SPECI FI'éATI ON Met hods of Treatnent and RéCovery of Gaseous Hydrocarbons

"Contai hed in Waste Gases TECHNI CAL FI ELD The present invention
relates to nmethods of easily and effectively recovering gaseous o
hydr ocar bons .from wast e gases containing the gaseous hydrocarbons. - The

‘invention pertains also to met hods -of treating gaseous hydrocarbons
contained in waste gases in order that the waste gases can be rel eased

- after.reducing the concentration density of gaseous hydrocarbons, one of .
subst ances causi.ng photochem cal snog, to 1 vol % or |ess. BACKGROUND
ART The density of gaseous hydrocarbons, one of. substances causing
phot ocheni cal. snog, that are reIe&mﬁxiFﬂGATImNaInDsphere is strictly
regul at ed by Iam/not only in such advanced countries as the United States,
Eur opean coufgthads o Tegatmdent and Recovaiy v, Gatedwn, Hyehi og rizons so -
forth. - Al t hough specific | evels of regulatory standards vary depending
on the situation of each couRfpjaipgd asvHaste €8eRsries, except for
Japan, adopt the criterion of 1 vol%or less (38 ng/1 or less) set by the
United States Environnental Protection Agency (EPA). Anong them the

United St %f&ﬁ&ﬁ%%n c‘o‘unt_ri es

The present invention relates to nethods of easily and
effectively recovering gaseous hydrocarbons from waste gases
containing the gaseous hydrocarbons. |

The invention pertains also to methods of treating gaseous
hydrocarbons contained in waste gases in-order that the waste.

_gases can be released after reduCing the concentration denSity
ofgaseoushydrocarbons,one<xEsubstancescauSingphotochemical

smog, to 1 vol% or less.

BACKGROUND ART

The density of ga's'eous hydrocarbons one of 'substance.s causing
photochemical smog, that are released into the atmosphere is:
strictly regulated by law not only in such advanced countries
as the United States, European countries and Japan but also in:

;Taiwan, Mexico,'China; and so_forth.

Although'specifiC-levels of regulatory standards vary
dependingonthesituationoféaChCountry,theadvancedcountries,
exCept for Japan, adOpt the criterion ofil yol% or less (38 mg/1

- or less') set by the'Uni-t_ed States"Environmental Protection Agency

(EPA) . Among them, the United.States and European countries



strictly conply with this criteri.on. A recent trend has been to make the
regul atory standards -even nore stringent. WAst e gases which are
rel eased when | anding volatile hydrocarbons for storage or when | oading:or
unl oading themduring transportation is a matter of particul ar concern as
a source of gaseous hydrocarbons. This concern invol ves tank trucks,
~railroad freight cars; storage tanks.and tankers engaged in donestic
trade, for exanple. W del y known.conventional  techniques for treating-
‘ahd  recovering such waste gases contai ning gaseous hydrocarbons include:
(1) Absorption nethod (nornmal .pressure absorption and reduced pressure
recovery rsidie)lyeseplgnwibh tists Airide Miasivolparebenbyef o6a s ey est ;
(2) Menbrane gas separation nethod based on the use of a gas separating
menbr ane; make thed)redudaticenypertandeerdy eoess imuyarettiicigentwhi ch waste gas
Is cooled to an extrenely | ow tenperature;  and -~ (4) Adsorption nethod.
based on t he Wastefgases idrich cardorelersedorher, landingonglatile 3
~aforementioned nethods (1)-(4), an exanpl'e of the ‘absorption method (1) is
di'scl osed BYressaRons BB\ iR Imesherplppiéagi onungoadingadmm durahgch
waste gas i s passed Lhroggh, or washed out, wi.ith, a nonvol atile hydrocarbon

“sol vent, CHRISTWETRAIAN 18 Ay U KInPASHE&UHEE PANEREN RS 1% SGAF Fo0be

diSSO|Vedgaseous.hYdrdcarbqns} ThiS_Concern f%voives'tank trucks,
rail:bad freight cafs; stOragéftanks and tankers engagéd in”
domestic trade, for eXample."
Widely kndwn:conventional tGChniques for treating_and
recovering such waste gases cOntéining gaSeéus hydrbcarbons
- include: B . | | |
.-Kl) AbSorption"ﬁethod (nbrﬂéi pressﬁfe_absbrption and
reduCéd_preSSuré #eédvery méthod)'based on the use Qf-a.~“
nonvolatile hydrocéfbon soivent;
| (2} Membrané gas seﬁaratién_metth bééed én‘the use of a
gas separéting'membrané} |
(3) Low temperature'proceésihg ﬁethod‘in_whiéh waste gas
'is'cooled:tﬁ an extremély_low température;'and_
(4) Adsorption method baéé_&l o.r'1_ the ﬁ_se'of activated ca..rbc_)n
- or zéélite;' | . |
' Among'ﬁhé éfbrementidﬁed“méthod$ (1)-(4), an example of the
-absorption method (1):ié_diSClosed in.JapaneSe‘Examined Patent 
.Publication No.-54—8632;.in-whiCh Qaste gas is,passéd throggh;
or Wéshéd out'with, a nonvolatile hydrocafbon sblveht, causing

_volatile hy’drocarbbhs'_ébntained in ﬁt'h.'e waste gas -t_'o be dilsso'lved',_



and remaining air which is insoluble in the solvent is released ‘into the
~atnosphere. The solvent containing the volatile hydrocarbons is then
flashed in a vacuum vessel to separate - volatile hydrocarbon vapor and the
‘nonvol atil e hydrocarbon solvent each other. In this nethod, the separated
vol atile hydrocarbons are recovered by washing themw th a hydrocarbon
~liquid of the same properties while the nonvol atil e hydrocarbon .solvent
al so recovered in the separation process is recycled for further use. This
nethod i s nost wi dely used in Japan. The nethod n]Jostly commonly used
in other countries is the aforenentioned adsorption nethod (4) which.
enpl oys acirid aeedindawbathr @pbch fis iesaiplbde dh the swlivert d¢ cailbased
~adsorption nethod are disclosed in Japanese Unexam ned Patent Publications
Nos. 57- 14682 atte57avddghase welTheas sodvéapaneset EmngedRat ¥pllatile
Publ i cati ons Nos. 59-50715, 59-50716 and 2-46630. Conpared to the earlier
proposed dtgquamdenfethodtiiay fdashedednafoacuue vegselatedserppate

adsorption nmethod is al nost sane as the _absorption nethod in. system '
confi gur atiGrRtdde | BYREgERERANayaR 0L c3PAi e IRPRYCIR §118 s hvdgRraglon

abo0r LI On AEAGS KPS LN BaPh OSeRRal R0 PG dRSS0UR oot
casor ot RS "B, MR W i Wy B CBEETE o
- ﬁgfﬁgge?tljli@g%%g thed "p%i_)%‘iél%%- while e %ﬁﬁ"ﬁd’éﬂl@ﬁ%@%&%ﬂ%h@_

: solvent also recovered in the séparationgprocess is recycled for
further use. This method is most widely used in Japan.

The method n]ostly commonly used in other countries is the
aforementioned adsorption method (4) which employs activated
-carbon.'Specific examples ofﬂthe'éctivated carbon adsorpfion

_.method are disclosed in Japanese ﬁnexamiﬁed Patent Publications
Nos. 57-14687 af_ld 57.—.42319' as well as 1n Japanese _Examin'ed.Pat.:_ent .
Publicafions Nos. 59—50715,'59—50716 aﬁd 2—46630. Compared to
the earlier_p:opbsed qbsbrptign;method (1) mentioned above, the
activated carbon adsorption :methbd is almost 'séme as the
‘absorption method in system configuiation and is regarded as a
technique whi'chl differs from the abéorption method mer'ely'in that
"a process of absorbing gaseous.hYdrocarbons'by the nanolatile.

: hYdrocarbon solvent is'replaced_by an'adéorption_process using
activated carbon. Accordingly,_the afofemehtioned'absorptioﬁ
‘method (1) can be regarded as a metﬁbd in which a liquid adsorbent

..ié used in_a'fiuidized bed. | |

' The aforementioned absorption method (1) has one drawback,



however; in that the vacuum vessel must be depressurized to the degree of.
vacuum.of about 3 mMHg to neet the United States EPA regul ations, because.
thé concentration of gaseous hydrocar bons remaining in air released into
~the atnosphere i-s determ ned "~ uniquely by the degree of vacuum of the
vacuum vessel . - However, a vacuum punp capabl e of processing waste gases
at arate of a few hundred cubi ¢ nmeters per hour at such a high vacuum is
not presently available. It is therefore inpossible to conply wth the EPA
‘regul ations by the aforenentioned absorption nethod (1). On the ot her
hand, the aforenmentioned adsorption nethod (4) can easily conply with the
EPA regul dtowmnzempr du dbdtt the veanmm vexsealemgitnhe edepressuieaséd dfo the
adsorption generated when adsorbing -gaseous hydrocarbons is perfect.

The heat cleguisogft ivarugen efatbduithdnmylg ebo snés/td riduatindizsd $tetads EPBed,

" by use of activated carbon, anounts to 10 to 15 kcal/nol, however. Waste
gases rel B aHONT 0REGHRSE LARKCORCRRE AL AN RE HaSROUMBYAEOCETRONSW
~hundred cubic neters hour, for  exanple. An enornous anount of heat of
adsor pt | orF SRR lﬁeﬂérafs&e?ﬁeeueﬁl%sﬁlbe RERRTRAEEL 5asdasemined

hydr ocar bon cont Ltﬁé as h| as. 20 to 50 val.% are adsorbed by acti vat ed
car bon. erm?/qn T Eh%fvaéd’slﬁ?ﬁﬁﬁ?%

| nadequate, ﬁé;\se&gﬁp %;amni)&;,uﬁ‘g)aggh K3kode BP0 SRO RN e atou ¢

rapi dly increase, res tin

expl 05' on.g S:Qtfea&f 8 ferﬁ"ﬁrﬁ?ﬁ f cEHES Ide'tce'r%eﬂ&? Iﬂﬁl\ﬂ:eages‘:t{bh a high vacuum

is not presently avallable It is therefore impossible to comply
w1th thée EPA regulations bylthe aforem_entloned absorptlon method
(1). | | |
| On the other hand, the aforemention_ed ad‘Sorption method .(4)
can easily comply with the EPA requlations provided that means '
for removing enormous heat of adso_rpt-ion generated when_ adsorbing
gaseons hydrocarbons is.perfect. |
The heat of adsorption generated when gaseous hydrocarbons
are adsorbed, by use of activated'carbon,. amounts . to _10_t'o 15.
kcal/mol, however. Waste gases -releasled when loading a tank truck .
with gasoline amount to a few hundred cubic meters per hour, for
example An enormous amount ‘of heat of adsorpt:l.on ‘would be
generated 1f such waste gases whose ‘gaseous hydrocarbon: content
is as high as 20 to 50 vol$% are_adsorbed by activated carbon.
I f. the means for removing thisiheat of adsorption is inadequate, -
_ tne temperature of an activated: carbon adsorption layer_would
rapidly increase, resulting in local heating and eventual firing

or explosion. In fact, a number of such incidents have been



reported in the past. The use of activated carbon makes such incidents
even nore dangerous since the activated carbon is a kind of adsorbent
which is easily ignited. Another potential cause of these incidents is
heat of polynerization generated when adsorbed heavy hydrocarbons are

pol yneri zed by a catalytlc eff ect- of -an activated carbon adsorbent.

I n these circunstances, a nunber of attenpts have thus far been nade to
find out industrially-viable means for renoving enornous heat .of | .

- adsorption when using the activated carbon- adsorption ‘nmethod. An
-exanple of prior art technology is to wind a coil for ~circulating cooling
wat er ar ourebarteattinatiesl mastbonThesaspt bbnactayetedr chebenbrdkasceikh

wi thin the activated carbon adsorption layer. These approaches woul d
necessi t atimcirdes ity repen ammtdaﬁgenmm |sag1cmtté1e autisaded waebon Har ge -
amount of activated carbon 'is required.. ~ This is because it is

essenti al kigdeaf adsorbend winieh Agleasidipigaited. dnatherpotent bal catlsen _
adsorptlon | ayer to, about 60[err]C or |less for the sake of safety, and it
i s possi bI®F Uk §ncifentendsbheate At ol Reebor tHRR waeRprapRdewbranel y

| arge anoun olin ter i.s required singe the heat of adsor tion
gengr at ed q#qq%eeiﬁ?gvggy n:fdg’é? o ¥ afyAtalytif 85%@?1'1 han

t he amount__of h caryie y by the cooling water.
“provi de maoa{"‘r)lsa St sa{}’w ng onpr C{ﬁ é:% apanese Exam ned .

In these c1rcumstances, a number of attempts have thus far
been made to find out industrially viable means for removing
enormous heat of adsdrpt:_i.on when using the activated carbon
adsorption method.

