet gas of the reactor, it proves that ali of
the DME react and the outlet gas has such flow rate and composition as
indicated by [1k] in Table 2.
@ The methanation reactor ’

A reaction experiment is carried out under the condition that a feed gas
has such flow rate and composition as indicated by [1k] in Table 2 and that gas
from the second reforming reactor is cooled to 280 ‘C and that the inlet
pressure of the methanation reactor which is an adiabatic reactor is 1.666 MPa

(17 kg/em?®), as gauge pressure.
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Previous to the reaction, the pretreatnent of Catalyst Ais carried out by
a flow of hydrogen at a tenperature of 350 O for eight hours under théNOY 2003
at nospheric pressure. As the result of the reaction under the condition of
an inlet tenperature 300 C of the reacf%r, the tenperature of the exit of
the catalyst layer rises tqg 545t . Further, as the result of analysis of
the conpositi &Ealst Pha0 s’ istpaghed dntot bxparsaeital RerctoprfovdSompasitiand  of

the LI ME - w1d th tlet as h h.tl te and I ti

 nai cat caChy e CriEe Y ogvefdn B ST AL NS G ehen of TRk rond
di cat ed' _ 4 9.0 SR e PENP ol 1%

ot or m ng i eaaroer @R AP S BRERIRY | TR Paiotis B Rd b Powseryauge

pressur e. stité eaettherneiep eRLIMENd ik 1§ @drhe@r aHl /AR tdipyeondi tion that a
feed gas has such flow rate and conposition as indicated by [1 gl in Table

2, which is t/resgagas sdpmatetd inyddrthi neoaddl ognditin éty’'/a) pat aniofvoRPe of
kg-mol /h. Catalyst A of 200 cn8 is packed into Experinmental Reactor A. WF
is 0.5 kgeg@hatyayer () Ik gS@REN Previ ous to the reaction, the pretreatnent

of Catalyst A is carried, out by a flow of hydrogen at a tenmperature 350 "C
f or ?I gh%/ houréqjﬁh‘déﬁ t?!‘ié? r ?ﬁfé‘pﬁéﬁ P¢"-“%‘?i§§§%‘?8?%%Cﬁkeysﬁégggfﬂ%f c“"E”I'u'e"

reacti on yn e :

reactor, %hglgpenﬁrlg@ﬂ?éeédo%t %e tg@PFF%ﬁF&t héegﬂgagff%f\el atyehr%%fsl sq"ergéeiro%%% t

equal to atbspireddipréssusé. rakahsiragulk @iahereattisr! DAber &% tBAIMIBA Witarf
anal ysis of the conpositions of the outlet gas of the reactor, it proves

that all #&fet te@pprEureRA0 akdoft Hee deetier, s thmpesatore fdfother @i ahdhe
compost Ul 00 Arst layer CALSS 9Yabd €.  FUIRC & 158 foaun o areyais ot SoatO"
compositions of the outlet gas of the reacior, it proves that the outlet gas has
such flow rate and composition as indicated by [1m] in Table 2.
Removal of carbon dioxide
A process simulation, cooling the outlet gas of the methanation reactor and
removing carbon dioxide with the absorbing tower in which the number of the
theoretical plates is fifteen, is carried out. Mono ethanolamine solution is used
for absorbent. Ratio of removed carbon dioxide in the reformed gas is 91.2 %
under the condition that the temperature of the top of the absorbing tower is 40
T and that the pressure in the tower is 1.372 MPa (14 kg/cmy), as gauge
; pressure. [t proves that source for town gas has such flow rate and
composition as indicated by [1r] in Table 2.

Flow rate of the source for town gas to be obtained under the normal
condition is 360000 m’® a day.
(Example 2)

Next, there will be described an example of producing town gas by
supplying crude DME, containing DME of 65 wi% and methano! of 9 wi% and
water of 26 wi%, at a rate of 28200 kg/h, according to the second embodiment
with reference to Fig.2. In this example, rate of DME contained in the feed gas

is 400 kg-mol/h (18400 kg/h) and no steam is introduced from the outside.



