;e3e D4~6T? SPECI FI CATI ON METHOD FOR TREATI NG EXHAUST GAS CONTAI NI NG
VOLATI LE HYDROCARBONS & APPARATUS FOR | MPLEMENTI NG THE METHCOD FI ELD OF THE
| NVENTI ON The present invention relates to a nmethod for treati

gas contai ning vol atile hydrocarbons, and an apparatus for ﬂ\lﬂ“‘%‘gmﬂmwthe
met hod. More specifically, the present invention relates to et hol of
treati ng exhaust gas containing volatile hydrocarbons, whereby tHe*>Vol atile
hydr ocarbons are separated from_the exhaust by neans of
adsor pti on-desorption net hod, aBPEGdIdLs rI%}aﬁe resulting g H\mﬂmmwmwwm ed
fromthe outlet of an adsorption colum and released into the a pnsg*ere as
cl ean gas, and to an apparatus for inplenenting the said nethod.

present invention |ikey & hod to be applied
in the case where the &bﬁgﬁiwﬁ§gg§ggﬂ@éiiwﬁbh§§ﬁ§ﬁ?ﬁ;Gﬁ§%rocarbons S

mul ti-constituent hy@OQEAININGVORATH.BIHYDROCARBON®&! i t uent targeted
for recovery, with the purpose of separating (isolatin % and recovering
only the targeted U@PAIRANTSEORI&MPEEMENHEN&WHEME $OBnd to an
apparatus for inplenenting the said nethod; and (2) a treatnent nmethod to
be applied in the case where the exhaust gas containing volatile

hydr ocarbons is an inert gasgpf AR ' dr ocar bon gaseous

i mpurities and/ or gaseous c?ﬁ?@gﬁﬁgﬁﬂgsExﬁt?gggﬁk e vol atil e hydrocarbons
are separated fromthe gas by neans of the adsorption-desorption nethod and

the resulting clean inert gas is recovered fromthe outlet of_ an adsorption
colum, and to afheppesentisnventich relategtcaunethed fondreating gxhaust gas

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 méthod, 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 reéovery, 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 ,tregting exhaust gas containing volatile

hydr ocar bons, whereby the vol atile hydrocarbons are separated fromthe
exhaust gas by neans of the adsorption-desorption nethod, and thereafter
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 enentin he said i nmethod. . Fqr sone tine, alnost all of the neans for
" renovi ng vd%éh?‘lnén%ﬂr%‘@% geethogm exhaust gas through adsorption in order
to satisfy legal restrictions on em ssion concentration |evels have been
di scl osed (for exanples, refer to Japanese Lai d-Open Patent Publications
No. 1997-47635, No. 1997BAMRCGROUND UOF THEISSVENTION99- 71584, and No.
1999-77495). The met hods disclosed in the aforenentioned | ai d-open patents
enpl oy four types of adsorbent, nanely, granular activated carbon, fibrous

activated carbon,, hydrophobic silic gel , anq;&le%nt etic,zeolite. &q hese,
the activated ca X %é‘l‘ﬁntil@‘%‘ﬁé RAYESeh nyion relatssitp @ mg ent
adsor pti-on r C 0 i i 0 e
desor ption @%P%@?ﬁ% s heagl#n{" i% %ué% I?]Efn%teg?ﬁ;ﬁgﬁ?%ﬂggéﬁsbo@écvgﬁﬁey 9 ?lciaew forns

of acti vat aglatilbRydriobaiboper diet sepazatdd from ehel efhaostpgaoby aeendefthe
devel oped, using only a purge gas, or a_vacuum neans. Activated carbon of

this kind iassprefder-dgsomption nmetheds | anfi therpaftesattherepulting agpet §s of
activated carbons bt ai,ned agtivat,ing.olive seeds means .of [, eat ment
wth phospﬁ&ﬁ%ct‘é@ifo,mh e @éh ogcﬁﬂr@péﬁ’%ﬁt}%‘ F@PWR é’d’fﬁelﬁﬁ%e I1“H)e£1?eands.
Such produ i bout n i ; ;
referred t océtg}s%}?gﬁ%%g?ge%ﬁlarg%g’ngﬁ%ﬁ Qﬂrﬁé ipr %ﬁn@ﬁﬁlgﬁb ﬁiﬁitg?ggldt 0 a

met hod for re#lsdd.ng exhaust gas containing volatile hydrocarbons, using a
new absor pti on-desorption nmethod that enpl Qys, either alone or i

conbi nati on wi t h Kesnfiemeytimedakmestoglbiof cthe means; dor d'ten},‘ifﬂPEeY‘ir’}éﬁi"eol ite,

an activat LI far. i tion,
and to an dspERienp P iRaERErR L B RoRT BRE B s RAER, | 7,
rel ates to rsteétierts dMd eddiBIion! UonceMteatiby lwehi Havrehpdencaiselaedsifoh as

et hyl ene, propyl ene, benzene, toluene, nethyl ethyl ketone,

tri chl or oetdxpnaples, otefati dne JanhneseanbaidoOpanndBatent e dfabkications alNe.

treated by (o) g in er resul.ti i exha gas
preferably @%ﬁ?ﬁ?@%%ﬁ@éi&@ﬁﬁgﬁ?%flwb%&z& ﬁﬁn 1995%%8% agﬁl’zhlo.

hydr ocar bonfggyj@m?g) is released. Furthernore, as nentioned above, the
present invention [Tkewise relates to (1) a treatnment nethod to be applied
in the case wher él'lidanethvdysdisghsedoiii ahai afprsmentiohed hindd-@panbpatenits

mul ti-constituent hydrocarbon gas contai ning a useful consti tueg{hgt ar get ed

for recovergmplayourdypes pbadsarbentpamelyn granulsr activgfed sarbamn drephg only

the targeted ful ty opxihe gx S . . rat us
for inpl erre%tlﬂrﬁ?geﬁl hcggggr?,dﬁ%%%@gﬁ){ca%c? deqag?&riesé't'ﬁrrg%?c ?f%tg H%%l _tagf ggg%ppl i ed
where the ehasstivaiad GRBbRidlsopbert &t theé must widalpared] Bading seddlleps
contai ning vol atile hydrocarbon gaseous inpurities and/or gaseous

cont am nantadsorhtipnbperfosmanice; il pedr odesoption acepakibify.asedthatoheake

inert gas containin ol atil e hydrocarbgon gasequs . ritigs and/ or gaseous
Lont am:gnant eswbﬁ'g)agg}lxgioyph% Sﬁ(ﬁ%%’r i i“ﬁﬁao‘@g{}feﬁciyo?‘}ll %%ﬁl?fdl gﬁﬂe Pul ti gg
clean i nertggas dfsac'i:ﬁ'%@%((fﬁﬁfbd}f H{Httﬁtfi'nﬁ‘ﬂfa%%rﬂﬁioéﬁﬂna%@,wéﬂi&@hﬁ% Haen and

to an apparatus for 1 nplementing the said nethod.

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”.



Following is a description of the abovenentioned treatnment nethod (1) which
is a specific nmethod for the treatnent of exhaust gas during production of
synt heti c rubber and an apparatus for inplenmenting the said nethod (1). 3
As is publicly known, the production of synthetic rubber involves the

pol ymeri zati on of various ol efinic hydrocarbons such as ethyl ene, propyl ene
and butadi ene as raw material gas, either singly or conbined, to obtain

products such as butyl rubber, butadi ene rubber or_ ethylene-propyl ene
rubber. The exhaJ3te peesept sanandiprbyelates topynethos foy treating Sﬁéa‘ﬁé'kg?ﬁg pl ace

duri h ducti t ai bot h di | - .
o o9senC taBiagiga: WstiE’ Rulinearhind, JRMLSE, Pel SbokiMoRdidbidns o)
certain t ygﬁéﬂ&fdhﬁpitymgwsnith@@%um or Gh \Bndbifstibe wieh RogihyhBnasend

S.

butane in e exhaust ¢ In such case it is desirable to recover and

re-utilize Hydophobicesitica @l erhyyrthetigazeotite, aw activaterhicarhdre thgt deesiuct

butane gas. In addition, the nan-react id;g et hyl ene .recover ed nust ve a
0

purity of gwtorequirehstgpsr fon ahsesptipn/dssorpiitnyLpBRd (A APPAIBHAL A onal

t echnol ogy .does _not. prgvi de.for..t echniques ' to separate and recover such
subst ances IWELFW&‘%HE% s%‘f’fa{ggﬁhot%ﬁat is, wthout Iiquefying them and are

currently di sposegopd sgxcih@ﬂlﬁeftaéélafbs #he Riethedtandnupparaias) wtmsebe
rel ates to an exhaust ¢gas treatnent nethod whereby only the useful

const i t uentyolatite chydmgbatbons! suthpasi ethydené, aropylenebdenzanat itohane,
- ti t hyl i ar at ed (i.sol at ed). and d f .
Tl 11 constiedarh ety ikstens sRepLEroeIIanes pradist i BEYEE Fht 1y 4
¢ il . . .
apparat us | Sl Aafchy? Ao IO sdlie pahRNREEHAONRdRAGIRG (2)

for the tre&t exhaus apparatus for 1 nplenenting the sane

wi || her eaf &a{adi® ghaspraforbly Roftiinsla ciiventratidmwdf not aere thant h6 ppm
purification treatment of an inert gas (for exanple, nitrogen), containing
vol ati |l e gaafemeh hydrocarhons when i isgeeleadsed. cont ani nants (e.g., ethyl ene,

A e

oct adi ene and he e reactan non-reacti ng

materials, fAacid g (B QFbRlstunt ethod @b bippiedaye i xeudewstiers (thei ner t

gas as a resu reactions requiring the presence of inert gas. This
net hod al soexlehwditesga® chetairihget valatié thyalrocarbonsr 48i anubti-conglitupndeous
inpurities and/or gaseous contaninant§ in

4 . the i t wh | i
product s wi hydracarbongas containing,duse ‘Ha‘i?nf@@uﬁ'bﬁ?*{rgg{eﬂr @?Zreﬁﬂe‘{]fyﬁg&ﬁg!t "

nmore than 13 ppm.- in gthe I . }yS h b | 3@Ebtedas
preferably ﬁbeoap"}r@\%? }(gf‘ s%éarg?x(#s leéﬁaetir,?é)sgnPhg%OB%hggn&ggt Pg‘? uti Fi zed.

"l nert gas"yuksfullSeshdstuenic ! ther sxliaigr idasg dmd cteerdrc ahppazduanées t hat
have a significantly |ow | evel of activi tﬁl) of their own ni tr.pgen,

car bon di oximplerhenting)theesaid methad; ansk (Z)or Wﬁtﬁmg}%@%"% %Aéﬂ OF
THE | INVENT! O THeRS 2kBaRit BOS 'oeatdindSe WIHAS hilrAAP NS Gl iRhdps s 1
' 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).



i in Japan today, nost of which are produced at chem cal, petrochem cal
phar maceutical and simlar plants. The gases that are derived from such
production processes and rel eased directly to the atnosphere contain
various vol atil e hydrocarbons such as those earlier nentioned. In addition,
the end products of such processes becone mxed with the air and rel eased
into the atnosphere during storage, transportation, |oading and unl oadi ng.

Further, the raw materials for many of these chemc roducts.arg_basic
cheni cal subst anddsis puhlicky kpgwms the Eﬁﬁlgn-o%éﬁhﬁgc gﬁﬁ’f HRYEoLves

al i phati cs, ,heterocycli a i . I t e

i nfl uence ofglecgf’kﬁ}g'flgaﬁ%ny&glv Eg)glsi (rale 6?8@& og . uchsrﬁggc%éljdrur?g&%)%r{één

ensue in tggg:roggf‘e%f‘é"&ﬁd plit@dichBYstragam Atesial gaséitheosinglycer tomnbitiedy tale,
[

carbon non or helium whereby the inert gas l eft over fraomthe
reaction i sohtai anpreduets wisdthr east i butylr odubber,anbutadigaeal Tybkerscgf ded

Crnbre, | e FOhG TR S R e UG IR A
cont ai n gaseo co i i | I TQist8rIR
tar gelt edgcz’fﬁgﬁpﬁg %i('ué\#ﬁﬂ&ge ?pgﬁ“%)g@@? %5? H%E@??y‘fo%%ﬁrr’g%th r glg Egm' ca%

plants attegplest Qbyafiddace gRSEH! rafl eggsaeotihat mpughtt | ts be ometdwereédact i on
gases produced during 5 t he production &riocess. | nci dental ly, the rel ease

of unt r eat ethomaremetinggeaseshiF ehexamplaiwertain typas of pehaneriaing yRAcHDs

" t i ted i " t i ted wit | i d i;mto th
at mospher o E9Rsre te bec etheRe Ahd Briain b Srfhprtrd CHRRIAAR A 0 1he
concentrati %néeeﬁip:?&@%ere'cm&oﬁﬁ&“r@ﬁum%@H@nohqléd@ﬁﬁg dthyivtecpss ahllaoi de,