- An example of pri'er art technlol.og'y is to wind a coil for

circulating cooling water around_ an activated carbon ads_or'ptieri

' laye'r or to-embed a coil within the activated carbon adsorption

layer. These approeche's would-necessitate an enormous amount of

cooling water, however, when a large amount_ef activated carbon
is required; |

This is because it is essential to maintain the ir.1t'erna1.
temperature. of the a_ct_ivated _'c':aibon' adsorption layer _to' about
GOéC or J.ess fer the sake of safety, and it is pessible use only
the sensible heat of the eooliné water. An extremely lafge amount
of cooling water is 'J;equi_re'd' siric_:é the heat of adsorpti'on'
generated in the activated cﬁ_arbon adsorption layer is by fer

- greater than the amount _of '-heét that can be carried aWay by th'e'
cooling water. | -

To p.rovide' means for solving this problem, Japanese Examined



nPafehtlﬁublication No. 59-50716 proposed a method of using "an organic

liquid (e.g., liquid gasoline) which boils at a tenperature |ower than .
-100[err]C, close to roomtenperature" instead of water. According to
this method, it is possible to utilize the latent —heat of vaporization of
the organic liquid (e.g.; liquid gasoline) and, therefore, the enornous

heat of ‘adsorption can be renobved wi thout requiring an unduly | arge anount
of the organic liquid. This is because 1 kg of liquid gasoline, which is
taken as an exanple for.the purpose of explanation, renoves nearly 100
kcal of latent heat when boi'led. (Contrary to this, the sensible heat
~taken awayPdlyert Keuluifiveslt eon iND .0B3I%-5D TRGabkpeoiskd) a methddtdif tdseing "an
devel opment of this neans, the problemof "how to renobve the enornmous heat
of adsor ptéoginhasl bgeihd st ved. Fomeidrgasolimes whickdegiukstabng rel ating
to the safety of the adsorption |ayer. - ‘Particularly because the = .
activated eempRratare lower shani®iGarlappcie roorateTRerghnred insdpad
controversy has arisen as to whether it is right or wong to pass such a
hazar dous ©EdftR% i bl e-substance i ke gasoline through a coil embedded in

(e oLl vat e0aSanbansBUSOLRLL R LN o 4 pUROUSTCRT S A preTenl e
e e ASRO SR AL A ST 885 HEADS Bl (214 P B BROR AT o
_6_'5 - and, therefore, the enormous heat qf adsorption can be removed
without requiring an unduly.large:aﬁount of the organic liquid.
..This is because l;kg of liquid gasoline,.which is taken as an -
example for the pufpose.of explahation, removes'nearlylloo kcal
of latent'heat when boiled. (Céntrary to this, the sensible-heat
taken away by 1 kg of water is'only_l kcal/°c).. |
‘With the developﬁent.of-this meéns, the p:oblem of "how to
remove the enormous-heat of adsorption" has been solved. However,
it has raised questions rélating-to_the safety of the adsorption
layer. | | |
Pérticulariy'because the_activated carbon is a kind of
material which is eaéily ignited, ﬁew controversy has_afisen as
.to whether it is rightlor wrong_tb pass sudh a hazardous
_.combustible-Substance like gasoline thrbugh a coil embedded in
the activated éarbon adsorption layer.
'Toovercometheafotémentidnedproblmnoftheaétivéﬁedcarbon
a_dso_rption method, an alternative method has beeﬁ proposed which
éﬁploys, as means for. treating a lérge amount of waste gases

-containing highly concéntrated gaseous hydrocarbons, a



conbi nati on of the adsorption nmethod and the conventionally used

absorption nethod or nenbrane gas separation nmethod, rather than treating
the wasté gases by the adsorption nmethod al one. “In this conbi nation
met hod, the concentration of gaseous hydrocarbons entering an activated
carbon layer is limted to a.low level by perform ng absorption operation
. or nenbrane gas separation operation prior_ to activated carbon adsorption
~operation, and as a consequence, it beconmes possible to reduce the heat of
adsorption generated in the activated carbon layer to a |owest possible
level. If depressurized water whose boiling point is 80[err]Cor less is
ci rcul at edcembnotiony ofatke ddmonpenion mgthoteame theatenvéreat ondl bylsesaet | on,
it also becomes possible to prevent a tenperature increase due to |ocal
hedti ng of2RFRrPEEen Methedcar markirans gandsenaratoion meshodapes ther ¢haint hi n
the activated carbon layer. . Conpared to the earlier-described prior
art net hodt¥RAHRI UEhe i WIS | FRTPE ds FhineadsPRp ieen gretthed iakpn@t er, this

.conbi nation thpod.is nore safety-orjented as it provides nmeans for
achi eving a Eﬁ?fggﬁ§t8? é?%?ﬁ?@ H?E%?gbthﬁnCRPFﬁPHr?Héonaefigéﬁéguéarbon

| whi e keep | t t | | evel . Thi ach of
corbi ni no ‘TS SR GRGIHG 4 G thBealeaittl aramas dAme 4t gas

omeunat necenarem PineEscERine SELERE o SpBla il B MUY e
7 ' separation operation prior to activated carbon adsorption
operation, énd as a consequence}'it becémes poésible to.reduce
the heat of adsorption generated in the activated carbon léyef'
to a lowest possible level. I.f depressurized water whose boil-ing
‘point is 80°C or less ié circulatediaé coolihg‘water for removing
 the generated-heat of_édso:ption,-it aléo becomés possible to-
prevent a temperature increase:dué'to locgl heating of the
activated carbon layer aﬁd eveh out the telnperature wiéhin the
- activated carbon layer. |
Compared to thé eariier;describéd prior art method wﬁich )
utilizes liquid gaséline in place_ﬁf cooling water, this
- combination method is more safety-oriented as it provides means
for achieving a uniform telnperature distribﬁtion.withiﬁ the
activated carbon layer while keeping'the temperature to a lbw
 level. | | |
This apprdach of combining the'adsorption;method¢with fhe
'absorptionmethodorn@mbranegasseparationméthodhasdrawbacks,.
however, in that suéh ;ombihation is somewhat uneconomical and .

overall process becomes complex.



Achrdfthy,.it I's an object of the invention to provide a nethod of
treating gaseous hydrocarbons contained in waste gases which makes it
"possible to prevent abnornal tenperature increase within each adsorbent

| ayer, enhance the safety of adsorption apparatus and decrease the density
of residual gaseous hydrocarbons in gases released into the atnpbsphere to

1 vol%or |ess. Consi dering the above situations, the inventors
- carried out an intensive study and have conpleted the present invention.
- SUMMARY OF THE | NVENTI ON .The present invention provides a nethod of

treating or recovering a gaseous -hydrocarbon contained in waste gas
enpl-oying a patordingliger pti s appsvpct obitie aldwsmated ytpedoride a
adsorption and desorption processes, in which the waste gas containing the
gaseous hyedred bdhtreabinggasdouwsubidoncavbonieconttsingd Liorwappag@ses so .
‘that the gaseous hydrocarbon is adsorbed by adsorbent |ayers, -enabling the.
adsor pt i onvkibpaimetkes 16 pafsddle toRrevent @énmwé RmrepRtarailmyrease.
substantial|ly no gaseous hydrocarbon. " Wile at the sane tjne the other
adsor pti ornvEppER £3EH | &ASAHIRT P YRF 1 IRPRARSH FhDPTe e AdFe RS us
hydr ocar bon . adsorbed by the adsorbent..is, dra by a.vacuum pu to :
separate JPRATAEEY Ay LI BONET o ?%t%d%m%rﬁ%ﬁdﬁl%geg%s,g%ﬂ% t he
gaseous  NyPELSEL A0S Sl GRRER' 241 60QULSERES ARE aUH/IoRU LRI ELS: U1 1P

‘less.
Cohsidering the above situations, the inventors carried out

~an intensive study and have completed the préSent invention.

. SUMMARY OF THE INVENTION
The preéént.invention'prbvidés a method of treating or
-recoVering a gaseous hydrocarbon coritained in waste gas emplo'y.ing
 a_pair of adsorption apparatus'ﬁhich'alternately.pérforms
adsorption and desorption processes, in whiéh-the waste gas
containing the gaseous hydrocarbon is passed.through_one.of the
adsorption.apparatuS'so;that'the;gaseousEhydrocarbon.is adsorbed
by adsorbent .layers', enabling the adsorption apparatus torelease
the treated waste gas éontainingISubétantially no gaseous .
hydrocarbon. - |
While at the séme time the other adsorption apparatus is
switched to the desorptioﬁ-proceés, the.gaSeous hydrocarbon
adsorbed by the adsorbent-is_dfawn'by a'vacuﬁm.pump to separaﬁe
thegaseoushydrocarbonftamfheadsOrbentlayers,anathegaséous

hydrocarbon is'redovered'from separated outflow purge gas, the_



| net hod bei ng characterized in that: . (1) doubl e-cylinder type or
mul ti-cylinder type adsor ption apparatus, -in which each adsorbent |ayer
is'indirectly cool ed by cooling water, are enployed as the adsorption
appar at'us; (2) each adsorbent |layer is a packed |ayer of one or
more- - kinds of materials selected fromactivated carbon, synthetic
zeolites and hydrophobic silica gel; - -(3) swng time required for
sw tchi ng between the adsorpti on and desorption steps is set to 1 to 15
m nutes; - (4) each adsorbent  [ayer i.s evacuated under vacuum while
bei ng purged by using part of clean gas evacuated from each adsorbent
| ayer and/piettidd iveid® EesoiPid Ozl onesshiatnd - (5) the gaseous .
- “hydrocarbon is recovered fromthe outflow purge gas. - The invention
al so provides t{) mneidudlefctliaade Mgt ype or emoMer-+aydl itrivke ;yadsygmals .
- hydrocarbon contained in the waste gas,  wherein the method conprises, as
means for adsonetrioenappergiavseusn whhghressdr bdaorbent tliayearmss dngdsestilon is
used in the desorption - process enploying a conbination of evacuation
“under vacEeRkedby gralgintveber atirtsrempheyed agsths adsorption gpparatyugisi ng
t he outhOM/pur?e gas of a conpletel§ dré &y v ﬁuun1pu which is .
_enpl oyed as t hel¥ac RAFDAASFOHE Lavecnds %ﬁiﬁﬁf RF&EaStnglF t¥F JoFe
pressure to,%g?at spheres. exceedin he nornml _atnospheric pre e, and .
D) S noRiis of L CH kR S ST et T TaEiped R ByfeRd fe
9 zeolites and hydrophdbic silica gel;
(3) swing time required for switching between the
- adsorption and desorption steps is set to 1 to 15 minutes;
| (4) each adsorbent layér is;evacuated under vacuum while
being purged by using part of c;ean_gas evacuated from each
'adSOrbent;layer énd/or air in the desorption process;_and
(5) the gasebus hydroCarbbn is recovered from the outflow
purge gas. ‘
The invention also pro#ides'the method of treating or -
‘recovering the.gaseoué-hydrocarbon'contained in the waste gas,
wherein the method comprises, as means for recovering the gaseous
hydrocarbon fiom the waste gas which is used in the desorption
process employing”a_combination bffevacuation under vacuum and
purging operation, the steps of: | |
1) causingfthe'outflOW'purge gas of a completely dry
"type-vacuum pump which is employed as the vacuum pump to be
'-diSCharged upon increasing its:gas.pressure'to 10 atmqspheres

exceeding the normal atmospheric pressure; and

2) increasing the conéentration of the gaseous



-hydrdcdr'bon contained in the outflow purge gas by using as a cooling
nmedi um of the vacuum punp a |iquid hydrocarbon of the sane properties .as

t he gaseous hydrocarbon contained in the waste gas and returning resultant - -

gaseous hydrocarbon to an outlet pipe of a desorption apparatus, or by
injecting the liquid or gaseous hydrocarbon. of the sane properties into

t he adsorpti on apparatus upon conpletion of the adsorption process to
purge the apparatus and evacuating it under vacuum and then accel erating
| i quefaction of the gaseous hydrocarbon hy cooling it,. or accelerating
recovery of the .gaseous hydrocarbon by an absorption nethod. BRIEF
DESCRI PTI Gy d¥oddfodiRAYEMNSined it Ghd st £1 ok apuede saw g as fhgvasheet
representing a nethod of treatnment and recovery of gaseous hydrocarbons