A reaction experinent is carried out under the condition that a feed gas

has such flow rate and conposition as indicated by [1 k] in Table 2 ba#0V 2003

that gas fromthe second reformng reactor is cooled to 280 "C and that

the inlet pressure of the nethanation reactor which is an adiabatic

reactor is 1.666 MPa (17 kg/cne), as gHuge pressure. 14 NOY 2003 ~ 4

Cat al yst 50 cnB is packed into Experinental Reactor A Conpositions of

this cat aﬁbs@eﬁ’ﬁ@'mﬂ BMOf 35 W% in the formof N1O, magnesium of 12 VA%
alum na, of 53 ivl% The catalyst is forned from

in the form and ] | )
powdery stat eolfnﬁh/ggPHQ'Pﬁef?worh%/?n@-“g'zﬁ% bef Bpamiat gﬁV@dméefﬁﬁi caclingngt h.
Feed gas sypply r t he. l,oconditi,on.,(n2/h) per unit vol,ume of
catal yst | ayeréf( nlfst) ﬁ}lés*n@’géaﬁghls?gE%&FSU@St@/?rﬁé* ﬁgegﬁ)qggnpregﬁlére, and its
Femper at ure 280 T a5 B0 Rours cadr” cheo M enb ot A HAEE ey (e
result of sube cempbsidonuasidndichidcopdlad] dn TEblang, il @fri¢@nnar ahdrei @80 C
of the reactor, the tenperature of the exit of the catalyst Layer rises to

400 r, Fufeleeyinggondilenriesult of analysis of the conpositions of the
outl et gas of tclt) rgpc. roves. that the outl s has such flow

t it t
rate and conmposttiidn as??r%:‘s%%fc&a’fad'yﬂﬁ1rL+¥F'3'i‘-‘Hmréb|§ "2’?%( 4% RepRRAgd oY
b di gxi iyl ati > Q0| J: he. | f_th
rot hanat | on B pBLAEFSEVHGH AL barfdl S0 ebihigl R I8 hPRY Phuer

in which tihepackdecatilysthe 15bbepetical plates is fifteen, is carried out
Mbno et hanol am ne sol uti on js used for absorbent. Ratio of renpbved carbon
di oxi de in the RegadpmedA gasini body .of He rewbtor tshenadendf tstainleshagtethe its

tenperature of the t of _the absorbing tower is 40 QC and that the
pr esgure i"ﬁeffh% $%W?£i g 93.37pm\vpRd (BANRGNCIH 15 Bs  Jabigteregrastalifiser ig

proves th ch fl rate.and _conpositi.on as

P cat ea e 16 The Mg SPhd Bt oo i ASBPIe o ERT RGBS be
obt ai ned imdethet b&tafet Maer. CONH hRifgd pARORORMedatithe ugﬁéﬁgaheoﬁihé\'ext !
there will be descri'bed an exanpl e of producing town gas by uppl yi ng
crude DMVEFeawnf dih rirdgr Bivprefer@siroothendowdehandhe afat@y 86 soditemateritof 2-6

W% at a.rate of 28200 k%/h accor di ng to the second enbodinment wth
r ef er ence B fiameley is {02 S rumand its Belghbis THET: ofminier@al Aoelke whighd gas

is a coiled tube made of stainless steel, is arranged in the reactor, in order to
cool the reactor by circulating hot water at a temperature of 140 T. Iis total
length of the tube is 7 m, and its external diameter is 3 mm and its internal
diameter is 2 mm. A tube made of stainless steel is inserted into the center of
the reactor in order to measure the temperature distribution of the catalyst layer

) with thermocouple. The external diameter of the tube is 3 mm and its internal
diameter is 2 mm.

W/F . W/F is 2.0 kg-catalyst - h / kg~ crude DME.



i s 400 kg-nol/h (18400 kg/h) and no steamis introduced fromthe outside.