- nmet hyl ethy one, trichloroethylene, chlorofluorocarbon and ot her

har nf ul gas@iyesrd e biytpredushbutzry gas. ndm addition, she nonireacting pthylenen

pol luting the atnosphere. The dispogal of exhaust.gas thereforeahgmai ns a
maj or concerecoverechmusiiiaye L purity gf 939 %rorshigherin orderfioherensabls-nods of

treating such exhaust gas_ contai ni ' MEW-LE Ahdy nant s
consi st in washi ng%i“fevgr’r%@Vﬁwqﬂgggﬁoﬁgﬁiaﬁgﬁdglér‘,a%%(ﬁé;ﬁyr\?\neetc ﬁ is‘%o.nge oi |
of high boi {i RgpRPitat ahl FecB¥eBLER ida¥aneds! in the gibengs aplomey¢hat dsal
type of activated carbon to adsorb the gaseous inpurities, with, the

activated caitlooutdéquefyingrthes, amd ave sporeadlyodispesed e Y incinexatione pef ore

br eakt hr ough occurs. Conventi on types. of activated garh annot

be used for exhauﬁ‘%&?sﬂﬁfa‘cm’(%ﬂ“gi e‘ﬁﬁﬁfﬁ&qeﬁ%aﬁle%’&éa%sg:%ag%%n %ntguch

as di nes. i i j H & hic®ale’kdl iof muntigt her

under handemﬁﬁgrggér%hmynéﬂgt&v%?@hegﬁﬁﬁarﬁ?m@he errig?si on conl?en?? ation

of its conskitheRithel drkanechtioned Ho-reagtingt athylaies isbepatated isakated)

prescri bed under the |ocal ordinance, and it s then released, i.nto the

at nospher e iamds e¢overed dromonlbi-consditugnt ORBTRAT: §aRatRYLAIYRE (ST

al kali, or heavy,oil, a faor reqgene i : i | mbyge of

activat ed c&PBY t‘fﬁ"tnﬁﬁag‘)&n 2?%%%*’“\/\;654@\/\5@2? ire@tﬁtl rr%%fgﬁe%lhl pment i s

i ndi spensabl e. ActineabBsyethesiEné@ méthods@) fhprtheugbatment ofekhabstt gaven

t hen, a copious anount of aeration is required because theb sl ug(%?el?ﬁdq?es not
I

| ower the | el appaatis fortimplgmenting the senmowitlohereafier be: ga Ptio

nastenat er S&e%gﬂ? rl‘ﬁé Iégt%oidnrélggescgou rtﬁg p%ﬁéga%?or? %Ir'éaa{ting)er}it &h&n 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



6 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 contam nants depends
on the anount of aeration, but is generally relatively |low at 100 ppm or

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

met hod has not posed any pr.obl em wever, the Law for PRTR (Pol | t
Rel ease andh¥inaefgas whgnsileaninggr %Wﬂﬁhl%ql'lf@?énf%gp mgégﬁﬁ;ﬁ(ﬁfknom
and referred to as_t P ' ' K f Mok ,
regul ates & Gt Bfefjfgg%ylﬁg‘og]ﬁ%# g%%ﬁ? x:’I‘r}lglnﬁ" P gﬁ?ésr g@?g&,%oﬁags,@%g@
opposed 10 ity sftHedlePt) g4 Rf‘é’fbﬁ@dl?&o@mmbf 8Di% 2 hiphés 3o that teem

commonly appliéd hitherto. This neans that the above practice of diluting
concent r at ibense-utilized aflyeragashis uséd aisra generajhtexnr zefesringrtoghemicak| ease

I's no longer permtted. .In view thereof, the inventor.s haye .devised the
present i nvsypstagpees ﬁ‘atVPeaaF’ﬁnégF?&HiY 1@\556‘5%? a‘i“ﬁ’r‘ﬂt} 9@?{1%&1}' o&n, €.8.

hydr ocar bons, by e fa. Aeh1b AR aromati cs,
paraffins, %F%%eﬂsg%ﬁ)é’%s%@%f gﬂ ?}{rqu%?lltofl I es ;%ﬁ)esendtq'alc%]bt% ﬁgg‘%i Sgg' So as to
achi eve zero emssions in the interest of preventing pollution. The

i nventors have additi onal IK devi sed a way of separating, recovering and
re-utilizing useful constB OKGROHNDr@FtT@EdNEENngpart icular varieties

of exhaust gas containing volatile hydrocarbons, nanmely multi-constituent
hydr ocarbon gas containing a targeted useful constituent, and inert gas

cont ai ni ng gaseouy, iyl Ismﬁ,%remg,grs Ba5§ULS26,000HenABABprotucesii age the

above-nenti oned purposes,” great care Is fequired in selecting the
adsor bent, jpedapse todapamost ofeshichi ae prbduéed b chewmikal, i pesroghemical, bons

contai ned i n exhaust gas, including gasoljne vapors, water.-sol.ubl e al cohols
and hi ghl y peagmeaequiigsl ang @mﬂargal@@gs- ﬁhﬁ&éﬁ? ﬁl“}t a%@%&% f1oz8 SHER

Ao e e TR, 'hF FRALE GRALAY B BEABhFGR thnas for
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



i ncl ude cryogeni c separation, distillation and absorption. The publicly
known adsorption-separation nethods that have been wdely enployed in this
field are: (1) gas separation nenbrane plus adsorption; and (2) adsorption
usi ng activated carbon, zeolite, hydrophobic silica gel or the like.
Details of such nethods can be found in, for exanple, the above-cited
Japanese Lai d- OQpen Patent Publication Nos. 1997-47635, 199?-57060,

1997- 215908, 1999-71584, and No. 1999-77495, as well as Japanese Lai d- Open
~' atent Puﬁhﬁd&?dBﬁHW%§¥m¥§BQ-14687, No. 1982-42319, No. 1984-50715 and No.

1984-50716. Thes ' S f ; { que of
swi t chi ng bet vveeﬁngﬁgﬁg’%ﬁ’%egﬁeggﬁ%s%fr gﬁ#%é%%eaf%ghgﬂ%a% )s(@gggéﬁﬁﬁagé

parti cul arlah NENSN RRESH¥ATAENde CREntH i ihbAY ﬁi\@’@hcddtenﬁnhm witlas
contains pollutants ranging widely fromthose with extrenely |ow boiling

poi nt such vadatilt hpdeocaniors frshocthet atmhepleerei comstisutes & stiglaioghohlegal ng
poi nt such as pentane and hexane, this sw tcrli%ﬁr% t echni gug .S Qot ev%ry
effective iTPSHARMHY O tFEHAN di?ln!cﬁ?gﬂ‘?’émtshr aﬁs"f‘h GERVARS 5P _
adsor bent (s WhSTind cHibAfb! ORRBAO rapgg;}a{aﬁme%m%%&mme? s

conventi ona‘i carbon, oke us€ i s y prohibited in cases

wher e the oag6miffuocrecdrdohnanng (pehbrt dhirmnfidr e gdsenes, inmirities or ande
| i ke, because the nunerous active sites present inside such ctivqtgg
h

car bon r eadidngamingmyts thatl gne prizaei adpets ipdelhding the atmesphere

generated by, such pql ri zati on pos hazards _of ignjtli | o1 on.
Al M5 OF THEHS P%\gﬁa nsﬁaaertgﬂegﬁreofrefxﬁ%mgbg\/é-g okt ?gﬁe gp(r?é Igﬁrrs, t he
present inv. i i j y, to provide a treatnent nethod that

separ at es vgﬂr&g&h?%éam%d;dgﬁ%éﬁs from exhaust gas containing such
hydrocarbons, andTlae teadistonial anétiodsnpl Greatirighguch exbaust igashentauiegeby

fl ame-resi stant activated carpon having pores that, are primafi nesppor es
With a 8 garseeusdmpyritigs tandior SABLAPHANGE LANSISIHN &asﬁ%?%ﬁf edféf 6""38

"MPC') is used in a. aje A [ A i i W th
simi 1 arly phaves BatRBpHED M Fpodid OF of B Bofting B TR AN |
remove vol ahph@y BV GiCasiRENS contbmiiogsl typecshactivatgdscarbonoodedsorb thehi eve
zero em ssions (hereinafter referred to as the "First Purpose"

i ),. As
i ndi cat ed i gasdvasfimmirities,peid, themctbraésémarbcmbﬁm&)rﬁlemfb?@déhsmér ption
nmeans that uses, MPC.in. a pre:cpated siate ither alone or in conbination
with siml aPF S I@%ﬁé’!@#ﬁ?b?ﬁ’ﬁﬁi’ﬁ?ﬁf‘@lxppgﬁ 0§€YS%and/ or synthetic zeolite
in order to (1) effi§d | £ ISR SIS Uhed f
constituent with g%‘?g‘ﬁﬁ{’%%le y%%%%g%rcﬁ?gté(fom e?hlgot}gt gas which i s?a o
nuf ti - const bikhenét datlntadoneaingasolymeridgdsesus lcontaminantsraucheas dienes.
re-utilized;, and (2) efficiently isolate and recover i netré as with a high
| evel of puEixhpust ogaexeenteinipgs sughe CONtHBIRAMNS 4 FERAtPd [Rep; TLRST
cont ai ni ng gaseous i npurities / gaseous cont am. n , t
i nert gas cglﬁﬁﬁgh?ré‘ie(rﬁ)i m%r(a@?eﬁﬂg?ﬁ?‘ rqlrdefvgl(refr}e to%glts?ﬁt ht?él%" S%%%Srslfjdﬁe

Purpose"). hbrtPiiton Gf TidEcdMRNELEN refickesideldw tirhiregelatéd tolerable
above-nmentioned first and second purposes, the treatnent_ net h&%ﬁfar,
g8dptyas

separating leteltds prespribed amsdersthieglosabordizencanend it 43 thenre
according to, the pr eﬁent. i nv nt\{#n enpl oys an adsorption apparatus capable
of execut i ndhgBdmosPhere RSBt i on alternately, having a single |ayer

of MPC pre-coat edg&v;,&eqa g%ﬁ‘g%ﬁ?m walér, tdted asfsalkadi)tor Reaviulodli pl e

| ayers of such MPC in cohbination wmth a simlarly pre-coated synthetic
zeol i te and/aerd foydegehenitiorsof ameptionabitypes dfactiratedicaghen bynmgans o
gaseous contam nants passing through the adsor,bent Iaglgl%s So as to cause

i ts pol | ut afteanWasterater treatppenijegrpmentif dndisPEPEARL- such process bei ng

a clean gas that AR 8 isﬂ':.&é(e Hl%%r PO R84 'ttt 80dh A riteBhE evén 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




- such cases

In other words, the nethod of treating exhaust gas containing volatile

hydr ocarbons according to the present invention consists in the enpl oynent
of an adsorption apparatus having adsorbent |ayers which can execute
adsorption and desorption alternately, and devised in such manner that
whi | e exhaust gas containing volatile hydrocarbons passes through one of

t he adsorption apparatuses, its volatile hydrocarbons are adsorbed into the

adsorbent |ayers wthin the adsorpti,on apparatus, resulting, i,n _exhaust gas
subst ant i alabpveymentienedgasequs mwe&@mﬂ@ , C%J#&‘%‘i‘@?’g%t"é‘&%?r*barﬁet ﬁ%enout | et
of the adsaorption .apparat 4

@ Sm? an, ngﬁﬁcf gﬁtﬁ %ﬂ%%ﬁ%&&léﬁef NGOt r@i@ﬁ@é&’?iﬁﬂﬁthe

appar at us S&r%28H opeération so ds to I extract e

freshly- ad%ﬁhhg,ﬂhspé.amee couekmeatibansf f aich dhaasstite ané coritantirants t he
system Each of "the adsorbent |ayers of the adsorption apparatus hialos ei t her

a single | alepends dviPtheamonmdt afcheriationy bustis genayally relatiely low at

mul tiple-layers of the MPC in conbination.with sjmlarly.prercoated

hydr ophobi ®BR|ardgsyel BWSGrS‘!#‘E‘n‘EWP%ngﬂSi ’P@?{ ?“\’/é’@ﬂ%‘ﬁgsdﬁl;ﬁ)e%ﬁfl% pur ge
gas used for _ desorptio S [ e j fyt V8Ee td &eing 1
to 30 m nutcé’gfe%qagtoﬁeT?Véei%ﬁ%gﬁg%gﬁr gﬁeiggé%%gg‘;? ng@w’eiﬁgag%%ddfgg‘rl rel ease

to the out SirggLRént RRLEYE h88nodPdssd afgiebimwhi ch, the adsorption
apparatus is able to achieve the above-nentioned first and sgc&gg?gérposes.
el