- cont ai ned ¢oplivwg trediaseso fictue dragpum mmerhddiqueid fdrduariboremf die
FIGS. 2(A) -2(B) are -diagrans illustrating practical exanples of

adsor pt i orsapp Preres tdgs oy ddre gesepys hysaadagpon aonkathedlia thewWastess a
hori zontal cross section of a double-cylinder type _adsorption tower while
FIG 2(B) 93s ankoretering desyd tapdt gafeows hydraaarhan tadey onypet pipe
adsor ption '

of an ads?# %Wf%rSIﬁOFBREIH%Pg\?#%W?ﬁS E{J‘% ¥t Jai‘gi gé’gf%%% hjga&&at%}gg’{fasréo%xsarrpl °
SEeRr 9 ek bBE S Of BT MRERS O ARG S T NV
10 ‘upon completion of.the.adsorptiOn proces_s to purge the apparatus
' ahd evacuating.it under vacuum; and_then-adcelerating
liquefaction of the gaseous hydrocarbon by cooling it,  or
acceleréting recovery of the g.a;seous hydrocérbon by an absorptioh' '
method. | | |
' BRIEF DESCRI'PTION OF THE DRAWINGS
FIG. 1 is a diagram shbwing a .floy.r sheet repreéentin‘g é mefhod
of treatment and recovery of gaséous_hydrocarbons contained in .
waste gases according'to an embodiment oflthé invention.
| FIGS. 2(_A)—2(B) are diagrams illustrating-practical ex‘ampies
of adsorption apparaf.us emplbyed-in_this invention, in which FIG.
2(p) is a horizontal Cfoss section of a double-cylinder fype
adsorpﬁion tower while FIG. '2(B) _is a horizontal cross section_
of a multi-cylinder type adsorption tower.
| FIG. 3 is a schematic diagram illustrating aﬁ example of an
' adsorption tower in which fibrous'activéted.carbon is used
.accordiﬁg to the invention.
BEST MODES FOR CARRYING OUT THE INVENTION

Although an adsorbent to be used in this inventiontis_ndt _

10



ILnTted'to_any specific type as long as it is fornmed of one or nore kinds
of materials selected fromactivated carbon, synthetic zeolites and
hydrophobic silica gel, activated carbon is  preferable because it has
excel I ent adsorpt|V|ty and is easily and i nexpensi ve obt ai nabl e. ‘Granul ar
activated carbon and fibrous activated carbon are typical exanples of such
actlvated car bon. FNdrophoblc silica gel is not limted to any specific-
‘type. . is preferable to use coomercially availtable silica gel which has
been glven hydr ophobi c .properties by treatlng it. with a chenical, such as
- trimethyl chlorosilane, or silica gel which . has been made both hydrophoblc_

- and i pophlimi:t@& mgahg efRridiy eyde @at deny. as itlisiSopeediciicnd or
preferable to use "silica gel having both hydrophobic and antistatic
propert i estiondikdndsast ma¢e rpaddunsiectnd Eromrast tigratmadheacban| s yadidtis e
silica.gel in-a solution of a salt of electrically conductive netal (e.g.,
copper sul feckites am@chy@raph@béc0$lbicang%ht|%¢§}V%t%@e%@r?@ngls St adi's
450" manufactured by Du Pont), and-then_treating in a tenperature
range of ZBreferaobe fhegauseHits hag BEcgAdEDS; Pﬂéargé{LViLEYl%%lﬂeStec?SllY

‘accunul ate a_static char and s t stat b '
adsor bent , 2R TREXRFNSTE OVB%hn??£%Sﬂ%en ?g é%%%%éﬁ%ﬁt%?ﬂ?%ﬁ aﬁ%seous

hyd b
expl os: on. Fipr 8's“§a%¢%€%qo§ gél'eé‘é?%@%f@ L { R Ro1 DB L0 VALY
and given Qx%glg y(g gﬁﬂ&ﬂ&'sﬁlé& gégvgltna@spf *ﬂ 4 & taﬁg;esr PRt

- (noi sture) ove I n or si'l1ca gel

woul d adsot?p@“'ﬂt9§§§9E§erQb§E0€§ﬁ§&9%dﬁﬁ@f@ﬂ%@dy‘avﬁﬁiaﬁlgaéfﬁlca gel
| - whlch has been given hydrophoblc properties by treatlng it w1th .
a chemlcal, such as trlmethyl ch;orOSLlane, or silica gel which
has .been'ma'd.e both hydrophobic and lipophilic by hi_gh—._tempera_ture
'treatment. | | | .
yIt is particularlyrpreferablelto_use "silica_gel having'bothi'
'hydrophobic'and antistatic prOperties"owhich has been'produCed:
by 1mmersrng commer01ally avallable silica gel in a solution of'
‘a salt of electrlcally conductlve metal (e. 9., copper sulfate
or zinc chlorlde) or of an antlstatlc agent (e g ; Stadis 450"
'manufactured.by Du Pont), and then treatlng it in a temperature
range of 250 to 500°C. This.is because slllca gel is llable to’
accumula_te' a static charge, and subse'quent s_tatic buildup in the
adsorbent, uhich'can:occur when'treating'waSte gases.containing
gaseous hydrocarbons, glves rlse to the risk of acc1dental
_1gn1tlon, burning or exp1051on It 1s preferable to use- s1llca
'gel which has been heat-treated and given hydrophoblc properties

to prevent adsorption of water content (moisture) as described
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The invention is not limted to the use of activated carbon -or hydrophobic
silica gel but is intended to enbrace the use of other solid adsorbents
~such as synthetic zeolites or china clay having an affinity for gaseous
hydr ocarbons contained. in waste gases: Al t hough the average dianmeter
of adsorption pores of the aforenentioned synthetic zeolites or .
“~hydrophobic silica gel is not specifically limted, it should preferably
“be between 4 and 100 angstroms. Methods usable for measuring the. _
af orementi oned average di aneter of adsorption pores include, for instance,
the -mercury penetration nmethod and nitrogen adsorption nethod (based on :
t he BET ecriavenimnordet vilmateqtiat i ohl howl gehdenskd | @ddord henl vf gaeemns i oned
adsorbent may be charged in an adsorption tower in any of single-Iayer, l
mul ti -1 ayerydrecarixens | cortainehfiguwasieonsases. Wien treati ng waste gases
~containing benzene in an adsorption tower of a two-layer configuration,
for -exanpl e, ThejinypeeEderple natp ldgd tegditephbpi eseiof actgaratiad gafmbont

- layer on theéﬁgft&§§H} sidi,and | pad- activated carbon in a second |ayer on
the downst%%® bic SIFFEaPBI hdhtt DAdFeIdiad tadempharAesthe e &F

d carbon. ..sjlica. gel i it, china clay, b
RS s B TSR RV S e A TR i A e B S o

Prermal  Eing Al AR RGN Sor TBE3EOAS ﬂ;?d%‘ééﬁ@gﬂé Clifa bl i %%;%Se o

gases. _
| Alfhough the average diametér éf adsorption porés of the
“aforementioned synthetic_zeolites or hydrophobic_silica gel is
‘not.specifiéélly_limifed, it should.préferébly be between 4 and
lQOlangstroms. Methods usable.for measuring the aforémentioned
| aVérage diameter.bf_adsOrptioq-bores-iﬁélude; for instance,_ﬁhe-
mercury p_eneltfatibz'l method and nit’rogen_ _adsor_ption method (based
on ‘the BET equation and Keivin equation_and'cqndénsation). The
-aforementiqned adsorbent may be charged in an adsorption tower
in ény of single-layer, mﬁlti;layer aﬁd mixed layer | |
' configuratibns{ | | |
Whel_'i_.t'reat.ing' was_té gases contaiﬁing benzene in ah adsorption’
tbwér of a two-layer configuration, for example, :_i.t-_'is-pr‘efei:éble
tq_uée hydrophobic silica gel in a first layer on the upstream
side. aﬁd load activated carbon iﬁ a sééond layer on the d_ownstream
:side,.
' Theafoiémentionedéblidadsbrbents,suchésactivatedCarbon}
© .silica gel, sYnthetic'zeolités'and china_clay[_to be usédlin

| ihdividual adsorbent layers have a strong affinity for gaseous

12.



Taki.ng i nto consideration the foregoing points, the inventors carried out
an intensive study and have solved the earlier- nentioned problens by '
‘enpl oyi ng as means for .quickly carrying out and renoving the. heat of
‘adsorption produced in each adsorbent |ayer there from a doubl e-cylinder
~or multi-cylinder type adsorption.apparatus, in which each adsorbent |ayer
is cooled -indirectly by cooling water (nornal.-pressure water or _
- depressurized water).. - According to the invention, it is possible to
-.adsorb gaseous hydrocarbons fromwaste gases safely and efficiently by
-using ~ an adsorption apparatus of the aforenentioned structure even when
conbust i bl eydedtatbEls caThege | Solis®tadsorbdiiadd 68 Hf s AdfsyPtd Prehgp@lat us
enpl oyed .in"this invention. are now described with reference to FIGS. '
2(A) -2(B),insuldiitén water24¥8.is a horizontal cross section of a - :
‘doubl e-cyl i nder type adsorption tower, while FIG 2(B) is a horizontal -
cross sectionTakfing imniia copplitatetiopghenficvegoing paiwdrs, the iyveads@spti on
~apparatus preferable in this invention is the double-cylinder type :
adsor pt i orc3Bmeed vt AR sIREPRSI YR t TGy ard dpave V\,ﬁ?/]-‘{%it the mxﬁw- 52
filled with adsorbent 51 and. coolin water cylinders 53a, 53b for cooling
"a. packed |@®%ﬁl?ﬁe_rRFOé&ﬁHﬁtR%ne@Hfh¥%ﬂﬁtﬁﬁ SR dOT sty F@THYE R

. \IAEZ? 2" led (\)Alnl‘é glnr& ré‘xﬁ‘ox"ﬁ‘ijéé) q:?ltelﬁjenatt 8\%Bard5500 Signhg\fmod{;gegli% 331(:@31-?(?'0%?% ats € of.

e et Iyttt ARG P LGS e
- -adsorptidn apparatus, in which each adsorbent layer is'cooled_.
indirectly.by cooling_waﬁer.(no:mai—pressure waterfof
depressurized water). E | |
Accordiﬁg_to the iﬁventioh)-it is pdssible to adsorb QaSeous
'hydrocarbons_from waste_gaseé safely.and efficiently_by.using-
~an a'dsorbtion apparétus of the a_fo'remeritione,d_.str_u_c_tuie even when
combustible activated carbon ié used.; |
| Exaﬁples of'adSOrptibn apparafus émployed in this’inventioﬁ
are néw described'with_refeiencé-to FIGS. 2(A)—2(B),-in which_
FIG. _2'(A). is é ho"rizoni.:.al cro'ss. Secﬁion of a .double—cylinder typé '
- adsorpfion toWef,-while FIG;'Z(B):iS a horizontal cross section
of a muiti;CYlinder'type'adsorption-tower, |
o An adSOrption appératus préferable in Ehis in&entibn'is the
doﬁble—cylinder type adsorptibn towef which is constructed in
s.ﬁch_ a way that a cyiihder 52 filled with adsorlbentﬂ-si and c_déling
water ¢ylinders 53a;.53b for coéliﬁg a packed laYer'of the
~adsorbent 51.from'both:iﬁside and.outside are iﬁstélled'within

an ‘adsorption tower 50 as shown in FIG. 2(A). In a case where

13



|n such' a way that cylinders 62a, 62b |nd|vrdually filled with adsorbent
61a, 61b-and cooling water cylinders 63a, 63b and 63¢ for cooling packed
| ayers of the adsorbent 6la, 61b fromboth inside and outside are :
“installed within an adsorption tower 60. as shown in FIG 2(B). In.
ei'ther of the double-cylinder type adsorption tower 50 and the.

mul ti-cylinder type adsorption.tower 60 nentioned above, cooling water is

~.circulated at normal pressure or reduced pressure in a direction opposite -

to waste gas flows. The cylinders for cooling and the cylinders filled
~with the adsorbent are placed adjacent - to each other in order to increase

the: cool i ng kfgeianayunteieeiosorbent tBeusyl) i 1€yl seysinie tRdaplRly on
tower 60, considering the fact that the distance the heat of adsorptlon
shoul d tr avied muﬂti—¢glxnﬁ&imtyp&xﬂdsqrptﬂan towwr tWhel dhhiick ness tofuctach

~ adsorbent |ayer, wdely varies depending .on the type and properties of the
adsor bent .in sude e malyl thfteakilﬁrgdeQSaﬁ&aarG%htlnﬂbx‘exﬂmhorflﬁdrﬂobdrm a
thi ckness of about 4 inches (101.6 nm nore can not conve t he heat of

- adsor pt i orPAFPERFRE &l QS}GrC‘P?rlJan% mﬂrﬁen icyd indgrish688h é%lr wnd Hes
transfer tjne degﬁpds ‘on the partlcle di aneter _and tenperature rise of the

granul ar &R VREHRABRfTKE Yt ffortdie igdspehanta kot iGR EF®mPOER i

E??Eﬁ% te;)ea (Iq” Ckn Sosut%flde Iarr%h?.gs%alig m@ﬁ% érri?la sfoerrptlon tower 60

~directions §k§§ &Hﬁlﬁxi?él é ) SO muich to cool ing, and nuch of heat
transfer I'S per or med by gases flowing in a vertical

In.elther of the double- cyllnder'type adsorptlon.tower‘SO and
the multi-cylinder. type adsorptlon tower 60 mentioned above,
o coollngwaterlsc1rculatadatnormalpressureorreducedpressure
in a dlrectlon oppos1te to waste gas flows.
The cyllnders for coollng and the cyllnders fllled w1th the.
adsorbent are placed adjacent te each_other in order_to increase |

'the CQoling-efficiencyr especially in'the ﬁulti—chinder tjﬁe.
adsorption tower 60,Iconsidering the fact that the distance the
-heat of adsbrption_shouldftravel'untiihit.reaches cooling water,

- or th'e thickness of each adsorbent iayer, widely varies depending_
on: the type and propertles of the adsorbent.

