21 JUL 2005 SPECI FI CATI ON METHOD FOR TREATI NG EXHAUST GAS CONTAI NI NG

VOLATI LE HYDROCARBONS & APPARATUS FOR | MPLEMENTI NG THE METHOD FILELD OF THE

| NVENTI ON The present invention relates to a nmethod for treating,K exhaust

gas containing volatile hydrocarbons, and an apparatus for inp? metlt 2

the nmethod. Mre specifically, the present invention relates to a nethod

of treating exhaust gas containing volatile hydrocarbons, whereby the

vol ati |l e hydrocarbons are separated fromthe exhaust gas by nmeans of the

adsor pti on-desorption nethod, aSPECIEEIAGFTION: resulting gas is

extracted fromthe outlet of an adsorption colum and released into the

at nosphere as clean gas, and to an apparatus for inplenenting the said

nmet hod. The present invention |ikew se relates tobf(srl'ﬁ a treatnment nethod to
i

be applied in the case MIAEHOR FORIREATIN4: EXSRARST GdSol ati | e

hydr ocarbons is multis t] OCAr. i, ng a useful
constituent targeted Q@m@f’?y@ﬁﬁf@rﬁ?@ﬁ@@%ﬁﬁfm ating
(isolating) and regPPERATYSFOR INPLEMENTING THE MRTHODUent from the
exhaust gas, and to an apparatus for inplenenting the said nethod; and (2)
a treatnent nethod to be applied in the case where the exhaust gas
containing volatile hydrocarbons is | ntai ning volatile

hydr ocar bon gaseous imuriti@mm@%mg&@@ﬂﬁgm nants, whereby the
vol ati |l e hydrocarbons are separated fromthe gas by neans of the ‘
adsor ption-desorption nethod and the resulting clean inert gas is
recovered from t MheQitekonit Rvenbioatediftlsi ton etdthod for Bbatihgtekaniargusus for

1 21 JUL 2005 inplenenting the said nethod. . )
containing volatile hydrocarbons, and an apparatus for implementing the

method.

More specifically, the present invention relates to a method of
treating exhaust gas containing volatile hydrocarbons, whereby the
volatile hydrocarbons are separated from the exhaust gas by means of the
adsorption-desorption method, and thereafter the resulting gas is
extracted from the outlet of an adsorption column and released into the
atmosphere as clean gas, and to an apparatus for implementing the said
method.

The present invention likewise relates to (1) a treatment method to
be applied in the case where the exhaust gas containing volatile
hydrocarbons is multi-constituent hydrocarbon gas containing a useful
constituent targeted for rebovery, with the purpose of separating (isolating)
and recovering only the targeted useful constituent from the exhaust gas,
and to an apparatus for implementing the said method; and (2) a
treatment method to be applied in the case where the exhaust gas
containing volatile hydrocarbons is an inert gas containing volatile
hydrocarbon gaseous impurities and/or gaseous contaminants, whereby
the volatile hydrocarbons are separated from the gas by means of the

_adsorption-desorption method and the resulting clean inert gas is

recovered from the outlet of an adsorption column, and to an apparatus for



BACKGROUND OF THE | NVENTI ON As previously nentioned, the present invention
relates to a nethod for treating exhaust gas containing volatile

hydr ocar bons, whereby the volatile hydrocarbons are separated fro tE[ﬁ'Fé
exhaust gas by neans of the adsorption-desorption nethod, and f‘lewméa r
the resulting gas is extracted fromthe outlet of an adsorption colum and
rel eased into the atnosphere as clean gas, and to an apparatus for

i npl ementing the said nethod. For sone tine, alnost all of the neans for
renovi ng voligpldneentingdthecaid orethdd.om exhaust gas t hrough adsorption in
order to satisfy legal restrictions on em ssion concentration |evels have
been disclosed (for exanples, refer to Japanese Lai d- Open Patent

Publications No. 1997-478R6KAROUNEY OFSTREQNVENTIEN7- 215908, No.
1999- 71584, and No. 300955/2000). The met hods disclosed in the

af orenenti oned | ai d-open patents enploy four types of adsorbent, nanely,

gerand synt ot GsTREYBMaly g, B pREGETRR0a IO B MRhP o (o
the nmost wi ded Yreating exXtriishgg#x @ohtainihg aclatiletiydPocarbohs wWheeby thet poor

desorption caggibi lity, so that heat desor&t@it on en‘gl oying steamis used in
nearly al | &Qtadile hydibeatbops aragepamted from Herexpaustoas by areansf ther it

absorption rptdon: have e LAg gas, or
a vacuum m%ﬁgc_)r‘iﬁ?ﬁidﬁg{o KJc}gr bgﬁ%&’ tgﬁysh%@%ﬁleﬂsjstbgoa%cuel%qan%ﬁ%a from
lignite or esbactedhiréra thevautiettof arf adscrptionteduraardawhseleadadiiniedhbdy
activating o%i ve seeds means of . treat rrenhésvxé th ppos&t}ori aci.d, have

 TO5 OR'ESR

been conmmer & @P?@h%ﬁf%g'éanigﬁ RBd 1RAMBPPRES 108 NG YeRRR pores

whi ch are ah@tho@ne nanoneter in size, and referred to as "nanopore

carbon". 2 .21 JUL 20D5 The present invention relates to a nethod for

treating exhaust berssome dime,nginvast aall 1of thedmeaasbfonsrenagying wolatidey

absorpti on- %%Por atrti)é)nns from exhaust gas through adsorption in order to satisfy legal
restrictions on emission concentration levels have been disclosed (for
examples, refer to Japanese Laid-Open Patent Publications No.
1997-47635, No. 1997-57060, No. 1997-215908, No. 1999-71584, and No.
300955/2000).

The methods disclosed in the aforementioned laid-open patents
employ four types of adsorbent, namely, granular activated carbon, fibrous
activated carbon, hydrophobic silica gel, and synthetic zeolite. Of these,
the activated carbon adsorbent is the most widely used, having excellent
adsorption performance, but poor desorption capability, so that heat
desorption employing steam is used in nearly all cases. Recently, new
forms of activated carbon that permit absorption and desorption have been
developed, using only a purge gas, or a vacuum means. Activated carbon
of this kind is produced in China from lignite or peat, while a variety of
activated carbons, obtained by activating olive seeds by means of
treatment with phosphoric acid, have been commercially marketed in the
Netherlands. Such products have pores which are about one nanometer

in size, and referred to as “nanopore carbon”.



met hod that enpl oys, either alone or in conbination with commonly used

hydr ophobi c silica gel or synthetic zeolite, an activated carbon that does
not require steamfor absorption/desorption, and to an apparatu§1f9r 5

i mpl enenting the said method. More specifically, it relates to'a né#hgw and
apparatus, whereby volatile hydrocarbons such as ethyl ene, propyl ene,
benzene, toluene, nethyl ethyl ketone, trichloroethylene, octadi ene and
hexane contained in exhaust gas are treated by adsorption in such a manner
that the resultiMhe prdiaut in@afidy pélatedty a aethaidrer armng.ﬁeim@ﬁéwgasof not
more than 10 &§n1 of such hﬁdrocarbons when it is released. Furthernore, as
nmenti oned #pBt@iningevelatidenhydrocenbonm Misingi & enewe|abserption-eyorptianeat ment

thod to b lied in th the exhaust t ai ni latil
nyar ocar orSe Rk ielest: EFBR Aot 65 cuBhiaHon SiRuAmRRod el ™ ' ©
consti t Ue”thytdi‘gﬁl%lﬁg difka fg@P%}l%&htmﬁi@ zeblife, ] B@fi@?&fd SaRhtHdt9does
recovering on u

(isol ating) "an y the targeted use constituent fromthe

- exhaust gasiot arsdjuire asteaump doratabsofpiion/depdretiont i axd ttoe anabgparitugdforand ( 2)
a treatnment nethod to be applied _where the exhaust gas containing volatile

hydr ocar bo#splemgptingdhe Sgéfim@bﬁtlai ning vol atil e hydrocarbon gaseous

I mpurities and/o seo nt.an nant wher eby, the vol atjl e hydrqcarbons

are separated frédn%%h§pe%?%%aﬁf’d§§éga§ﬁ§ ?ﬁbn? r%etglé)ﬁaﬁl @W&?E Sar‘ﬁﬁﬁre seous

i mpuri ti es vengiler hydas@@Bons OficT NANdthyluheBaspyNnd, NBenzene, toluene,

adsor pti on-desorption nethod and the resulting clean inert gas is

recover ed metiyl kthyukétene ptrichdoemdbylemiep nctadi¢narand drecane cantaipedriat us f or
i npl ementing, the said t hod, . Fol ] owing i.s a descripti of. the .
abovenent | SRBAUE a1 e Ereshed hx&%&zmﬂ? & stigh 2 F SBab b eeuibing ne

t r eat nent rd 0, | P=3Y) t] I an
appar atus PORFREYES pdtRrably Bl BlsCH WEh b e Sip R eR rif tyfrd HRRE O7Bbm?
publicly kepgtich hiidrquadborsd whendt isyslehsdd.c rubber invol ves

Furthermore, as mentioned above, the present invention likewise

relates to (1) a treatment method to be applied in the case where the
exhaust gas containing volatile hydrocarbons is multi-constituent
hydrocarbon gas containing a useful constituent targeted for recovery with
the purpose of separating (isolating) and recovering only the targeted
useful constituent from the exhaust gas, and to an apparatus for
implementing the said method; and (2) a treatment method to be applied
where the exhaust gas containing volatile hydrocarbons is an inert gas
containing volatile hydrocarbon gaseous impurities and/or gaseous
contaminants, whereby the volatile hydrocarbons are separated from the
inert gas containing volatile hydrocarbon gaseous impurities and/or
gaseous contaminants by means of the adsorption-desorption method and
the resulting clean inert gas is recovered from the outlet of an adsorption
column, and to an apparatus for implementing the said method.

Following is a description of the abovementioned treatment
method (1) which is a specific method for the treatment of exhaust gas
during production of synthetic rubber and an apparatus for implementing

the said method (1).



t he pol ynerization of various ol efinic hydrocarbons such as ethyl ene,

propyl ene and butadi ene as raw nmaterial gas, either singly or conbined, to
obtai n products such as butyl rubber, butadi ene rubber or

et hyl ene- propyl ene rubber. The exhaust gas produced by the pol y2rbrdii G
reactions taking place during such production contains both discardable
gases (by-product gases) and gases that ought to be recovered

(non-reacting gases). For exanple, certain types of polynerizing reactions
give rise to bot Asishphblhielyakdown; dhe produbiiom dfimynthefas rubhes involeese it
I's desirable to recover and re-utilize the nop-regcting ethylene gas and to
di scard thet?r@ypa{m%aw e VgEQuSs| Alegiamts (¥ ocarhonORUS % iehBylepsy | ene

recover ed byt Bitdditng e WuPmalialLabSULD BEUE of ArBRRUEAO! o

However , iona ol 6gy “does no chni ques

separ at e argbtaRCovfodaetsh subkt apsesbutylt heubb&eoUsutildesife triudbet S, or
w thout liquefying them and are currently disposed of by incineration. The

present i nweshyleme-propzleneerutdies: Thetaxhamst ghaprodyessl by éhe molmerisitgd
wher eby .only the useful constituent with a, high |evel. of purj.t sych as
the above. MeALHONbIaG PLARE: ding s Resty sk, senting bol ditdardiblen g
recovered f s ti r o] S aipi S
constituenté,a%g%lm%bgﬁa%pa%%t%g% ?ié?i ?%ﬁegne&r}lltg?né)ﬁgﬁg stgi g%neit{ﬁg‘é?mflhe
abovenent i ¢gnen-reattingl gades)f Bor tédxanipleptertain Ofpesxdfaps] ympaizing rdactigrey at us

for inplementing the same_ will hereafter be_described in _detail. This
met hod r el ¥ riss toroth athyleng: and butane dpdhe exhayst gapt Husuch case ixanpl e,

L N T e T

ketone, tridisdapl ARkl eRluct Budshe Bls ANt AadRNGh, the \ordrddctitigith§lbneds
vol atil e reactants, non-reacting materials, reaction products or the like),

whi ch have ratovetedmustihaye mpnrityad 999 % oxkigher oh orderctd beiseusadplé.r i ng t he

presence of iner as. This rr%tho also relajes to the reduction_of the
concentration of ehacERtions) technalogy dlogs ’B’Es@' C ot €in 4

21 JUL 2003, separate and recover such substances in the gaseous phase, that is,
without liquefying them, and are currently disposed of by incineration.

The present invention likewise relates to an exhaust gas treatment
method whereby only the useful constituent with a high level of purity
such as the above-mentioned non-reacting ethylene, is separated (isolated)
and recovered from multi-constituent hydrocarbon gas containing such
constituent, and to an apparatus for implementing the said method.

The abovementioned method (2) for the treatment of exhaust gas
and apparatus for implementing the same will hereafter be described in
detail. This method relates to the purification treatment of an inert gas
(for example, nitrogen), containing volatile gaseous impurities and/or
gaseous contaminants (e.g., ethylene, propylene, benzene, toluene, methyl
ethyl ketone, trichloroethylene, octadiene and hexane, having originated
as volatile reactants, non-reacting materials, reaction products or the like),
which have mixed with the inert gas as a result of reactions requiring the
presence of inert gas. This method also relates to the reduction of the

concentration of such gaseous impurities and/or gaseous contaminants in



the inert gas when cleaning products with inert gas, to not nore than 100
ppm or preferably to not nore than 10 ppm- in other words, to raise the
purity of the inert gas preferably to a level of 99 %or higher,,sq that it
can be re-utilized. "lnert gas" is used as a general termref erz‘i'n‘gﬂt é005
chem cal substances that have a significantly low |l evel of activity of
their owmn, e.g., nitrogen, carbon dioxide, helium xenon or

chl or of | uorocar bon gases. BACKGROUND COF THE | NVENTI ON There are purportedly
as many as the ipeft gaewheal clpamngoproductyuwith inerd gaantd ndamorashandf00nhi ch

are produced at chem cal,, .petrochenical, har maceutical and siml ar

pl ant s. dngpglas%fspfﬁ}?a@ayéomime@ fh%ﬂ@;&wm 'pP_b@g'éfirl war%p e dasest d

rel eased diJ g . o, rQcar bons
uch as t nduat 8 haf EAIRRARRNTy 3O Rvll of 39 bEUE A bo BV LAREC

processes hrcaratilivs@d“Inethghseisahsedad 4 gbrast derinntefeiritg b ohepiiesle
during storage, transportation, |oading and unloading. Further, the raw

materi al s fsubstanegs shat hege acsignificanthy v devel of activityi of thetnvwal e.g.,

subst ances -, basic organj.c .chem.cals - such aromatics, aliphatics,

het er ocycl FErORRR SRBERHOTIAP JREHEm. FaaH oF cRlaroflAgEscartn ef%es. uence of
catalysts to yield desired products. Such reactions often ensue in the
presence of an inert gas such as nitrogen, carbon di oxide, carbon nonoxide
or helium whereby the i BAGCKGROUND OF®HE INWVENFIONeaction i s

contam nated wth reaction products and is usually discarded because it
cannot be re-utilized. Simlarly, nost of the etchants (for exanple,

uchenium o1 oct 5RO HRRRARE Y DR, L0 PSTIE ANAHELPor AR R ol
constituens Japanhtcldy GRodteafeivhdéh RE | grodusedtatPERIRICAE ThERb IR BItRS,
attenpt to separate undesirable gaseous inpurities fromthe reaction gases
produced dpbanmageaticalland@ensilar plantsodTdei gaseprthetase derived from such
production processes and released directly to the atmosphere contain
various volatile hydrocarbons such as those earlier mentioned. In addition,
the end products of such processes become mixed with the air and released
into the atmosphere during storage, transportation, loading and
unloading.