Note that the terHowersppdree Lawi fort FRERr Rollutent) Relpasg aB Brs to
flame-resi sfant acti ed carbo avi n res_ that LORr ores
Wi eh the o BeBEtET) anaLTAIGIER OF &W\é‘l‘&gb&fﬁnﬁﬁ?@?’&rﬁﬁrn%&%éﬁgtﬂegégmwp

cont ai ni ng Jolid i RTRVEARSALARGA toBR efRet!flon WRIPIOOR Feghlicas thototabC! udes

ere e exhaust gas 1s a nufti-constituent hydrocarbon gas
cont ai ni ng voluass of eraissidris freni plamtg as adwhole, ns opyessd tothe regiatigarof gas

contai ni ng gaseous inpurities and/or gasgequs contan nants. ..The,sgcond

pur Eoi e gf QmESSp}LIESWt intr\aém% n‘ilv_ﬁlsc}bg'ﬁq Ry F9m%?ﬁq¥v@@%eaalhr‘§’seb£%t to
suc i nds . exhaus gas. tre Sivit¥2Ea

cont ai ni ng '@g}sa{r}qa@sh diagr %ﬁ%"se Bfa(frfﬁcg %‘?‘%{g{e‘%‘%‘% %v“ggg}t%@tér WA nent met hod

that separaf£3uhed 8t hirahh¥aER GRFN96S pric?Todélbastis aadonger permhittaht ai n a
clean gas or to extract a targeted gaseous constituent or an inert  gas)

conprises subj ectImgiawéhereofetheeitheemdorsghave deviserlithe presenbARESREM,
treatnment, and returning the uncondensed s.to the inlet rption
appar at us, ¥hach ﬁ%&qugra%ﬁlgf‘ééi"l"g@mt‘ﬂ% "g’j(l‘?ﬁ]&s ¥y ‘g‘é’ a@% saﬁ&il%lggl\ll%l?gg ile

hydr ocar bo “ﬁ?&ﬁ gpﬁ&%eilﬁd ahf! Peﬁ@?e@%?%}ﬁtlé,oﬁuﬁ‘ﬂ@ﬁé@,t Sraffind]) oféfBy Rndon
arter i

t r eat ment e pressurizing or pre-cooling treatnent. Ll'he. appar at us
for inpl eneghélathidicinipliftids Presdrtain the gadiseias tgashieve zenoi ergissyinstinl e
hydrocar bons according to the present i_nven;r'hon_ IS construct ea ] n(g?agf:h
manner t hat théeinderest lefnprevepding pellution. ne ThasHVsRLeRs g afdyl y

ted into, myltiple.,independent | '

afror the offEisedavRy RfsROGAH LR dirpo RIEhS aRH 28 U B aPR orleBOnBTC,

gas conduit of 511?&3 g%(riqr&w?grﬂiémaa@armiekm eshagssghetowainingevalatild pl e
ol 1 a

i ndependent s sorbent Tayers, such tubes being connected to,the
vacuum punphy@necaxtiens,b mamdlyy emdti-constiugut daydnogarkom, fas ¢entHBIN, & ed

i nsi de the spaces_encl osed mul tipl.e. gas-per neabl e i L

DESCRI PTI mt&geﬁpﬁ Uy Ry le%}/tuent, ahd indFt g‘gs con a1n1n§ yéasggﬁg sim;ﬁﬁjlﬁ'gs
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
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Fig. 1 is a flow diagramof a treatnent nethod for exhaust gas containing
hydr ocarbons in the first enbodi nent of the present invention. Fig. 2 is a
fl ow di agram of a nitrogen gas recovery systemin the second enbodi nent of
the present invention. Fig. 3 is a longitudinal cross-sectional view of an
adsorption colum in one exanple of the apparatus of the present invention.
Fig. 4 is a longitudinal cross-sectional view of an adsorption 11 col um

i n anot her .exanpl e of the a r at .h r :pyention. Fig. 5is a
| ongi t udi népélé‘ggs‘gy QRSP 8%&15)&\?}%%3?&@#18@538}‘1; | o%péclo umm in anot her

exanmpl e of the agRpy f 1i-B¥Satlaitoh: mietiodsSthtdvaieBednno
drawi ngs explicati ngﬁéwzdgc}‘s%dr%?%?gﬁél?ghm in Fi g.m5, where Fig. 6(A) is a
cross- sect iwidaly Wraplogedt fie thindiddd- afe:i (1)Figgs gepanatipn gmedgi@anes pas

enl arged view showing a part of Fig. 5 in greajer detail, Fig., 7.is.a graph
showi ng th@dspemk@mlkm@ﬁ?k%ﬂ%ﬁtlparus@igmt% 6‘?"@036???}51%})‘9@59@}"

PREFERRED ENBCODI MENTS T. | t ) ' ti
Wil be desthrben Horemker e LT BN HEL faft b {Pfin TR exalE, OF
i nvention imgegg(ﬁ;ee+iyed ghhaMEse Lafd-OpasnPhsditcPabliesiod Nust 1987e47635; bon

used in conventional adsorption nethods are micropores. The volatile
hydr ocar bonk99m57080,01991+205608, 1088+71H84, i and Noe1992173405, ascwelsapf

Wial s for cobapampemisagudpersPatent BraliGRuRn (Ve J9BBcIAdT M 1pBReEs I £
However , thﬁBﬁ%%‘g‘gQ?i%ia itNO'bfégggpﬂ@ese subst ances has a drawback, in

that their ves' Tise to what is known as "capillary
condensation", gergsst AddrptioAnAstiuds indhadertheocomernly hatd iteckaique et er

thhan condensation heat. This type of activated carbon therefore %o%es fire

azards al tswitghinigt hedwebn edsotpfianseand desorption. Though it is not a
particularly novel observation, one may note that when the exhaust gas
contains pollutants ranging widely from 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



Moreover, it is well known that when the volatile hydrocarbons are in
capill ary condensation, a heating neans such as steamis required to cause
the vol atil e hydrocarbons to separate fromthe mcropores, as they cannot
be desorbed by the sinple nmeans of a vacuum punp or purging. Further, as
mentioned earlier, if the volatile hydrocarbons (gaseous contam nants,
pollutants) in the exhaust gas are dines, olefins or the like, 1

2
pol yneri zatjon of such constituents is likely ta be,tri »
nuner ous adkipmetes o0 tp &lo-pney HW&‘FH@“&&%\P&? e‘éé? @ggﬁgﬁd}){%&aﬁleat
enerated b u rkzati S LOR ti.0 oSk . The
gresent i n\)én?oi)ge'ﬁgé%gagisgé%\’/egg%gfh%tg nfz? Bil. slhpgggiilﬁrllgﬁ?% g’illtg?déifﬂ%%rrgs
above- descrjaadabad ahgdrophabicasdlidd aile and/crc eyhitleetyc tZeelibels do premovef

vol atil e hydrocarbons, by utilizing a flanme-resistant_activated carbon
havi ng por emlatike hpdeocprborsr contaimerb porexbaust gashin ardaret or aghieye Z8Hdnet er

("MPC"), or wutilizing such MPC in nmbi nat i.gan Wit h a blicly-known

fl ame-resi sQI&Wﬁ%I(B&r%}H§ Bé'ﬁfe}'r%‘ﬁ pe itﬁfél ?VSWWH%%WC zeolite and/ or
hydr ophobic silic . Aatat ' }gkcég i tfo Era®lsyst &5
present inside t h%’ %g lgg%gflisttygh%%sz?ﬁ@tgﬁggﬂg rregﬁgl%%pr e- cogt(iwr?g,

instead of ddwrpsibh\atess eaatasesdRCiiped proaoatdédatatbaeithengldreeor tmmonl y
enpl oyed for such purposes. The pores of adsoraents general ly fons' t of

three typescombinationr cxithnsimperks predconted opyArephobie %%i’é?a@@ drf8ter of
t hese types ig,3.to 10, angstr,om. f ol M.eL.0D0M e s{

nmesopor es, %’thUctzc?og%lgrﬂéﬂ&&%ﬂ&refﬁﬁlgﬁglﬁ’o&gls&g‘[%rg%gg(c:i‘?’?'?e% b egcgéin por e
size resul tyidp Véﬁsxa{%(tmeﬁ%%ilﬂias 19 i eVl DR Urit9Nfrefn ¥ghaidt! gaswllido iy bons,
noi sture, or tHe I'’ke. Specifically, adsorption to mcropores takes the
form of - surfute-cdntivaénn, hydroterbas @as;, i sm thatmsuchocenstitaleas cas ber m of

pore diffusion._ Macropores are, g passage holes for, entry aor. exit..o
mol ecul es, wd-utiligedy épév%c@ﬁf’@nt%ﬁé 1?@@1‘%1 Ent vaﬁép?&aﬁg%r oh .hlﬁ%r

exanple, t syr f.ace. .ar f M S | 1 i i gfor
exanpl e, igﬁeé(gtjlﬂfgﬂugﬁ%?B%Oe%gg%%ghﬂ‘b%ee&r glrlgrar%;ﬁ’h e?e%%g ? ﬁeﬁ%ﬁ? ace area
of NMesopor egyritAiAnG SRGRAE CingpuiFitias o d/ortpasbows icontarhinavds; ao rthatedepor es,
is 400 to 600 n2 per gram Sinply stated, the pepetration of nolecules into
M cr opor es et nesopearesie meretilized | herainafter aeferpedsto @s dhes $9fO0He| ease
of a huge agount Qf energy. This energy is the "adsorption heat", and is
general |y 13urp n to amount to about 1.5 times of the latent heat of
evaporation. Such heat is generated by capillary condensation of the

vol ati |l e hydrocarbons (HCs) inside the m cropores. However, in the case of
mesopor es, experinments haRISCOOSUREIOF HEINECENTION does not rise to
hazardous | evel s because capillary condensation is not likely to occur in
pores of this size, and as nentioned above, the interior surface area of
pores is small. The absence .of g oyl [ hodek] es

t hat desorbi ng hyg‘? 85§$%g°n§c}ﬁ9 géntegﬁg%%rrgég%%@ééhﬁpgﬁyaﬁggﬁg‘g{nd;bg@ﬁr ge gas
at normal tgRPefRaUARNE’ nfdthbd O GepaidtiAgV solatite phyirocarbassi (Waseous

det ai | ed explanation of the reasons why pre-coating of adsorbents .

(pr e- adsor peontgminants) fcome raxbaustpaas apecosding Joi Gﬁf’ deEeepti AVeRHMbLd for

achi eving convenient and rapi d desorption of.hy Jels LNSi t he
pores of I\/PG“?@PY%V%“ r%%é’ﬁaﬁ%’?.a S ?afpattb%% oggg}g%‘%'u?ntéﬂstggbﬂge adsor bed,
i.e., hydroeREhGRTon tazf]lﬁeﬁﬁttelﬂ',r E}?aﬁ%gi A &gk daybnifdMPOeppotestedn witie

adsor bent granul'es, e rate”of diffusion of the hydrocarbons into the
pores of sugasévis comtanginanis es the adsoriventy ohimyhltimadayens efrsuehi MEG & case
of pores with a surface area of 1,000 nR/g or re, Lhe.tine.of dj ion
(penet r at i oombigptien Withnyar cimilaghy by E?O?ngfpﬁy%@lq%éc s%?/(gﬂgl %‘&gjgﬁds or
up to 10 segonds nendi.n t he.,gongent i YeRaahipeN Seddeohibe
feed gas. T&Q’rhg'PPPgﬁﬁcorﬁpg‘?e%glﬁa%tg’I ly, af”?tcl)é%ri E:'lsg1g€deatlyl \%nt% tr(l)ga type
of adsor benteonEgseRhned pYssiBgatireaighpthy i adudrbént 1pyassse eas so atauser ital

| evel, whether it is "surface diffusion” or "pore_ diffusjon", the rate at
whi ch t he hystdhdanbaosstituents tohbe msiserbedrthenresudt of suchprogess,geing a
hydr ocar bons _.conden liguyefy) . 4nside th api || ari IS a function of

t enper at ur e AeRD ﬁﬁ§%§ﬁ€ sgb ng}pllérgmsdgg pogHga ?1%01%31/51 ?‘(ﬁ)ggsﬁbons do not

qui ckly penetrate deeply into of the pores. As the flowi ng gas repeatedly
comes into contact wth the adsorbent, it expels the air occupying the
pores, and gradually penetrates into the pores. If the activated carbgn

used has pores that are predom nantly mcropores, heating is necessary in
order to desorb 14




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 process. Thus,
considerable tine is required for the adsorption-desorption operation. In
more explicit terms, the hydrocarbons in the inlet gas possess considerable
speed, and are likely to pass over the adsorbent's surfaces and exit

t hrough the adsorptign colum's outl.et ,befqre they . nt er
the pores. Thus, igf"tt ) WPE‘EO@H e dn8{%%?ﬁtﬂiﬂgteég‘%i\{l%t%%r%%ﬁaéfe’&ﬁeth a
predeterm Y fi tih@n Ry dhQeAtibA Ndonisikts Ha €y | et
gas woul d &g?%@etﬁg%%%%%flgg#l&@ E?gﬂﬁgl g@isle of 1, 2010 ppmsas conpared to
the 5,000 ppaplognreint sfbhoadwirptivar appartatos Kawingyadsirbenbilayens whichi nl et
gas, as shown by the results of experinents condu&&eggay t he r,esent.h