Generally speaklng, granular actlvated carbon packed to a.

. thickness of- about 4 1nches (101 6 mm) or more can not convey
.the heat of adsorptlon up’ to a coolant ‘layer in a short_tlme,
although actual'heat transfer.time'depends on the particle’

. diameter_and temperature.rise_bf'the granuiar activatedgéarbon.

Therefore, if_granular aetivated carbon is packed to a

- thickness of 4 inches or more, heat transfer in circumferential

14



direction. In this case, localized abnormal tenperature increase nay
occur, resulting in occasional fires. I'n this invention, this problemis
sol ved by adopting a nulti-cylinder configuration in which such a thick

| ayer of ‘granul ar -activated carbon is divided into nultiple |ayers.

Fi brous activated carbon, which is also preferable in this invention, is
inits raw formcarbon fibers neasuring about 10 microneters in dianeter
These carbon fibers may be shaped into various forns, such as felt fabric
(unwoven fabric) form sheetlike formand honeyconb form for specific
applications. Fi brous activated carbon has a specific surface area of

- 1500 nf erdilYertoromrdnepnot dongrdbatet 8ot mackat apsednet elnd mtickhe o&s

| arge as that of granular activated carbon.. - Thus, extrenely high:
~density ofhesinttwansdah ofa o rmed e agdres §lovwoly e e ttiecalse of
fibrous actjvated carbon. In other words, it provides a |arge adsorptive
capacity M%l°@a§§mmyé§§ca¥mm¢ apnosmalcierrer at keerdnkcasegehi gh
desorption rate because mcropores are exposed on external surfaces of the
carbon fi BE%OCFTRe TRBMHGPUHBRIGS HINPoLéEesor IR FhE SRR 1R e §Dddr bon

act vat ed AU A SCRIPRARY mﬁ%@rgﬁéhg Sl aterbinde aqudaie i

d | b whi.ch _h
arge o iRLeiP BB, i AIRORE. BR MaRY sV 200 A i 13106
~adsor bent s)p+4 mull\@i é)af&p}’%% ar | y, the amount. of fibrous activated carbon

required for treati I ¢ anobunt of gases is a fewtenths of the
amount of gr aﬁ%ﬁéua%yﬁage&aé%ﬂ 0 yagi dseds farsd &ﬁ%tf'eri%blteh%ns%ﬁ'is

amount of gases. Thus, fibrous acti vated carbon provid
" invention, is in its raw form carbon fibers measuring.about 10
micrometers in diameter. These carbon fibers may'be shaped into
various forms, such as felt fabric (unwoven fabric) form;
sheetlike form and honeycomb form(_for specific applications.

Fibrous activated carbon has a specific surface area of 1500

-n@/gornmre[providingacxmtaCtareaapproximatelthiceaslarge
as that of granular activated'carbon.

Thus, extremely high density of contact with gaseons
hydrocarbons is achieved by the use of fibrous activated carbon.
In other words, it'provides a"large adsorptive'capacity against
:gaseous hydrocarbons It also prov1des a remarkably high

- desorption rate because micropores are exposed on external
surfaces of the carbon fibers. (The average diameter of pores

~ of fibrous activated carbon is 20 to 3Q'angstroms, which is
approximately one half that oflgranular activated carbon. A
smaller average pore diameter is effective for reducing the

 alnount of adsorption of heavy hydrocarbons which have a large
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such advant ageous effects that the distance the heat . of adsorption should
. be noved (or the thickness of an activated:carbon Iayer) can be reduced to
a few tenths. conpared ‘to granul ar activated carbon. A preferred node for
~carrying out the invention is to use fibrous activated carbon, which is
- shaped into any of the aforementioned various forns, such as felt fabric

(unwoven fabric) form sheetlike formand honeyconb form taklng advantage_“7'

of the above-stated effects. . Referrlng now to FIG ‘3, a case where

fibrous activated carbon is used in this invention is described. FIG 3 is
‘a schematic diagramillustrating an exanple of an adsorption-:tower in -
whi ch fi helscwldt vad&bhetsband sgisedadeenseli afféct$ hen | avssithamts) . In

-~ this invention, it is preferable to use a double-cylinder type adsorption

tower 70 whi cMore panticutaedlyi nthecamaunayofhéibroubreativetedacedbonr bon
di'sks 71, each produced by forming fibrous activated carbon into a - -
“di skl i ke stepalredifiny drepééngi adpadiifknesouniref rasamds atfeypdeintihed
cintervals within an adsorbent packlng cylinder 72 provided with coollng
wat er cyl9hd8esamEnt PHOFRULYD g Ved %?/W%Iéﬁo b?uﬁﬁén#%ttﬁel%n@e

and outsi-d as shown in FIG 3. oss ble tq ke advant age _
367 O Bhe SamR Rynt ol %S%%oaiwve S b0k & 3k S0 i das 1 by

SN L RSO bRoLBIS el HOLE SSASILERLOD L AR |
use the agsqrpg 'b@mfo%%r (§9 tk@é’ Hi Ahy %*fo&’ﬂ 10 &Ba ?éa%or?(l@ye%d

- can be reduced to a few tenths compared to granular actlvated
ucarbon,'A preferred mode'for carrying.out_the invention is.to_

- use fibrous:activated Carbon, which is shaped into any of the'
aforementioned'various forms, such as felt fabrlc (unwoven :
fabrlc)form,sheetllkefonnandhoneycombform,taklngadvantage
of the above-stated effects,_' -

| : ﬁeferring now to FIG 3",. a case where fibrous activated -carbon
 is used-in this invention‘is described. FIG. 3 is a schematic--

' diagram.illuStrating angexanple'of an adsorptiOn tower in Which .
fibrous activated'carbon is-used-according to the invention.

In this invention,-itlis preferable toluse.a'dOuble4cy1inder '
type adsorption tower 70 Wthh is constructed in such a way that
flbrous actlvated.carbon dlSkS 71, each produced by formlng
fibrou_s activat'ed carbon into a'di..s.kllke shape hav:.ng a specified
thickness, are arranged at spec1f1ed 1ntervals w1th1n an
adsorbent packing cyllnder 72 provided w1th coollng water

'-_cyllnders 73a, 73b for coollng_th;s cyllnder 72_fron1both inside

and outside, as shownfin.FIG. 3.'Itlis possible to take advantage
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3, .respectively. By elnploying an adsorption tower in which cooling water:
and adsorbent layers are arranged in a "sandw ch" configuration as
descri bed above, heat transfer to cooling water is speedily perforned,
making it pOSSIb|e to prevent heat buildup in the adsorbent |ayers caused-

by the heat of adsorption as well as |ocal heating. As a consequence,
_operational safety is ensured even when combustible activated carbon is
‘used. When using a non-conbusti bl e adsorbent,. such as synthetic .
zeolite or hydrophobic silica gel, -in this |nventr0n, it is not 'necessary'

to take into account the risk of ignition'or burning of the adsorbent
itself dueof @xdeﬁ]]emn:aprbpartmgs afhlthieef 1 bheoa st iofatieri Bgrbba Ispizdsig bl e
activated carbon. It is therefore possible to set the thickness of each
adsor bent thy @dsarpthion topsr hehet {835 coms tirmcithion .chettet Mum FIG.3
‘consideratjion s given to the choice of a cooling nediumand the nethod of
cooling. 1in IR?Eﬁ%nNQRQ%ﬁR#%W%ﬂtlon net hod of accidental fires or

expl osi ons, the |néentors have,conpl eted this invention upon a finding of
means to qui cRFGOF ﬁﬁget?hEhﬁeaFV%Fta9§orbFlbﬁ ByetigEabbe tacusatkhe heat

.'of vapori-zation Th| en chi eved varvyj ng_t he thi ckness of each
-adsorBent ﬁéﬁ&ﬁpﬁ%ﬁn e?%ﬁu ?k é@ or -1 as Shownyin 1GS. Z2(n), 2(B) apg

O ot VAR SRR o IR AT i
B e
adsor pt i o fasriv a8 described above, heat transfer to coollng water
' is speedily performed maklng it possible to prevent heat bulldup
_1n the adsorbent layers caused.by"the heat of-adsorptlon as well
- as local heatJ.ng As a consequence, operatlonal safety lS ensured' |
'even when combustlble actlvated carbon is used.
When us1ng a non- combustlble adsorbent, such as. synthetlc
.~ zeolite or hydrophoblc 51l;ca“gel, in this 1nventlon, it is not
:necessary to'takelinto account the rish of idnition or burning
' of‘the adsorbent 1tself'due to its local.heatlng, unlike the case
'of using the combustlble actlvated carbon It is therefore
p0531ble to set the thlckness of each adsorbent layer to about d
25 1nches (635 mm) in this case 1f-due con51deratlon is given
to the choice of a cooling medium_and-the method_of-cooling;
_To'provide a-prevention'method of accidental fires or
explosions, the 1nventors have completed thlS invention upon a
.flndlng of:means to qulckly remove the heat of adsorptlon.by use
of the latent heat of vaporlzatlon ThlS has been achleved by |

varying the thlckness of each adsorbent layer (or the thlckness
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processes (or the swing tine) is set to such a short period of tinme as 1
to 15 minutes inthis invention. Wile the swing time has conventionally
been set within a range of 4 to 20 hours (Handbook of Cheni cal -
"Engi neering, Fourth Edition,. publiished on -April 25, 1982), it is set to 1
to 15 m nutes, preferably 3'to 10 minutes, and particularly preferably
about 5 minutes, in this i nvention. - The swng tine is set. between 1
‘and 15 nminutes in this invention  in order to control the tenperature-of
“each adsorbent layer to a slightly higher level than the atnospheric
tenperature by liniting the amount of adsorption of gaseous hydrocarbons

to suppressaaiiyledldwimal ayuinde P depaddne ¢ thee yienandpropeésarietsi on

.and by quickly renoving the heat generated in each adsorbent layer . through
't he use ofof)ltduenadsorbdnsmsesd angk by cadmmlat\tng:rcoodl\mgjwayeusam nfogma 1

cool i hg. ' The adsorption apparatus of this invention is switched in a
short perimmhsﬁux¢rmra@eduﬁﬂdimmﬁsﬁmbweasAdQﬁQ#%h@@rdh@V% feature of the
invention is that the apparatus is provided with conbi ned neans for "using

~vacuum whi l'e Baraveyd Werisk odhegnesaiingetbephedh of dsrnipgm, the

conpletlon of an adsor ion pro

e i ﬁgﬁ&C?‘Fngdé@BY’ﬁ??o%d%?B@é%%n and desormtisn
t t f
AR Be Lodggarﬁeavﬁq"ﬁ;@n\ﬁﬁuﬁ "88E°Es' fush S IO b od | T
tenper at urg; of & qdesqr Eﬁ'ﬁﬁﬁtg%@rn?rt‘i’u‘ésﬁnv‘éﬁ%%ﬁ‘ ﬁmlé %ﬁ@%ﬁ&%ﬂ@um

of purge gas a use vacuum
has conventlonally been set w1th1n a range of 4 to 20 hours

(Handbook of Chemical Englneerlng, Fourth.Edltlon, publlshed.on.
1Apr11 25, 1982), it is set to 1 to 15 mlnutes, preferably 3 to
10 minutes, and partlcularly prefer_ably about ‘5 minutes, 1n th:Ls
,invention o o o . -
The sw1ng time is set between 1 and 15 mlnutes in this 1nventlon
Cin order to: control the temperature of each adsorbent layer to
a,sllghtly higher level than the.atmospherlc temperature by
- limiting the amount of adsorption of gaseous hydrocarbons'to
suppress-abnormal'temperature.inorease due to the heat of
'adsorption and by quickly_removing'the heat generated in each
adsorbentlayerthroughtheuseomedinaryindustrialwateralone
which_is_widely used for cooling. . | |
The adsorption apparatus of this invention is switched'in a
short perlod of time as descrlbed above A character:Lst:Lc feature'_'
. of the 1nventlon 1s that the apparatus is prov1ded.w1th combined
means for "u51ng vacuum while purg;ng" when sw1tched to a |

- desorption process upon completion of an adsorption process, or
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(c) -empl oy both approaches. 1f, however, the first approach of
“increasing the temperature of the desorption tower is enployed, it becones
necessary to cool the adsorption tower when it has been switched to the
adsorption process. Al though this approach will not cause a major probl em
'if. steamis easily available, it .is not. economcal to heat the .desorption

tower by .electric heating. Of course, it is not inpossible to perform

cool-i ng and heating cycles in tine intervals ranging from1 to 15
“Ininutes. Such operation will not ensure snooth heat transfer, however,
and it. remains.uncertain whether a desired effect i's achieved, although