Further, the raw materials for many of these chemical products are
basic chemical substances — basic organic chemicals — such as aromatics,
aliphatics, heterocyclics and organic halogens, which react under the
influence of catalysts to yield desired products. Such reactions often
ensue in the presence of an inert gas such as nitrogen, carbon dioxide,
carbon monoxide or helium, whereby the inert gas left over from the
reaction is contaminated with reaction products and is usually discarded
because it cannot be re-utilized.

Similarly, most of the etchants (for example, ruthenium
dioctadiene) used for etching in semiconductor plants contain gaseous
constituents that pose a disposal problem. To recover targeted constituents
with a high level of purity, some petrochemical plants attempt to separate

undesirable gaseous impurities from the reaction gases produced during



Incidentally, the rel ease of untreated exhaust gas (which includes and
shal |l hereafter include "contam nated inert gas";) contam nated with

vol ati |l e hydrocarbons into the atnosphere constitutes a violation of |egal
regul ati ons on em ssion concentrations, because it contains bedZed8L 2005

t ol uene, nethylene chloride, nethyl ethyl ketone, trichloroethylene,

chl or of  uor ocarbon and ot her harnful gaseous inpurities and contam nants
that are prime culprits in polluting the atnosphere. The disposal of
exhaust ga§h@ﬂ§péﬂ6ﬁ@nm@WEﬁﬁs a maj or concern for all nmanufacturing

concerns. The traditjon t hods of treating,such exhaust S.coentai ni ng
gaseous i npuriti ch’?gfglhy’cr{glﬁt qun?ftsueﬁlﬁﬁ‘gq efﬁa éﬁ?‘?ﬁzwp’?&f W(‘&ldeﬁ th
water or acidH ghiRHerchfter iMdlhble SEAMNIEnRdte@ inBHIBa LY Lot BmiRATHA évfifg{
exanpl e, heavy oil), or using a conventional type of activated carbon to
adsor b t he vojatskohgdrarprivorts 2o thiet dtnhbsphrrt i coattituteard eiolhtiongpfrlegaled and

di sposed of ag‘)( | ndustrial_, waste before breakthrough occurs. Conventi onal
types of adeEYHRtENS: A SMiFsINey spncenikationse hesause gt catpins tbeprenenat

cont ai ns pql ric C ] N u | S..... Exhau

cont ai ni n_gq;gup eéo_ﬁ?egﬁ' %gl%t SC?li%s&@%’eZ@Lé%”iﬁ n%gh at éet?’ggunt ecﬁ%%ﬁg%ﬂ%ggher by
di luting i tchérofludrécarbbh! HHAG eBtleet Ohargffatengisaiougn dhputRidOnsdrd uents
reaches bel ow the regul ated tolerable level as prescribed under the |ocal
ordi nance, cantaminantst that arel prise ciilnrits ith@oHubmgpthe etinespherte. stTiee.

However, as,.for shing with water, acid or alkali, qQr heavy oil, d for
ogener at | el ont gkl 45 JereBract fates 2 aksRr pAtEmstesr allt can
wast ewat er Iﬁﬁﬁmngg%géﬁ@g i s indi spensable. Activated sludge nay be

used for such treatne ut even then, a copious anmount of aeration is

requi red becauseTheetraiditigealdprthodd of anedting Muchesschawst gdDeormlaliftimnggh it
reduces BOD to a | evel conformng to wastewater standards. And in_the
course of £aseoueimpusitiess andfer xpnjaminapts consist in washing it first with

water or acid/alkali, then with sponge oil of high boiling-point (for example,
heavy oil), or using a conventional type of activated carbon to adsorb the .
gaseous impurities, with the activated carbon being removed and disposed
of as industrial waste before breakthrough occurs.

Conventional types of activated carbon however, cannot be used for
exhaust gas that contains polymeric gaseous contaminants such as dienes.
Exhaust gas containing such contaminants is treated in a rather
underhanded manner by diluting it with air until the emission
concentration of its constituents reaches below the regulated tolerable
level as prescribed under the local ordinance, and it is then released into
the atmosphere in such state.

However, as for washing with water, acid or alkali, or heavy oil,
and for regeneration of conventional types of activated carbon by means of
steam, wastewater treatment equipment is indispensable.

Activated sludge may be used for such treatment, but even then, a
copious amount of aeration is required because the sludge does not lower
the level of COD, although it reduces BOD to a level conforming to

wastewater standards. And in the course of such aeration, the



above-nmenti oned gaseous inpurities and contam nants whi ch have been

rel eased into and m xed with the wastewater, are then released into the

at nrosphere. The concentration of such inpurities and contaninan%g J@gﬁﬁ%ds
on the ampbunt of aeration, but is generally relatively low at 1 r

| ess. Because such concentrations neet the perm ssible em ssion
concentration |levels (250 ppm maxi mum for Tokyo), the use of such

treat ment net hod has, not posed any problem However, the Law for PRTR

(Pol | ut ant FRMVEmentioact gaseras impusitiaseand o cantammants whichdpays baen

Managenent 0 referred t s the. "PRTR Law, i ch £ Q0 ffect
fromApril ’%ga}%r %&glﬁi@ﬁg W]ghaﬁle @8?&?%%& & g%?%\rii@e%!s% IBFOa ?% as a
whol e, as opRRSsHhere. Mfe QadbAtratidnOlof §HSS] fies eRhd akbagmindhiteh had
been commonly applied hitherto. This neans that the above practice of

di l uting codepemdsasn the amduntl eff geratiomy initsis denarally reladirelpdowtatoh0gr i or
to release is no ongeb8 ermtted. In view thereof, the inyentors have

devi sed t hePBIReEelts n ysgnsuch,gonogniratigns megh the PGEIZARICPIHISHON
latile h |
volatile yc%h‘&&?ﬁ%‘gfé?ﬁ ge\r/\ée??f](?%gghpﬁl rﬂﬁ%gﬁﬂ%ﬁ%ﬁ ol d the ”i.‘i’é/eesofa%&&?o S

aromatics, para suc I'npuri’ti’es present Tn the gas

SO as to acfreetednethod 9k @08 pobed hhig probRnest of preventing pollution.
The inventors have additionally devised a way of separating, recovering

and re-utilizi ng Hewevr, cldes liaw eforsPRIR i utgat Release wangalransiemr
varieties exhaust S cqnt ai pi volatile hydrocarbons, ,n I

Tl - cons SR ApArRR TN GhCTeTeal Marpestiay FEPEY TALFarerred to
const | tuentys GROPRPRILLFS, GHILRLBODUNBASHOHS ADIIUI0L Pruldhell fle BRARPOUS
contaminants. To achi eve t'he above-nentioned plrposes, gfreat care IS
requi red i rvolemeasftemigsions fecinqrlhaty as hechelepas bppesedito theatleguddtiion of

mul tifarious volatile hydrocarbaons, contained in exhaust gas, .i.ncluding

gasol i ne v&PBISEIon \(aneeniEatians.e wrieBhBRd RAen heyAMPDLY| gRRlied dritherpef i n
gasee. LT Akt 75} S SRIE ARG bR SE bbb RSB ST 0L,
amounts of air through aeration prior to release is no longer permitted.

In view thereof, the inventors have devised the present invention,
which treats exhaust gas containing volatile hydrocarbons by means of a
new adsorbent, and removes alcohols, aromatics, paraffins, olefins and
such other impurities present in the gas so as to achieve zero emissions in
the interest of preventing pollution. | The inventors have additionally
devised a way of separating, recovering and re-utilizing useful constituents
or inert gas from two particular varieties of exhaust gas containing volatile
hydrocarbons, namely multi-constituent hydrocarbon gas containing a
targeted useful constituent, and inert gas containing gaseous impurities
and/or gaseous contaminants.

To achieve the above-mentioned purposes, great care is required in
selecting the adsorbent, because it has to deal with multifarious volatile
hydrocarbohs contained in exhaust gas, including gasoline vapors,
water-soluble alcohols and highly polymerizable olefin gases.

Incidentally, methods that have traditionally been employed to

separate contaminants from exhaust gas for the above-mentioned purposes



21 JUL 2005 include cryogenic separation, distillation and absorption. The
publicly known adsorption-separation nethods that have been wi dely
enployed in this field are: (1) gas separation nenbrane plus agﬁorﬁﬁi n;
and (2) adsorption using activated carbon, zeolite, hydrophobic H i & gel
or the like. Details of such nethods can be found in, for exanple, the
above-cited Japanese Lai d- Open Patent Publication Nos. 1997-47635,

1997- 57060, 1997-215908, 1999-71584, and No. 300955/2000, as well as
Japanese Laiircl@pearyegesict sepavationtdisiilation and sdgompties7, No. 1982-42319, No.

1984-50715 and No. 1984-.50716. Thes dsorption net i.heclu e
commonl y used tecH-nfedﬁ’i)l'é&fkngwq%ﬁﬁﬁaﬁﬁgﬁg@ﬁagﬁ%‘%%&%wa&ﬁ V%@?%Bpt I on.
Though it i svig@y sempriybdciul thid YienP\eeé: PDSgay adparation tngrabranet glushat when
t he exhaust gas contains pollutants ranging widely fromthose with
extrenely | @dsamtionhand (iadsosplian wsingachyated gatbast, raalite, hydropBakicwi t h
relativel [ Wb 0O | L. S ' i tchin
techni qu ey [ ts% h%gtd%\? g k ;H%ghelﬁ) ?cé[ilé'!/szgfér}j%erg?ﬁﬁtgquﬁ%tnﬁ&;@gﬁmgﬁﬁoﬂ :eg?]’t%g %(’Mh rough °
the use of theabglecitediJapdeade ltdidiOpen Patynt Publicatiomids.orgg7-41668,r ai nt s.

One such exanple s onventional activated carbon use is legally
orohi bi ted H0EE7980. {RGFE 1oRE5,tedae 58k and R nea0aog 80 0e awel asr o

di enes, ol efyi t heid.i S r aAGhhY.e 4Bkt es esent
el de’ such apandie (B OkEn PSRRI PLARAUIE QHE, SabBaReTer Nch
conpounds, d062{4231Rchip. 4884158748 andyNeutIB460YHRri zati on poses hazards of

I gnition and expl gsion. Al OF THE | NVENTI I n consi derat.ion .of the
above- nent i oned p?ﬁS?%ﬁQ,So%ﬁ'é?”d?‘sz ing Hgsr%\l‘?gﬂnﬁp%l}’ YsedderYnias pr ovi de
a treat nent ofediiRgind'HetwBBAT 3dSHptid®! @id | RsbYSRL arReish fif anothaust gas
contai ni ng such hydrocarbons, and an apparatus for |nE enenting the said
met hod, whepagicularimaovel sibseavationa enevaay dhatartbahwhenithg gxhasist gaat are

primarily mesoRieBolltitbhts?rahofiy Wiltelf 3% those with extremely low boiling

point such as methane and ethane, to those with relatively high boiling
point such as pentane and hexane, this switching technique is not very
effective in dealing with such pollutants through the use of a single
adsorbent that is subject to functional constraints. One such example is
conventional activated carbon, whose use is legally prohibited in cases
where the gaseous contaminants (pollutants) are dienes, olefins or the like,
because the numerous active sites present inside such activated carbon
readily trigger polymerization of such compounds, and the heat generated

by such polymerization poses hazards of ignition and explosion.

AIMS OF THE INVENTION

In consideration of the above-mentioned problems, the present
invention aims, firstly, to provide a treatment method that separates
volatile hydrocarbons from exhaust gas containing such hydrocarbons, and
an apparatus for implementing the said method, whereby flame-resistant

activated carbon having pores that are primarily mesopores with a



di aneter of 20 to 40 angstrons (hereinafter referred to as "MPC') is used
In a pre-coated state, either alone or in conbination with simlarly
pre-coated hydrophobic silica gel and/or synthetic zeolite, to,r ye

vol ati | e hydrocarbons contai ned in exhaust gas, in order to acl?i \r;@ z@p%
em ssions (hereinafter referred to as the "First Purpose”). As indicated in
the first purpose, the present invention enploys an adsorption neans that
uses MPC in a pre-coated state, either alone or in conbination with
similarly plismader efl 2Bytdr4h hogstronis| (heaeipaiftearnwfamred $9rash®MPE”y sotised i n
order to (1) efficiently isolate and recover, a targeted useful constituent
with a hi g évéﬂre'&PaM istyte r sithex aloge gasinuembinatign it | SRHRETY ¢ uent

hyd b ast i YT
ot 11 ot et ypieapsed Wlophibl SRAL e AhafiH! HRends Yoolitd Pt ABlore) | o,

exhaust gasgolatiky RydFeasdiauednt@ased $n ierBblisQass, BOBEdrNI d0aEdses Uero
I mpurities and/ or gaseous contam nants, so that the inert gas can be

re-util i zecnissioms{hereinafter eeferred to as thééFirse PunposePur pose”). DI SCLOSURE
OF THE I.NVENTI ON | n, of.der .t.o .achieye the ahove-nentjoponed first and second
U poses. - the t AT HiGF PusparE PR PIoSra Frentipm SaRes e
(gaseous bASHifHa Hhéand HOMR EXNANEC GA% PrERbAHATstle [ AEndl SRERIor fYent T on
enpl oys an adsorption apparatus capable of executing absorption an

desor pti on cahtbdnatioal withasimidarlysiprgiceatal ehydfopllebicprsilicnageld and/ér
gaseous contam nants as the adsorbent, or nultiple Iaflers of such MPC in

conbi nat i oFYRERe1G zeplita 1 oyder; ko §bhetfiriently Haelate anel recovena) targeted

hydr ophobi kL4l C | 1. e _exhaust,. gas., cont ai ni eQuUsS. 1 -
cont an nant Sk heBtheptiath pBeBSBREb: PaFsT 2R JraRsPBAE i ip 2
pol lutant GRARI-coéhMuent OhparadsBoRegas,t RO B! sud ehitRssrasn IRl ng a
clean gas that substantially has no pollutant constituents. 9 21 JUL 2005
I n ot her woeddilizede amed KM efficiendntisolpte drdigecygms inent Pasi with a high
| level of purity from exhaust gas, where the exhaust gas is inert gas
containing gaseous impurities and/or gaseous contaminants, so that the

inert gas can be re-utilized (hereinafter referred to as the “Second

Purpose”).
DISCLOSURE OF THE INVENTION

In order to achieve the above-mentioned first and second purposes,
the treatment method for separating volatile hydrocarbons (gaseous
contaminants) from exhaust gas according to the present invention
employs an adsorption apparatus capable of executing absorption and
desorption alternately, having a single layer of MPC pre-coated with
gaseous contaminants as the adsorbent, or multiple layers of such MPC in
combination with a similarly pre-coated synthetic zeolite and/or
hydrophobic silica gel, with the exhaust gas containing gaseous
contaminants passing through the adsorbent layers so as to cause its
pollutant constituents to be adsorbed, the result of such process being a

clean gas that substantially has no pollutant constituents.



vol ati |l e hydrocarbons according to the present invention consists in the
enpl oynent of an adsorption apparatus having adsorbent |ayers which can
execut e adsorption and desorption alternately, and devised in %?fhl! nner
that whil e exhaust gas containing volatile hydrocarbons passes H%&Hgﬂyone
of the adsorption apparatuses, its volatile hydrocarbons are adsorbed into
the adsorbent |ayers within the adsorption apparatus, resulting in exhaust
gas substantially free of volatile hydrocarbons, and extracted fromthe
outl et of the addwrpitiesnwapdsrtheusne ebritenting texhaushegast Bentaanisg pt i on
apparatus s sorption rathon_so as .to extrac

' d . .th
ey S Bter PR b SRARTE IS ey piSeBE b enoh SR Tncthyr « ne
system Ea%myhi&ta&saﬁb@dkforbﬁuﬁré%ﬁra&ﬁg_%ﬁg%d&%ﬁgﬁggswﬁﬁ ei ther

a single layer of MPC pre-coated with volatile hydrocar ,

mul ti pl e- | @gnr exeriuté alshEitiom awhidesatptioom ailtedrnately,| and ydevised dat ath

hydr ophobi ¢ silica gel .apnd/or synthetic zeoglite, a vacuum punp and a purge
gas used fdRapReithay sthile ghawstogns iconteiaing piolatiles iwdracatiaons passespei ng 1

ol case t o irendiiBab i HEHiorBHioR S RtiRS 1ed RBafe M dpbadins' Ao
adsor pt i on s@ReRed Yhitd Thebhsdrbet Miaées tREhaROWR: mbiéﬁﬂcﬂéﬁl ippatatagd

second purposes. Note that the term "nmesopore activate ar bon (I\/PC)"' used
herein refresulting in arbanstgas substagitially dreec af volatflevhiydyoparbenst laad ar e

primarily sopoyes with the di aneter, of nanoneter. Mbreover, the term
P exhaust  oSEBRCH o PSP aiiet BF RG AASFREAG-APRRF a5 A7t CONEUTEBLT

i nvention ipgl h i (P tituent
hydr ocar boﬁﬂ‘gé’gﬂg’zﬁtagﬁtﬁﬁégﬁﬁé@f}? %ﬁ%lﬁ%tgdéﬁ%sor%araeﬁ%% or ?%cgg\c%ry, or
I's an i ner exgyast cthy dreshig-agdasthads violatile thyelsocabdner fayagelpase ctotidie nant s.