2 C

i nventors €enngxeppde astropption and segerptien aAltangd fleyised ipcgagh of

i f hyd b I d | h
o o canpner Hhak SRS Bxhalitt eln GRfalnk Volatle parbBBRAE fagkdpen (he
adsor pti-on tﬁPﬁ@é&h Q)glet &fetlge’ Qagﬁ%mnapﬁﬁfﬁnﬂseﬂ_ #tB eI hgatocarbaieare | n

fhes hy

such event, rocar bons st undergo capillary condensation in order
to be adsordiedrbdd intdethevaddsrbent 1dpersnwiithinpdhei adsarptione appaeatuss
pre-coated wth hydrocarbons priqr to agsorptiaqn, .nejther, wil] noisture
ensue nor tresuling db Axhaust gas ﬂﬁ’%&“ﬁa 4 éﬁ% q%n‘ﬁg%}lf E‘Xﬂ??qai ons, and
condensation.insi { he pores: . Frqm t ' I epgeEateiPerititpaged
in long-r urﬁﬁtﬁ%‘iggﬁ‘gﬂﬁ g}‘?? c?%?]i% roé‘;@éa ?ﬁ%&&)g{bgpgp B%Iéén)%ts r gtﬁ |ﬁoérs1 of °

hydr ocar bongel gtirereqioypfioh Spparifieswitthes |ty devorplibgroperaties sot as itoicr ease
the concentration of hydrocarbons in the exhaust gas, or tq decreasge the

ri sing speesktracthahei freshly-adeirbed veletder hydrmeasbors forcrelense doaghey
pressure. Ghe{fgs an adsorbent offering nore m cropores for reception of
the hydr ocHusHle ofthesystemy i ng as I'arge a per-gram adsorption area as
possi bl e, nust b éﬁt{‘fa oY BPEIRY §d56HpRidnCaYsharabds Bhasdithesear ch
.nhot putting 15 e%éntg‘ﬁggtl}hyg%ﬂgﬁc wg;‘?s to IncreaSe the rate of penetration
into (diffusi eingdle) layer pef eMPQ eprecsatedutwitht menlatite t hpdedehrbonsy 98t ween
hydr ocar bons pre-coated onto the adsorb%' s surfaces .an he hydr qcar bons

in the exhamsdtipleslayems cof theMBE oigieomiinabion, WitR siyfary. PHEE0a%E s on

for doing ies in the shortcopin C racti i n I eq.
Speci fi cal f@)’é’é’&s‘@h“t & 19%|g6{”?ngig]?ﬁ g?ﬂ%%t?%%ggﬁrgs{%%ﬁlr%tp przsag tg 0
treat ex hauﬁﬁrg&agaé’ URba! B MesbYFtiAf; Aha0Ads crp tRMY dssopticn webtiovier dimeof 1%
under | egal regufations. Likew se, the customary use of steamin the

desor pti on peinges tor 3G mhimites, anditheaesulting parge rexhpussigasnis exraeied odged
inside the mcrqpores have to he e acted for release to the Si of
the system f%.'nﬂeciﬁﬁ%“i" é&fﬂ@‘? ,°“gﬁgep%€r(i € rft¥s eIPe\Pé?‘f %% né%arésnﬁ? yv,"ﬁwh’ {1

moi sture-fr Eﬁ%ﬁ%@%gls gpbgfa i able Ty RiHiVe Theadbovd i edtionedn siest amidl Y

requiring a tion/desorption "sw ng" (switchover) tine of 1 to 6
hours. To sgdcomdiperpdgeyenenti oned problens, a pre-coating nmeans, which the

resent inventors have | ong advocated, nay pe tried. , -coatin
F he activated carDete ﬁh&frrﬂ”?q t%@ﬁ?&??ﬂrﬁgng’@rtﬁéﬁﬁ O‘}%ﬁéwg‘iﬁ’ﬁ?n )
hazar dous o ation, for tr.eatnent. of i p i ;
coﬁcent lrJati g?efr?r%:to %-6%18@%?&1«1% &&Pg\)&vggﬁ&%g%ﬁ%%?)g}ﬁﬁal%&ﬁ%{\;éeggc%%?lryed in

the past, alﬁ(%WpGPéE‘WMﬂﬁie dlagiiter 604 Man@uietdiCh pre-coating very slowy
for 12 hours or over in a current of nitrogen, which is rare. Accordigly,

to avoi d capil | ar Marendendheitermdieshaust gas centaintngyelatile hydragandoRszar ds,
t he present inventors, have chosen not to.adhere {o t 1 d

" equ}ol i bri u@s in csyhe"l?rreﬁ‘i’éhl_ fon ingldes;s _i'li %%éga‘ﬁhgﬁé ﬁlsl%%\é?%gﬂrse
concepts t o 444k GSHfifi&on3fithent g%&%%af'ﬁdf% E)ﬁﬁ%oﬁtéihi&% anudelPQr Gorthititheat on”

adsor ption di'mension. ese concepts are the di ssol uti on phenonenon

bet ween hydtaggstbdnfor (csodens are)s pneidért| gak icontaiming ezaseoes immpurities
hydrocarbons in the exhaust gas rising through the adsor pt iﬁO&FCOl um Ln t he
case of adsemdfororgasegnd contaminagspor HhEoACEANyRYRISEHOhs G oRTEHE

condensate, .filled i.n the. adsqrbent r ' cas rptd

Essenti al | y IRYfREEN I§ Mﬁpﬁgﬁg@lg&? agtr"lﬁaq‘ S%Q?eﬁtng" rg}ut)%g Ilaﬁggodgoés)g{c}du% 16
the present inventors, whereby desorption of surface-diffused hydrocarbons
predom nantly occurs by means of purging, while desorption of pore-diffused
hydrocarbons predomi nantly takes place by nmeans of vacuum Under the q,
“pre-coating nodel," it is assunmed that the phenonmena of diffusion and
evaporation predom nate as prinme mechanisnms in nass transfer within the
pores, rather than surface diffusion and pore diffusion. Therefore, it is
not the overall volunetric mass transfer coefficient (Kfav) that should be
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In contrast to the publicly known "equilibriuni and "frozen" nodels, the
hydr ocarbons that are pre-coated onto the adsorbent in the manner descri bed
above in the "pre-coating nodel" nust be preserved onto the adsorbent
granules to the fullest extent possible. The coating nust remain and not be
chi pped away or peeled off unnecessarily Therefore, putting in too nuch
purge gas or applying too strong a vacuum nmust be avoi ded. |deally,
desorption may enpl oy vacuum and purgi ng neans that renove only an anount
of hydrocar s that is commensurate with the anmount of exhaust gas
hydrocar bons t hatTﬁ@Vﬁlé’emol yed tféﬁtﬁl%h%xlh%ﬁsﬁo dsNJcdindiding! beslatile
(condensate). In actuality, however, the volunme of hydrocarbons that is

pr e- coat ed hydmochitoradsbtine predemy cinventionoftrémnoentt methed that aeparates i c
desired amount. The reason for replacing uncondensed gas drocar bons from

the purge evdlatite hydrecarhens feam pxbaust ggs, se@s i@ obian s eleapgaser fo

i gi nal depth t | ed ..b i ] t
Pestoro t heotaast oy Bireefid AaRons  BnidhepBonf % ABPr el Tholprip |0
original -t hgg&j?f%ﬁ; the ?&%@& BRhAYS JHaQoliBgl(BenddiRutiony tidadinens, kH@wn as

the "returne concentration operation (replacement purge), by using
some of t herdtughingotive nuncahdemsddy gam tartheninletnf shecfsonptivie appagatusihaust

tilized in the d ti to, flush out ai d
moi sture f rew Eherasierabipcting heiedhonst e cottrBing TolflshvARERTPBF ace
themw th MieliaedehanRy th i85 H A apYALRGE B aliSorptfonCiraatinbnd atted ©

conposed of "wat'er-so I's replacenent “purge nethod woul d be

an ef f ecti vegh'prassupizinpyl phe-toslimeinreabgehtsel ectively adsorb al cohols only
i On the other hand, if desorption takes place to an_excessive degree, as

previ ousl y menti oFbe,apparatunforimplementingvidhe mathod ofotreptingceshansd i n
th Thi t hat at ch t ti th { finity - Jthat
oo ai ss8R% PoRRBInEtolBte hiRFecacBoRs aSfcing th b st Sr it utehtonds"
exhaust gasgdﬂ’sttg%éstgﬁ RR' SRcHS mhil¥erPAtat! hheugﬂas&h%xﬂorlfsfers&nﬁd@e&%t,

adsor pti on depe al nost exclusively on the rate of diftusion of the
hydr ocar bonadserip¢ion eppardtust ine separcedfinpomesltigecindepandent lagerspded of

h i si i's, high, the_hyd b | | i, feed i npl
LS9, S8 e b S 20 B S e Rl PR
d ti I ' tl j : ) - 5
ot U1 o1, LT3, 0 Ehna  EP LGRS ) IEARERR io oY 5

and using. 1 gghecAPBaEAIP the! BRNLIS ipMEpéiny Bolil aaderbéAd lajerst esuchl5
mnute swng) is worse. Naturally, if the speed, of the rising gas i.s nade

extremel y sktabes beingoconhected tve thepssivibh @urpi Fhecedsoshent layess 1nqthe t he
pores by matc¢hing, the rate of diffusipn i.nto.the pores wth ¢on .
duration. ABf§Rtien gpRavakus ’E"F?epﬁgﬁ?{fé’f‘ ei@eoﬁl’g?ﬁ?l ?’91‘\’/1"8%%‘1 éXe%%?%p})e’e

manuf act uregd L acc Ehddkh a predeterm ned nmaterial balance, and does
not all ow ag?gﬁ’gj orgﬂl'Et)Pef1 ratclmon' of the operating conditions stipulated in

t he manual s, though marginal cases may occur. Essentially speaking, as |ong
the pores used in the adsorbent 18 r LI 1ing the pores
of the adsorbent with @Bl@?@@§@lﬁﬁﬁ%iﬁﬁé%é$he "5 mnute - 5
m nute"” swing would represent the duration limt, permtting reception of
hydr ocar bons of maxi num volunme into the pores. At the very nost, such limt
is around lu mnutrgg. 1Tig &UMGRrdiagrarhhef praeatinehtunatlicdnforeexkbaust ghe
following three theoretical pillars: . ) )
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
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(1) Pre-coating of the adsorbent (pre-absorption) (2) Return of uncondensed
gas (3) Quick swi ng between adsorption and desorption These pillars have
been” proposed by the present inventors in i Japanese Lai d- Open Patent
Publ i cati on Nos. 1997-47635 and No. 1999-71584 cited earlier. However,
these | ai d-open patents have not disclosed the treatnent nethod and
apparatus utilizing MPC that characterize the present invention. As

expl ai ned abpve, .the enonenon of .mass _transf 0 [0) t hr ough
t he pores icﬁﬁ%IHB IE’L?rq‘gB@r Sgartnpge Qéiglber mgra%pgﬁﬁﬁé%{ﬂé#ﬁ%gﬁ% rl%r}?' ized in the
formof ‘a sinpl eppdg) jof 5t gtgx%?ﬁﬂﬁﬁaﬁe&ogé-swﬂﬁmsmv@rbfaaa Qdapgstedd on of

t he hydrocarbon noFecul es. or the present invention, the processes of
adsorpti on gahtmédacinsthen exaipls of they appatdtas whithe present énvéndiemen t he
hydrocarbons (condensate) filled inside the adsor tlfntl S mESOpOI‘ es, and the
hydr ocar bons (gadjigi A nrewidesHave drawingsnexplicating thepdserptioncqluminin y of
the pores tQ recei,ve hydr rbons. ther I N 1

adsor pt i onlfg‘gsgr Bthes tliys‘ﬁ/l ﬁg‘ﬁ ¥t .crﬁghseercgﬂéga/f g%ﬁﬁﬁ%%‘m&% Andinkigl
adsor pti-on/ ﬂf‘&mgﬂ(mi $h h1 Ak ER vibWesHRtibgra pAReNEE, 5 e eauster detaile
limted service Tite of the solenoid valves, a lower limt of the

adsor pti on/ desor [Rigor7 $®i #ggtaipte showing atheubdeasthrough nturves for GFet@rabl e.
As for the upper limt, becayse |longer swing time requires huge anounts of
adsor bent , mesopsredshivated eahos have set a val ue of around 30 minutes for
econom c reasons. 19 EMBODI MENT OF THE PRESENT | NVETI ON The preferred
enbodi nent of the present invention will be described hereafter. In the
adsor ption/ desorption swt clPREFERREDSEMBODIMENTS abl e t hat t he exhaust
" gas containing volatile hydrocarbons fed into the adsorption apparatus is
mai ntained in a pressurized state during the adsorption process. It is

| i kewi se preferahle to ol .the .exhaust gas,,bec t Qi t etfect of
condensi ng the m?h%? up@%@%i%t{}%@fs‘ npt_stﬁ’iﬁi nggeggto:i%té?%ﬁ,gni ?’?lllsfot3 _

preferabl e &Qscpﬁ%td hifeMErIa SidFe de@ai'le@@ﬂhfdr&'ﬂiod bf tlge ?i‘@éeﬁitémlv@nﬁbﬁt air
and/ or nitrogen be useg as purge gas and that sone of the purge exhaust gas
be re-used gAmpdigRlgfsllowsirther, it is preferable to dehum dify the purge
gas (air and/or nitrogen) for use in the desgépti n progess. The .advgnt age

of dehuni di fyi ng The ipnugeerghle |poges jof ackiyated carpeR Ufsdetn SERYRIUN s sur e,
Foe oxbons SBsbsie TcthGab ot SR80S TRl SOMRIE BB PARTMSuD HR! o