'such a profhén pert sriig afhe edédokhiel i pigpdd g, i s set between 30 nminutes
to a few hours as required under .conventional operating conditions. -

The present i Bueentmalmrmhemmpl etrdlebieg e tkeokphdongorodess mme _

shortened swing tine of 1 to 15 minutes conbined with the sinultaneous use

- of "purge ayshomtdpeat adnd £ asmesgmparehlﬁem@hqri sdsosption tiretiovd dand.
-recoveri nimgaseous hydrocarbons contained in waste gases in 1ocations
where st ed® it® éaé.wcrea/amfékﬁ §em§§€ﬁtb}§ea°§%@elsﬁéfpé'rtldpaéﬁwglft@%ﬂm&

- gasol i ne.station

whi ch the ‘f?ﬁ/‘é’ﬁh okP i é—nﬁéﬁﬁs@uFB?I a,mcaungcq%cpurge gﬂﬁo?ﬂ@ru?ﬁ e‘faé?ur% r?é:t hod
of perfor de %&I o%%lﬁrocrgss .of this invention applicable to a
case wher 33/%‘? FHRNRECET " separat ed..from each adsorbent | ayer by

| igg};; gge} ge df?%OﬁPo%sﬂeveq@S%ﬂasfim 36RLRACH &Y 1A R APLIL detigePattfe?

of the desorption tower is employed, it becomes necessary to cool
‘the adsorption tower when lt has been switched to the adsorpt:l.on'
.' process_. Although thlS approach w_ill not cause a major problem |
'if._ste'am is easily available, it is_'not economical to heat the
desorption tower by.electric heating. | |
O'f.'course:,'- it is 'n'ot impo_ss‘ihle to_perform cooling and heating |
cycle_s' in time .interyals' rangi_ng from 1 to 15 Ininutes. Such
.' 'operation will n.ot- en_sur.e smooth heat transfer;, however, and_. it
" remains uncertain-whether a desired effect _is'achi_eved,.al't.hou_gh g
such a problem would not arise :Lf the .swing time is set be.twe'en.
. 30:"minutes_ to a few hours as .regui_red under conventional operating
conditions; o | | .
The .presen_t'_ i'nvention has been completed based on _the' finding
R that the shortened swing time'- of: 1 to 15 minutes combined with
the s:.multaneous use of "purge gas and vacuum" as desorption means :
is suited for treating and recovering gaseous hydrocarbons
contained in waste gases_in_locations where steam is easily

- available, such as a gasoline storage site or a gasoline .station

19



- type vacuum punp. I f the vacuum punp is a liquid ring vacuum punp and
its sealing liquidis water, it is |np055|ble to increase the degree of
vacuum beyond the vapor pressure of water. In this case, it is necessary
'to use a gas ejector as disclosed in Japaneése Unexanined Patent _ :

~ Publication No. 57-14687, because the commerciall'y achievable degree of
-vacuumis limted to about 50 mHg. - If .the sealing: liquid used is such: -
"aliquid as ethylene glycol which- has no. affinity with gaseous -

hydr ocar bons but - has ‘an extrenely I'ow vapor. pressure, a potential probl'em
is formation of enulsion in a surface region that may occur- when '

‘separ at i Ngto GASEORISLIY A RESHODOE {8 Opaﬁtm@mﬂ%edhfwﬁéue of the sealing
| i qui d and gaseous hydrocarbons. Furthernore e sealing liquid thus

separ at ed neeuaothelnq:mdmboamdthedynﬂ pdrformihg theedésghptdbnthecess
~foregoing, it is preferable to use a .conpletely dry type vacuum punp, such
~as. a "hi gmﬁahuumnmtmp@égmbl@ftoacmm Whemdgya aedusihyldoamsadions (50
8/ mn.) vacuum punp" nanufactured by Hori: G ken Kogyosha, rather than a
liquid. r |<’tﬂ@e\ﬁamm-”rﬂt|aﬁm§r0m eaﬂhc&@ﬁ%@?@t s'ltams?l‘r bé{t spekbrgtihe mdsiesdest t he
invention is ~ that each
adsorbent JaSR9UY M@qﬁq@?%}?ua} W@%@ﬁ&@eﬁstﬁﬂj&se MR R} 2 A5 ng
purged in the desor tlon rocess and that part of clean gas evacuated from
each adsorb@g Y3§¥ r air is used as ‘auxiliary means during the'

process. Thi Sxf%ﬁ‘eoga‘éﬂﬂln%’xinp by ETq%‘iﬁCPﬂ%é VA ARl 'a%' 183U’ %“

fneans and uses”air
, lqu.ld is water, itis impossible to increase the degree of vacuum

. beyond the vapor' pressur_e o_f_water. In th:Ls_case, it is necessary
to use a-gas ejector_ as'di'sclosed' .J'.'.n_Japanese Unexamined Patent
Publication No. 57f14687, because the commErcially achievable
degree of vacuum is _limited to about '50 mmHg. | o

"If the sealing liquid used is such- a liquid as. 'ethylene glycol
-whlch has no’ affinity with gaseous’ hydrocarbons but has an

_ extremely low vapor pressure, a potentlal problem is formatlon.
of _emuls1on in a surface region that may occur when separatlng
gaseous hydrocarbons from a-diSCharged mixture of the sealing
l:Lun.d and gaseous hydrocarbons Furthermore, the sealing llquld
thus separated needs to be cooled and recycled.

In the llght of the foreg01ng, it is preferable to use a
completely dry type vacuum pump, such as a "hlgh vacuum: (maximum

: degree of vacuum 7 mmHg) and hlgh~capac1ty (50 m3/min.) vacuum I_
pump" manufactured b_y Hori. Giken Kogyosha, ‘rather than a liquid

.' ring .vacu.um pump. l N |

A characteris'tic- feature of the method of the invention is
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- other gas as auxiliary means for reducing the amount of purge gas corrpar ed
to the conventional nethods. Met hods of recovering gaseous

.hydrocar bons fromoutfl ow purge ~‘gas (output gas of the aforerrentloned

~conpletely dry type vacuum punp) of this.invention are now descri bed.

Known exanpl es of such  nethods include the following: . (1) A et hod - -
in which the outflow purge gas is cool ed until its gaseous hydrocarbon
content is liquefied;.and =~ (2) A.method in which the outflow purge gas

1's washed out wth I|qU| d hydrocarbons -of the sane properties so that the-
~gaseous hydrocarbon content of the forner is absorbed into the latter.

I'f, howevetha® davtpedasrbentofaper gRlqgasrpisi ois éd yeoni deswadiaiged UPRIBA0US
hydrocarbons whi ch have been adsorbed by an adsorbent | ayer, 't he gaseous-
hydr ocar bovacwumr emti lienbé eg gutrdesiv purlge dgas rplpneoeres $ awdrthararpaact
specified |l evel, causing a problemthat: gaseous hydrocarbons of such |.ow
concent r atéBrelean gas levecuatgdefirom aachaadspseent nlayer Andigedinvisd
met hods (1) and (2). = Such 1 owdensity gaseous hydrocarbons in_the '
outflow pu%fg%d a@as%&narwomeeamhyr#%&hq R&ECEERSpO lﬂ%s nﬁthqd ieFRLYSnded
to-

_ : i an outfl ow .
purge gas %‘F\‘fua‘f‘rﬁvr?g:uf‘flﬁl #§1 BFLRCHPY esRERion MG Qpﬂgufﬂ'?e &t ane
content, for exa ul d be noteP t.hat_ t.he Wpo tof g)

m pent ane %fo*h%n 25 T S R Fome Rodilfy SR Bl ﬁs‘{ frge

This follo &P@Q%?%J&Q”c&ﬁveﬁ‘tf&%f@ﬁe%&dg not ‘occur unl ess the
outflow pu ge ga 'S CoO0

Methods of recoverlng gaseous hydrocarbons from outflow purge
_gas (output gas of the aforementloned.completely'dry'type vacuum
 pump) of this 1nvent10n are now: descr:.bed Known examples of such'
"methods include the follow1ng. |
| (1) '-”'A'method in which the ou't_flow purge gasis cooled until
its gaSeous hydrOCarbon.content.is:liquefled; and .
f2) : A method in Wthh the: outflow purge gas is washed out
w1th llquld hydrocarbons of the same’ propertles 80 that the
"gaseous hydrocarbon content of the former is absorbed into the
~latter. | - | |
If, however, a l'arg_e amount .of'. purge gas is used'When desorb_ing
gaseous hydrocarbons which have been_adsorbed by an adsorbent
layer, the gaseous'hydrocarbon content-in the outflow"purgeugas
may become lower than a specified level,'causing'a problem.that
‘gaseous hydrocarbons of such low concentratlon ‘are neither
: 'llquefled nor absorbed J.n the aforementloned methods (1) and (2).
Such low—den51ty gaseous hydrocarbons in the outflow purge

. gas would not eas1ly reach the. dew p01nt If it is 1ntended to'
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down to or bel ow such a |ow tenperature. - A problemis encountered with
‘the aforementioned nethod (2)° as well. I'f the vapor pressure of gaseous
~hydr ocar bon conponents contained in the outflow purge gas is |owerthan the
vapor pressure at normal tenperature of the |iquid hydrocarbons of the
same properties used-for washing, the gaseous hydrocarbon conponents -
woul d not be absorbed even when they are washed out with the |iquid _
“hydr ocarbons. (Suppose that it is'intended to wash a gaseous .m xture of
air and gasoline vapor with liquid gasaline, for exanple. If the vapor
pressure of the gasoline vapor contained in the gaseous mxture is |ower
than the vepok apr essfilewgturge gals cortpenahgri2 o35 tvied ¥ ofiui-tpagaisaie for t he.
gasol ine vapor is not absorbed by the liquid gasoline even when the :
~gaseous nidqrefying ghesepenitang kontenti qfv egagpllienelt shoulficbembiteident | y
recover the gaseous hydrocarbons by the aforenentioned |iquefaction nethod .
(1) or ahsdidt ithe AevhRRERRRL thRelvRpRtaRe conliantofint ke qrlebliaw purge
hydr ocarbons in the outfl ow_ purge gas: shoul-d _nornmally be about 350 nmHg.or -
mre (45 %L ARRAUIARRI ne DIC giRedud A #56n CoBReaRaEion of U
preferably 50 _.vol % or .npre,in densi '

22 npentdne W ioSh S ShRESR Phe ATl ABBRESe A8 J'f%vcgml&és

have d'_evql&madcé ‘5@@41”}1&9‘% Vﬁ"if%@émé/élrsaeéuré. n addition to the

earlier-described ™approach of enployi ng vacuum evacuati on as princi pal

~desor ption. MeaNS: SRte!Si NEnRidune rAUNGY tHAEHE S A hd B Yon dBHMHSY (2)
reduci ng the arount of purge gas," a process including: _ :
' ‘as well. If thg'vapor'pressure of:gaseous’hydrocarbon.components
| contained in the outflow bu‘rge 'gés is lower ,thén the vapo'r-pressure.
at ﬁorﬁal tehperature of the-liquid-hydrocarbons of the same'
propertieé used'fdr'washing, the gaéeous hydiocarbon'COmponehtS'
. would_nof be absorbed ex_}en v&hé_ri 'they _ai:e ﬁ_rashed out with the _liqﬁid
:hydrocarbohs. (SuppoSe'that:it is intended to wash a gasébUs
_mixture.bf_air and gasoline'vaor'with liquid gasoiine, fbr
ekaﬁple. If the va?or pressure_¢f the gasoline Vapor'contained'
~in t_he-gas_eous mixfure .is lower than the vapor pres:sure at'_riormaJ_-
_ temperéture'of the-liquid gasoline, the gasblihé vapor is not -
ébsorbedgby the liquid gasoliné even when the gaéeous mixture
_.is passed'throﬁgh’the_liéuid gasoline). | |
- To éfficientlylrecoﬁef_the gaSeous hydrocérbons by the 
afbrementionediiquefactioﬁﬁethod.UJ orabsprptionnethbd(Z);
the'vapo; pressure-of”the géseous_hydrocaibons in the dutfloh
' puige gas_shbuld normally be'ébout 350 mmHg or-méfe (45 Vol% or
mbreLin terlns of gaééous'hydrocarbon céntent), preferabiy 50

vol% or more.in.dénsity.
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(A cau5|ng t he out put gas (outhOM/purge gas) of the conpletely dry
type vacuum punp -to . be di scharged upon increasing its gas pressure to 10
atnospheres exceeding the normal- atnobspheric pressure; and . (B)