The second purpose of the present invention is particularly achieved with
respect tooutiifle lof bl syftemkhaust 10 21 JUL 2005

Each of the adsorbent layers of the adsorption apparatus has either
a single layer of MPC pre-coated with volatile hydrocarbons, or
multiple-layers of the MPC in combination with similarly pre-coated
hydrophobic silica gel and/or synthetic zeolite, a vacuum pump and a
purge gas used for desorption, the adsorption/desorption switchover time
being 1 to 30 minutes, and the resulting purge exhaust gas is extracted
for release to the outside of the system, and by means of which, the
adsorption apparatus is able to achieve the above-mentioned first and
second purposes.

Note that the term “mesopore activated carbon (MPC)” used herein
refers to flame-resistant activated carbon having pores that are primarily
mesopores with the diameter of a nanometer.

Moreover, the term “exhaust gas containing volatile hydrocarbons”
as used in the present invention includes such cases where the exhaust
gas is a multi-constituent hydrocarbon gas containing a useful constituent
targeted for recovery, or is an inert gas containing gaseous impurities
and/or gaseous contaminants. The second purpose of the present

invention is particularly achieved with respect to such kinds of exhaust
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gas. The nmethod of treating exhaust gas containing volatile hydrocarbons
of the present invention (treatnent nethod that separates volatile

hydr ocar bons from exhaust gas, so as to obtain a clean gas or to extract a
targeted gaseous constituent or an inert gas) conprises subje@?i RylLtng
pur ged exhaust gas to cooling (condensation) -treatnent, and returning the
uncondensed gas to the inlet of the adsorption apparatus, and thereafter
subj ecting the exhaust gas containing volatile hydrocarbons that is fed
into the adsoxption apparatus to an adsorption treatnent after the

pressuri zing or e-cooling treatnment. The, apparatus for jnplenenting the
met hod of treati g‘é‘eexl%ﬁ]%‘f’g g%\é LRt dehi ﬁ§h§'6$tat Epe W&F%’éﬁ?ﬁon‘é"%@@‘ordi ng
to the presniolb bRkl ditle priaRe ihyEhth | BrtlnfBREMod it (ifuaghor bent
| ayers inside the adsorp i BN apparatus are separated 1nto nmultiple

i ndependentvdlaikr By@focasistrisifrafis exkhgnst phs esh a9@o abt&in hhded Bk, orech with
different adsorption characteristics. Exhaust gas conduit tubes are

enbedded i rexdérady @f tangetedpgeseouret somshitupnt nent tam| mearhdgpehdomprEsds d
adsor bent | ayer sych tuhes.bei connected to.the vacuum punp, T

Ssor bont  1Sipaing the el eaneh da8 06 ardine (GPdepEn HReRHERt rE paces
encl osed by..pitdihp! i R ' : P. THE
DRAW NGS Fix's. 11P aef owngl%aggg a%fﬁglﬂ'ltl?gg{er%feorfﬁﬂ r(rag%f ﬂﬁéﬁ??l gt%uaﬁi S’gas
cont ai ni ng anditheraaftensubjectihg therexhaasbgas oentiainingt vodatitehpditocarb@mnt i on.
Fig. 2 is a flow djagramof_a nitrogen gas recovery systemin the second
enbodi nent that ihéedintedhe adspeptirn mpparatussty an adsprpjien frepdment after

cross-sectignal  vi ew.of dsof:ption. colum in one exanple of the
appar at us _(%ﬁet rgygﬁlﬁgslgﬁt()%i%ﬁ\glgﬁﬁlgﬁ_.tr%tg?e%' is a longitudinal
cross-sectional TiRWaghardtuddeeiniglementihg2ihe HhetPOd50f G¥latiHy eRhangt her
exanpl e of the apparatus of the present invention.
gas containing volatile hydrocarbons according to the present invention is
constructed in such manner that the adsorbent layers inside the
adsorption apparatus are separated into multiple independent layers of
solid adsorbent piled one after the other, each with different adsorption
characteristics. Exhaust gas conduit tubes are embedded in each of the
spaces between the multiple independent solid adsorbent layers, such
tubes being connected to the vacuum pump. The adsorbent layers in the

adsorption apparatus are packed inside the spaces enclosed by multiple

gas-permeable cylinders.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow diagram of a treatment method for exhaust gas
containing hydrocarbons in the first embodiment of the present invention.

Fig. 2 is a flow diagram of a nitrogen gas recovery system in the
second embodiment of the present invention.

Fig. 3 is a longitudinal cross-sectional view of an adsorption
column in one example of the apparatus of the present invention.

Fig. 4 is a longitudinal cross-sectional view of an adsorption

11



Fig. 5is a longitudinal cross-sectional view of an adsorption colum in
anot her exanple of the apparatus of the present invention. Fig. 6 provides
two drawi ngs explicating the adsorption colum in Fig. 5, whergiFRig 286A
is a cross-sectional viewon the line A- Ain Fig. 5 and Fig. 6(B) is an
enl arged view showing a part of Fig. 5 in greater detail. Fig. 7 is a graph
showi ng t he breakthrough curves for G40 nesopore activated carbon.
PREFERRED ENMBODI NENTS The preferr ciéeenbodi nents of the present invention
will be deEOMBdY apathsy egample PrgF appanatag 053@ BFREER AN present

I nvention i medig@ately .foll ... The in o] of ti . carbon
used in conventi gﬁ ] yé%s%rgﬁ%%ud%g? Lo%gg%%%lﬂrﬁ%g?o%%r eso.f $ﬁea§%+r§}q}q%e

hydr ocar bonglimntiné@antkBAESA opﬂ{lﬁa?géﬁttgbﬂtﬁ@gréé%ﬁt?%&eﬂtﬁﬁﬁsSeS of

t hese m cropores where they becone diffused and, because of strong van der
Waal s forces, foifig. 6glrogideS twoddtrmihgsi ¢xplicatingathieoadseirptinn qeduma’ innal | s.
However, t tron dTipity between these substanges. has a dr ack, in
t hat thei r%SoﬁdW%ﬁg%&té& gdAQe‘é %F"s"éstsﬁc%%?el TR ejlsne'gapﬁlli“%-?(
condensati Q'3 ws | : | t ' gr eat er
t han condgir%lgalf}g?)ﬁpﬁfegsiéﬁgﬁ?éggg @3’@‘”@% ig%ﬁggﬁedd@ gg?(g%’nf) %‘ﬂg{feeéftglf g%aég'es fire
hazards al t houghFlig. Jais ke geaghl shesiag thbrb@adthrodgh suwedd fén@I-4ohat
when the volatile hydrocarbons are in capillary condensation, a heating
nmeans such maesopoe artivatesigarbed. t o cause the volatile hydrocarbons to
separate fromthe mcropores, as they cannot be desorbed by the sinple
means of a vacuum punp or purging. Further, as nentioned earlier, if the
vol atil e hydrocarbons (gaseppEFERREINEMBODIMENTSE ants) in the exhaust
gas are dienes, olefins or the like, 12 21 JUL2005 pol ymerization of such
constituents is likely to be triggered by the numerous active sites

resent inside t actiyated carbon, and the heat . . .
P q‘%e preferred em ogiments of the present invention will be

described hereafter. A more detailed explanation of the present invention
immediately follows. ’

The innumerable pores of activated carbon used in conventional
adsorption methods are micropores. The volatile hydrocarbons in the
exhaust gas penetrate into the deepest recesses of these micropores where
they become diffused and, because of strong van der Waals forces, form
robust C — C bond with the carbon of the pores’ walls. However, the
strong affinity between these substances has a drawback, in that their
bonding also gives rise to what is known as “capillary condensation”,
generating an enormous adsorption heat that is far greater than
condensation heat. This type of activated carbon therefore poses fire
hazards although it can be easily used.

Moreover, it is well known that when the volatile hydrocarbons are
in capillary condensation, a heating means such as steam is required to
cause the volatile hydrocarbons to separate from the micropores, as they
cannot be desorbed by the simple means of a vacuum pump or purging.
Further, as mentioned earlier, if the volatile hydrocarbons (gaseous

contaminants, pollutants) in the exhaust gas are dienes, olefins or the like,

12



generated by such polynerization poses ignition and expl osi on hazards. The
present inventors have discovered that it is possible to avoid the
above-descri bed hazards that are liable to acconpany the adsorptfanmfsz
vol atil e hydrocarbons, by utilizing a flanme-resistant activated carbon
having pores that are primarily mesopores with the dianmeter of a nanoneter
("MPC'), or utilizing such MPC in conbination with a publicly-known
flame-resi stant solid adsorbent, specifically, synthetic_ zeolite and/or
hydr ophobi cPalymezizagion phgsueh tepnssidpents is ék@bkitﬁgbﬁh@ﬂg%@"@dvbn thes

Phstead of tiebdfs BEGES shlesobiaqhl SRMOEG IR, BuRRR fihonf ahy°HRL LR
comonly engdrayetbd By stele BoBHh&AESTen PoSeP R oATarSH1680h hadsh®d.al | y

consist of three types: mcropores, nesopores and nacropores. The average
di anet er of thesélhe ppesenitsin¥entorsChasregdiscoverfedr thritcit dp grossibl@ @o tavobd

angstromfo sopory es,, d 60.tg 100 strom for nmacropores. Thes
differ enceshermbsypalesibed ?@szar@s thatary 18blertoarsPIPRBY dhe AJSOFRIEeD ﬁ_? of
volatile NyfioRr tocarBhS! Y uiizihde o intne PRAELC abliVatcI3RERYL ON tO
m cropores takes tHe torm or’ sdrface | TTusion, I'Te adsorption to

mesopor es tladsgfigt perdsOrtindf arorgrigiar{lys mdbopoldi: WRA" €Be adRnSY PBS SRgE
holes for entry or exit of nolecules, with no relevance to the nmechanism
of their adwggmeeten. (IMPCEkawpl atilizing sueh a}EPGr éa odmhinatipor with m
ordinary acti,yated carbon for ex e, .ls a i as 1.0 to 2..000 n2 per
gram wher éﬁ’é’\i’tcﬁr’é'?‘?ﬁ?"fna ayggsﬁgﬁts%ﬂﬁf e%asqr??eﬁgd tsBﬁﬂgﬁgﬁy s SYREREHE|

whi ch pri bi; ' AFSHHIR oo it R y
stated, t ng%gielﬁeet% ?ig%/(iﬁlolﬁof nol e%%?lé%d ?ﬁ?%%r% g}? ggg?seiig%ﬁgbe%gg%ggegw nor e

parti cul ar lactiviecsitpormesenitinside the palesask sathaadsugbentsnmbynineainsenér gy.
This energy is the "adsorption heat", and is generally 13 .21 JUL_ 2005

known to amsaroatingaipiead of theacsivated carben dascriked abovesthajohas long
been commonly employed for such purposes.

The pores of adsorbents generally consist of three types:
micropores, mesopores and macropores. The average diameter of these
types is 3 to 10 angstrom for micropores, 20 to 60 angstrom for mesopores,
and 60 to 100 angstrom for macropores. These differences in pore size
result in varying mechanisms of adsorption of volatile hydrocarbons,
moisture, or the like.

Specifically, adsorption to micropores takes the form of surface
diffusion, while adsorption to mesopores takes the form of pore diffusion.
Macropores are gas passage holes for entry or exit of molecules, with no
relevance to the mechanism of their adsorption. For example, the
surface area of micropores in ordinary activated carbon for example, is as
high as 1,000 to 2,000 m2 per gram, whereas the surface area of mesopores
in hydrophobic silica gel, which primarily contains mesopores, is 400 to
600 m? per gram.