For exanpl e} Torr, the noisture expands by

a factor of e@lmét pERASEEd fiftotthe dusPest!péteksed 6f tiRisatmicropires where
predeterm ned 25 Torr. Therefore, elimnating the noisture yiel dsté)gv\%
for

benefits: (they becomdudiffusedodnd,obecamset ofestreng wandep, Waalsciorees,
regeneration;. and (b) .the preventjon of capi/l, ary cend atq |.sture
peget rati ngr?lﬂkﬁtdg( t%@ Qa%&w hp%f@%gora iWQf Bég"cﬁ ﬁﬁqg% ﬁggﬁg{ﬂ%gmseone of
the high- COQ&%@EV quxfigy \ﬁ%lt?vreHletlﬁ%grélﬂﬁ%QH&%_ his tdArfwhaek cianst thesr as

as e e ct o ushi

purge gas h ng out capillary-condensed noisture and
air, and repbading dlfegived rise vo ewhatitisnknownhgsr‘eepillanys comdgnsationihat i s
publicly known as the "repl acement pur}%igglg" or, " etur.ne?-f | ow
concentrat i ganexatingi ghe enpEmOySe adiEormiion cheate I8 f ngrealehnthafe i n
conmbi nation wth MPC agcordi t e.cp i j M Righy
superior ef ]cg@@%r'xsatlon GEeAtS s 9y1541 ofPhESEMNed QYU QRePfBYd dfose

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,
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The preferred enbodi nent of the present invention also preferably 20

i ncl udes. repl acing the gas, which renmai ns uncondensed when the purge
exhaust gas is cooled, to the inlet of the adsorption apparatus, or
returning it directly to the adsorbent |ayers. Mre precisely, in the case
where the concentration of the uncondensed gas is |ower than that of the
inlet gas, returning such gas into the inlet may undesirably reduce the

concentration of the inlet s. Therefore. the uncon S jnstead
separatel y H"i\ﬁmﬁﬁizﬁnf’ﬁe ogo@gﬁ’pt‘i"gﬁﬁﬁ‘é‘?% 15 hlfhg?}é’ h%é)hgggtgﬁ%e %@@ hle)§ e{(-') " while
the inlet [ ' i g h daoabdnthd heet S

t hr ough thg?q':]t‘lngltcﬂdeg %‘%ﬁ? %%%gﬂeﬁgﬁgglg%lpgt%naiﬁﬁﬁﬁ @CIII% t g reverse case,
where the igepiepgRdibpshchnpolynddzation pdsesipgnijes and éxpjosion hagardhat of the

inlet gas, the former may be mixed with the inlet a%a,s,. or, r% pref(grably,
it is returned difhecpresens inventarachavepdiscovaredsthatat dgRossdie RS, The
result is dramatical |l. Lgher .cancent rat. of I Q Qs pur ge
exhaust gag.he °§ef‘%€ﬁﬁ%ﬁ€é‘%zgr‘g%ﬁ?%ﬁeaﬁ?if}%re?f%’g%&gg&%%hy P E é{)%?ﬁs and
chl orof I-uor iRo }9%53&;'3 a inlc0R YRIMErbdiktari! activatemarbénr e
(for exarrpl‘;eb,qg%% géydlge ow) PBNO\@néﬁﬁg?m\ilggen adsor ptli on ig carried out at

nor mal pregsaviagaporedeshapt ars princemnilyi evesopores Withmthg diametercef a

pressure, the concentration does not increas nore than a factgr of 30
or so. Furtnrenometer §MBCIngrt dlt!nlh@ngré rgﬁpérr%dlc n%tr‘o?hg’lﬁ}egent

i nvention, the.adsorptio ro e a 1R ile
hydr ocar bon%‘rﬂ?elb&%émf)&v&l i ﬂ?glet-ﬁe?%tgggr% |%n)é§%%@%gtg ’u:sl%reg#%?l bl 3 tgtﬁe% pl ace
after it hagoldeiipse HydeepResic siitd gebsaidenttte saind time: biwkimg the qui d,
or pressurizing. It is publicly-known that in the adsqrptiaon process,

adsorptive actjrer siteackessenttinside itheaperesooftsushe adsexbenis pxid8eans i%n i s
erfornmed by means of, a r as j.n caonbi nati pn Wit ucti,eni
\I?acuum punpgr%m’,lnﬁéﬁpgé‘é}%?@ﬂ% oin °Ha‘fFe°*°%'V§‘285cﬂ soé(é tg%ggll% glbl%%:lgr ein

t he sel ecti 0 L Seid ﬁ,grlphﬂ {ng an MPC that permts vacuum

desor pti on,gé;%l%%&é{}&fl?\ygﬁgﬂgg%%gl rrencth, t é’gg%lsor bent 21 | ayers of the

adsor ption appar drhé: podds cofipailserbents i gererailjepeontistt ofaydmeeoftypes:

adsorbents with varying adsorption characterigtics placed one after another

(pr ef er abl ymiesopares, masoRwAE AN MRHAOPAFES. o ¥erage ﬁ%?éng‘i%c “Pween

t he adsorbepnt |a as o _be con o b) are
Binrsd¥ oot 26 aPeehrdms RuchiBREhe, o0 i UARMIBHD NI i el

packed with apparatus 1A spaces that are

encl osed byagulqd e{)qmﬁang%aﬁalfbﬁﬁafdrbpdmss, Tiesasdifferemdes irhporxisimest gas
flowin a radral flow pattern, and by neans of which, the apparatus can
treat |argeresltings vatyiges mechdrdsmsdef adsozptienapf tvedatilen dydspcarbepga
tens of thousands of cubj ¢ nmeters per hour, which nay be said to be an
out st andi ngMAISITEt 9O %iéi‘ﬁ'r ption performance that i ' cannot be achieved
usi ng conventi ona . { SRRt tofesyrasgent

i nvention enpl oység%@glg?ﬁga?égdgg%%ﬁsh%géﬁggg%r g'?e‘teéﬁg?eare primarily
mesopor es ( diMRGidn, Pklecadioiiption t0 nEEsepbrasciakesrtheafoirsd of povediffasionon
with synthetic zeolite and/or hydrgphobic silica i

el in a nultipleglayer
ar r angement Magroppraseare: gae Pasfage dodes, B eniTy Oy éxit rPfgmﬁl“&Pi%‘]at%ighs‘E%t .

As for the pre-coatant as W.th.consgi Lk t h u
cont am nant 2‘*‘%0’81“3‘? ?ﬁ%’%?d?&?‘@%%‘%}bsﬁ‘g) 8{20#!@?{%3%@%% e?ﬁgug’t{&ggg&vﬁ?%h i's
to be treat gdyfdcs d¥es ¥ ARYpHERGn 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 m2 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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I n anot her preferred enbodi ment of the present invention, where volatile
hydr ocar bons contai ned in the exhaust gas consist solely of gasoline vapor
or sdlely of aromatics such as.benzene and tol uene) a single |layer of MPC
solid adsorbent is used. However, in the case where the hydrocarbons to be
renoved fromthe exhaust gas conprise gases with extrenely | ow boiling

poi nts such as nethane, ethylene and propyl ene, or gases with relatively

hi gh boiling points such, gs penta hexan nd i.ple-l ayer
of MPC and Thdpj gmoupt %‘Pe‘gé?’rlf/ E%’ S Oti‘\eclagc?ﬁf ?&%e&, EQ(]# dvl\‘/ﬁlhgﬂ t he
layers are ckpgh 0 ORT }a} efcehabhsatitiedof | thd svilatitef or e
essenti al t%’{ac?‘ s%?ag'cp?o e})l?f'%%g a prg% i?laa?g zfgsorbents bg made with the
great est cafyRlro&bonso(lCep inpRld fthe eniargpores. i fHaweverpliat the ¢asér ofar bons

contai ned in the exhaust gas consist solely ﬁf@ | ow boj | i ng point .coppounds
such as netthesepoxes) expeyineerts have phpwn| thadthgtemnerpturg "éy‘é‘& g6 44 he

ow boi |1 ndhaseAEen JevaR Aegones Sraiiito RordfifeBBhh, MICHRRRCE, Boalh i oo

together widiebldiiih Idifd- GR1 BN netioRA aHOVE CltieCir@eior surdicd1abén of
al um na- content syntheti¢ zeolite (nmade and sold by Tosoh Corporation under
the brand nsyres'iZeataliviThe abdered yp thétoraphois tiseiini teanpriatarelimpliss t ype

hydrophobic silica gel. In the latter case, the MPC |layer is BI ced at the
top, whil e theé deparbingihydreearhoas fromot sppores solRLY hymean é’\?é’r’{rg%nd t he

A-Lype hydr ophobL. it | b ek A0 0L ditRA AL ORARBHSShbiE Bosiibld aver i

pl aced at t or 'such™arrangenent i's the experinentally
proven fact that,Aifjetdifedi axpladiativh t6f (HRC feaadasr vy poeesating20fto 40
~angstrom and that of the A-type hydrophobic silica gel's pores is 3
angstrom whddorbentst of (preeadsorgtienhydr éhhobR® si | ¢¥EeBely i s HHPY rom

e ot han, ACRRPHERGISIATP b Reied | 1 | aeuthe,Bomvutbht C sl SRURE 2"
absor bed bydgg&gpp]{ﬁg oqrqlg,d%@@a,ﬁbhgmnﬁxﬂm@&%i@réé bf MPO 116w hapaiterom . On
and, “hydrocar g o]

t he other h ons W t iling points such asrgent ane,

hexane and benzerNagiely,ibtke constituertd torbecadsorbédynice.dehydbemarbensyarehe
B-type hydrophobic silica gel (w.th an avera nmet er, of ,.60

(w e pqre. di
angstrom) . Rebpresenbirjadvapee infde fhe P&F?%Hgglh%ﬁas‘?@ep granplesoth™@ifey are

hydr ophilic and t.h t het | ' " ‘N « » rty of
bei ng abl e ?%Hgg?sé%rt‘ iogéﬁﬁiélggg?aglbﬁgéﬁggé Fﬁ%é”é%ﬁftjmn%h{ h‘g%ﬁangg% (Ialt E}%Iogne in
the absencengf wagy HighThParfesRRly iy tHeCeadrouf popsinitioll yubfac! @readofat t he
upper nost Pevel 1S Fhat, unli ke ‘ordinary actjvated carbon which gi es rise
to capill ar §,008nde¥gaor omové, thestime of diffuaiony dpenetratiop rate o or
so, MPC does not pyoduce, capillar Qondensgﬁi on of up taQ I%H % &E%Bﬁg 60%
23 This nbyArocaghens dntethe, Pores 1F§&VeTt SFGARET 1 MPnaPns Wi tina

normal rang j Y, bsd Uhetha@Teed eadlwdsor bs
vol atile hygFB%g@Bl ngﬁwﬁﬁ céﬁ%ﬁ%ﬁ‘%l%ﬁvﬂ oif'zl%ia%blgoi nts SUC?I ;ggisrret hane,

et hyl ene andiffigipyirass mitueallyilss aaries greatlpiwith the type nfiadsorbent.exhi bi t ed
in other solid adsorbents. The_ adsorptin-desorption nethqd of t rnesent
dedthat Cefi no

i nvention has fol EssenidaByrsneeking, pyow HeRSRre A4S tAtePPORG

and w despread .practice of. rel l: DG Al ke 0] : IS fise i Nto
the at rmsphéYﬂéGft §ﬂéﬁ1 l%m%czfr ggﬁgélglgegtepgiv‘é F ﬁglgsrlglgd?da&;é ;sroér%xﬁéltg‘l&?g&p( 2a) to
recover usefqr6@iibohk Usitefs Whehpbreah drevied rate b wthicl rihre hydrocarbons

mul ti-constituent hydrocarbons gas containing such constituents; and éZb)

to recover icondengmiquefy) dnsidy thiet ¢apillghiesds el Twactinn of yemnsxatyre an
contam nated, gas (contam nated nitrogen cpontaini ng,vaol at | r ns)
that is di sc’PHPd‘i‘él""tﬂﬂr} Hg CPﬁgafgr mgﬁ%ﬁ’y 05%%)9&%0 gﬂghd‘g@kygﬁy@rﬁ@? The
separation IS h et £% edbf comed inb@BoN LRt

puri fying cél,){netggﬁ?\%{toe‘gﬂglgs?&aeﬁd%s?ﬂgoﬂpara e tgﬁfﬁe I scti |l ation,

absor pti on ap@hoiiiendssrbens sitsexpals ahedair Tdreupping: thie poreseand graduabn of a
target constituent fromnmultiple gaseous constituents Otgqtai ned t'Lh%:sexhaust

gas by meaneafetrateadnts the peresr odbthe aptivated ¢ar8rRuseH RAS PARES MNGASEr om
exhaust gas can be saj.d to. constitute .k e | t:echipqar e it
exagger at i orPreRP{nr’rBﬁB Yi (MCEORGGE: ;%%ﬁt?’? e§s| E’géc\%éu | arsqug#ec%ni que of
treating volatile hydrocarbons in exhaust gas is already publicly-known,

t he novel use of MPC and of new met hods such as conbining MPC with the
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publ i cl y- known hydrophobic silica gel and synthetic zeolite in nmultiple

| ayers as proposed in the treatnment nethod of the present invention
consfitutes a discovery that yields effects dramatically superior to those
made by the nethods of cryogenic separation, chenical cleaning, or
treatnment wth absorbent liquid. Follow ng next is a description of the
preferred enbodi nents of the present invention with reference to Figs. 3 to

6. 24 Fi g. is.a l {tudinal cross;sectional view of e sQrpLion
col um in gWégg%rrbﬁpé%Bg{ ﬁ‘ﬁ@eg’ﬁﬁﬁr%‘fsl?gbﬁ 1p ﬁ&cgr%%ﬂn%rnvyﬁﬁa@%. &E%l 4
provi des vi. d t) I LN ?Mc e rafpar at us
of the pr eggﬁmﬁi%éﬁitgnﬁaélﬁg{)@g(aif (?#;mgé c}rloss- gg@tﬁﬁﬁ% vii:}fegw %ﬁ‘lﬁt he

adsor pti on fHeistire isVdiled dw8y t6(1Bhvée Thenpaek asrgpty fmt thd nekewdsbrption
the.portions labeled Cin Fig. 4(A). Figs. 5 and 6 provide views of the
adsor pt i on nrotessa Thusa consideeable timelis reguined 95 headserpionfesprniiQn

i nvention. Fi 9 .5 is a longitudinal cross-sectional view of such adsorption
col umn, whi9BETRHBD: 6 provi des drawings explicating the adsorption col um in

F1g. 5 Fig. 6(Amf hofle GrpfititSRERILTAE Hydbcaddicinl TE iklet ghel fodsess S and
Fig. 6(B) is an enlarge Iew showng a part of Fig. 5 in greater detail.