I ncreasi ng the denS|ty of gaseous hydrocarbons contained in the outflow
purge gas by using as a cooling medium -of the vacuum punp liquid

hydr ocarbons of -the same properties as the gaseous. hydrocar bons cont ai- ned
‘in the waste gas instead of usually used water - or air and returning

resul tant hydrocarbon wvapor to an outlet pipe of a desorption apparatus,
~or by injecting the liquid or gaseous hydrocarbons of the same properties
into an adsabppmowldpparabﬂatupmntoombustpmnbdbmanta@sonwenanrprba&es to
pur.ge the apparatus and evacuating it under vacuum and then,
" -accel er atdeigel opr@facroval onre thed gekbeiy sCORRIF RSP hoHR %@dltkﬁmlﬁ@ em or
-acceleratlng recovery of the gaseous hydrocarbons by the absorption
-method. AP BTHRPEF1Re¢ cCARPHMER Rl TIRIY I MRS rﬁvmawr}ra%od
of the |nvent|on e descri bed taklnﬁ t he, aforenent# ned ' outflow purge -

gas (r:]ont ai PFRC gle\s&r(pt&pnﬁn%%uﬁg gusingaig,onprRer 4af afiaildthve nce'
to t " f "
23 5utd s 40 BPaboETa wauat @fgflga%--g%speﬁt%r%C%%%smﬁo “%ifitiense.

siorric to o] ot Ll G chOORbAL Yo LOEe 825w Sufde 6] ofb{?h'é

-15[err] C or bel ow. cont ensi t n=pentane 1 s

! gg; eased é&nﬁisetéﬂ?y%Jﬁ}‘gypaevé&ﬁﬁﬁ‘ﬂﬁﬁlpototb?d‘i%bﬁﬁﬁ:g@asup&ﬁltﬂddl\éa@irrﬂf
.9 its gas pressure to 10 atmospheres, exceedlng the normal
atmospherlc pressure, and | | ”

(B)_ ' 1ncrea51ng the den51ty of gaseous hydrocarbons
contained in the outflOW'purge gas by u51ng as a coollng'medlum
of the vacuum pump llquld.hydrocarbons of the same propertles
as the gaseous hydrocarbons contalned in the waste gas. instead
of usually'used:water or air and.returnlng resultant.hydrocarbon'

" vapor to an outlet plpe of a desorptlon apparatus, or by injecting
the 11qu1d or gaseous hydrocarbons of the same propertles into
an adsorpt:.on apparatus upon completlon of an adsorptlon process :
to purgeathe-apparatus and.eyacuatlng it under'vacuum, and.then,

: —accelerating'liquefaction Of;the.gaseous'hydrocarbons.by |
.cooling them, or -acc':elerati'ng recovery. of the gaseous'
-hydrocarbons by the absorptlon method. |

Operatlonaleffectsobtalnedfrdmtheabovelnnovatlvenmthod
| ofthe1nventlanaredescrlbedtaklngtheaforementloned"outflow
purge gas containing 12.95 vol% ofln—pentane"”as'an example, and

‘with reference to the "case in Which'liquefaction of gaseous
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'*|ncreased to 2 atnospheres t he dew poi nt of the n-pentane content 'beCOnes“

apprOX| mately 18[err]C so that n-pentane condenses to the liquid state at
~or. below this tenperature. This gas coollng tenperature of 18 [err]Cis an
easily achi evabl e | evel of tenperature ‘As can be seen.fromthe

f oregoi ng, the gaseous . hydrocarbons contained in the out fl ow purge gas can:
easily be liquefied by using (combining) the aforenentioned treatnents (A)
and (B) in this invention, producing such operatlonal ef fects that o

‘recovery of the gaseous hydrocarbons can be made in an efficient manner.

- Now, the "case in which recovery is accelerated by the . absorption met hod"
‘is descri heghrdsaetborendy aectlenateda™ g&mnd]udesamﬂmondensento dfts45

vol % or nore is required to efficiently recover gaseous hydrocarbons by

t he absor pliquidrsttade, umbels$ tthei eutfﬁpm@mmcze gas défsf cepbed Ity alkowverl X°lem i f

t he gaseous hydr ocar bon content is | ess than 45 vol % The aforenentioned

' "I iquid hyelr deek®ons of the sane propert| es" include, in addition to a

liquid “hydrocarbon mi xture containing: the sane constituents at the sanme

concentrati ondn @OPFERFE, hyfirdiadsas vk Odr 8- PEBHPE?n?-%gHEq’Pee%%ﬁ% to -

~constituents at djfferent concentr glons as,_ well qyld hydrdcarbon §

rf‘é) g 24

m xture com:fr & PESRS YRS p output gas Gzl urge 'gas
AL ARG g6 e e e
 Lhe GrseoSelEE S SN, 10 U ! AR Stpaplalier Gt
_(” is to Pfquld state at or below thls ‘temperature. ThlS gas cooling

_ temperature of 18 °Cis aneasily achJ.evable level of temperature .

_As can be seen from the foreg01ng, the gaseous hydrocarbons
contalned in the outflow purge gas’ can eas:.ly ‘be llquefled by
using (comb:LnJ.ng) the aforementloned treatments (A) and (B) in
thlS 1nvent:|.on, produc:.ng such operatlonal effects that recovery

' 'of the gaseous hydroc_arbons can be made in an eff1c1ent manner..' :

..NOW,,the'“caserin which.recovery is accelerated by the'

absorption method":is_describ.ed.' As_'already' mentioned, a'gaseous

" _hydrocarbOn content'of 45 .vo]..% or more is required to efficiently
recover gaseous hydrocarbons by the. absorp_tion method, and it
is impossible to efficiently recoyer them if the gas'eous '.
”hydrocarbon content is less than 45 vol% The aforementloned_
"lJ.quld hydrocarbons of the same propertles" :anlude, 1n add:LtJ.on_

| to a llquld hydrocarbon mlxture containing ‘the same constituents
at the same conce'ntration'.s, a. liquid hydrocarbon mixture
contaJ.n:Lng the same const:.tuents at dlfferent concentratlons as

'well as aliquid hydrocarbon mixture contalnlng the same pr1nc1pal '
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pot nted out that the idea of "adding |iquid hydrocarbons: of'the “sane
properties as gaseous hydrocarbons contained in waste gases" has come from
a_ paradoxical way of thinking, and is a conpl etely new technol ogi cal '
concept whi ch can hardly be inferred fromprior art technology). =~ In
this invention, the pressure of the output gas (outflow purge gas) of the
~vacuum punp is set-to.10 atnospheres or |ess. Preferably it should be set
to 2 atmospheres or |ess fromthe viewpoint of power consunption. The
reason whyt he aforenentioned novel nethod: includes the expression
"exceedi hg the normal atnospheric pressure' is that this is an essenti al
';prerequisi¢dhsﬁ1tuéﬁtﬂﬂatmﬁifﬁerenmuwbmnEﬁtratrbmcharge t he outfl.ow purge
gas. Now, the operation of "swtching between adsorption and.

desor pti on prAcessdihgite Ueeafohememopedmmsl yetkodicdee iavention,
characteristic feature of the nmethod of this invention is that each
-adsor bent }tayes Residsls Herl imningaseythes aasmdusy ivdnasgabon, gomientian
returning the state of reduced pressure created in this desorption process
- to the northg Oé%’qﬁs‘ﬁhé’r‘%r&epgé%uPEOdPFlngss‘ﬁ?]éf%%@Qr@h%fﬁc’qseé?ﬁata

I I
fgﬁgi/];l :gslge%\gérffby the abso-lrrptlonsmg%ﬁ%gsgsl :E\cclzeslzl SSI blIet thS gc%g §:gﬁsy

B s o il il
-fzsmgzewessuﬁ%gﬁzﬁsg‘ﬂ%ﬁ&?ﬁ%ué&wgﬁnﬁgﬁgééi#%&; frdlee g
at m)spher | o PIcRaRUEsom & pa%‘adox1cal way of thinking, and is a completely
| new technologlcal concept Wthh can hardly be 1nferred from pr:.or'
._art technology) | |
In this J.nventJ.on,.the pressure of the output gas (outflow '
_purge gas) of the vacuum pump is. set to 10 atmospheres or less
Preferably, 1t should- be set to 2 atmospheres or less from the
_ v1ewpo:|.nt of power consumptlon, ‘The .reason why_the aforementloned
‘novel method includes the .ex'pr'ession, "eXceéding_the normal
atmospheric pressure' is that this .i's an esse-'nt.ia_l prerequi_site.
for en_abl'ing the vacuum pump to discharge the outflow purge g'as.
Now,’ the operatlon of "switching between adsorptlon and
| desorptlon processes" is descrlbed As prev:Lously ment:Loned a'
_characterlstlc feature' of the method of this invention is that
each adsorbe_nt laye-r is desorbed -mainly by 'evacu-a_ting. it under
vacuum When returning the state of reduced pressure created in
- _thls desorptlon process to the normal atmospherlc pressure, it

is preferable to use at least a spec1f1ed amount of air.

‘This is because it is 1mposs1ble to completely remove adsorbed -
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.preferable to use at Ieast a specified amount of air. This is because.
it is inpossible to conpletely renove adsor bed gaseous hydrocarbons by the-
" desorption met hod based I nainly .on evacuation under vacuum At |east the
specified amount of air is used in order to conpletely desorb each
adsorbent |ayer and return it to its original: state. Since gaseous
~hydr ocarbons are contained in the air ‘used, they are returned to the
adsorption apparatus and mxed with waste gases for subsequent adsorption
treatment. -~ The nethod of the invention is extrenely effective as neans
- for recovering nulti conponent . gas constituents fromwaste gases containing
-the sane. gssesuexayPtecatbsnsrainathd slewidptsion emktHol baaeeyaaindfy on
gasollne vapor from waste gases containing the same. - . The inventionis -
not |im tesvacuatsompdentvaorudnm. tAie Trexcxtv erhe sq:fecmﬂ:lercb@nrmcmmﬂtofga&r
constituents, however. It is also adapted to a method of recovering a
single corq:mmearetd inuondas bercompd.etaly desordr cagbl atexebpent fhavasasite
gases containing the sane, for exa is to be pointed out that there
exi sts no Vérqrecrewnhwn%hmt% rgtye%%messérﬁ &%‘%"F#%Wé&i EIneg
- provides a hod, of .

recoveri ngd%?'%m*g}%n c%?fiﬁ?l%?rtt‘? e v%%‘f%alga%"'égos%?ﬁ:a‘r R ro® OHF S tJhte ngle

| e. of . enbodi,ment of . the met.hod - of

.tcﬁrem?.g\elghtﬁ%& llﬂgnnje? h%%'/g‘?t r]e%%éer? nsgp CEHhE SIS oreht? 1 om wast e
| gases_ Cont ai ﬁﬂ_‘g JJ‘BEcSBQBQﬂ:eEE 'n&:o%%‘ﬂb‘l%s% 'd%?reyletely remove adsorbed

gaseous hydrocarbons by the desorption method ‘based Inalnly on

evacuation under vacuum. . At least_ the spec1f1ed amount of a:r.r

~is used in__order to comp'letely:des'orb“'each _adsor]oent layer and

return it to-its original state. Since gaseous hy‘drocarbons are
contained'in'the air'used;_they are. returned to the adSorptiony
_apparatus and mixed with waste'_g_as.es' for'subse_qu_ent adsorption_
treatment. | | | |
The method of the inventio.n is extremely"effectilve as means |

for recovering multlcomponent gas const:r.tuents from waste gases

,'contaJ.nJ.ng the same. As an example, the method is well suited

~ for recovery of gasolln_e vapor_ from wastelgase_s contalnlng_the

same. . | ' |

' The invention is not -li_mited- in its_applicatiOn to the réCovery
of’multicomponent'gas conStituents,'however ‘It is also adaptedl

' to ‘a method of recoverlng a s:r.ngle component such ;—;s ben‘zene,
toluene or cyclohexane, from waste gases contaJ.nJ.ng the same, .
_ for example It is tobe po:Lnted out that there ex:.sts no effectlve. _l

means whose safety has ever been establlshed that prov:r.des a .
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In"the case of a single conponent system ‘it is desired that its conponent
be, recovered as a pure single conponent, unlike the case of a S
mul'ti conponent system ‘For this reason, care.should be taken when
‘configuring a treatnent faci lity to prevent ‘cont ami nati on by. ot her
conponents. Specifically, it i's preferable to configure an adsorpti on
apparatus by arranging in it adsorbent Iayers and cool ing wat er | ayers for
coaling the adsorbent layers in the order of "a cooling water |ayer, an
adsorbent |ayer for conmponent A, a cool ing water layer, and an adsorbent

| ayer for conponent B" fromoutside to inside in the case of a tower type
'_adsorptlonnapmadamﬂsrecoveringsarsﬁngE5|¢emp@némtuﬂﬂmnhEaﬁﬁ@r@m@ms|oned
~absorption recovery nmethod (2) for recovering a single conponent fromthe
~ ‘wast e gase%o@[t%tmge@ll}'othe heilvebe ueoREpe e casi Seent tenedi aboweount  of
the conponent_ will be |left as a holdup within an absorption tower if t hat
nmethod is useBl p¥ampPheans empodimentoof (Hhe RedmEmE e dnventiomesyi ded