14NV, 2003 2 5 T Reform ng reactor The reformng reactor is a fluidized

bed reactor having internal cooltng neans. Its inlet pressure is4Z gy Mpe
and its inlet tenperature is 300 A

(30 kg/cnR), as gauge pressure,

reaction experinment, using a feed gas R&ving such conposition as indicated

by [2c] in able 3, is carried out under the followng condition ; Calalyst
is supported by alum na powder

. Catal yst containing ruthenium2 w %
having a nean particle size 80 mcronmeters. The anount of the packed

catalyst is 1500 cm . Reactor A main body of the reactor is nade of
stainless steel. Its internal dianeter is 53.1 mmand its height is 1.5 m
wel ded to the lower part of the reactor in

A sintered netal filter is
order to distribute a feed gas uniformy into the catalyst |ayer. An
enl arged part &s forned at the upper part of the reactor in order to
prevent from the~powder of the catalyst to scatter out, Its internal
dianeter is 1G62. and ifs_height Ts 70 ch"ﬁn—i"“rt-ﬁhﬁaJr——eool er which is
a coiled tube sade st ai p2&sp Steeb,oics carsangsed] in the feactor, in order
to cool the regctor| hy ciycl ptprg chet dat'er Atsa tenperajure of 140 'C .
Its total |etih of! the tlube and its p¥eernal diaheter is 3 nm and
its internal i a?:etermis —rade—of. nless sijeel is inserted
into the center the rdaGfgr 4 p,Qrder_to_ngasurle the tepperature
di stribution of |the [c&P & %g,er-mwéﬁﬁ\ﬁ Eoypl e= The| ext er nal
di aneter of tfe|tubg 553 nd It & rteEnat fi s isf2mm WF,; WF
is 2.0 kg-catagj yst | & & Hg= qrude BME 14 do3 14 NOV 2003 27 As
the yesult ofEtie r ¢act Fof @ fhout the pretredtmegt of thg catal yst, the
tenmperature of f %t he|cat 4l yst Fayer is ugifodmy 330 [t As the result
of analysis-<of the conpgsitijon of the outt 3—efthelreactor, DME and
met hanol  reagt|andfit frpves|tdat he st [ & [has sucl) flow rate and
conposi tion ag {ind| cated bg =i Fablg I | (B Reroval ¢f carbon dioxide
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A process sinmulation c-_ the renoval of carbon dioxide with hollow
fi ber-nmenbrane made of polyimde, "is carried out under the condition that
the outlet gas of the reformng reactor is cooled down to 40 ' Cangdvthgt
the pressure of the outlet gas is 2.45 MPa (25 kg/cnR) , as gauge
pressure. In result, it proves that solfce gas for town gas has such flow
rate and corrpos*\%itﬁgd as indjcated by [2n] in Table 3, is obtained. Flow

r

rate of source FRYG L4 the reactiant withedt hedeetrentnen ofathe catalyst itha | s
350000 nB | Next here wi |l be descrjbed an exanple for
pr oduci ng tt:%ogﬂ S%J(STEE@”QK‘%SQ}]% %%aBE}EI%ﬁerds rUptitorgly 3%@ n‘t_g- nd$ /the (Fﬁgl_glb@fkg/ h)
oxanpl e o Ay oS BB omBIRh BF Mo Bl &S 1 Bedethny e and lrdihol o
Ref or mi hg reeattiod Theoved aidll the S@Rat@s has 3ushMHverh leof oy o The
inlet pressure of the reactor is 1.4£{SNPa§ (UISWE%/ crmllé)b,%gscog uglg%:g}raégs-sure,
and its innerataehpddtiorkatie 3300 ' C . A reaction experinent is carried

out, usin as_ hayi such conposition as indicated by [3e] in Table 4,
under the oﬁ%&\‘i"fﬂﬁo\%&é "lé‘@r"f’.dECat alyst : Catal yst containing rutheni um of

2 W% 1S suppoxt - xtruded with a dianeter, 3 nmand a | ength
8 m ?I'he amggtAO@% £ Eés Sirhplag}tfggtg‘i @‘rezg%f-"em‘.OW%’: Oy ?:Dﬁgjel}“ﬁ“kﬁ"-eca%ﬂ"j/s? -
h / kg- DMBibeReae e Reawd | d f i | {