Fi g. 3 showsnsilerdbly ppéeaal) mod are likelyer pasntovay theeadsozbentls shrfaces
apparatus of the present invention. The ad,sorpg); n_colym 10 is ﬁonstruct ed

in such margnd exitdhrongl she adserntion gelympr s out orgitheyhayea ghange 5 ¢

pl aced i ndgpendent on t e l.evel and., . ' 2a,
12b and 12§t%a‘?’§eﬁ ﬁh%é{?rpﬁh{‘]ﬁlés,rlgiﬁgi{rg&@%@éﬂ%ﬁ (ﬁéﬁ%@ﬂ%ﬁé&ﬁ%%@ﬁﬂ?ﬁ? ¢ ayers
1la, 11b angithls, pAEStEARINRENBEedHRS, 96 @Bhtert#htion1d, hidkvcaniord2dn ar
connected to a vacuum punp 13. In one preferred enbodi nent of the present

i nvention, tHeGrutleplasabdd tedabthe extraoydinarily high leypbef A0 pEBLABenNt
| ayer), synthetic zeolit " Zeol un S padsor.hent |ayer 11b n

hydr ophobi ccosnpared @e‘iheag(’é{%m&fw&?f%%ﬁ%ff Byinogs ."né,%“%epéf?sg'fﬂlé?l) 14b
and l1l4c are.C ' e [ I : il ' hpy ¢kRaust
gas feed | ?ir?e, |Haﬁr?1t ?Alp’sé? %Iél&vg?xrﬁ)z %ﬁ?ég%lgg)%}f ggghlhl?er{g’g%g%&gdl&lrs t he
purge exhaugesgat ihvéstoranting ¢pddophobibesilias gel rem AdsorbehtasBuch high

exhaust gas into the atnosphere”. Fig. 4(A) sh VYS n adsor ption, col um 20
repr esent i nkgvehof icencentaatipe fohymcar)m%mlgf e@&etop? L‘%ﬁ ?ﬂb%ﬁﬂcﬁn. The
d ti I 0 [ d t S bl ' Fig.
3(B) |11 uot PEREE Fiok THIRGSEaAd R RRarrar BT sosinhd JEYH et 13,

in the 25 aggsﬂfebﬁaﬁ @Mﬁf speed %@Gﬂheohgrah&a&'bm etderifgCeivedserbent’st he

vacuum punp via exhaust gas conduit tubes 22a, 22b and 22c. (Although
the figure peresly dmoveuch sevegite theubpdpocepbesy wmysituruaidergo ofcapillgyy

[ h of th haust dui t_t 22 2b..and .22 .
211 or nat | voropdsaHOR BTaPr PhbeagBoDRed i et erdsrit the iaele Tktiop e
al  ernat | vefy .. PERPE TR
exhaust  gasol Hig PREetd pERUAIRERTN hiBEoqdrRing hRIT b ASAD, IUERr

into the at{@HphRisture igtie hor &he) hadebcafBns linvtlen eaiauspigasnundergen 30
representing a further exanple of the apparatus of the present invention.
The adsor bepapillayrcondansatigniinsidetheiperyest i on col um 30 consi st of spaces

encl osed by a plugality, of aas-per.neabl i nde S- Y
external cyli nderg‘r%’?a)égﬁds%fa}),&%tueﬁ _%Sgéésﬂ eggi %Igg#?ﬂ( gg V\AP a séﬁg_ent .
The exhaust ;g3 HRASES tndrthsd 9he trage iof iR tAtion of ddalrobmibonkaines ety n the
manner represented by the arrow lines in Fig. 6(B). The apparatus is éhus
confi gured poress there namecasky twe altexnagivashdoainssessenthe mopaemtrafioanok he
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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exhaust gas passes. The foregoing description primarily indicates the
enbodi nents of the present invention relating to a nethod of treating
exhaust gas containing volatile hydrocarbons so as to yield a clean gas for
rel ease into the atnosphere. Below are described, with reference to Fig. 2,
enbodi ments of the present invention that relate to a treatnent for
recovering inert gas as a clean gas in cases where the exhaust gas

contai ning volati.le hydrocarbaons. is j.ne g - N ;

i npurities %?lsd)é’sé‘?)ﬂé w@é’ﬁttgrﬁnﬁﬁ%ﬁa%_ ﬂﬂ)‘l ééteZ&?g&g&%%ghnggF(g@%%& agr am
of a nitroggn BASpERCABOrEY e PabRES bbl thé RARALyCHEtHC Ry defcarhengr esent
I nventi on. I'S fPow lagram represents the operation of a [arge-scale
commer ci al preadvatéd asntertheyslsbriseriise surfacesvamd ithe hydeocarbens donthker nat ed
nitrogen, which is continuously released froma reaction rE,Enk wher

cheni cal r exdyaushLasarchighdse through Hhe sdserptym g9 en gsre(ap%&?r gas),
to the outsjde of the 26 syst e S Y, cirgulates.it,. The
cont ani nat SPREt PFRGEH & é;ggegh?%?@ﬂ%é;bgagwwr{ a%l{?’%ggéifswetﬁlga%ttetgd via a
¢1line .(f%eéi‘ﬁ'i&%lﬂge@ctﬁ?a%e&%ﬁﬁbﬂi BSht@RSROU InicFepUTeS | Mot obe wed) ¢6 52,
where it is coole rior to being conpressed in a circulation conpressor

53. The conpessestanshiasicoataidimg hydgecarbena glagmission ceneentsations of

separator 54, to_another copl er 55,. where |t is,cooled so at_nos f the
sa{) ur at ed nbpsipder Mga&d'ﬁgﬁla‘t%or@oidgﬁ‘gb%e’ é‘hﬂ GUSLQIRALY MSP rﬂtI ap ml'ﬁigg

nmoi sture copden ' aiLr : T NR\deBasSSes
through a f %0558&8%%3% {b[%grﬁgc]ﬁo%h . \/\hollgﬁg?{}}l?%rgﬂsm gﬁ‘?"fﬁ%ﬁ’é’ﬂ‘st gnd m st
that it contaidsthd dEerddores haté tebecadractedfondelenpt tothe ontside 97 Ah¢57B) .

The adsorption columm 57A (57B) is the adsorption columm 10 oy K ads rgtion
col urm 20 séyshkem, rartdhtheree r,ném porasdmms§ Fevertabfyan enkRky, JBiSFRESTtre

enpl oyed is either prescoated MPC gl one r suc | knat i i th
simlarly pttébe@giordo trﬁﬁ'tlTn(Pt]?é’o(?iji acdgsogﬂﬁ?grc%l&g%%%%girg&gﬁ%a ag@f‘.w There
are two ads | | J ; qpRréhedrs.sol enoi d val ves
bei ng enpl o§ae%gﬁgg\n&ét§égyﬁﬂ%ﬁﬁ%ﬁ%@%&?ﬁ?ﬁ@gﬁfadsorpt [ lc‘)sn to desorption

and vi ce-versa. Si¢Bobetthiersioremuntivnedcproblémp) 2 prerceating raeanstvehighl of 1

to 30 mnutes. At the nonment when adsorptjon jn, colum 57A i | et ed,
t he sol enoi the/apresent nyensersd hageulns 2 W%ﬁkf&asm%i tﬁﬁdgn@%@}geéﬂef’y

pr ocecd. THEFGPP SRR g R0 ge o REHERE priflakily FPuMTRIRY Ani B 1) an

proceed eve I's discharged from

t he adsor pt pfreailly RazatfoGs dPeratioh or tireatident pfi exhaopérgdsi contamingyoes
final purification by another filter 58 (of _activated carbon)

,.then is
returned vi high Goncentrationsr ofiltydogearbgns. oflnhvigy | &y apcigentsuthal)haw  he
oocur s, a SOEHERA TDalipeP o B sApmareral plantS calf oit'GhER B2 RRAP! O°

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 “eqﬁilibrium model” or “frozen model”, and opted instead
to use other concepts to address the issues ih 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 adsorptioﬂ 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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~diffusion wt

27 in the tubing (not shown), connected to the vacuum punp 59, is turned
"ON', the vacuum punp 59 is run, and purge air is drawn into the adsorption
columim 57A through a D-1 purge air line. The purge exhaust gas that is

di scharged fromthe vacuum punp 59 is introduced into a condenser 60
through a D-2 purge exhaust |ine. The condenser 60 cools the gas with

wat er, then a separator 61 separates the gas fromthe liquid. The resulting

vat er. ‘then & separator 51 separ e gas fror in

Lot he out 0o GRERFTE ¥ ENIoRRr oDERERPY. 4 GB0HARbA 01 o SHEC i eah |6 Che
c | i e |

(pr ocessi na R A BB O o T e

inlet of the pesedfised ¢eidvoeurbdhs (Srédominaatly ¢akeenlacedys mémrseof in
accordance with the publicly known nethod. As has been set forth in detail
above, the wdwughorent of the present invention uses adsorption and

desor pti on operations reans for the,rne-ut.ilizati of. hne nd
enpl oys either pr n@%?@ﬂ W%t%,m%c}elsﬁﬁsm%e%g%hr%i ﬂr%{e%t #%%Ig%ﬁ?%g

pre- coat ed &?ﬁf‘sﬁ a%ﬁf o %Pﬂi‘ﬁﬁfﬂt@bisc $inhé GRediRinififs dASHERENT .
Thus, it is&yno pa(l?lt?i cu gﬁ@%ﬁ%ﬂ%‘é for the pgr pose of recovering gaseous
i mpuriti es. trAgeferdiithiny thé popes) eather thehi swefaee diffinsibe\aeld parepliffusyonof
nitrogen, the present invention relies upon the incre?sed ﬁ?te 0 i f.fusion

within the Tberefors:, ibae nobdhe averall vohsmelrc sass Frapsteyccoetiicientia (K)o,

ot Pt Bigsotend b idiRs R pBvaRe aGedfact 8O dRmktiiEhtatRlr 0°C
| ar ge- capacjg %d onBut BRe LG triaaBer dotlfidast(diffasion eelficdensddheat e of

/ I'n the pores of each absorbent ulti rrat.elx provi des a new
econoni cal indvidupdshydwicarbars medlhodep etnansfarmipgaviai sirfaees; BE thesi r ed