‘a separate abggHg%lo tower for absorbjing each conponent, or the interna
space of thd™e ?Jfllo%c?%ngra%‘/ *b’en%]r%l%%?i’onent Cfif%é"’%‘{%rgmﬁj if

the "net hodorotarecoverl ng the hydrocar bon

27 . ln%ﬁﬁu%ﬁﬁ By ??ﬁ;%?u??ﬂu4?§ﬁ¥kﬁﬁ%e gas to condense the

TR YoCE IO SRR RS e Bl AT T oL o,

ot ?e;agﬁ%\rﬁoﬁ?ﬁ}{%@mﬁgﬂ&%w@ dd 'aﬂqaux@ l%rgﬂ_rét c%%'oh%%tcoﬁﬂ'ﬁ'k%“? .
the case of a multlcomponent system For this reason, care should -
be taken.when conflgurlng a treatment facility to prevent
'contamination-by other components. 'Specifically; it.is

'.preferable to conflgure an’ adsorptlon apparatus by arranglng 1n.
it adsorbent layers and coollng water layers for coollng the
adsorbent layers in the order of "a coollng water layer,_an
'adsorbent layer for component A, a cooling water layer, and an
-adsorbent layer for component B"jfrom out31de to inside in the

| case_of.a'tower,type adsorption_apparatus. |

It is not desirable to use the aforementioned absorption

.recovery method:(2) for recovering a single component from the
waste gases:discharged from the yacuum pump-becausefa certain'
amount of the component will be left as a holdup within an
absorptlon tower if that.method is used. As a means for solv1ng
this problem, there may be prov1ded a separate absorptlon tower
for absorblng each component, or the 1nternal space of . the

'absorptlon tower may be d1v1ded

Ontheotherhand,1fthe"methodofIﬁcoveringthehydrocarbon
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Anet her: advantageous effect of this cooling nethod is that it makes It
'p055|b]e to devel op a transportable apparatus. - Accordingly, it is

preferable.to enploy the cooling nmethed in "this invention. I'n carrylng"

out thjS'nethod,'it is extrenely effective for I|iquefying the outflow
purge gas by cooling means to cause the outflow purge gas to be di scharged
fromthe vacuum punp upon- increasing its pressure to 10 at nospheres,
preferably to 2 atnospheres, exceeding the normal atnospheric pressure,’
~before it is cooled, inject |iquid hydrocarbons of the same properties -
into an adsorption tower inmediately before an adsorption -apparatus is

swi t ched teomteies Bpteenl i@ceiss epofl @wnpieie oras ofo arprdEmsetiman process
‘to purge.the apparatus, and.then evacuate it under vacuum |n the nethod
of the i nvieyd T ocg riven | coposst bte the Bihpiiy stetebnyventhenavenidemni £SA
nethod PTSA net hod,” 'VSA- met hod or VTSA nethod within the scope of -the :
i nvent i on.emplayedTthar eexaMPbE obtajmed sachcan aélﬁé‘@ﬁ'—laée@ﬂlsc%f SFREheF the
‘invention is now described with reference to FI.G which i's a f] ow sheet

28 . conm amrwe%%%ewm@%r RATRRNH TS r%aa‘% ri'%%ta‘é?r’di‘?‘ec‘%Y/e?‘?/ 1E)]fn%aseous
0 0cat bope FOPAEL TSl LSt RERRECALS) 060k o 0 STbOH TEMpgnt e
_-t reatl ng ai'no eCIQV§ Igt aesoel?susef'fledégcoaf bc(m.s Ccoo-gl%.r{be%éﬂho%%& that it~
o | makes it p0551ble to develop a. transportable apparatus | '
.Accordlngly, it is preferable ‘to employ the coollng method 1n_.5
 -thlS invention. |
| In carrylng out thlS method, it 1s extremely effectlve for -
'llquefylng the outflow purge gas by cooling means to cause the
outflow purge gas ‘to be dlscharged from the vacuum pump upon.
1ncrea51ng its pressure to 10 atmospheres, preferably to 2
atmOSpheres, exceeding-the notmal atmoSpheric pressure,-before H"
it-is cooled, inject liquid hydrocarbons of the same-p;operties
into an'adsorption'tower immediately before an adsorption
apparatus is_switohed-to_a desotption ptocess upon oompietion
of_ an adsorption proces_s to pntge_ the apparatus, and the'n eVacuate'- '
it under vacuum. In the'methodlof the invention, it is posSible
to'employ the.conventionally:known ESAﬂmethod,.PTSA_method, VSA

method or VTSA method within the scope of the invention.
PRACTICAL EXAMPLE

A practical example of carrying out the invention is now

 described with reference to'FIG..l,-which.is a flow sheet -
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gas by 'using absorption towers 2 and 3 in which adsor bent " | oadi ng )
cylinders 2a and 3a, depressurized water. circul ating outer cylinders 2b
and 3b and inner cylinders 2c.and 3c in which "depressurized cooling
~water™ for cooling adsorbent layers from both inside and outside is ,
circulated and sprinklers 2d and 3d. are arranged, respectively, as shown
in FIG 1. In this practical exanpl e, granul ar- activated carbon ("Ryujo
Hakur o" manufactured by Takeda Chenical Industries, Ltd:) was used as an .
adsorbent.  The practical exanple is now described in-detail referring
to FIG 1. The waste gas (waste. gas contai.ni ng approxi mately 40 vol % of
~gasol i ne. vEgRIgsenuhg el tthodvast ecmstmenty cind  tecovemNRIgagedys a .
bl ower (not shown) or by its own pressure to the adsor bent Ioadlqg  N
cylinder ZWERgamhens wantaisesoipt wemteoges adc¢uding tdeoughbadiasne gas
feedi ng pi 11 (or 11'). Al ready treated waste gas which has gone
t hr ough aré)ficfst}ﬁ' Bt ihcess is rel eased into the atnosphere as air

i ni 1 yol % _of gasoline ~_less (clean gas) fromthe top'of-
“{he “absorpti Bhe (RS (HATIISA D F RS 35aP0r o8 elaiog a gefhodor’
desorpti 5)._th n_outlet pipe, 12 (or 12'). . . The absorptian
Cover o TR bR i ) ek thots doncarnddttizsiatton
29 1j.0 | ion_pr s and.the & . -
Fater- desd0Y “HLES AR ARt IRE000e EEP BBl DA LB B P Lopdng

Bbout 5 e A A R M AR A, P o
both i nsi dyldmdiens SdanbSc AREdrinerf QyDinddty et dOWe in which
' ' _"debressuriied-éoélihg water" for_cleing_adsorbent'layers from

' thh'insiaeland_bufside.is.Cirbuiafed and sprinklers 2d and 3d
are arrariged, respectively, alt.s_show.ﬁ'fin'FI_G. 1.1In th‘is__p'ract.:'i.cal_
:ekample'.,' grariulér _ac'tivateld Cafbbn ("Ryujo Hékur’o_" manufactured
by Takeda Chemical Industries; Ltd.) was uséd as an adsoibent.

 'The'practical.exam§le is now:degéribed*in détail'referrihg
'to FIG. 1. The wasfé gaé'(waste gas containing approkimately‘40'

'Vol% 6f.gaSOiine vapqr).prbdﬁced.by a wasté'gas'source I is
gtiansferred by a blowerl(not shown) or by its own pressure-to'

_ the'_.adsorlber.l_t loading c'ylindef'Za '(3_51') within the abs_orpt'i'én' tower
2-(or 3) through.é-wasté gas-feeding:pipe'll (or 11'").

- 'Already treated w&aste gas which has gone th_rbugh an adsorption
process is released.intb the atmosphere as air containing'i'vol%
of gasoline Vapor or less (cleanlgas)_from the'top-of.the'

'absofption téwer 2 (absorptidn ﬁower.3'after switchingito a
desorption process) through an outlet pipe 12 (or.12'),

The absorpt_ion towers 2 and 3 are alternately switched between
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" by. néans of baffle plates (not shown) installed within the depressurized
‘water circulating outer cylinders 2b.and 3b-and inner. cylinders 2c and 3c
~and flow in countercurrent with respect to the waste gas flow ng wthin
the adsorbent layers. - - Upon conpletion of the adsorption process, the
adsorbent layer within the absorption tower 2 (absorption tower 3 after
switching to the desorption process) is desorbed by sucking it (evacuating
it under vacuum) through an outflow purge gas draw ng tubée 14' (or outflow
purge gas draw ng tube 14)° by using a conpletely dry ' type vacuumpunp 4 -
~(oscillating dry type vacuum punp manufactured by Hori G ken Kogyosha).

. During thignopeftdmeht IoHEe dBsolst idmiprastinad do aihgh lateur-gesgad bededi ng
pi.pe 13 (or purge gas feeding pipe 13') as auxiliary neans. Al t hough

not il ustdedechtian tpdcddre wilidan tgsesy dirscharegected.r dm tthel st @mctlm]al _
during adsorption operation was used as.the aforenentioned purge gas. The
‘conpl et el yexhAgpleypeheaswimg pime beltwesn cher twe Pracesisest was sedr to ab@utther
the output gas (outflow. purge gas) of this vacuum punp 4 was caused to. be ,

-~ di schar gedb arinttedr B R wate hekan \roplimep diteeagsorbent lgyeds

gasol i ne |s used as.a coolant for . the vacuum-pu
30 - - from botlhdnsidg Enﬁa‘%‘bﬁh‘éed”@rﬁﬁaﬁsﬁ&ngf?af)%?%t%kg’a‘s’%ﬂ‘? rfréo\‘f’épor

- produced hy h th £l
npor 7 Hpiiding FhISECL DA L MBS IGO0 SIL0E, G801 0°
' ;5?3;31 or (?epreSSJﬁzga,%Pé)Eﬁ e&ﬂ'ﬂf’féﬂﬂ?g Vcﬁﬂ?é’r I(ﬁifl%dglnse%g %nt()}.]%bOlétnfdl ow

inner cyllnd_er-s_ 2c¢ and 3c and _flow in countercur_rent with .r._espect
to'the waste gas flowing within'thejadsorbent.layers.--

'Uponcompletionoftheadsorptionprocess,theadsorbentlayer
Within-the absorption tower 2 .(absorption to_we'r-3 after switching
to the desorption'proces's') is de'sorb'ed.by 'sucking it (eiracuating
it under vacuum) through an outflow purge gas draw1ng tube 14'h
(or outflow;purge gas drawrng tube 14) by'u51ng a completely'dry:h'
type vacuum pump 4 (osc:Lllat:Lng dry type vacuum pump manufactured
by Hori Giken Kogyosha) During thls-operatlon, purge gas is

.-1ntroduced through a purge gas feedlng pipe 13- (or purge gas
feedlng pipe 13') as aux111ary means.

Although not 1llustrated part of the clean gas dlscharged
from the. tower top durlng adsorptlon operation was used as.the
aforementioned purge gas. Thexcompletely dry type vacuum pump
4 was operated at about 25 torr. Further, the output g'as (outflow

| ._purge-gas) of this'vacuu.m pi:@p 4 was caused to be discharged after
-pressur121ng it to nearly 2 atmospheres. |

L:Lquld gasollne is used as a coolant for. the vacuum pump 4, -
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gas drawi ng tube 14 and 14' (on upstreamside of each vacuum-cutoff valve
in a closed state) which connect the absorption towers 2 and 3 and the _
vacuum.punp 4 byway of an orifice valve 6 and gasol ine vapor: f eedi ng pi pes
- 15 and 15' for executing purging operation. This' increases the density of
‘gasol ine vapor within the outflow. purge gas. Hydrocarbons driven out by

t he purging -operation are returhed to an intake port (not.shown) ofthe

" original absorption tower. Upon conpl eti on of the above operation,
each vacuum cutoff valve is set to an.open position and the concentration
. of -gasoline wvapor contained in the outfl ow purge gas di scharged after
desor pti onand 1xmu3&sgaadsdny1mé19c<aim:amﬁm|@V@bm@tgmlméeﬂipor0 a. _
gasoline recovery .unit 8 by.way of the vacuum punp 4 and a cooling. unit. 7.
~“The cool i Rreficed kihbeafeeyabangaevidr dher putifilbwSpusge Rjaesara:onaamlng . '
cool ant. Gaseous hydrocarbons aré condensed by.the recovery unit 8,

wher eby t I‘E@%]s%ﬂ? n‘éal%ﬂf)o*S o‘éﬁﬁ%ﬁ%‘é@i i EnIBIRFiRAY YARYR afy&slifﬁlldacoverled -

in the formof. lig asol i 3 Si nce some gasoli ne vapor exists in -
that - pOI‘tIQﬁIS%]f Q%g’%egt%as %ﬁcf’ﬁeﬂ’%i%a‘?fb‘f -rbeen condensed by the gasol i ne

recovery unit

r emai ni ng Was'{t'léegeérsaqosratee[dugﬁgal{.geﬁag%rs ged:égnfege’ao e ‘b?’b%l‘i‘ip\ﬁrgea
el L s e L R

source -1 t ergo-f er a sorpt on - opera
~and 3d ar Gré’.l.r\Fé"ﬁP% E‘ibs%@ls's!ta'ﬂg)t\'ﬂﬁléﬁ‘f&gﬁfnect the absorptlon towers 2

and 3 and the vacuum pump 4 _by way of an orifice valve 6 and gasoline
vapor feed'ing pipe's 15 and 15" for e'xec':uting purging operation;
. This increases the_ density of gasoline vapor-within the .ou:tflow

purge' gas. Hydrocarbons dr:tven out by the purging op'erati'on' are
returned to an intake port (not sho_Wn-) of the _o_riginal absorption
toWer | | | | |

Upon completlon of the above operatron, each vacnum cutoff
valve is set to an open pos:.tlon and the concentratlon of gasollne
_vapor contalned 1n.the outflow purge gas_dlscharged_after
desorption is increalse'd_ by t_he‘afore_mentioned 'ope'ration is s'ent.
to'- a gasoline recovery-unit 8 'by way of._the vacuum p_ﬁIﬂp 4 and
a cooling unit 7. : | | | | |

' The coollng unit 7 and the gasollne recovery unlt 8 use Freon '
as a coolant. Gaseous hydrocarbons are condensed by the recovery
unit 8, whereby the gasollne vapor contalned in the outflow purge
gas is recovered in the-form of llquld gasoline.