Simply stated, the penetration of molecules into micropores and
mesopores, more particularly micropores, entails the release of a huge

amount of energy. This energy is the “adsorption heat”, and is generally
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Such heat is generated by capillary condensation of the volatile

hydr ocarbons (HCs) inside the m cropores. However, in the case of
nmesopor es, experinents have shown that the tenperature does not fjse to
hazar dous | evel s because capillary condensation is not |ikely t & tcjé]brmpfh
pores of this size, and as nentioned above, the interior surface area of
pores is small. The absence of the hazardous rise in tenperature inplies
t hat desorhbi ng hydrocarbons fromthe nmesopores solely by means of purge

[ y
gas at nor nElowWRigemouné tor akeitt lonitigeniafhthe latentiheatingf evapmyetionle. A
detail ed expl gnation of the reasons why..pre-coating,of adsor,bent .
(pre- adsorﬁ?cgh)fl?% an W@@%%%S?ﬁ%ﬁtw §8§8? tb(m d& o{btﬁi ‘ﬂamft hod
for achi evimpygpearHRRLe | dhedgs ired 0 capb Fnsi de
t he pores of MPC fol Ilsom(gcﬁje]?ggﬁyer. el\lan‘gllccg/ﬁ,drig%] tE-Ie&»cléé{legi ??ugﬁiés&{sg”‘gfé
adsor bed, imesqpongsjrexparinersts leave slhhownheséhe tempedatamreaddessiaterisehto por es
i n the adsqrben gr&}nul ei(,e t he rat, of diffusion of the drocarbons into
t he po][ es drAZGEMS "Feéﬁf cist Griidlary coro’i’dlﬁn\?%;rl?nﬁﬁg}mt ke |Fﬂ1f‘_éﬁqrqu n the
case of por e . of : e
di ffusion (pg%ﬁgemtotrfra} | o%i%eataa g’)% %% egftmﬁ%gr%@%r g%s ]inr%gc%)afhséﬁ'gac?re eé%?is%several

seconds or géped 9s sthadkClhElabserttePeNth hagdrddie €96 R teirer@ture§ implies
hydrocarbons in the feed gas. The diffusion rate, naturally, also varies

great |y witthat deserpieg biydserasbpes fronEdbermesdnoyes pelak hy means, pfipdrgenat
pressure is_at nornal |evel whether.it is gﬁurface di ffusion” qb "pore

di ffusi on" 825 nermal temperaturenr sychioning With a vachur PRAP fshesst 16r "t ho
t t which theg h [ I A i [
rate at which tho hyckorar RARtansBHCREe thel Gualds '@ﬁggtegféggog%g%e beries

is a function of tenperature-a uration of cont
hydr ocar borsisdrbents qui(pkd-sdpmmpeiondt € ideeplan i nt extrlenidlg poriesporbent he
flowi ng gas repeatedly cones into contact _wth the adsorbent,_ it expels

the air oc@dggratipn/desospkien meghed adom (aghiqyangt capeeniento ank papeks. | f
R A S T R e
Namely, if the constituents to be adsorbed, i.e., hydrocarbons, are
not present in advance inside the pores in the adsorbent granules, the rate
of diffusion of the hydrocarbons into the pores of such “virgin” granules is
not very high. Particularly in the case of pores with a surface area of
1,000 m2%/g or more, the time of diffusion (penetration rate) of the
hydrocarbons into the pores is several seconds or up to 10 seconds,
depending on the concentration of hydrocarbons in the feed gas. The
diffusion rate, naturally, also varies greatly with the type of adsorbent.
Essentially speaking, provided that pressure is at normal level,
whether it is “surface diffusion” or “pore diffusion”, the rate at which the
hydrocarbons enters the pores, or the rate at which the hydrocarbons
condense (liquefy) inside the capillaries is a function of temperature and
the duration of contact, and the hydrocarbons do not quickly penetrate
deeply into of the pores. As the flowing gas repeatedly comes into contact
with the adsorbent, it expels the air occupying the pores, and gradually
penetrates into the pores. If the activated carbon used has pores that are

predominantly micropores, heating is necessary in order to desorb
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hydr ocar bons that have been adsorbed in such a manner. Usually steamis
enpl oyed to flush out all of the hydrocarbons, and the adhering noisture

is dried away to | eave the pores enpty for the next adsorption 'Hr9ﬁF§ﬁ5
Thus, considerable tine is required for the adsorption-desorptign
operation. In nore explicit ternms, the hydrocarbons in the inlet gas
possess considerable speed, and are |likely to pass over the adsorbent's

surfaces nd exi{ through the adsoyption, colum's outlet_befqre they have
a chance teiﬁ’%éﬂ?“’é' °F$1éh%'bgé¥‘? %?ﬁﬂsa,‘{sl‘)?b‘i 8 ﬁPgh AoBANRGT SUEBEiﬁEcﬁiiﬁHé‘t ed in
accordance ;W r 1 nad _pr Qee e t.h QN .

hydr ocar bor%ssvwfﬁnlplo?ﬁg g%fﬁ'g%ﬂngdz}g \?Elu?) ﬂ%ﬁg%yirﬂga@)%@ghg%ﬂéfnﬂg% nglﬁpélﬁ | evel

of 1,200 ppadisfureCidn@dedhwsy thdedvd ERe PRTeS enfitftforithem&ft Adsbrpeivhbons
(methyl alcohol) in the inlet gas, as shown by the results of experinents

conduct ed Ipyoedss. Thuesemsiderable binge is requingd forp theb adsertptianadegsirption
adsor bent . Sucf{.hi gh level of concentration of hydrocarbons would lead to
the | oss ofPEERAMMte between the rising speed of the hydrocarbons contained

N the inlet gasiy anghd BEoIRAEAethi Ofh BEAMLAKLLRS ML GALPARS RALELI gt he

adsorbent's pores. event, ydrocar bons nus ergo capillary
condensat i eonsiderabderspeed pandds Likdly to pisbesvenotits adsdrblehe’si sirfalesporti on
of the pores s pre-coated with hydrocarbons q?@r;tl or to adsorption, neither

wi || noi st @nd exik troygh thecadspaptien aobmnisroutiet lasfprs thexyhave aadranse

il d ti ' pde t . . F th t i.nt f h
cnbaged | nth ST tie Pl ThES drhelerfias il I el RRIRD'S aclbrdsBREn of o' °
hydr ocar boggth i Predeteymimsd ?ﬁocédiﬁ‘é,e tRE ScoRebitratonabf ehydidcs@Bbond Gn

i ncrease the concentration o hydr ocarbons in the exhaust gas, or to
decr ease t bieze outlehgaspreuld- be htthe extraardmatilynhighhbevediofitli, 200 pbnc @st act or

Fecopti on’ EHTPAES iR B OB Ron TR BoRa] T aC e et SGPaRD
adsor bt | ONPER ABUAASSLE AowBY 1R WSGls oF spBHERARL RHGRLAY 6y e | OnC

conduct ed resear put
present inventors using hydrophobic silica gel as adsorbent. Such high

level of concentration of hydrocarbons would lead to the loss of balance
between the rising speed of the hydrocarbons contained in the inlet gas
and the adsorption speed of the hydrocarbons entering the adsorbent’s
pores. In such event, the hydrocarbons must undergo capillary
condensation in order to be adsorbed. In other words, if the inside portion
of the pores is pre-coated with hydrocarbons prior to adsorption, neither
will moisture ensue nor the hydrocarbons in the exhaust gas undergo
capillary condensation inside the pores.

From the standpoint of researchers engaged in long-running
attempts to increase the rate of penetration of hydrocarbons into empty
pores, there are only two alternatives: to increase the concentration of
hydrocarbons in the exhaust gas, or to decrease the rising speed — that is,
to prolong the duration of contact or to apply pressure. Otherwise, an
adsorbent offering more micropores for reception of the hydrocarbons, that
is, having as large a per-gram adsorption area as possible, must be used.

The present» inventors have long conducted research not putting
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.21 JUL 2005 enphasis on such ways to increase the rate of penetration
into (diffusion in) the pore interiors, but rather on the affinity between
hydrocarbons pre-coated onto the adsorbent's surfaces and the derﬂgg@@ﬁns
in the exhaust gas, which rise through the adsorption col um. Filed

for doing so lies in the shortcom ngs of cormmon practice in this area.
Specifically, activated carbon containing m cropores cannot be used to

treat exhaust gas contai ni ng hydrocarbons at enjssion concentrations of 1%
under | egalemRRBasiagropach Waysfosincrease thesraieselypenadrafion aatm{diffusipn

desorption . S esUul | ny.a, Si tign,in i Ll of 1he carbon | odged
I nside the 1%5 3?% ?IJ(’%%S rﬁgb‘ér%,obgte r@%&a(?ﬁe@ef 8\?@?@? elgeétgv 8 t‘ﬂ‘gm&%f%(f%se of
the systergreadtéd sl ty adsbfbesCSurfdes AME thet RydbcBAUNS in the

noi sture-free state prior to the resunption of adsorption, consequently
requiri ng axhengt gadswipch oiveddronughi tre adserpiion edinprhoVERS reasm fdr 1 to 6
hours. To spl.ve the, abqvenentioned problegs, a pre-coating nmeans, which

t he presentdfigefft ot ABv ?oﬂ&ré%@@g@eagsmmee Praglice PBV\éﬁhsr area.
pre-coatin |\, r ri iJ:¥..C Wl ) r kS .an

i omol y RpeREi Aty ARGLEE ARBoR! diREIiKe “BRLDRIAT REOPRE BRed " 1 g

concent r at itpast ethdystr goaehtiasninghhydvashorac at @emiksiohhédncat@itionscoff red in
the past, a few comercial plants carry out such pre-coating very slowy
for 12 hourl§e amndsydegahregwlationst Likewiser thpepustemarty use phsteam Apcldhvedi ngl vy,

to avoid capillary condensation.and . ts,.associated .ad ti eat
hozards. ¢ AEsoridn BRRSE TERIES i dosithauaR SR Al alf bl b8 ca®bon. 1ofHeds,
advocat ed % b lHhRrd I . %ggpﬁ,lr" ' to use
ot her concé%%lg bttgga%%g?%? h%a‘{éggoulféés g%ﬁ%tc e " surre %%(%g tgﬁh%ﬁbsl#gﬁte/e%}rh ee

di f f usi on" sgsiem pandrthdreafte dhe pbires mustneevert tarmn émpty,hmoiktaseiftee on

phenonmenon bet ween hya{?ocar bons (condensate) pre-filled inside the pores
and hydr oc 8F6r19L;tq the resHmptionyakadsorphign; porsegNently reau#ARE | Ghlodg um

R a8 R B AR Ty plyghcEeroons 1o

Essential |y, the¥s seBctHa shastshtiditd prubterfedh ipRe-cORE AL 'mBARY) OFRIEhDY
the present inventors have long advocated, may be tried. However,
pre-coating the activated carbon primarily containing micropores is an
extremely hazardous operation for treatment of exhaust gas containing
high concentrations of hydrocarbons. In view of accidents that have
occurred in the past, a few commercial plants carry out such pre-coating
very slowly for 12 hours or over in a current of nitrogen, which is‘ rare.
Accordingly, to avoid capillary condensation and its associated adsorption
heat hazards, the present inventors have chosen not to adhere to the
widely advocated “eqnilibrium model” or “frozen model”, and opted instead
to use other concepts to address the issues in the “surface diffusion /pore
diffusion” adsorption dimension. These concepts are (1) the dissolution
phenomenon between hydrocarbons (condensate) pre-filled inside the pores
and hydrocarbons in the exhaust gas rising through the adsorption column
in the case of adsorption,; and (2) the evaporation of hydrocarbons from the
condensate, filled in the adsorbent pores in the case of desorption.

Essentially, these concepts embody the “pre-coating model” proposed by
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16 21 JUL 2005 the present inventors, whereby desorption of

surface-di ffused hydrocarbons predom nantly occurs by nmeans of purging,
whi | e desorption of pore-diffused hydrocarbons predom nantly tgﬁez Plﬁge by
means of vacuum Under the "pre-coating nmodel," it is assunedéth P 2
phenonena of diffusion and evaporation predom nate as prine mechanisns in
mass transfer within the pores, rather than surface diffusion and pore
diffusion. _Therefore, it is not the overal] volunetric nass transfer

coef fi ci entthexr aFpsenthain¥entors, bevherebydedegorpdiame hy sprfare-diffused

oot 11 ¢! entiior ek geRbRindhul SouR bhdeait ol haRenyhE Mepfiption
nol ecul es tgrapstecdifuiady hgdwt%rsyﬁé 3RRdofinhhfly talHsv ptitRdl bedaRiab@anbs

granul es. And because each of the hydrocarbons - benzene, pentane and so
forth - hasvacusmown such coefficient value, this nodel necessitates the

construction of dat aphasg of such val ...l.Ln contrast to the publicly
known "equilibri mg%rn&e' fPESzEagtin ’,§ 1f g% aﬁmgéﬁ‘%ﬁ}éetﬂ%ﬁnoﬂ@a

pr e- coat-ed . o -0 -t , | b '
"pre-coati r?grﬁr%gf gpﬁl %\i}gt é‘gag%%?telgrér%g O%Hr?'.ag% ta%g&g%{s?o&%(gngﬂfgé%én% ngg?So t he
ful l est extieabsfepsdthinethelperesOpdthied thuatsurfaeediffusivh a0d poee dififpsied. avay

or peeled off unnecessari Ié.rﬂTherefore, putting in too much purge gas or
appl yi ng t dherefasagitaisvaetuthe averallbeolumetiritemhass deansfor corfSiciepti (famhy

hat ) contBhenpafbbgiepHsFRERT af i boFal nah Caaer S BEIEIRE ot nave
di ssol ved io?%‘&s{)ﬁﬁ;iorﬂ}[kﬁﬂcﬂl%tﬁlﬁg%Mfs@%&&lﬂﬁ&eﬁ@?&ﬁﬁﬁ?&l EdeffibianBfotidid Y

however, the volume of hydrocarbons that I1s pre-coated 1nto the adsorbent
| ayer s caniindiviiduaglo hiydeddaaboh® mokpabisf§ itransfeving drianthensurfabes rofatten f or
repl aci ng ungpn&lensed gas hydrocarbons _fromthe purge exhaust [nto the
feed gas i dngiyideal adeorbgat gganulese ind pecagisegeanh ofjbhe hydsecarheys ar e

peel ed am%eg¥el9é’,r Séxﬁ%n%”gnd BN Y: hggqté Bwn such coefficient value, this

model necessitates the construction of a database of such values.

In contrast to the publicly known “equilibrium” and “frozen”
models, the hydrocarbons that are pre-coated onto the adsorbent in the
manner described above in the “pre-coating model” must be preserved onto
the adsorbent granules to the fullest extent possible. The coating must
remain and not be chipped away or peeled off unnecessarily. Therefore,
putting in too much purge gas or applying too strong a vacuum must be
avoided. Ideally, desorption may employ vacuum and purging means that
remove only an amount of hydrocarbons that is commensurate with the
amount of exhaust gas hydrocarbons that have dissolved into the
pre-coating hydrocarbons (condensate).

In actuality, however, the volume of hydrocarbons that is
pre-coated into the adsorbent layers cannot be controlled to a specific
desired amount. The reason for replacing uncondensed gas hydrocarbons
from the purge exhaust into the feed gas is to restore the pores to their
original depth, as they are peeled away by purging and vacuuming, and to

restore the coating of the hydrocarbons deposited in the pores to its
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restore the coating of the hydrocarbons deposited in the pores to its 17
[21 JUL 2Mb original thickness. An alternative nethod to the above is what

is known as the "returned-flow concentration operation (replag F
purge), by using sonme of the high-concentration hydrocarbons g%%‘@ d@ﬁ in
t he purge exhaust gas wutilized in the desorption process as purge gas to
flush out air and noisture fromthe inside of the adsorption-desorption

col um and rrgé%' ag hem wi t h hydrocarbons. I n case the hydrocarbons in the
exhaust gas 8 g@ﬁ%ﬂ ¥d of water-soluble alcohols, this repl acenent purge

method woul d be a0 At&eetive MEABE B 1hevhBGve N #HaErRCRhow! ast ine!
adsorb al cohols only. On the other hand, if desorption takes place to an

excessi ve deghaaed-fasy pomedntrestign npataMe&epﬂémnmnnpm@epdjyumngsmmd d have
no hydrocarbg ﬁ_’dl n them This neans that at such enpty portions there is
no affi nitfthehighicencendration hindracpnbeps centaipgd jn a@mgﬁéxmgfﬁtr@a

hydr ocar bo P t hey. s _t.hr he
pores. As gﬁglg%c# *}8 ﬂgf‘gorph on de‘;p %§ z‘ﬁng";’ﬁ Sutseﬁgv% %ﬁoonl{tt g}]rg}&e of
di ffusion Qﬁoish@ré"ﬁdﬁpﬁl@é Ddide W'tﬁ@tdcﬁ;%rpﬂbﬂ-de@&pt{tﬁi gsluein R@defeplastch t hat
I f the speed of the rising gas is high, the hydrocarbon nol ecules in the

feed gas dhem yithehydwesrbanse Jordasedhethydrecamtons e the gxhaustegamant exi t

t hrough the adsorption col u A co ari son nade be en t "5
it o - 5 CATHRRY o AT SRR aeoheTs this ESDTAemanh BLELS shetRod Hon

experi ment g/l , Y r (15
mnute - 1 mé{%%?%cg\?mb %ﬁéﬁbf\;\g@gﬂ élkgt l?rdébﬁf/é,ﬂti %eqaﬁié%é%gego}wgk{?gﬂﬁsi ng
gas is madenkxtrenely slow, it would not be inpossible to induce
penetration into the pores by matching the rate_of diffusion into the pores

with contact dur @nbheo llean@lfﬂmp&on&aﬂre W@tmex@esgwmr E9,

bal ance, anf CBRUSWEY aithEibheErars - areedd | oRrBoRt hoRfler shel

hydrocarbons in them. This means that at such empty portions there is
no affinity — that is, no dissolving forces — to attract the rising
hydrocarbons in the exhaust gas into the pores as they pass through the
pores. As a result, adsorption depends almost exclusively on the rate of
diffusion of the hydrocarbons molecules into the inside of pores, such that
if the speed of the rising gas is high, the hydrocarbon molecules in the feed
gas simply pass over the surface of the adsorbent granules and exit
through the adsorption column’s outlet. A comparison made between the
“5 minute — 5 minute” swing and the “15 minute — 15 minute” swing, both
experimentally and using real apparatus, clearly shows that the latter (15
minute — 15 minute swing) is worse. Naturally, if the speed of the rising
gas is made extremely slow, it would not be impossible to induce
penetration into the pores by matching the rate of diffusion into the pores
with contact duration. Actually, however, the apparatus is optimally
designed to be manufactured in accordance with a predetermined material
balance, and does not allow any major alteration of the operating
conditions stipulated in the manuals, though marginal cases may occur.