Bppar at us. | BN RALALROT RGP HEiles napdobedesae ched giorrritraffefens
e !S5t oh i o Y S Rbbhcln cuiat eorqi
of the presgiydel Rvessitates hdyonstrustios of A Matablasevof suehevalbese enbodi nents.
Fmbodiment. 1 Syshle négn%;aételtgaiﬁe Olf)ulg:llicel?rn k%%\sivnl n“tegu}h eril?ltngog He[‘&ozen”
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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The enmbodinent 1 is a nethod for treating volatile hydrocarbons contai ned

i n exhaust gas by enploying a | aboratory-scal e apparatus conposed of
adsorption (desorption) colums 7a and 7b filled with adsorbent, a vacuum
punp 4, purge air lines 8, 8a and 8b, an exhaust gas feed line 1, an
uncondensed gas return line 6, and certain other itenms, as shown in Fig. 1.
Figs. 1, 2a, 2b, 3a, 3b, 9, 9a and 9b all represent sol enoid valves, while
Fig. 5 illustrat . as/liquid separator. The nesopore activated carbon
(MPO) , mﬁtH”VﬁPﬁﬁﬁPﬁgggﬁ%orption colums are filled in the enbodinent 1, is
a product nanmed AF-#iferniAR hyethed to GhEPab¥ve Tisewhakel &howhi asatlie vat ed
carbon are primarily mesopores with a dianmeter of 20 to 30 angstrom The

di anet er of“refignadstovbeohtentgation loperation rapbacereent puigednhy E3ipE OB i S
filled wwth a volume of approximately 1 kg of adsaqrhent. The enbodi ment 1

i s her eaf t of thedighisencentrationihydrpearbops cophaipednpipg purge gxhapgh.gas

enbodi ment 1,...aiy .at 50%rel at.i ve huni di t,ai Rl pagg of

net hanol i sul‘g]%‘ﬁi ilgdt}?% ‘3%8"% g%rB'fq%g_%ﬁéjc%ﬁy@%ag?ﬂrtgughgghéuée)%léust gas
feed line 1ngithRE oM $hefindldelofPdie Q&éﬂtbﬁonﬂiés@i'%ﬁ@ntcbmrﬁﬁeﬁxﬁi replacé t he
adsorption colum 7a, the adsorbent's breakthrough curves are determ ned as

a means f orthenewitlahiydrocaFbgns.7 Irscaseptheshydracashonsfingdhgrexhaushgap age t he
b kt h h f th -4 J i vat bon. ..I h

Fepr 656Nt  SomRBoR el Ear-SONhscRIcpRo an Lo BRI L e e P e
and |ength 19% ﬁé%‘g%i‘%f Ix{flabggog‘r’ﬁ%\gng't@xega&’gorggﬁflgele@ﬁ%lﬁﬂ&sdrﬁ A es1h

nmet hanol at m nute, and desorptfion follow ng the
end of adsod;rgg,j on (when the concentration peak is reached) is performed by
air purge alone w thout any vacuum desorption. As may be noted fromFig. 7,
the pre-coating tOndheiatheshend, fstaserptiomsakesplase e anneRcersive 68t ut es

(3.3 hours). The sane, pre-caqati operation.is al r d th
adsor ption 8%l LH’r'ﬁ“?H.SIny f‘é"rrﬁé‘ﬂﬂﬁ r ey PIRRL tﬁogcg%lgsfp&%ﬂgco ur?nsﬁs}a and
7b have beepysQIRLGHE! 0 BhEmSOAAE mbiifs ERAY 8t WRBhicIBLy pYtisIEs tigas iss then

fed into the" System an ﬂ%e adsor ption/ desorption operation begins.,
Swi t chi ng thoeaffeiitgen aHavris, i nn dissolidngr foicen hadobettrart Ve miwngt o be

five mnutes, and imediately_ after the start of operation %he
concent r at i byidegcaykong in dhe\Frhavat B8 nEe tﬁﬁé"’ﬁﬁ% agtt NPt lgf)?‘g? thge -
adsor ption col um &éagl{%s@ggﬁgé%'%p(ggﬁgﬂﬂ aPibst Hﬁﬁuﬁ%ﬁf%ﬁﬁ{é Pite of

gradual |y dB®%as I'n two to three hours. Another

verified regyhisibs oftlk Hydob@donaaneleautst into tthe insidecafapores, puchdtiiads an
adsor bent tenperature of "around 60C, which ﬁoses no probl em for pract.ical

use. The vaifitlwe speed of theausingrgasds dvighi the hxdrecarkon mplesules,inphe by
Hori Engi i ., Ltd.), t] :
Kpay , and ¢ ReF CHMRY BapaYer o curiats: B dRG! BTRdtply ublel kit
punp. Expr egﬁ,e#ﬁm tHk Hug&g)tfo%eéélhfﬁ&%uﬁet. t RecondpariBorpinddicbatwan tias

(air) is 1. e purge exhaust gas di scharged fromthe.vacg,um_pung 4 1is
cool ed in t KB mpARALI-gEiMimgpAsaing afdt thebtthuminute arld Binwte”svipg, hoth

refrigerant (freon gas). The uncondensed t hano s resulting fr hat
process is ﬁ@pgmm%allnrmﬁsmer ARPRTATY S C ,ar#%gg"Wﬁzﬁ@ﬁhﬁg?ttﬁggg whi ch
is about to _enter t dsqr i« 1O e S 3 1% SO kFed@ bl f%e fiRimnd 2b
are provi de&’?ﬁ’&et"hggs‘aﬂﬁ%ﬁi%&%gggatl on b}gta\%\]gltean yt§he tvvoﬂads’or ption Igl umms
7a and 7b algaki Y§-Miadet extreneslyalsiow, Wit | woakls ndtnde9 iirpopsiblé ded ihdnce
rel easi ng the clean exhaust gas, alternately from co(i,klfrm, 7a,
penetration into the pores by matching the rate of ditfusion 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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30 and colum 7b, into the atnosphere through the sol enoid val ves 9a and
9b. The operations carried out in the enbodi nent 1 descri bed above yi el ded
the followi ng experinmental results: Feed gas: 20 L/ m nute Gas conposition
at adsorption colum inlet: Methanol concentration in the exhaust gas -
5000 ppm Mi sture - 50/ RH Gas conposition at adsorption columm outlet:

Met hanol concentration in the released gas - 20 ppm Misture - 45% RH i As

shown in the abpove experinpental. results, .MPC adsorbs.nractical e of
the noi st uranhlesqafterpearailing the pares efthe a?ﬁ%@ée?ﬁ?"éﬁbﬁyg@ {ﬁn{l is
rel eased i ntQ « ;M er ] hSld SedrEhéd
because in q%amégﬁcogym%$§@e- s%mar*l Q“I&Qaﬁtf t 3‘? gp?@%mﬁgrﬁus quttaﬁ'gbit ties

of exhaust @aatichEmifSsuratitangdeception f hydreearbbns v makishumevolsinze maj or
I ssue, considering that such an anount of adsorbed npi sture expands to

several doznabo therparesf Atsthervegymaosty snelntimitdeareurd h0gRinesum conditi on

that is applied for desorption, there necessitatin Vv ith

| arge capacity, f']g’rs ?‘?’tgﬁ@cmﬁpﬁm’ﬁmﬂ@rﬁ%éﬁ Bﬁet%lei %ﬁtdgm‘ E@@Hé%éémr,

because 'adst%rgﬁ%x%t?&l%fﬂl%ﬁk‘? noi sture in the exhaust gas does not take place
|

when MPC i s oyed, s enbodi nent of the present invention clearly

provi des a @) aGrechting sfttheradsoreritagrermbsorbtid)st em for recovery of
hi gh-purity nitrogen from contanm nated nitrogen The second enbodi ment ains
to recover (2t Rajonn of uncond¢nged gasel of purity fromthe contaninated

nitrogen th results .fromthe process of ' r aerating with
ni trogen to(%é WeE s¥ae ergn&ds @M?ga%a%lsgug%?%?ned from reaction tanks
in petrochem cal gt %illgxgae }ﬁ%oﬂge&g%%bg&i‘tbﬁ Sheaprésemitainvendpn iiwabl e

e

to cases where the gas'to treated is nitrogen contanminated with
| ar ge ambundsparfeseoLaidiOpery Maitent hPublicatibnnNaes,cH983-416Panend nNo.

propyl ene. The, compst {1 gn of, Lhe. 25, (oL A ated, A 11885 ive bt
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 ie.,
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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C$ (propane) 2/ Cs (propylene) 5% C4 (butane) 1% Cs (pentane) 1% Cs or nore
(hexane, etc.) 3% The adsorbents enployed in the second enbodi nrent are MPC
i (manufactured and sold by Norit Conpany in pellet formunder the product
name " GF40-45") and B-type hydrophobic silica gel (manufactured and sold by
Fuji_ Silysia Chemcal Ltd. in 10 to 20 nmesh pellet formunder the product
nane "CARI ACT @ 6") in 10 to 20 nesh pellet form nade by the Fuji Silysia

Chem cal Ltd.). The i I r i f@ﬁwn in Fig. 3,
depl oyi ng separate, mmﬁ@mgﬁ‘%wm@ﬁ one above the other
i nside the adsorption colums, the top |ayer being packed with 3 kg of MPC
and the bottom | ayer being packed with 10 kg of the B-type hydrophobic
silica gel. FirsThef préferrodt briddimbatt of ather prasentprimveosdivad will be
(pre-adsorbed with hexane). After confirm ng that pre-coating has been
conpl et ed, deseribedhereaftesi | bed gas (contam nated nitrogen) is fed into the

bottom of one of ;t adsor ption col S rats i e. The
colum is then s#&@ﬁﬁ?ﬁ&%@@%ﬁ%@%@g (nggeﬁ' ’ g’flg elg &P%gﬁ%@ﬁ%btlggﬂ n
ot her wor dshe! figh A8 YaR! éRithHARL Wiafile hytiedarband fe® into sieé adsofption

m nute-intervals. For desorption, the suction pressure is set at 20 Torr
and the purgppayatug as mafntamed il &/ presstuizedosbase t duringt thes adgprption

coefficient, these copnditions gjve.a valuge of 1,5 32 eratipn pf the
appar at us (RTQEess: EE 1%@%9‘@“%%&??%#@ t9i°€Pﬁ§h‘F exBoustgasy RecaYas t&ﬁ ﬁasa
purity of 99 I - L : : i60- adsor ption of

nmet hanol anc?il e er%%’/ng(g‘t%ﬂséﬁggg%%ﬁ?rcgﬁg%ggg}tinlgir:ﬁlﬁérrpl oys an

adsor pti on- desor gpﬁﬂﬁgaaagmgtm, vitt Is grefetablepttooheat | then puage ngasa Frei ght

of 27 cmand a diameter of 5 cm and whose interior is filled with
adsor bent tadditios; fhis mreferablmthathair aasbiomaitregensba used asprge ggs ard

(MPC), nade, by the rit Conpany, and 'TCAR ACT. N o] hG.Sil:l ca

gel ), made %V%tsﬁﬁl j fhepyge; edﬁé’i’@ 'gé‘ﬁlbeL'fed‘.lseélo&glalaé%égéénfgagdrh%r’p#elé coat ed
with a mxt i t iP hhdprasisesgea) doruge ifehe packed
into the a c?(rf%%{bcl)%?%ggg?g?ia%g tggpﬁ;?ag?trgasicér?hrml tiple Fggye?s(.) Thee " CARI ACT
Q" is useddésarptibn protéssuilheyadvantgerd dabrmmBlifying dhacergeogas lies The

experinmental caonditions are as fqQllows. The gas treated.i s .a m xture of air
and hydr ocattisofact that.apger t"r?é"‘%?gnEE“‘ﬁ?Wé%i ﬁ}F SRPARERENBf ni‘%‘sg?rf%rb}g\%l ume

and that of hyl r [ % T gt YadRimti ve
hum di ty, ig‘g?éeeé? gg‘gu%@érg éa%gsf%qs%gv\% %ogggr%inﬁogn%&llﬂﬁﬁdétﬁgggoﬁ ow - 1
L/ m nute DeguR® 8f rUACAl 2Z5-Tdfr, the Znoiktare Rupaadgdsy bl favter Gf Gboutndtut e
The above results indicate a nethanol concentration of 5 ppm and

met hyl ene cieralerites divec pumpt unablef t0 maintaint blae opredeteraneds r?ésa‘%sul ts

fi th th f. MPC it i t hi-eV. t] .
i 551 ons. - EBRTAIPTS GUBIEAHE tho sl e SvPdroreiiyard et ictbnce’ ©
the invent O§P%<%gf1tgﬁlq;?1§dva%ﬁu§iﬂ< %ﬂtlﬁ,e%lm i Qsbl FoR e Sédriaivhg @@ ()i thie

apparatus o enbo , but with different adsorbents.
Speci fi cal | prevdnidrujpf capilyaiyacéiiderisndion pfl theisture 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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33 "CARi ACT Q@ 6" (hydrophobic silica gel) product, pre-coated in the sane
manner as explained in the third enbodi nent, was used as the bottom
adsorbent | ayer, while the product nanmed "Y type Zeolite 390HUD' nmde by
Tosoh Corporation, also pre-coated in the same manner, constituted the top
| ayer formed above the bottom adsorbent |ayer. The sane experi nent al
conditions for the third enbodi nent were used. The results yielded a

nmet hanol concentrati pon,of 200 %cgea math | ene ¢chl or,i de concentration of
100 ppm i n Reludgy Ispfacing the ¥ fergagn #RcRndensed sWRsR| WenPULESpI e,

e ot Pt SRAARS: BhEid AR infB dr R Sid B IBRARRTL, BPHAnIng

denonst r at €S S no npl oye Xtrene

reduce thelcaﬁ@eﬂyrtatth@@dgbrmqay@rsbons in the outl et gas to bel ow the 100
ppmlevel. 34 CLAIMS What is clainmed is: 1. A treatnent nethod for

exhaust gas cont Mettengprecisely, | in hthi omebdmherecdhprucgnmtrah@nenﬁltl;Emant of
d t t t hat, h ds d te th
B ocenses. SHICRAdBRIRT %ﬁsaﬁc}oer%i?b%ﬁ@m Ot EhELFIeR 225, nEbpate e Edthe