"t er nal ol At e o 5005 Pop e, g TRe ou ARt S cBhefion P e

j acket nmadultiet sasiofl dvs refaraiing sremctanpedoord donows S4oleC aind RBar et i on
tubes. Its internal diameter is 81.1 nm The reactor is so substantially
i sot her mal PR3 AL the RutlebDaseln 2146 MFani(Ratkalcn), asi geutatpressurot Wat er

t aiyt : t.into the jacket. A stainl teel, tube i
"o TR i e bR i B o bt
t enper at ury ﬂhﬁa&é@ﬁgi[?ﬁ] p,IT%ﬂgﬁcz;%gHéﬁed'ayer wi th thernocouple. The

e tu

external diameter o eis mmand its internal dianmeter is 2 mm

The reactor as Fiboveatdestrddueck vibt ltolr g&f itper ashtEHREr LABEE & RRAGLPT C.
14NOV2003 C. ~. . . :
condition is 350000 m® a day.

(Example 3)

Next, there will be described an example for producing town gas by
supplying DME at a rate of 400 kg-mol/h (18400 kg/h) according to the third
embodiment with reference to Fig.3. In this example, a rate of 600 kg-moi/h
(10800 kg/h) of steam is introduced.

@ Reforming reactor

The reforming reactor is a single-tubular reactor. The inlet pressure of
the reactor is 1.47 MPa (15 kg/em’), as gauge pressure, and its inlet
temperature is 300 C. A reaction experiment is carried out, using a gas
having such composition as indicated by [3¢] in Table 4, under the following
condition.

Catalyst : Catalyst containing ruthenium of 2 wi%, is supported by

alumina extruded with a diameter 3 mm and a length 8 m. The amount of the
catalyst is 200 cm’.

W/F : W/F is 1.5 kg-catalyst - h / kg-DME.

Reactor : Reaction tube is made of stainless steel. lts internal diameter
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28
is 21.4 mm and its length is 1.5 m. A jacket made of stainless steel is arranged
at the outside of the reaction tubes. Its internal diameter is 81.1 mm, The
reactor is so substantially isothermal that the reaction heat is eliminated by
circulating hot water at a temperature 140 C into the jacket, A siainless steel
tube Is inseried into the center of the reactor in order o measure the
temperature distribution of the catalyst layer with thermocouple, The external
diarmeter cf the tube is 3 mm and its inteinizl diameter ic 2 mm.  The reactor as

above described will be defined as Experimental Reactor C.
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As the result of reaction without the pretreatment of the catalyst, the
temperature of gas at the exit of ihe catalyst layer rises up to 350 . As the
result of analysis of the composition of the outlet gas of the reactor, all of DME
react and it proves thet the outlst gas has such flow rate and compasition as
indicated by [3h] in Table 4.
@ Removal of carbon dioxide

A process simulation of tha removal of carbon dloxide witii pressure
swinging adsorbing (PSA)} method, is carried out under the condition that the
outlet gas of the reforming reactor is cooled down to 40 T and that the
pressure in the pressure swinging adsorbing apparatus is 1.274 MPa (13

) kg/cm®), as gauge pressure. As the result, it proves that source for town gas

has such flow rate and composition as indicated by [3qg] in Table 4.
@ Methanation reactor

A reaction experiment is carried out under the condition that a feed gas
has such composition as indicated by [3q] in Table 4, and that gas from the
pressure swinging adsorbing apparatus is heated up to 300 ‘C and that the inlet
pressure of methanation reactor which is a single-tubular reactor, is 0.98 MPa
(10 kg/em’), as gauge pressure.

Catalyst of 150 cm’ is packed into Experimental Reactor C. Compositions
of this catalyst contains nickel of 10 wi% in the form of NiO and barium of 3 wi%

) in the form of BaO, which supported by alumina carrier extruded with a diameter

3 mm and a length 8 mm.

Feed gas supply rate under the atmospheric condition (m’/h} per unit
volume of catalyst layer (m®) is 5000 per hour. |

Previous to the reaction, the pretreatment of the catalyst is carried out by
a flow of hydrogen at a temperature 300 C for eight hours under the
atmospheric pressure. As the result of the reaction under the condition of an
inlet temperature 300 C of the reactor, the temperature of the catalyst layer is
300 C.