Essentially speaking, as long the pores used in the adsorbent
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conditions stipulated in the manual s, though margi nal cases nmay occur.
Essentially speaking, as long the pores used in the adsorbent 18 21 JUL
2005 granules after pre-filling the pores of the adsorbent mﬁ%p JUL

hydr ocar bons are of nesopore size, the "5 mnute - 5 mnute"” sW ng m&@ﬁd
represent the duration [imt, permtting reception of hydrocarbons of
maxi mum volune into the pores. At the very nost, such limt is around 10

m nutes. To_sunmarize, th resent invention,rests on.the.follow ng three
Theor et calEiBPHIGH afe mie BHEMEBEE PAEPRft P duse BrBe At By arcielons fony ©(2)
Ret urn of g(\;}ﬂﬁ ; 3% | Swi . . [ d rption
These pill aLHrTgBEa e %gséﬂézﬁl{gpoi%hﬁl;et heaq%%@?é%fgﬁ]‘%ﬁf%‘?g ﬁr@%gaﬁ%ge

Lai d- Qpen FhatrabionFinnli{, qrirbd t6ing Tecditfon 47 G:3drecadbdies of 1988mimSvolantecd
earlier. However, these | ajd-open patents have not disclosed the treatnent
net hod and 18pptaperesut Atithe ygrymosthsch Bt traraundel @ mingtessent

I nvention. As ex§4 al ned abovg; t he Eh nomexﬁon of ,mass hrgnﬂfer of,

hydr ocar bons t hr Bg%uflﬁlérbzgr geiq{etg Bt ARy S?Strgh%n& &dP 8?{1%;“&% es
can be sumMyBebrRftal Pilldig: form of a sinple nodel of the processes of
condensati on and evaporation of the hydrocarbon nol ecules. As for the
present i n{&nt Poercoatieg pf theadssrbent {pabsdrptioahd desorption rely solely
on the mass_transfer between the hydrocarbons (condensate) filled inside
t he adsor bd@t ' Behway ‘r"é‘é",ndgﬁéeglgéshydrocarbons (gas) in the exhaust gas,
natural ly I B4 | recei ve hydrocarbons,

t her eby reé%jg} %ﬂ‘%ﬁéagncégr p %eg%?(g‘éé)gkﬁ(%?%]&gﬁo%atm?i me. General ly speaking,

the shorter the FHhees ill@ﬁédwpiebﬁnpﬁd@dsgd bi Nthe tpres&ef tigventoeyeiver,
because of the limted service life of the solenoid valves, a lower limt

of the adsdepaness dbais-Ppeon Balieng tHuhlidation, Nas.oultP7ohé634) aninlNe i s
preferabl e'196‘§-’7fl%r84t r(]:1 erBglr'li(l,rl. ni{tobve?/gr(?,aﬁeese laid-open patents have not

disclosed the treatment method .and apparatus utilizing MPC that

characterize the present invention.

As explained above, the phenomenon of mass transfer of
hydrocarbons through the pores in the surface of the adsorbent granules
can be summarized in the form of a simple model of the processes of
condensation and evaporation of the hydrocarbon molecules.

As for the present invention, the processes of adsorption and
desorption rely solely on the mass transfer between the hydrocarbons
(condensate) filled inside the adsorbent’s mesopores, and the hydrocarbons
(gas) in the exhaust gas, naturally limiting the capacity of the pores to
receive hydrocarbons, thereby reducing the adsorption/desorption swing
time. Generally speaking, the shorter the adsorption/desorption swing
time, the better. However, because of the limited service life of the
solenoid valves, a lower limit of the adsorption/desorption swing time i.e.,
around one (1) minute is preferable. As for the upper limit, because
longer swing time requires huge amounts of adsorbent, the present

inventors have set a value of around 30 minutes for economic reasons.
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| onger swing tinme requires huge anounts of adsorbent, the present

I nventors have set a value of around 30 m nutes for econom c reasons. 19 21
JUL 2005 EMBODI MENT OF THE PRESENT | NVETI ON The preferred enbogi‘ Rt Zﬁ
the present invention will be described hereafter. In the
adsorption/desorption switchover, it is highly preferable that the exhaust
gas containing volatile hydrocarbons fed into the adsorption apparatus is

mai ntained in a pres ' | j rocess. It is

| i kew se preferable W@ﬁlmﬁﬁyﬁgﬁsﬁﬁggm%ﬁhas the effect
of condensing the noisture contained therein. During desorption, it is
preferable to heat the purge gas. In addition, it is preferable that air
and/ or nitrogen Fheugrdfemsepuembodanentndof tthat presentofinvemtipnr gdlledbeaust

gas be re-used.as purge gas. Further, it is preferable to dehumdify the
pur ge gas ?’ﬁ?‘l’ng"rﬂjﬁ a%?qrrogen) for use in the desorption process. The

u aprishitinere nthe de
nor mal b easur o, T3 e afadtbl Aol AR08k drRRek By i REAQfoibIIE e

poses a pr ghé xhatet gy doRtLning vohgtilddeydiideafiviiz fed intb the Z@solption t he
noi sture expands by a factor of about 30, rendering the ﬁurrp unable to
it

mai nt ai n t APpprajyst v maisdairedTin ra preseumitest statel dwiring ithg adsorptiost ur e

yi el ds two _benefi{,s. lga the r du%iigon f,load on,the acuumﬁ}li ,__Whi ch
s used f oPToeEgEmtl i HRWIsE RTefE bl P ol dperutisbieasa BPFAUAR, LRI Mifnsat | on
of noi stur ' L &S t.he; during desorption.

Re- usi ng Sghng@gf?&t{ﬁéoﬁ?g%ﬁ?gﬁ?gnlg?g%%%@%}%ﬂ ﬁ(Eaﬁ/e%glr'ocar bons in the purge
exhaust gas as pDugimgakesbastidriie itefi§ eptefefabilé utthileatotiie purge gas. In

capil I ary-cqndensed noi sture and air, and replacing themw th a
pr e- coat i ngd8ition,dt icpreferable that airsang/sr nirogem becysediabpprgs ganand

o PhaCe T P B ke LEARR N MRRALE BB RS e oo
preferable to dehumidify the purge gas (air and/or nitrogen) for use in the
desorption process. The advantage of dehumidifying the purge gas lies in
the fact that under normal pressure, the expansion of moisture in the
purge gas in some cases poses a problem. For example, if the vacuum
pump is run at 25 Torr, the moisture expands by a factor of about 30,
rendering the pump unable to maintain the predetermined 25 Torr.
Therefore, eliminating the moisture yields two benefits: (a) the reduction
of load on the vacuum pump, which is used for regeneration; and (b) the
prevention of capillary condensation of moisture penetrating inside the
adsorbent layers during desorption.

Re-using some of the high-concentration volatile hydrocarbons in
the purge exhaust gas as purge gas has the effect of flushing out
capillary-condensed moisture and air, and replacing them with a
pre-coating of hydrocarbons. This is what is publicly known as the
“replacement purging” or “returned-flow concentration” technique. The
use of the replacement purging technique in combination with MPC
according to the present invention provides highly superior effects.

The preferred embodiment of the present invention also preferably
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according to the present invention provides highly superior effects. The
preferred enbodi nent of the present invention also preferably 20 21 JUL
2005 includes replacing the gas, which remai ns uncondensed mhgp'ﬁﬂeﬂﬂyrge
exhaust gas is cooled, to the inlet of the adsorption apparatus, or '
returning it directly to the adsorbent |ayers. Mire precisely, in the case
where the concentration of the wuncondensed gas is |ower than that of the
inlet gas, returning such gas into the inlet nay undesirably_reduce the
concent r at ilﬁﬁl“g’ﬁs-tllﬁ"élﬁqmétt a&as, whicheregnains; pacenfensed nyben dde purdenst ead

i e t he eRFapskes by Sl iR eRe iRk B AGOHRIR ab Pt S LOUED R,
l'ayers thrgpgiretlp totHE adsornit18per@f the adsorption colum. In the reverse

case, where the concentration of the uncondensed gas is higher than that
of the inlet gasMoneh@rboirsab'; imythee ceseewlvireh thbe coméesrtraaen of , theor e

preferably, it iis r turneq directly to t m dd| e portjon, of the adsorbent
| ayers. Th&ncprdensed gas 13 lawar ithan) that; &é}e Rt &3ty BEYWRIRE SHOR&ASar bons
in the pur N E ol | ' ' ar| ff | for
hydr ocar bo%toaﬁ?wﬁ%ﬁ 0 Ilh%drgg?go oﬁgaﬂgiﬂ%% cﬁg{;/éedt\?/g{rlgﬁ h(?fg ev%ﬁ%& é‘filst y at

| ow t enper Jthereforé,f dheexaitph@ens¥d ?asbeilsoﬂ\ﬁstebﬂr depanatelyhefedadagy pihieon i s
carried out at normal pressure and desorption is carried out at 25 mrmtHg of

reduced pedserntion chlumantleroaeh: ithe kijéemnbhenentr whdile bhe niplet granofa
factor of 30, or so. Furthermr accordi,ng,.to, the preferred,enmbodirent of
the. pr esenBIERGH editieniatiar s aebinf BiF BROTLEBt JRYerRe uRHan begRealt

cont ai ni ngpYRliah | b thY ASEASRAScAlBmie | 3 kR OrdvePs@dsREPtWRBrARMR! at us
preferably takes place after 1t has undergone treatnent wth absorbent
liquid or comeemtnation iofithd umpondensslipaginbighdr thanpthdt of thekindeihgadhiat i n
t he adsorptjon, process, . adsorptiv packed with solid sorbent are

/e | ayer
used, and HeeJPHLEBHIAE b%@?@ﬂn@’dﬂb}%ﬁe‘é\i%t 805, 0h ygEe gareferabdy igi at i on
W th sucti ?g'ﬂqueaydﬁ‘ectly to the middle portion of the adsorbent layers. The

result is a dramatically higher concentration of hydrocarbons in the purge
exhaust gas. This technique is particularly effective for hydrocarbons and
chlorofluorocarbons, which have very high volatility at low temperature
(for example, 0°C or below). Normally, when adsorption is carried out at
normal pressure and desorption is carried out at 25 mmHg of reduced
pressure, the concentration does not increase by more than a factor of 30
or so.

Furthermore, according to the preferred embodiment of the present
invention, the adsorption process of the exhaust gas containing volatile
hydrocarbons to be fed into the adsorption apparatus preferably takes
place after it has undergone treatment with absorbent liquid or cleaning
liquid, or pressurizing. It is publicly-known that in the adsorption process,
adsorptive layers packed with solid adsorbent are used, and desorption is
performed by means of a purge gas in combination with suctioning by a
vacuum pump. However, the present inventors have exercised special
care in the selection of the solid adsorbent, employing an MPC that

permits vacuum desorption, so that in one embodiment, the adsorbent
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vacuum punp. However, the present inventors have exercised special care in
the selection of the solid adsorbent, enploying an MPC that permts vacuum
desorption, so that in one enbodi nent, the adsorbent 21 2 1 JUL 2005

| ayers of the adsorption apparatus: (a) conprise nmultiple indé’p—"en&’éniﬂﬂ.’)

| ayers of adsorbents with varying adsorption:characteristics placed one
after another (preferably, exhaust gas conduit tubes are enbedded in the
spaces between the adsorbent |ayers so as to be connected to the vacuum
punp), and lapdrsapé thackdsorpition apperiterst adfconiprisel soultipleninaependens i n

spaces that, are epclosed tiple gas-perpeable cyl|linders,, so.as to
e T he. oylasts: of adSprissnty Wit WBaRS T AU BORFhAr AT Blased GG ch
th t ' i .

{ houannds. clferSBtlothef RprefRhally) GMIES s SAKE diles Adeiadl i de,

be said to spacenbetivedrabhie adseeat 1hyers- sieastbtbeoforitictad t@mbke viabatim cannot
be achi eved using conventional nethods. As for the adsorbent to be used,

t he presentPumpk mridoth)argl packed withadsprbentscefrheradsovption pppasatusain ar e
primarily nmesoporgs, ("MC' cked,i.nto a single,layer. .or packed, in
Ponbr nat | o PR, (aah e Frcoses BYeTHalS ensRarchaabls eokindpEs, Gers: 9 o

mul tipl e-| g,mr% | ; , r 1S ehN a
pr e- coat edq}éfgka% gil.ié ,%gﬁ for aﬁeﬂéﬁg#?ﬁdﬁﬁf,ﬂéga%&?m@ﬂ ’%?gn@fﬁeﬁgﬁs’ gvtllﬁrcnh1 ar to

t he gaseoushecappamitnantan (tredtaladge hwyhimesrdfogss inotheionder iof severakhaust

gas which s to be treated, is preferably used. In another_ preferred
enbodi ment tiapus $Hpe Sexeraltens: olothousaads of eithici meters Reschewo n¥hidht aj ned

in the exh .€QNSi{ Sk S |,k ne . Of mati cs
Such as. bordanbeaRif W Heshn Witkiahdihe ABMUAEAKARREICH paTofdp LIRS
used. Howevghnot Be hoRievad 1€ eonvdiftionw dheghvydaons to be renoved fromthe
exhaust gas conprise gases with extrenely |ow boiling points such as

met hane, et hyl enésdiod theaslsorbent tor be gasdsthvi phesenit dnvertion lemplopsiani ng
poi nts Sucgcﬁgage tcgr on hl%%ﬂ% Scr)]lges that are primarily mesopores (“MPC”),
packed into a single layer, or packed in combination with synthetic zeolite
and/or hydrophobic silica gel in a multiple-layer arrangement. In either
case, the adsorbent used is in a pre-coated state.

As for the pre-coatant, gas with constituents similar to the gaseous
contaminants (volatile hydrocarbons) contained in the exhaust gas which
is to be treated, is preferably used.