h t - ti
exhaus gaﬁnftg E%%gglr%g‘{lﬁg 43‘?14319 RGACO W éo%@ﬁ'ﬁgtﬁﬂ Pgls o?@ent rption

appar at uses rocar ons Into t ayers
Wi t hi n t he Tdsefdre] ouheapnaro@uuﬁsed gﬁi@l ishdnstdadacieparately efddalisto gtis

substantially free of volatile hydrocarbons, through the colum's outlet;

and during qdyﬁpg)mq)mecolumn through the bottom thereof, while the inlet gas of
higher concentration is fed into the adsorbent layers through the middle
portion of the adsorption column. In the reverse case, where the
concentration of the uncondensed gas is higher than that of the inlet gas,
the former may be mixed with the inlet gas, or, more preferably, it is
returned directly 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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switching to the other adsorption apparatus to continue the desorption
operation so as to extract freshly-adsorbed volatile hydrocarbons for

rel ease to the outside of the system wherein the adsorbent |ayers are
either a single |ayer of nesopore activated carbon pre-coated with volatile
hydr ocarbons, or a multiple-layer conbination of the nesopore activated
carbon and sinilarly pre-coated hydrophobic silica gel and/or synthetic

zeolite, and the adsorption apparatus uses a vacuum i n_gonbi nat.i on
with a pur ayerasof she dedsorptipBnappaxptufie (ah§epmri§?nf‘§l§g§1‘bt1?3ﬁp§ﬂ§‘?%i ng

ti bei Tt t 1.t 30, m | f1i 1 i
Lty act eq teferscpt AdaSbEntg ah RryRg AqRRobESH] dlatloRbisies ptaged oie S
for eXhaUStaf&%Sa&&%?i(gfélerm it Y6 A TuB6S arélenitbedded! ini thel,

wherei n the exhaust gas containing volatile hydrocarbons is
mul ti - constsphbedbetwebiotle hdsorpent dapemi si ag ta hesednnectashte thedgcutmat i s

targeted for recovery. 3. The treat nept t ho or exhaust gas_contai ni ng
vol ati | e hymephawsh)aredraskad Wﬁh&%OHHEPt%&ef&@i *HFSPF%%“%Q r?%!’éﬂ” agst
cont ai ni.ng vol atile, hydrocar i ; . I A a St

i mpurities S&’ﬁﬂ?%rthatéétgugncig‘?bﬁod;%yn%ln@ghp Ilg%rats l% i%e %radggP ggma %?ﬁodo for
exhaust gas,aREtRE BkRGuMOsA flb® iRYLFadial Bonspaitent,dinttby means affwhichj ms 1
to 3, wherern the purge exhaust gas undergoes a cooling treatnent and the

uncondensechgaapphtatust ten dveat dgrge valumes ofsgastinr feel ardenofi RE¥ATaGf t he
adsorption apparatus. 5. The trea nt et hog for exhaus o] i ng
volhati ![e hy@to%?ﬂ%r% %é’@ff'f‘tfeﬁbs £§;§ﬂ‘}s%§scf’ Fm%clniegge%, {;z\f:e%r%&g h?ﬁg}?
exhaust gas_cont al i 6Fbtich ria® at
adsor ption Igﬁﬁg%ea% ugnt%l Ps{é)S?leés‘istgtr;l ze&gc%g g?@f)%oolseg? be org undgr goi ng

adsor pti on darino MeBihievdd udiigappaentional nrethogd.enent i ng t he treat nent
nmet hod for exhaust gas containing volatile hydrocarbpns accordi ﬂg%qho any of
veok PrO, 2R

claims 1 to 5, whs &mtheadsarbenpte de wsashthereseninveatione gy

manner that adsqrhent .l ayers.inside the a r.at: e egkn

nul tiple i n%@b‘@ﬁ;ﬂgn?arlbﬁe VHe SNFY tg'caéogggr@fl Hle%ggg {/I\nﬁe? ﬁﬁ\;/%rrsy?rlgpf)’

adsor ption IS4l Med i cembitiepen adth sgatimethendolitayer s
are pl aced %%%{egg%@fe’ f%lg%g% lhag’%?’ (t%lhﬁ%he apparatus for inpl zﬂmanti ng.t he

met hod for asdbathydyophobicesilicazel im comiiltipledaysraprmapgenueatei o &Adfrof t he

exhaust gas conduit tubes is grjbedded in gg(gh 5?{ spaces between the
mul tipl e i nerasebaeadserbent Bapd 18 Y 8Rrereeated state: adsor pti on apparatus, and

the conduit tube ég tfﬁgﬁpeeﬁrfé%—g%éc}%{lg,r YACUHEA PHRituBntd SinditRR Rt ghSous

i npl ementing a tr exhaust gas containing volatile

hydr ocar bong,Reendn®s (Véladly hglredaabons)lcdrtainedvive the rexhiaastigesrwhich
| ayers of the adsorption apparatus are structured in such manner as to be

packed i n simindse treated dd profexablyinsgd.t y of gas- perneabl e cylinders. 36

A A AT E A A AT ok RrteREd ARy o hrsdi fhehtfort Whe I 2. A
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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at the top, while the synthetic zeolite (“Zeolum”) forms the middle layer,

and the A-type hydrophobic silica gel and/or B-type hydrophobic silica gel
layer is placed at the bottom.

The reason for such arrangement is the experimentally 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 hydrophilicc 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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volatile hydrocarbons with extremely low boiling points such as methane,

ethylene and propylene at an outstanding level of performance not
exhibited in other solid adsorbents.

The adsorption-desorption method of the present invention has
following purposes: (1) to ensure that in the longstahding and widespread
practice of releasing air-diluted gaseous hydrocarbons into the atmosphere,
such hydrocarbons are below the regulation limits; (2a) to recover useful
constituents with high level of purity from multi-constituent hydrocarbons
gas containing such constituents; and (2b) to recover inert gas (nitrogen)
with high level of purity from the contaminated gas (contaminated
nitrogen containing volatile hydrocarbons) 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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column in one example of the apparatus of the present invention.

Fig. 4 provides views of the adsorption column in another example
of the apparatus of the present invention. Fig. 4(A) is a cross-sectional
view of the adsorption column, while Fig. 4(B) is an enlarged detail view of
the portions labeled C in Fig. 4(A).

Figs. 5 and 6 provide views of the adsorption column in a further
example of the apparatus of the present invention. Fig. 5 is a longitudinal
cross-sectional view of such adsorption column, while Fig. 6 provides
drawings explicating the adsorption column in Fig. 5. Fig. 6(A) is a
cross-sectional view on the line A — A in Fig. 5 and Fig. 6(B) is an enlarged
view showing a part of Fig. 5 in greater detail.

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 11c are placed independently on three levels, and exhaust gas conduit
tubes 12a, 12b and 12c are placed in the respective spaces below the
adsorbent layers 11a, 11b and 1lc, and the exhaust gas conduit tubes 12a,
12b and 12c 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 11lc. 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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adsorbent layer 21. Each of the rings 24 is connected to the vacuum pump
23 via exhaust gas conduit tubes 22a, 22b and 22c. (Although the figure
merely shows a single vacuum pump 23, a plurality of pumps serving each
of the exhaust gas conduit tubes 22a, 22b and 22¢ may alternatively be
provided.) In Fig. 4(A), item 1 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 exhaust gas into the atmosphere”.

Figs. 5, 6(A) and 6(B) show an adsorption column 30 representing a
further example of the apparatus of the present invention. The adsorbent
layers 31 inside the adsorption column 30 consist of spaces enclosed by a
plurality of gas-permeable cylinders 32 (gas-permeable external cylinders
32a and 32b), such spaces being filled with adsorbent. The exhaust gas
passes through the inside of 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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& () - 2j k1l pRlirdctsdFia a C-1 line (for nitrogen gas containing gaseous impurities) to
a cooler 52, where it is cooled prior to being compressed in a circulation
compressor 53.

The compressed contaminated nitrogen then passes, via a moisture
separator 54, to another cooler 55, where it is cooled so that most of the
saturated moisture it contains condenses and is thus eliminated. The
moisture condensed contaminated nitrogen, under high pressure, nbw
passes through a filter 56 (of filter cloth), which filters out the dust and
mist that it contains. Then it is introduced to an adsorption column 57A
(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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in the tubing (not shown), connected to the vacuum pump 59, is turned
“ON”, the vacuum pump 59 is run, and purge air is drawn into the
adsorption column 57A through a D-1 purge air line. The purge exhaust
gas that is discharged from the vacuum pump 59 is introduced into a
condenser 60 through a D-2 purge exhaust line.

The condenser 60 cools the gas with water, then a separator 61
separates the gas from the liquid. The resulting liquid containing
impurities and contaminants is pumped by another pump 62 to the outside
of the system through a D-4 recovered liquid line, while the uncondensed
gas passes through a D-3 uncondensed gas line for disposal (processing) as
waste gas. Such uncondensed gas inay be returned to the inlet of the
adsorption column 57A (57B) as a treatment means thereof in accordance
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 employs 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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EXAMPLES OF EMBODIMENTS

The present invention will be described specifically with reference
to examples of the embodiment. It should be appreciated however that
the scope of the present invention is by no means limited to these three
embodiments.

Embodiment 1:  System for release of clean gas into the atmosphere

The embodiment 1 is a method for treating volatile hydrocarbons

"contained in exhaust gas by employing a laboratory-scale apparatus

composed of adsorption (desorption) columns 7a and 7b filled with
adsorbent, a vacuum pump 4, purge air lines 8, 8a and 8b, an exhaust gas
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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minute, and desorption following the end of adsorption (when the
concentration peak is reached) is performed by air purge alone without any
vacuum desorption.

As may be noted from Fig. 7, the pre-coating time with 5,000 ppm
methanol is approximately 200 minutes (3.3 hours). The same pre-coating
operation is also performed on the adsorption column 7b. After confirming
that both adsorption columns 7a and 7b have been completely pre-coated,
the above-mentioned exhaust gas is then fed into the system and the
adsorption/desorption operation begins.

Switching time between adsorption and desorption has been
verified to be five minutes, and immediately after the start of operation,
the concentration of volatile hydrocarbons in the gas at the outlet of the
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 o, 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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and column 7b, into the atmosphere through the solenoid valves 9a and 9b.

The operations carried out in the embodiment 1 described above
yielded the following experimental results:

Feed gas: 20 L/minute

Gas composition at adsorption column inlet:
Methanol concentration in the exhaust gas — 5000 ppm
Moisture — 50% RH

Gas composition at adsorption column outlet:
Methanol concentration in the released gas — 20 ppm
Moisture — 45% RH

As shown in the above experimental results, MPC 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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hydrocarbons such as propane and propylene.

The composition of the gas (contaminated nitrogen) is as follows:

N2 (nitrogen) 88%
Cs (propane) 2%
Cs (propylene) 5%
C4 (butane) 1%
Cs (pentane) 1%
Cs or more (hexane, etc.) 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 Fuyji 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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Operation of the apparatus under the above conditions yields
recovered nitrogen with a purity of 99.9% or higher.

Embodiment 8: System for co-adsorption of methanol and methylene
chloride

The third embodiment employs an adsorption-desorption
apparatus with an adsorption column having a height of 27 cm and a
diameter of 8.5 cm, and whose interior is filled with adsorbent to a height
of 10 cm.

The adsorbents used are named “GF-45” (MPC), made by the Norit
Company, and “CARIACT Q-6” (hydrophobic silica gel), made by the Fuji
Silysia Chemical Ltd. Both adsorbents are pre-coated with a mixture of
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

0.03 L/minute

Degree of vacuum

Purge gas flow

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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( ‘(()J 1A 82-6” %il)(r(iro%ﬁo%ic si?ica gel) product, pre-coated in the same
manner as explained in the third embodiment, was used as the bottom
adsorbent layer, while the product named “Y-type Zeolite 390HUD” made
by Tosoh Corporation, also pre-coated in the same manner, constituted
the top layer formed above the bottom adsorbent layer. The same
experimental conditions for the third embodiment were used.

The results yielded a methanol concentration of 200 ppm and a
methylene chloride concentration of 100 ppm in the adsorption column
outlet gas. Thus the comparison example, which represents the
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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CLAIMS

What is claimed is:
1. A treatment method for exhaust gas containing volatile
hydrocarbons, comprising:

the employment of adsorption apparatuses that have adsorbent
layers and can execute the processes of adsorption and desorption
alternately,

the passing of the exhaust gas containing volatile hydrocarbons
through one of two adsorption apparatuses to adsorb the volatile
hydrocarbons into the adsorbent layers within the adsorption apparatus,
and the extraction of exhaust gas, substantially free of volatile
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 volétile
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 mesopore 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 resulting 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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exhaust gas undergoes a cooling treatment and the uncondensed gas
after the cooling treatment is returned to an inlet of the adsorption
apparatus.

5. The treatment method for exhaust gas containing volatile
hydrocarbons according to any of claims 1 to 4, wherein the exhaust gas
containing volatile hydrocarbons, which is fed into the adsorption
apparatus, is pressurized, or pre-cooled, before undergoing adsorption
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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