As the result of analysis of the compositions of the outlet gas of the



30" As the result of reaction without the pretreatnent of the catal yst;, the
tenperature of gas at the exit of the catalyst layer rises up to 35P4% As
the result of analysis of the conposition of the outlet gas of the UVZMB
reactor, all of DME react and it proves that the outlet gas has such flow
rate and conposition as indicated by [3h] in Table 4. 2 Renopval of carbon
di oxi de A process simulation of the renoval of carbon dioxide wit;-,

pressure 'ERFINGI AgPry&sr iahdhepsaletngdndes Fecte fiom sateoand watapositoe as
condition; t t. ag of the reformng reactor is cooled down to
40 t and t:{{g‘i?%%oggy B‘%ﬁé‘iﬁﬁa@% %‘the pressure sw ngi ng adsorbi ng apparatus is
1.274 MPa (13 K d ~ e - o roves .t hat
source for tom@igmﬁggé‘?ﬁh f L(’)%)vﬁcﬁ?gfna ﬁ%n%géiﬁ%?’%}d&glgﬁjn% Hﬁfcéa&e%y

[3q] in Taiy Budin mbwuhaﬂ@dom? REAGLAEt fad BREAd AILUSKRAION RAkdre &Y 1 ed
out under the condition that a fTeed gas "has such conposition as indicated

by [3q] ireMrabia ibw da® chatugascts dm bdhebigines sucer shié meimg! adeait6H ng
appar at uségaogiat‘ed Ip to 300 'C and that the inlet pressure of

met hanat i ct'of* St ch is a single-tubular reactor, is 0.98 MPa (10
kg/ cnR), as gauge pressure. Catalyst of 15D cnB is packed into Experinental
Reactor C. Conpositions of this catalyst contains nickel of 10 W% in the
form of NMFAGT hfdritizhof 3 W% in the formof BaO which supported by
alumna carrier extruded with a dianeter 3 mmand a length 8 nm Feed gas

suppl y rate undirist hweatioms sheractisshdidt ithe Gbbld) desiripibh!  MehseTetHs
catal yst layer (mm) is 5000 per hour. Previous to the reaction, the
pr et r eat neRYergon s saehpfiset asfllgningdeseription. a flow of hydrogen at a

t t 300,t for eight h der .th t heri ¢ . sure, As th
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result of analysis of the conpositions o he ou gdas O
31 react aeforimingreaetiort batdimbthydwtiereivhibhs ishfseds vlekf | owctatdingdextra

conpositon as indicated by [3s] in Table 4. And it proves that Source for
town gas Hipat SRR 6ATESPRNBRG 46 Walell isan@deeded when evaporating feed stock.
Further, the facilities for desulfurization, for supply of hydrogen used for the
desulfurization process and for recycling the hydrogen are unnecessary since
sulfur component is not contained in dimethyl ether. Furthermore, small or
medium-sized businesses can be carried out by the method of this invention to
produce and supply town gas or substitute natural gas alternatively for LNG
since cryagenic storage facilities are unnecessary.

In the method for producing town gas, of claim 2, there can be
suppressed the excess temperature rise of the reaction system due to the heat
of the reforming reactor of dimethyl ether and the extra consumption of heat
energy needed to heat the feed stock supplied info the reforming reactor, or to
cool the gas reformed in the reforming reactor, since quantity of the coexisting
steam is controlled within a proper range. Furthermore, there can be
suppressed the exira consumption of heat energy needed to teat the feed stock,
or to cool the reformed gas, in the case that quantity of the steam is large.

fn the method for producing town gas, of claim 3, there can be smoothly

proceeded the reforming reaction of dimethyl ether and there can be prevented



by [3U in Table 4, by cooling the outlet gas of the nethanation reactor to
40 t and that flowrate of source gas to be obtai ned under the nornal
condition is 320000 nb a day. Effect of Invention This invention is
practised as the above description. Hence, this invention has iﬁmwﬁfct
as follow ng description. According t 0 3the net hod for produci ng't S,
of claiml1, it is efficient ftra?m vi.ew of transportati.on of feed stock

since wat &€ jdeasivalinbMichs eatalstroneR fge reRiErai o relalSASEAT I S Suhi ch
is feed st i A i nal di t t i
is feed s Oﬁﬁg%ﬁﬂi@ﬁbgﬁﬁf%ﬁeﬁ"ﬁ a4 rgﬁ ~energy corresponding to water is