In another preferred embodiment of the present invention, where
volatile hydrocarbons contained in the exhaust gas consist solely of
gasoline vapor or solely of aromatics such as benzene and toluene, a single
layer of MPC solid adsorbent is used. However, in the case where the
hydrocarbons to be removed from the exhaust gas comprise gases with
extremely low boiling points such as methane, ethylene and propylene, or
gases with relatively high boiling points such as pentane, hexane and
benzene, a multiple-layer of MPC and synthetic zeolite and/or hydrophobic
silica gel, in which the layers are stacked one after another, is preferably

used. It is therefore essential that selection of the appropriate adsorbents

be made with the greatest care.
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benzene, a multiple-layer of MPC and synthetic zeolite and/or hydrophobic
silica gel, in which the |ayers are stacked one after another, is
preferably wused. It is therefore essential that selection of the
appropriate adsorbents be made with the greatest care. 22 21 JQUJ 2003005To
gi ve specific exanples, if the volatile hydrocarbons contained in the
exhaust gas consist solely of |ow boiling point conpounds such as nethane
and ethylene, a single |ayer of MPC is enployed. On the other hand, if

they al so cont ai mMohgigh spetilficngka@@plet, Heofaa il By &Focaihdis édtwairk@ i Ng
poi nt hydrocar bons al ongsi de such conpounds, MPC Is enployed together with

hi gh sili cdtheoexhanstygas gensightsebelycolz dowi beiling hoigt comhporimds suel east
synthetic zeoliite d d sold b osoh ratio under the and nane
P ol unt', Tethane §HE SHhaesenvriodls 1Rer geRiER blevednDn i sthb: ¢
silica gel. ts t 3 | t.t whi | e
t he synt het}lldclmi elgfclh![e 2 élgéecgflﬁﬁ% h?%]r %ﬁtl ﬁ%ﬁ%ﬁj?‘ﬂ g{/agg?ngz%d t egolﬁyvt ype
hydr ophobi dhoilihg gige hydrabaobors b¥aezside isaphddintpdindst MBE! is baipdsydds

pl aced at the bottom_ The reason for such arrangenent is the experinmentally
proven facttogether witht highii silteaceonsent hd-tpe syadbelipeaseolitsr eer i Bigho to 40
angstrom nd.that of .the A-tyvpe dr ophebi ¢ si l4.C | ! ores is 30 ‘
angstrom Hnéna-tcﬂgfergf SW_SeE}ét f/?f’g%ﬁy@ﬁ% %@&‘ﬁ sld) ﬁxgﬁ&é’?‘ ggr%?fa&w&st rom
when the exfialésithe 38nd HHAL "B e OC 8HA My Nd h?dfdiﬂio‘b% SillicY G el @At € such
as net hane, ethylene and propyl ene, the | argest anounts of substance are

absor bed byB-typeehj®piobia siticA-gelpelmyhe dattebcasesithe MMP§elayedGs pbadr om) .
hexane. and BERECHE: aML1ordne s¥Bha i 2okt LEQoByn Defscuts BRAdlS BPF he
anget rom . ot FRe i aphokl dlleSUcr AEURIRAORE RO Hlie Mic el
ar e hydr ophayedrGs piréedeattHe totsomt heti c zeolite ("Zeolun'), have the
POy T e N eason for suoh arrangement is the experimentaly proven fact
that, if the diameter of the MPC’s adsorbent pores is 20 to 40 angstrom,
and that of the A-type hydrophobic silica gel’s pores is 30 angstrom, while
that of the B-type hydrophobic silica gel is 60 angstrom, when the exhaust
gas contains hydrocarbons with low relative pressure such as methane,
ethylene and propylene, the largest amounts of substance are absorbed by
the MPC and the A-type hydrophobic silica gel (30 angstrom). On the
other hand, hydrocarbons with high boiling points such as pentane,
hexane and benzene are more readily adsorbed by (and desorbed from) the
B-type hydrophobic silica gel (with an average pore diameter of 60
angstrom). Another basis for the said arrangement is that although they
are hydrophilic, MPC and the synthetic zeolite (“Zeolum”), have the
property of being able to selectively adsorb low-boiling point methane and
ethylene in the absence of water.
The reason why MPC should preferably be placed at the upper
most level is that, unlike ordinary activated carbon which gives rise to
capillary condensation of moisture at relative humidity (RH) of 40% or so,

MPC does not produce capillary condensation of up to RH of around 60%.
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ethylene in the absence of water. The reason why MPC shoul d preferably be

pl aced at the upper nost level is that, unlike ordinary activated carbon

which gives rise to capillary condensation of noisture at relative

hum dity (RH) of 40% or so, MPC does not produce capillary condiéndht 26w of
up to RH of around 60% 23 21 JUL 2005 This-neans that as long as the

| evel of humdity remains within a normal range, MPC does not selectively
adsorb npoi sture, and instead adsorbs volatile hydrocarbons with extrenely
| ow boi | i ndI'pisimeans tkét as loneg hsitbhe lewl oflhameiditydremejnd withiata aormal

out standi ng | eve erformance no I pited in other, so rbents.

| f h [ i
The adsorptliaa&edé‘éﬁppﬁp% Nkt GCtb‘féthé idrgsmstpﬁ%ﬁp oﬁlsﬁ«aéff q%g?r i ng
! _ = . g
D Poreaa: hiahi BPCE IR with WGchRION ATy ARt RRDACAb AR e

of releasing air- ons i n nosphere, such

hydr ocar bonghglenebeindw grogyleaguladt afn ohitsthh@ing Aayelt @fr perfernausel tibt
constituents with high level of purity frommulti-constituent hydrocarbons
gas cont ai rfixhibited in ethendolideadsorbenmts. (2b) to recover inert gas (nitrogen)

ith high | I ' he . ] ' '
Contai ning vol at (s AYBRRISTGRRAGTDHAR, bieLha <tha S PIASPT AL HOD tRuc | o
of pol yner | i | . uni t
b ocesses. aonpinFDuPRRRK. C)Gp CHRrE TAAL 21RO 1PAGRARAIE ol Sridthphcil
conpar abl e gractiteofirdeasihgtdipdiluded gapédnhpdrdcatliars iptothe atmosphgtepyed.

The above-descri bed isolation of a target. constituent from multiple
gaseous corf¥chihdrosarhorsanccbelow thezesulagion hMpitesd4a) 89 raepvesdassfph i on

o ocess, bl b IHAREE LARART0] O SIS RS e RRSRRTHL 1°
true that tdag dopAinisdlicRashstibRaNS] daed QRb) tEAddoREr irvétt ds! RilPwgédcar bons -
I n exhaust gas is already publicly-known, the novel wuse of MPC and of new
met hods suofithshigintleveln pf Mparity t frooh ethepdohtamynahedwgaly (hompasiinatedi | i ca
gel and Syrlllti r%tglzg c%%%irfirelgi\polgﬂié lllrg)rldgocarbons) that is discarded during the
production of polymers such as propylene. The separation process is one
of the unit processes applied as a means for purifying contaminated gas,
and is comparable to the distillation, absorption and other processes
employed. The above-described isolation of a target constituent from
multiple gaseous constituents contained in exhaust gas by means of an
adsorption process and the isolation of inert gas from exhaust gas can be
said to constitute new separation techniques without exaggeration.
Although it is true that the individual basic technique of treating
volatile hydrocarbons in exhaust gas is already publicly-known, the novel
use of MPC and of new methods such -as combining MPC with the
publicly-known hydrophobic silica gel and synthetic zeolite in multiple
layers as proposed in the treatment method of the present invention
constitutes a discovery that yields effects dramatically superior to those
made by the methods of cryogenic separation, chemical cleaning, or
treatment with absorbent liquid. |

Following next is a description of the preferred embodiments of the

present invention with reference to Figs. 3 to 6.
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| ayers as proposed in the treatnent nethod of the present invention
constitutes a discovery that yields effects dramatically superior to those
made by the nethods of cryogenic separation, chenical cleaning, or
treatment with absorbent liquid. Follow ng next is a descriptign QULtHs
preferred enbodi nents of the present invention with reference to Figs. 3
to 6. 24 21 JUL 20D5 Fig. 3 is a longitudinal cross-sectional view of the
adsorption colum in one exanple of the apparatus of the present invention.
Fig. 4 provides WHigWs 9§ 4 NRngAsdimdll ePosidedtibnal 6wt BEthexadbbrptiodf the
apparatus of the present invention. Fig. 4(A) is a cross-sectional view of
t he adsor ptdobrmodhume exgmple dfithe appBratus d'rtherpmsqeﬁlmnimoh view of the

t | abel ed Fi d f th
Bdsor pt isonac_glﬁ T #rUeR iowe Rhpr adsmEtiAD SRR REnG e e akent
nvent i on. (fidhe Bpbseatub Aok it H@RRCTLOBEL) Y BebaSibonal

adsor ption co prow draw gs explica
adsor pti on viek withée radEo@tl&n cdiugnn, GJ(rHa)le Eig 24(B)ris a%r erdargalnaétavl €ewosf t he
line A- Ain Fig. 5 and Fig (B) is an enlarged view showing a part of

Fig. 5in Gheﬂoétloﬂ%i%heﬂedﬁl@}?@ $tdhs an adsorption colum 10 representing
one exanpl e of nat us of, t he nve tion. The, adsorption
colum 10 is cohhﬁ ?J’ig gaé Previds Wﬁe&sﬁlﬁ nscé’b%]él ﬁofg%ﬁbeer

| ayers |1 aexhifple 3p¢hb lapparidd Gag@ m@sﬂemﬂtm Flg! B'i€Q lofyRufinand
exhaust gas conduit tubés 12a, 12b and 12c are placéd in the°respective
spaces bel erosshsectiadabriiewt of apehs adkorptidnb cahdnh) oyhidedFighe6 qniomxkrs gas

conduit tuhes 12a, 12b and 12c are connected tqQ a vacuum pu?é) In one
preferred waeﬁwwtlpgeﬂpﬁ@é’@ﬁmlm re iRpEig.s dp|Hgedldd ¥dgor bent

5 A MR AT o SRS, AR AR T, o
Fig. 3, iteiswshowiddh pat ot . & i gader Befaghbes for air (purge gas), Whl | e
Fig. 3 shows an adsorption column 10 representing one example of
the apparatus of the present invention. The adsorption column 10 is
constructed in such manner that three separate adsorbent layers 11a, 11b
and 1lc are placed independently on three leveis, and exhaust gas conduit
tubes 12a, 12b and 12¢ are placed in the respective spaces below the
adsorbent layers 11a, 11b and 11c, and the exhaust gas conduit tubes 12a,
12b and 12¢ are connected to a vacuum pump 13. In one preferred
embodiment of the present invention, MPC is placed as adsorbent layer
1la (as upper most adsorbent layer), synthetic zeolite (“Zeolum”) as
adsorbent layer 11b, and hydrophobic silica gel as adsorbent layer 11c. In
Fig. 3, items 14a, 14b and 14c are conduit tubes for air (purge gas), while
item1 is the exhaust gas feed line, item 8 is the air (purge gas) feed line,
item 8-1 is the purge exhaust gas line, and item 9 is the gas line for release
of the exhaust gas into the atmosphere”.
Fig. 4(A) shows an adsorption column 20 representing another
example of the apparatus of the present invention. The adsorption
column 20 comprises an adsorbent layer 21 filled with MPC. Fig. 4(B)
illustrates that rings 24 having a plurality of pores 25 are embedded in the
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item is the exhaust gas feed line, item8 is the air (purge gas) feed
line, i1tem8-1is the purge exhaust gas line, and item9 is the gas |ine
for rel ease of the exhaust gas into the atnosphere”. Fig. 4(A) shows an
adsorption columm 20 representing another exanple of the appakdt udL @5t he
present invention. The adsorption colum 20 conprises an adsorbent |ayer
21 filled with MPC. Fig. 4(B) illustrates that rings 24 having a plurality
of pores 25 are enbedded in the 25 2 9 JUL 2905 adsorbent |ayer 21. Each

of the ringslsdrbent laylémEEtEdch@fﬂ:h@ri/lﬁgwmg)m&:@ed/t@thdh&wﬁngﬁﬁmip”dmt
tubes 22a, 22b and 22c. Although the figure nerely shows a single vacuum

punp 23, a 23 vieaexhausdfgasueqnduibitubag 28@cr22boand %Ce%ﬁhwgbég@ec

t ubes 22a, 22b,and 22c ma al ternativel vj de In Fi , item
11755 he e e Shatf ASRH YRR s 23 BBty ?ﬂ&%@@sggﬁmﬁe&&% e,
tem 81 | 9 ke AR RHRAHIEEtubbd 9222 98h A28 it tﬁ?errﬂ&?vég% g for
rel ease of exhaust gas 1 nto the at m)sp ere”. Figs. (A) and 6(B) show an
adsor pti onprovided.)3dnr Big.eKA)t itam & is fthetdxéxrauekgaplfeed)hntehetemnﬁalsatthes of

t he present invention, The adsorbent |ayers 31 inside the adsor ptlon
col um 30 e&rn@@ge@%%ﬁ#éekn@ncxtm&lw e pigeaxhapshgagdine,

cylinders 83 \RESERE AR FIBIELABn AL L3R, yR2RRR AR Such spaces

being fill dsorben passes ough t he inside of

the adsorbent | aFgsss 536(ANahd@SBRENGK an’ SR HHBHGIWUNntSErédresentihgas in
Fig. 6(B). The apparatus is thus configured so as to increase the area of

t he adsor bémthehemgllplmf the apparaetmlaa)ﬁ$he paesqddpwentithe Theeaﬁsprl@nt
descriptio | tes the enbodijjents.of .the res i.nvention
rel ating t% ﬁ@hﬂ}f}{‘éﬁ nﬁ? PRI ﬁgﬁ’ﬁmdg)gm% of 'T’F?arf-‘@ i sedeby a

hydr ocar bo tQ VY | her e.
el ow ar o HReaRep oL eaidnodble (FRRAPAT 32 tral BoRRRRLI L erhAF PR ISR O o
i nvent i on BRatanndBabk suehaspdceatbeing fillyd witic adesritbeati nThe @dmuss gascl ean

gas in Casggss\g@eirzl?r(}u%% %{12 alunsstldg aosf the adsorbent layers 31 in the manner
represented by the arrow lines in Fig. 6(B). The apparatus is thus
configured so as to increase the area of the adsorbent through which the
exhaust gas passes.

The foregoing description primarily indicates the embodiments of
the present invention relating to a method of treating exhaust gas
containing volatile hydrocarbons so as to yield a clean gas for release into
the atmosphere. Below are described, with reference to Fig. 2,
embodiments of the presént invention that relate to a treatment for
recovering inert gas as a clean gas in cases where the exhaust gas
containing volatile hydrocarbons is an inert gas containing gaseous
impurities and/or gaseous contaminants.