not neede§® ed St B6crR. Further, the facilities for
desul furi zati ony tffié”métH%'f&‘rh Efoﬁmgﬂ'fgoﬂﬂfh 48€ boff Qaird ¢ thatesddrf be ipradicy
y g

process and for recycling the rogen are unnecessary since sulfur
conponent ihwnneis aetht atasdr imaviligretrhylifieet keuipniantt siecermadiabaticafikedrbed

nmedi um si zed businesses can be carried out by the nethod of this inyention
to producesaints sudmiyetipwndgaerialy Hgkdiedt HiUEnCaedI0 G FEMREN V8 y for

o1 oduci ng ERHIGR, SATANATRRion kPR U SiprBeeH el dF BRI "
temper at uﬁﬁg{théﬁﬁ%%toé$§o RABLOD SSHRMLAE L0rd o AR nelofiAE LRI ND_

&t
react or of er an ra C nsurrptl on o heat ener gy neede

to heat the feqq tﬁé%@tfh%aﬁ_ek bfSHUHP1dWIe ghSf 6F Bl 5, @ARGIoEan Bk froducad! the
gas reformed in the reformng reactor, since quantity of the coexisting

steam i s aowhrgas edthiatdingleargactpesincary@uidiaed: bed meaelor tdied dneltitubdar
suppressed the extra consunpti on of heat ener needed. to Qﬁat e feed

| t
stock, orreaglogowhichnearn effsiently [gawve ther et aieacHan, 1§uRY 1) 6P T8 st eam
is large. |.n t,he npethod.for LNg. .gas, of claim3, there can be
snoot hl y %ng'@’iﬁ&ertw '%Po%mggéﬁﬁﬂﬁ'&r%ﬁn%ﬁ di methyl ether and there can
be prevented 32,4ANONAR3 fof pPodlRfsd tov bas, of clklie erah@leysdn Beneerehbed
tenperature of reaction systemis Tcontrolled within a predeterm ned range.
I n the netthedhéatingorvalliec pag unitwolgas, obfthelraiatngd ghersncarcaseoprdekided

town gas with reactor having sinplified eqfui pnment since adiabatic fixed bed
reactors avaichlisiealingomkustdde iggs| i femaved TeNthe elPRMeddasy means bet ween

< suppl i ed i ritanErEeBEL 05 rEoiaE 1P dp b teiia hefpSrd el i lizdd I
ther e can e PEaiaRo T B o e B e e ol PP red bed
react or oradopted ffor thebrehsval of carbon dioxide.
In the method for producing town gas, of claim 8, there can be increased
the heating value of the reformed gas since hydrogen, carbon monoxide and
carbon dioxide, which are contained in the reformed gas, are methanized
) besides carbon dioxide is removed form the reformed gas.
In the method for producing town gas, of claim 9, the heating value of
town gas as final product, can be adapted to a predetermined value controliing

quantity of carburant to add in the reformed gas.



reactor, which can efficiently renove the heat of reaction, is used for
reformng dinmethyl ether, which is an exothermc reaction. In the nethod
for producing town gas, of claim®6, there can be increased the hdak K200
val ue per unit volune of the reformed gas since carbon dioxide which is an
i nconbustible gas, is removed fromthe ¥%formed gas. In the nethod for
produci ng town gas, of claim?7, therm&%e stabilized the operation of

t he produci ng process of town gas si ven nethod is adopted for the

5 Chere can a1 fepeRiagoriletiEnd Tl e B AN ERRR 0L S nce

8, there can be’inc 'gas since

hydrogen, ¢&f BripamPRihienh@dhecad By &gkl de, which are contained in the
ref ormed gas, are nethani zed besides carbon dioxide is renmoved formthe

reformed g&B) elapdraingsibdinfiethylpstbduandg t own gas, of claim9, the heating
value of town gas as final product, can be adapted to a predetermnm ned

val ue cont (@ |ra19¢gmlr@mémd tdjmgthyt ther aih slgagudn ith=tesees cied!glist tora Nov
2003 33 CLAIMS 1.. A nethod for producin own gas conprising the steps of;
(A) prepaff W& Wé?rmnggﬁﬁé:rong%”'ggéﬂa@iyo&?%h@tr@; evaporating said di nethyl
ether and; (C) Jefprm ' et hyl, et her .. w 1, Ln..1 he e of
catalyst to p Odulgemree odrsqrr%'g pgdad;ﬁ:ﬁ: tt%?hi ﬁ%s ﬁ%ﬁ[iﬁ?hgﬁgh 2. H{Agxrs‘rle‘l:}(?-ﬁod

for produgagtifodnssiassteasosdlire@inthdClsaivithih. 10/0 180,81 nddavatibYofQfteaal d
steamon reformng is within 10/1 to 0.5/11 nolar ratio of steami di nethyl

et her. 3. dikmetityhethdror produci ng town gas according to claim1, in which
tenperature for_ catalytic reformng of said di meth%‘l_]g'ethelr is,Wthin 200 'C

to 600 C. 4. ASretholietnd JpodiRFHdNg dRNNgEES ACEFENAGO 63N al M WHIFH whi ch
Feact ors By grEif e BURE s Bih SR dflE eRleri A FAR0 1 fo 68 Ped
instal | ed+4etween said reactors, said dinmethyl ether is supplied serially
to said reactors; and (2-D A-part of divided dinmethyl ether is supplied to
sai d reactors seriAlrhgthodrfdr arodudireg Sewre ges rescotdieg temdaim hginpahichafaidai d
divided didrirr%temyll e%gehreirs siusppﬁgg I?(') isgr.élaltlg,!oins.‘cailed adiabatic fixed bed reactors by one
of the following manners;
@ Passing cooling means installed between said reactors, said dimethyl
ather is supplied serially to said reactors; and
@ A part of divided dimethy! ether is supplied to said reactors serially, and at
the same time, the remaining part of said divided dimethyl ether is supplied to
subsequent reactor or reactors.
! 5. A method for producing town gas according to claim 1, in which said
dimethyt ether is reformed with a fiuidized bed reactor or a multi-tubular reactor.

6. A method for producing town gas according to claim 1, in which
carbon dioxide by-produced on reforming process of said dimethyl ether is
removed from said reformed gas after reforming said dimethyl ether.

7. A method for producing town gas according to claim &, in which said
carbon dioxide is removed from said reformed gas by using one of the following
manners;

(D Absorption by aqueous alkanolamine solution or heated aqueous

potassium carbonate solution;



subsequent reactor or reactors. 5. A nethod for producing town gas
according to claiml, in which said dinethyl ether is reformed with a
fluidized bed reactor or a nmulti-tubular reactor. 6. A nethod for 1 4 NOV 2003
produci ng town gas according to claim1l1, in which carbon dioxide

by- produced on reform ng process of sai@4dinethyl ether is renoved from
said refornmed gas after reformng said dinethyl ether. 7, A nmethod for
produci ng t déhAgaerpdiesdnupriegsute ewiagingmethpdihi ch said carbon di oxide is

removed fro i d reformed gas, by using one of the follow n manners; (D
Absor pti on g?%’&??é’@ﬁg Sglpﬁ‘aqﬁ%lngt?ﬂ &@"iﬁlaﬂ?i on or heat ed aqueogs pot assi uﬁn
car bonat e sol utg on, ) Adsor pt i uge.sw.ngi n
nmet hod, CT) Se‘?'ec{:\l \9}1ee4§c[é\%6{9§81?§%§%}99 (tné%r g%g_%_opﬂnﬁgttoﬁé%ﬁﬁoﬁ, f)r?\(l)%dﬂ%ﬂ ng

town gas apeRsgemahcdrbos|mbmedde BRdWirbdn ditsiodemch GRE BYOHraRNed &f ad
carbon di oxi de, which are by-produced on said reform ng process, are

met hani zede#&irtrieg theterse ae raéthenizedneitisigbaiaral oc afeone maivind sieid carbén
met hod for producing town gas according to claiml1, in which L part of
sai d di met#9xidét her is added to said reformed gas as carburant. 1

G. A method for producing town gas =zccording to claim 1, in which «

pan of said dimethyl ether is added to said reformed gas as carburant.