Fig. 2 is a schematic flow diagram of a nitrogen gas recovery
system constituting an embodiment of the present invention. This flow
diagram represents the operation of a large-scale commercial plant that
employs the present invention to extract contaminated nitrogen, which is
continuously released from a reaction tank where chemical reactions take

place in the presence of nitrogen gas (inert gas), to the outside of the
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containing volatile hydrocarbons is an inert gas containi ng gaseous

I mpurities and/ or gaseous contamnants. Fig. 2 is a schematic fl ow di agram
of a nitrogen gas recovery systemconstituting an enbodi ment o tgﬁ- :
present invention. This flow diagramrepresents the operation 0f 2005

| ar ge-scal e comercial plant that enploys the present invention to extract
contam nated nitrogen, which is continuously released froma reaction tank
where chem cal reactions take place in the presence of nitrogen gas (inert
gas), to thgstethsane sQbsédifendhy Polcitblila?@9ft. system and subsequently
re-circulates it. The contam nated nitrogen rel eased fromthe reaction tank
51 is extracted Theacentgninated nitrogemirefersed fyam thareaction tapk &duss

[ iti | e t | ed. to b d
T a o r culebasted SEharGddie ?@grneﬁr'@geéfgﬁﬁg‘go Girkhe dant g GADABRShin ¢ hen
passes, Vig godIe} Fou Rﬁler%eimeirsaéoglecﬁétalo}C’coaﬂﬁhgecfon?&célsgéd Ina Y?Hgﬁl%tiotn i s

cool ed so that nost of the saturat noi sturé& 1t contal ns condenses and i s
t hus el i m reatmtessdres3.noi st ure condensed contam nated nitrogen, under high
pressure, now passes through a filter 56 (of filter cloth), which filters
out the dust andTheicompresseq contgmrinated nitregen then paﬁﬁes@mednwétw

d |
Seor bt 1 on sEBrHIAr 2. o atidther EOSIOR R0 PRER R ifed R0\ thAC Boti St i | oneo
Figs. 3 andafuratbe mafb&ﬁf@%tcoﬁmh@.y@&délseé tR] lprtﬁuﬁoamﬂlé\@@ algpe, or

such MPC in conbination with simlarly pre-coated synthetic zeolite and/or
hydr ophobi anoisturiec sogydé¢nsetiheontaanmated ndsoget,i undeolh.lghsprasisuné) anw

alternately operated, . sol.enoid val yes hei.ng enp] oyed to swt t he
al ter nat el Pap %ﬁ‘%’b‘g&%télgﬁ bg (_Bgé“g?eﬁt‘%“hrsal’f@“\‘ii‘cfﬁt%r Qut wgq,@ Elapg]r nat e
a/‘(’]"'e;Ch' N9 infist tHRE GESHtEEh At Piled T & bodiicedl foCartAdSbIPiG collind BFATOMENT
(57B).
The adsorption column 57A (57B) is the adsorption column 10 or

adsorption column 20 shown in the above-mentioned Figs. 3 and 4. The
adsorbent employed is either pre-coated MPC alone, or such MPC in
combination with similarly pre-coated synthetic zeolite and/or hydrophobic
silica gel.

There are two adsorption columns, which are alternately operated,
solenoid valves being employed to switch them on alternately from
adsorption to desorptibn and vice-versa. Such alternate switching is
implemented at an interval of 1 to 30 minutes. At the moment when
adsorption in column 57A is completed, the solenoid valve of the said
column’s inlet gas tubing automatically turns “OFF”, and the process of
adsorption in column 57B is made to proceed.

The nitrogen with a high-level of purity that is discharged from the
adsorption column 57A (57B) during the adsorption operation undergoes
final purification by another filter 58 (of activated carbon), then is
returned via a C-2 line (for nitrogen gas of high level of purity) to the
reaction tank 51, where it is recirculated.

After the switch to desorption occurs, a solenoid valve (not shown)
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adsorption in colum 57A is conpleted, the solenoid valve of the said
colum's inlet gas tubing automatically turns "OFF", and the process of
adsorption in colum 57B is made to proceed. The nitrogen with g h IeveI
of purity that is discharged fromthe adsorption colum 57A (5 é

t he adsorption operation undergoes final purification by another f||ter 58
(of activated carbon), then is returned via a G2 line (for nitrogen gas
of high level of purity) to the reaction tank 51, where it is

recircul at eigh. thé tebinghtotviliowm) econineetedt iotheocatism pusy E00i¢ tupade (not
shown) 27 21 JUL 20M in the tubing (not shown), connected to the vacuum
punp 59, is QNrnte vaoum tpenp a2 g mnpaml Pgrg‘tlrﬁlralﬁdd-p%wgelld?prth% drawn

into th d L | A th
exhaust - gac SRBEPE CaRERHAT R forahy A Ut R e SoThe ofee 530eBR Mo
condenser @t El’iétuﬂh discHus é&'%eﬂ{@%%uhhﬁ%u tﬁ%sﬁ%“i‘ﬁﬂ%ﬁhcé@ inplss the

gas with water, then a separator 61 separates e gas fromthe liquid. The
resul ting IqoqdeﬂsmoﬁﬂbhmugbaD@pmgeexhauslt inat am nants is punped by

anot her punp 62 the putside of the systemthrough a D-4 recaovered
liquid line, whi flglq ﬁ@ld?ﬁwshc@ﬁ%ls %gﬁ&s‘?éb WHFQS'UQhe% sgparten fidnsed

gas | ine { Qopdragothe (ALOGRIA B ARuidUhd3tePioh ISR ISHRGH,RS T

be returne ads i on col um as a at nent

nmeans t her dfafpuiritiés a0d dontenindnith i banm&i by ol iipta20gh thsodtRsddbeen

set forth in detail above, the enbodi nent of the present invention uses
adsorption Oértheoﬁefgtmpthhmugip@rat4 vecovaseddigudd flisre, wihide the wmnicpndensesh of

combi nat | o RAToT EIRBEhGH D) eepﬁ%@ﬁ%g”%%%&%ﬁis%%ﬁ@ﬁ&aﬁﬁ%%%é%a i ca
00 e, S o i skl gaod wigicts oupose o
| evel of pudsbyptidn oolunog &TA (IH’TB)mseadméaﬁmM@tnhIths rthler@rﬁ' mpa)tttordance
with the publicly known method.
As has been set forth in detail above, the embodiment of the
present invention uses adsorption and desorption operations as means for
the re-utilization of inert gas, and employé either pre-coated MPC alone, or
such MPC in combination with pre-coated synthetic zeolite and/or
hydrophobic silica gel as adsorbent. Thus, it is not particularly intended
for the purpose of recovering gaseous impurities. Accordingly, in order to
achieve a high level of purity of nitrogen, the present invention relies upon
the increased rate of diffusion within the pores of each adsorbent, instead
of the purged air. Relying on the purged air for such purpose entails the
use of large volumes of purged air, which imposes a heavy pumping load
and therefore necessitates a large-capacity pump. On the other hand,
reliance upon the increased rate of diffusion within the pores of each
absorbent ultimately provides a new economical inert gas isolation method
permitting attainment of the desired purpose with a vacuum pump of the
smallest possible capacity, and an apparatus for implementing the said

method.
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the increased rate of diffusion within the pores of each adsorbent, instead
of the purged air. Relying on the purged air for such purpose entails the
use of |arge volunmes of purged air, which inposes a heavy punping | oad and
therefore necessitates a |large-capacity punp. On the other hand,] J¥el2®Bnce
upon the increased rate of diffusion wthin the pores of each absorbent
ultimately provides a new econonical inert gas isolation nethod pernitting
attai nment of the desired purpose with a vacuum punp of the snall est

possi bl e capacity, and an #EXYAMRLESfQF EMBOQIDEMENDSt he said nethod. 28
21 JUL 2005 EXAMPLES OF EMBODI MENTS The present invention wll be

descri bed specifically with reference to exanples of the enbodinent. It
shoul d be apprecimgt.e s h £h o) ) inyention is
by no neans Iim {12}{03 gléght%ﬁgs}g{’?##g% Wli %?%%g'ﬁ'i’%‘i sé@éggigﬁ%g{}tﬂ} :reé‘ngF{%"m for
rel ease of il gdinpRs ofile ehfbodinRaRNeTesHAAdERd aPpprBihted hewavBeithag for
treating vol atil e hydrocarbons contained in exhaust gas by enploying a

| abor at or y-theaswpepfaihet presenbipvertdonfis dysoo pheans (veided gbi these ¢breems 7a
and 7b filled wi.th  adsorbent, a vacuum punp 4, purge air lines 8, 8a and
8b, an exh&MePodimentpeed |ine 1, an uncondensed gas return |ine 6, and

an exhasp:  an nsed g . and_
and Ob ol | wpeaffEy: 5, S [ reldhselyfcledibaadingbipe Himosphedy ° O

gas/ | iquid separ gl embodiiea®10isea anetihod ft trantiag wd¥Ele hydtdeanbored t he
adsorption colums are filled in the enbodinment 1, is a product naned
"GF- 40" madentaipeoin t exhiatsingas The eopleying ahlabozataryzscale anmseatus e

DL LY AR kAPt TR Sk Bber St TS B LS 1
Sest) ST SR Tt k3] 05T 7 Oh e i 21
feed line 1, an uncondensed gas return line 6, and certain other items, as
shown in Fig. 1. Figs. 1, 2a, 2b, 3a, 3b, 9, 9a and 9b all represent solenoid
valves, while Fig. 5 illustrates a gas/liquid separator.

The mesopore activated carbon (MPC), with which the adsorption
columns are filled in the embodiment 1, is a product named “GF-40” made
by Norit Company. The pores of this activated carbon are primarily
mesopores with a diameter of 20 to 30 angstrom. The diameter of the
adsorbent’s granules is approximately 3 mm. Each column is filled with a
volume of approximately 1 kg of adsorbent.

The embodiment 1 is hereafter described in detail with reference to
Fig. 1. For the embodiment 1, air at 50% relative humidity (RH)
containing 5,000 ppm of methanol is supplied to the adsorption column 7a
through the exhaust gas feed line 1 at the rate of 20 L per minute.

Prior to the operation of the adsorption column 7a, the adsorbent’s
breakthrough curves are determined as a means for pre-coating. Fig. 7 is
representative of a graph showing the breakthrough curves for the GF-40
mesopore activated carbon. The graph represents the case where an
adsorption column with a diameter of 1.3 cm and length of 18 cm is filled

with 6.6 g of GF-40, and made to adsorb methanol at the rate of 2 L per
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Fig. 1. For the enbodinent 1, air at 50%relative humdity (RH) containing
5,000 ppm of nethanol is supplied to the adsorption colum 7a through the
exhaust gas feed line 1 at the rate of 20 L per mnute. Prior tq the
operation of the adsorption colum 7a, the adsorbent's breakt hrzohgjlq]-cmﬁ/es
are determned as a nmeans for pre-coating. Fig. 7 is representative of a
graph showi ng the breakthrough curves for the GF-40 nesopore activated
carbon. The graph represents the case where an adsorption colum with a

di anet er ofminWeenanpgddesgrgtionofoll@wing i thef jqndedf widsormien o(vehergrthen, and

made to adsorb nethanol at. the .rafe of L r 29 21 JUL 2005, m nute, and
desor ption CPBF?IﬁFﬁantﬂ?gielﬁd' e?ﬁhpéil%Pﬁféme%eﬂlrtm’é‘ge@hm%ﬁ??}%{’[uitc%lypeak is
reached) | sapgLGEPASEAPRYnai I purge alone w thout any vacuum desorption. As
may be noted fromFig. 7, the pre-coating tine with 5 000 ppm nethanol is
approxi mat el y 20@snimayt ks noted3frionuFg.. 7, Tthe mereating: tioad with 5¢)0€r ppmon i s
al so perforned on_the adsaqrption colum 7b. After confirmng that, both
adsor pti on ne%ﬂim% iy appFKimataky, 200 spinusen 3-8 thaupshlhe same pre-qopting

above- nent i .exh t i h fed,in syst-em h .

adsor pti onl gglg%r“%? ?%%Fsgp‘ge%g?ﬁ%& Bé&h safjdsgﬁg ﬁ@h ?’?\bm%{lﬁr@ '@?&%‘Léoﬁﬁ‘%@&gpt I on
and desor pghefbbes adserptioteedlundts V8 ARl Th vl Bidneéom plaflelypdécaitedy after
the start of operation, the concentration of volatile hydrocarbons in the
gas at t hetbhetalmveamentioneddedratst ogasas (tmen7fed into, 6 systemoand pivey but
such concentration 8radgall decre?%es and reaches 100 ppmin two to three
hours. AnoffSPrPHA/Aesargtionqperation PREINS he heat generated in the

pre-coating prOdS%ﬁc}ﬁﬁgl i‘ﬂﬁé”ﬂ%ﬂéehe%%%ﬂérxg a{ldaagg@g);cﬁ%C,hggﬂH&nppses

no problemfor practic use. e vacuumpu use esorption is a
rocki ng dr yerified to( badiyebshihlatds, Rind irearadigtelo aftertthe) stage € operatjord vacuum
]9 ]:)r 15> to 2Li?he mergtiégiogpoa \’/olgpiije igg;&%fl'{)gr;s ?n '%ﬂé g;asggts t}(ngi i021)1:1ei1: sofetr}rlgl oyed
adsorption column 7a is 4,000 to 5,000 ppm, but such concentration
gradually decreases and reaches 100 ppm in two to three hours. Another
. verified result is that the heat generated in the pre-coating produces an
adsorbent temperature of around 60°C, which poses no problem for
practical use.
The vacuum pump 4 used for desorption is a rocking dry pump
(made by Hori Engineering Co., Ltd.), generating a vacuum of 15 to 25
mmHg (3.3 Kpa), and thereafter a purge gas (air) is employed for
suctioning by the pump. Expressed with purge coefficient «, the volume
of the purge gas (air) is 1.0. |
The purge exhaust gas discharged from the vacuum pump 4 is
cooled in the gas/liquid separator 5 to between 0 and 5°C or so by a
refrigerant (freon gas). The uncondensed methanol gas resulting from
that process is returned, through the return line 6, into the exhaust gas,
which is about to enter the adsorption column’s inlet. Solenoid valves 2a
and 2b are provided for the switching operation between the two

adsorption columns 7a and 7b at five-minute intervals, while gas line 9 is

provided for releasing the clean exhaust gas, alternately from column 7a
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suctioning by the punp. Expressed with purge coefficient a, the volune of
the purge gas (air) is 1.0. The purge exhaust gas discharged fromthe
vacuum punp 4 is cooled in the gas/liquid separator 5 to betws N Qaqgs 5C
or so by a refrigerant (freon gas). The uncondensed net hanol S resulting
from that process is returned, through the return line 6, into the exhaust
gas, which is about to enter the adsorption colum's inlet. Solenoid

valves 2a a b arg provided, for the swtchi eralion betwee he two
adsor pt | on L Gamy b ARE YA Bmprpheti TibheR sBes0BROR YRRes ShE  phe o 1’
provi ded for rel qagi feralfons! &aRicd<Pat'$h FRSemBbERAERN ¢! dedcrBUCHHNE 7a 30
2 1 JUL 20D5 and columm 7b, into the atnosphere through the sol enoid

val ves 9a aielded thd fidlopirgadiperimentaliredulist in the enbodi ment 1 descri bed
above vyielded the follow ng_experinental results: Feed gas: 20 L/mnute
Gas conposition Heed gasy pt 2@ A/RéNut i nl et: Methanol concentration in the
exhaust gas - 5000 ppm Mii.sture - 50% RH. Gas ¢ osition at adsorption

col um out |l et: h&‘?‘?éﬁﬁp%b‘iﬁ%ﬁfﬁéﬁ?’aﬁlqlhcqlﬁ@n Eﬁggsed gas - 20 ppm

Mbi sture - 45% RH Methamelicongentratiopincthexgxhaust gaal T eS009PPVPC adsor bs

practically none dMoidtareoi-sBe%eRHN the exhaust gas, letting it pass
through so that it is released into the atnosphere with the rel eased gas.

This is inportanGaseommsition héadeoqstiorecsluadn 6k pl ants that process
enor mous quanti ti eyefharoltdneéntdationlinahRASM ALl Pasof —evedo ppnpr so of the

noi sture is a nj %oisﬁ;ﬁi’ee’—cwifgﬁ” ng that such an anount 0 adsor bed
nDi sture expands t'0 severa ozen'times of its original volune under the

~high vacuum condition that is applied for desorption, thereby

necessitating a XaCUPmAUTR Wheh db348e e&pBARdntal FAHsufSCeRBE I adsorbs
practically none of the moisture in the exhaust gas, letting it pass through
so that it is released into the atmosphere with the released gas.

This is important because in large commercial-scale plants that
process enormous quantities of exhaust gas, the adsorption of even 2% or
so of the moisture is a major issue, considering that such an amount of
adsorbed moisture expands to several dozen times of its original volume
under the high vacuum condition that is applied for desorption, thereby
necessitating a vacuum pump with large capacity, far exceeding
economically permissible limits. However, because adsorption of the
moisture in the exhaust gas does not take place when MPC is employed,
this embodiment of the present invention clearly provides a practical
solution.

Embodiment 2: System for recovery of high-purity nitrogen from
contaminated nitrogen

The second embodiment aims to recover nitrogen with a high level
of purity from the contaminated nitrogen that resulté from the process of
bubbling or aerating with nitrogen to improve the purity of products, as
obtained from reaction tanks in petrochemical plants. The second

embodiment is particularly applicable to cases where the gas to be treated
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economcally permssible limts. However, because adsorption of the

noi sture in the exhaust gas does not take place when MPC is enployed, this
embodi ment of the present invention clearly provides a practicapq 3@l yigson.
Enbodi nent 2: System for recovery of high-purity nitrogen from

contam nated nitrogen The second enbodi nent ains to recover nitrogen with a
high I evel of purity fromthe contam nated nitrogen that results fromthe

process of ., bubbling or aerating with nitrogen to inprove the purity of

r oducts. | 48 TUBPESReEPIAGHIALAD U (LBRRS ARSI o Ehelave POPEn POt he
second em}ggjfg%ho | ' ' to cases where the gas to be
treated 31 Loégsgé‘l'i}a'g‘ﬂ#?{x%égﬁﬂ@é’ﬁgg%nﬁét ed with |arge anounts of | ow
boi l'ing point hileaaifuitios o€ bhégad (@RaamMinatbdhitpoded) és ad fslla@dposi ti on
of the gas (contami nated nitrogen) is as follows: N2 (nitrogen) 88% C3
(propane) 2% C3 (propMNednirogem) C4 (butane) BH% C5 (pentane) 1% C6 or
nore (hexane, etc.) 3‘Vt‘Tg$ adsot bents enpl oye%r(#'n t he second enbodi nent are
MPC (manuf actured and-$8 ra)p&pe rit Conpany i4{°pellet form under the
product name " GF40-45"§, p%élyé;e hydr ophobi ¢ogi | i ca gel (nmanufactured

and sold by Fuji Silysia Chemcal Ltd. in 10 to 20 nmesh pellet form under

t he product nane "CAR G¢lb@ame) in 10 to 20 nmddh pellet form nade by the

Fuji Silysia Chemcal Ltd.). The adsorption colourms are of the kind shown
in Fig. 3, deploying SefRgnaae)independent adsbrbent |ayers placed one

above the other inside rption | umm the top | ayer bei ng packed
with 3 kg of MPC and Ce Bp?mﬁ%s(ﬂegéﬁg, etgs 3%

The adsorbents employed in the second embodiment are MPC
(manufactured and sold by Norit Company in pellet form under the
product name “GF40-45”) and B-type hydrophobic silica gel (manufactured
and sold by Fuji Silysia Chemical Ltd. in 10 to 20 mesh pellet form under

| the product_ name “CARIACT Q-6”) in 10 to 20 mesh pellet form, made by
the Fuji Silysia Chemical Ltd.).

The adsorption columns are of the kind shown in Fig. 3, deploying
separate, independent adsorbent layers placed one above the other inside
the adsorption columns, the top layer being packed with 3 kg of MPC and
the bottom layer being packed with 10 kg of the B-type hydrophobic silica
gel. |

First of all, both adsorbent layers are pre-coated (pre-adsorbed
with hexane). After confirming that pre-coating has been completed, the
above-described gas (contaminated nitrogen) is fed into the bottom of one
of the adsorption columns at the rate of 50 L per minute. The column is
then switched to desorption operation after five minutes. In other words,
the adsorption/desorption switching time is set at five minute-intervals.
For desorption, the suction pressure is set at 20 Torr and the purge gas
(air) flow at 2 L/minute. Converted into a purge coefficient, these

conditions give a value of 1.5.
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the bottom | ayer being packed with 10 kg of the B-type hydrophobic silica
gel. First of all, both adsorbent |ayers are pre-coated (pre-adsorbed wth
hexane). After confirmng that pre-coating has been conpl eted,y i hgy
above-descri bed gas (contam nated nitrogen) is fed into the bottom o% one
of the adsorption colums at the rate of 50 L per mnute. The colum is
then switched to desorption operation after five mnutes. In other words,

t he adsorption/d ian ht Chi ' ' e tfwe,. m = val s.
For desorption, t Jrélklg igﬁvﬂg%es%gfgreéqursgeggﬁegﬁl}% 8'# %néﬁphgspﬁ%g(ies gas
(air) flowretovkred Hitvegen vathvesuiety 6199.9% pribipghepoef ficient, these
conditions give a value of 1.5. 32 21 JUL 2005 OOperation of the apparatus
under the bedimenti 3i ofystemefarcoradsovptiod ofimethgaol andimethylena y of 99. 9%
or higher. Enbodinment 3: %ﬁe for co-adsorption of nethanol and nethyl ene
chl oride The third enbodi n@‘]?‘rpl oys an adsorption-desorption apparatus

wi th an adsorpti col hayl : I g 7 NIy . of 8.5
cm and whose i n'?'glrei orﬂ'i"l{psa fi%ﬁgebgh%e'?ﬁ a%%lg?@esznt atq{)n ?B%gf%th@ ﬁg?&? 1((:)(rfrh] The
adsor bent s appadatirse withreth ‘adserfion MBIYmnnhdeingy at heighoroft 27 Ganpaity a and
"CARi ACT Q6" (hydrophobic silica gel), made_ by the Fuji_ Silysia_ Chem cal
Ltd. Both sdamebanelssdr@npand shasednieripr is filledywidhgrdsopkentaioor height

nmet hyl ene %Pgl @I’cl de gases and are then packed into the

adsor ption- é ornb”[ion apparatus in nmultiple layers. The "CAR ACT 6" 1is

used for the bot THa ddeheddiselareFated “GF-252¢MPL)0mdde by Be Norit

experinmental conditions are as follows. The gas treated is a m xture of air
and hydr ocﬂdmpmy,iand/\ﬁCARiA_b‘H‘ Q_eﬁ’héleydmhjobic silicaegelhh mohde dycthedF oy vol ume
and that ol et Iy e, ol 1 i Sachevanth H0) STEconti S8 a lmisie' i 211 V°
methanol and methylene chloride gases and are then packed into the
adsorption-desorption apparatus in multiple layers. The “CARIACT Q6”
is used for the bottom layer and the “GF-45” is stacked on it.

The experimental conditions are as follows.

The gas treated is a mixture of air and hydrocarbons, in which the
concentration of methanol is 6.1% by volume and that of methylene
chloride is 18% by volume. The gas, at 50% relative humidity, is treated
under the following conditions.

Inlet gas flow = 1 L/minute

15 to 25 Torr

Degree of vacuum

Purge gas flow =  0.03 L/minute

The above results indicate a methanol concentration of 5 ppm and
a methylene chloride concentration of 0 ppm in the outlet gas. These
results confirm that the use of MPC makes it possible to achieve
practically zero emissions.
Comparison example for Embodiment 3

For comparative purposes, the inventors conducted an experiment
using the adsorption/desorption apparatus of the third embodiment, but
with different adsorbents. Specifically, the Fuji Silysia Chemical Ltd.’s
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under the followi ng conditions. Inlet gas flow =1 L/mnute Degree of
vacuum = 15 to 25 Torr Purge gas flow = 0.03 L/mnute The above results

i ndi cate a met hanol concentration of 5 ppmand a nethyl ene ch} oriule 2005
concentration of O ppmin the outlet gas. These results confirmthat the
use of MPC nmakes it possible to achieve practically zero em ssions.

Conpari son exanpl e for Enbodi nent 3 For conparative purposes, the inventors
conduct ed a1 ARDECT NQIE” (Hﬁh*gﬂﬁﬂiﬁ sﬁ‘ﬂé@?@l)‘ gf&ﬂﬁ:‘épgpé-b&éheﬁpﬁﬁtﬁé Waned the:
third enbodi ment, but wth different adsorbents. Specifically, the Fuji

Si |l ysi a Chenapaer lasdexpaied?in thelth2aD embdhRientT w@solisddpdrthehbbitonsi | i ca

arbbd nont Adsalbaciavas hie ybe rrAusHSaPht Tiape Leolit PRORRDS PRt
enbodi nent, : : €0} p _
" the samiSnaesd (Cdpdietibly, alfB Pre:Ciasllrl heihE mifincs| ML

adsor bent ltagetop Tages afsemedx BB Ve HeAbot UM i HdSutbehPrlalyBe t Mhed safhodi ment
were used. The results yielded a nethanol concentration of 200 ppm and a

met hyl ene experimentadnerditioasifonthy thiod epphndimentieverdsmedt i on col umm

outl et gas. Thus,the conpari son, exanpl e, i ch repy.ese he conyenti onal
mul ti pl e-1 ayer ads¥rb Sm‘é’cqig%d adg?%hgppﬁ?ggcqrﬂigg lﬁﬂe‘?}tE%@Hn@; a

enpl oyed, it .4 r : hhEd . h Y

v oear borec Ty Bl Chbciribatioh bl £00fhh TP SEBbFAIOT OIS 5005
CLAI M5 Whatbutketclgasnmed Thais theA cormmirison  esdrple, f evhielx haemtesgats ckdwt ai ni ng

vol atile
conventional multiple-layer adsorbent method, demonstrates that when

MPC is not employed, it is extremely difficult to reduce the concentration

of hydrocarbons in the outlet gas to below the 100 ppm level.
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hydr ocar bons, conprising: the enploynent of adsorption apparatuses that
have adsorbent |ayers and can execute the processes of adsorption and
desorption alternately, the passing of the exhaust gas contaigégg volatile
hydr ocarbons through one of two adsorption apparatuses to ads {Uie 2005

- volatile hydrocarbons into the adsorbent |layers wthin the adsorption
apparatus, and the extraction of exhaust gas, substantially free of

vol atile hydrocarbons, through theqoAmg s outlet; and during this tineg,
switching to the other adsorption apparatus to continue the desorption
oper ati on ¥hatsistdaenéed &ct freshl y-adsorbed volatile hydrocarbons for

rel ease to_the ogtsi de of the sgt e% wherein the adsorbent |ayers are
either a silngl e Payl@eatnenksopathed deri \exhayst agBsn oRbAIRIRE e Yolptile

vol atil e hﬁgg_g&c%g&gss,;cgﬁ{rﬁ&é?g:;l tiple-layer conbination of the nesopore

activated C on an pre-coat ed hydrophobic silica gel and/or

synthetic zeol i t ghe afifplofia@n8GFOIdorPtioAPHFIFatSsddSBatahiRE HAFoEM I N
conbination with a purge gas for desorption, and the adsorption/desorption

swi t chi ng layers aedngamseexacutd the J0oneésseseef asisdrptihen rasd| desugppionge
exhaust gas,is extracted for release to the outside of the system 2. The
treat nent ﬁgﬁﬁ%%t %r exhaust gas containing volatile hydrocarbons

according to cl g red i, 1 -ﬁﬂg L ¥ '

hydr ocar bons i satrrﬂlﬁ g’ﬁ%@ﬁs‘tﬁ‘: ﬁhfeggl%%fg%%f:gon 1ga ggfr%t%glgn}fyn(gjog&ﬂt?glesf ul
consti t uenthrough iohet af gewedatiesrptieoVvagparabusebheot hdsdrie thenwsibohatilef or
exhaust gas containing volati]e hydrocarbons according to claim1, wherein

t he exhaushydeosathbensintprifie adsorbentelaypns sathinothe adsoxptioneanparasus,
COM 20 0SSR b, 8, 31Eh0 SR AR TR o ShcRhal - 2005

hydrocarbons, through the column’s outlet; and during this time,

switching to the other adsorption apparatus to continue the
desorption operation so as to extract freshly-adsorbed volatile
hydrocarbons for release to the outside of the system,

wherein the adsorbent layers are either a single layer of mesopore
activated carbon pre-coated with volatile hydrocarbons, or a
multiple-layer combination of the mesbpore activated carbon and
similarly pre-coated hydrophobic silica gel and/or synthetic zeolite, and
the adsorption apparatus uses a vacuum pump in combination with a
purge gas for desorption, and the adsorption/desorption switching time
being set to 1 to 30 minutes, and the fesulting purge exhaust gas is
extracted for release to the outside of the system.
2. The treatment method for exhaust gas containing volatile
hydrocarbons according to claim 1, wherein the exhaust gas containing
volatile hydrocarbons is multi-constituent hydrocarbon gas containing a
useful constituent that is targeted for recovery.
3. The treatment method for exhaust gas containing volatile
hydrocarbons according to claim 1, wherein the exhaust gas containing
volatile hydrocarbons is an inert gas containing gaseous impurities

and/or gaseous contaminants.
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hydr ocar bons according to any of clains 1 to 3, wherein the purge exhaust
gas undergoes a cooling treatnent and the uncondensed gas after the
cooling treatnent is returned to an inlet of the adsorption appgapgt s 5-
The treatnment method for exhaust gas containing volatile hydrocarbons
according to any of clains 1 to 4, wherein the exhaust gas containing

vol atil e hydrocarbons, which is fed into the adsorption apparatus, is

[ . - | ed, Jbef ' d ' . . 6. A
P bpar at ua fhor °f G aneriTaentorSod BN YabbRsh B8t Phoinbe” FelB i oi nf ng
vol ati| e hygieaiBens Acedidsndo tMprof efaiflsiiMo 18,t ¥ hareiniRE %&%egger .

adsorption apparatus is structured 1n such manner that adsorbent
i nsi de t he exhpustaigas andergeparatoedlingt treatinenhplend ithd eypecoddlensédygass of
solid adsorhent, each w th varying adsorptjon characteristics, and the
multiple i ctheespoling drpatipent e rzeturneds tacan 1%%0§ﬁb9ea§mp&1@ner. 7.
The appar at ﬁ)a}‘gtrusi npl ementing the nmethod for isolating an inert gas

C

accordi ng £ alm 6, wherein each of the exhaust gas conduit tubes is

enbedded i B, eachTok Ipasiasedictmetivd hermexhanke paseasndpiihgadeitirnt
| ayers inside the adsorption apparatus, and the conduit tube is connected

to a vacuulydueqarbens ancardireg 40 aoyf ofr claimps dnnd whereinr et erdratustegasod f or

o 5 whePSRiAbE AEHsery drafarons; PRETadsotet| O aHar STuDLeD

oLk 1o b TR by AEHEA, R RAR L RR
treatment.
6. An apparatus for implementing the treatment method for exhaust
gas containing volatile hydrocarbons according to any of claims 1 to 5,
wherein the adsorption apparatus is structured in such manner that
adsorbent layers inside the apparatus are separated into multiple
independent layers of solid adsorbent, each with varying adsorption
characteristics, and the multiple independent adsorbent layers are placed
one above the other.
7. The apparatus for implementing the method for isolating an inert
gas according to claim 6, wherein each of the exhaust gas conduit tubes is
embedded in each of spaces between the multiple independent adsorbent
layers inside the adsorption apparatus, and the conduit tube is connected
to a vacuum pump.
8. An apparatus for implementing a treatment method for exhaust
gas containing volatile hydrocarbons according to any of claims 1 to 5,
wherein the adsorbent layers of the adsorption apparatus are structured
in such manner as to be packed in spaces enclosed by a plurality of

gas-permeable cylinders.
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