Since some gasollne vapor ex1sts in that portlon of the waste

'gas Wthh has not been condensed by the gasollne recovery unit’
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of .operation. Should a state of ener gency occur in the adsorbent |ayers,.
they are automatical Iy activated upon detecting a tenperature anomaly -or
snoke and inject water into the respective adsorbent |ayers. In one _
variation, nitrogen gas may be introduced instead of water: = Since the
swi hg tine between the adsorption and desorption processes is as short as
about 5 minutes in this practical exanple as described earlier, the anmount
- of gaseous hydrocarbons . that are -adsorbed does not exceed about 2% .
Furthernore, the cooling neans for renoving heat buildup in the adsorbent
“.layers is constructed by using an innovative design. As a consequence,

"l ocal’ hea8i Mthevaemaiaiog wdsirdgabel adsinbmed [taythse wastewjad deredng.

al nost at room tenperature throughout the whole duration of operation.
The densi tBiRf theigagofprdbagkopipent @ianst mixechwighsthel wastee gantfed he
at nosphere_t hrough the outlet pipes 12 and 12' was substantially 0 vol %
The presentTPMVERR i RSt FRt "f?‘h’?@%dlt@tW?W%g@#h@e%r%ﬁ?l&ﬂl@kaml e
but may be m)dlfled and varled in various forms wi.thin the scope of

i nvent i on,OPeTation As an

e, o ety g s SLBR e EART L U
o ESHEANEL BOOGL4 Pl B ey SERAUELS 0, SRRl
eVaporatedlajéE%}rEhey are automatically activated upon detecting a
temperature anomaly or _smolke and- inj.ec.t water into the resp'ect'ive.
oadsorbentlayers Inonevariation,nitrogengasmaybeintroduced
1nstead of water. |
Since the swing.time between the adsorptionland desorption
_ 'proceSSes is as short as about 5 minutes in this practi.cal' example
'as described earlier; the amount of gaseous hydrocarbons that'
are adsorbed does not exceed about 2% Furthermore,_the cooling
means for remov1ng heat buildup in the adsorbent layers is
constructed by us:.ng an innovative design. As a consequence, local
-heating was prevented-and the adsorbent laYers was maintained
almost at room temperature throughout the whole duration of p
operation '

- The density of the g'aso.line vapor contained in the gas released
into the atmosphere through the outlet pipes 12 and - 12' was
substantially 0 vol%

The present invention is not limited to the foregOing
practical example but may be modified and varied in various forms :

“within the scope of invention.-
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cool ant' (liquid dasoline) of the vacuum punp 4 as the neans for . increasing
the density of gasoline vapor within the outflow purge gas, liquid :
gasoline itself may be separately injected into the absorption tower 2 (or
absorption tower 3) upon conpletion of - an adsorption process before _
runni ng the vacuumpunp 4 for executing purging operation. The Invention’
is intended to enbrace all such alternatives.  I'NDUSTRI AL APPLI CABI LI TY
According to the invention, .it is possible to treat gaseous hydrocarbons
contained in waste gases to decrease the residual hydrocarbon content in
-~ "clean gas" released into the atnosphere to 1 vol%or |less, control the -
-anount of adsdsbeud gasmpis, byuhougthhes1owkaempera0urhelaqueﬁhcﬂiohhe
adsorbent to'a |low |evel, prevent abnornmal tenperature increase within the
adsor bent. heliked xmvgbwreg/d:hmmfsv@r woft Ehpecaolinrgdusiti butdorenpioydt as
~adsorption apparatus, and t hereby provide maximum operating safety of the
adsor pti or@ aas&.lapesvap%aeep@ggme&h@ daridia gbove-descyibedpractical

hydrocarbons - Furthernore;. it has been proved that the invention makes
ple, it is possible to empkoy the absorptloﬁdg%thp Hﬂ?hﬁﬂd-only

--fsi’Ll L R e L i, Bel g8 L v'?ﬁéir%%@o fated Bt of
air polluti &91 ﬂlﬁlulwngr %@ﬁ gggsouhtﬁg &é’éﬂlﬂn?ﬁ: coﬁ c?hl&}e?\é}ed th

absor ption Seéparation me
enpl Oyed : 1ncreas1ng-the_den51ty of gasoline vapor within the outflow purge

gas, liquid gasoline itself'may'be separately injected'into the

absorptlon tower 2 (or absorptlon tower 3) upon completlon of
- an adsorptlon process before runnlng the vacuum pump 4 for

executlngpurglngoperatlon.TheInventldnls1ntendmdtoembrace

all such alternatives, :

INDUSTRIAL APPLICABILITY'

:-Acc0rding.to the invention, it is possible to treat gaseous
.hydrocarbons contained in waste gases to decrease the re51dual_
_hydrocarbon content in "clean gas" released into the atmosphere_
_dto 1 vol% or 1ess, control-the amount of adsorbed gaseous L
hydrocarbon s relatlve to the amount of the adsorbent to a low
level, prevent abnormal temperature 1ncrease w1th1n ‘the |
adsorbent layers to achieve un;form.temperature dlstrlbutlon.in_
the_adsorption apparatus, and thereby'provide:maximunloperating '
isafety of theradSOrption apparatus,.regardless of'the'density
of the gaseous hydrocarbons. | |

Furthenmore, it has been proved”that the inventionfmakes it
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I n- Japan but also sufficiently cope with the newy announced EPA policy
;_of enforC|ng even nore stringent regul-atory standards which woul d | ower .

the criterion to half the current |evel. WHAT IS CLAIMED | S: 1 A
method of treating or recovering a gaseous hydrocarbon contained in waste
~gas-enploying a pair of adsorption apparatus. . which alternately performs -
adsor ption and desorptlon processes, in mhlch the waste gas contai ning the
~gaseous ‘hydrocarbon is passed throughone of the. adsorptlon apparatus so

t hat the gaseous hydrocarbon is-adsorbed by adsorbent Iayers enabl i ng the
~ adsorption apparatus to release the treated waste gas containing.
- substanti apdysiivlgaseas bydyofat bpncomiy avidth thesambtériont b I cwtdﬂﬁsr
adsorption apparatus is switched to the desorption process, the gaseous
-hydr ocar boor da@ser betl klmy thieeUnilted Siatass Edwamninyntalvlawmmnp Agency
separate the gaseous hydrocarbon fromsaid adsorbent |ayers, and the -
gaseous hyERRERT bepgasding oes e‘§r¢¢1§ﬁ¢n%eﬂbﬁr%3elécp@hﬂtmg [JAIROGfAS, said

met hod- bei ng: characterized in - that: 2 doubl e-cyl i nder type or
nu|t|_cy||hygroc§rkpns which could hardly be -achieved by the ‘absorption

OB O B0 BB DSBS RGBSR 5 AR U 00 £
each adsorbegaaé?al il DARHEEIASN % Yol i HOAY Wb

: seI ected T ed car
~ EPA pollcy of enforc:l.ng even more strJ.ngent regulatory standards '

. Wthh would lower the criterion to half the current level

'WHAT IS CLAIMED IS:

1. A'method of treating or.recoveringra gaseOus'hydrocarbon-
contained.in_waste'gas.employing'a pair of adsorption apparatus
'which a'l'ternately performs adsorption an_d desorption pr_oc'esses,
in Which'thefwaste gas containing the gaSeous hydrocarbon is
passed through one of the adsorptlon apparatus SO that the gaseous
hydrocarbon ls adsorbed by adsorbent layers, enabllng the

adsorpt:Lon apparatus to release the treated waste gas contalnlng
substantially no gaseous hydrocarbon, whlle at the same tlme the:'.
otheradsorptlonapparatus1ssw1tchedtx>thedesorptlonprocess,
the gaseous hydrocarbon adsorbed by the adsorbent is drawn by
a vacuum pump to separate the gaseous hydrocarbon from said -

_'adsorbent layers, and. the gaseous hydrocarbon is recovered from

: separated outflOW'purge gas, sald.method.belng characterlzed 1n _
that |

(1) 'double—cylinder.type or multi—cylinder type
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,zeolltes and hydrophobic silica: gel _ (3) smnng time reqU|red f-or
swi t chi ng between-the adsorption and desorptl on processes. is set to 1 to

15 m nutes; (4) each adsorbent |ayer is evacuated under: vacuum
whi | e being purged by using part of clean gas evacuated from each -
adsorbent layer - and/or air in the desorption process; and (5) _

t he gaseous hydrocarbon is recovered fromthe outflow purge gas.. 2. A

- met hod of treating or recovering the gaseous hydrocarbon contained in the.
‘waste gas as defined in claim 1, wherein the synthetic zeolites or the
_hydrophoblc silica gel has adsorption: pores whose average dianeter is

bet veen 4 aixbifi angppaeatus, in ahléhrﬁdmddgérbéﬁ@tllar}@rois HeeQvRdtng t he
~ 'gaseous_hydrocarbon contained in the waste gas as defined in claim1or 2,

wherein  seoelledisey bemtl imy eraté mcl amke emglowdd | By esa i dyo g idre -
hydrophobic silica gel placed on an upstrean15|de and a second | ayer

enpl oyi ng aARAREEYSAt ed carbon pl aced on a downstream si de. - 4. A net hod
of treating or recovering the gaseous hydrocarbon contained in the waste
~gas as defined {4 cl ai mefch/\ﬁéﬁs&rﬁe@&l davest hédam@w%dsayem afeane foéfr

ecover | L SRR RIL SR 0N e spomastin oo RS
gprernat '1?2“%0215152‘3%530#}?& '%ﬁ“ﬁpﬁﬁbﬁfﬁc“‘ﬁgﬁ“d 7 Conpl et ery dry type. vacuum
' purrp ‘whi ch i S e@l Oyeda%wﬁﬂgd t‘i%%“‘f’é‘q%‘i%dt %olre s(afl%%ﬁgh% %etween the
' adsorption and desorptlon processes is set to 1 to 15 minutes;
| (4) '_ each adsorbent layer is evacuated under ‘vacuum
' wh:Lle belng purged by us:.ng part of clean gas evacuated from each
'adsorbent layer and/or a1r in the desorptlon process; and
('5) : the gaseous hydrocarbon is recovered from the
-'outflow purge gas.
2. Amethod of tre‘ating or recovering the gaseous h'yd.rocarb'on'
' ._con_tained in the waste gas.as def_i'ned in claim 1, wherein the
synthetic 'zeolites or the hydrophobic silica gel has adsorption-
pores whose average diameter is between 4 and 100 angstroms.
_ 3.A method. of'_treating or recovering the gaSeous hy'drocarbon
: contained in the waste gas as'd.efined in claim 1 or 2, wherein
sald adsorbent layers 1nclude a flrst layer employing the
-hydrophoblc s:.l:.ca gel placed on an upstream side and a- second'
" layer employ:Lng the actlvated carbon placed on a downstream s:Lde
4. A method of treatlng or recoverlng the gaseous hydrocarbon
a co.ntalned in the waste gas as def:Lned :|.n clalm 1, wherein sald

method comprises, as means for recovering the gaseous hydrocarbon
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'.upon |ncrea5|ng its gas pressure to 10. at nospheres, exceeding the normal
atnospheric pressure; and 2) increasing the density of t he gaseous
hydr ocarbon contained in the outflow purge gas by using as a cooling

" mediuln of the vacuum punp a- liquid hydrocarbon of the sanme properties as
"the gaseous hydrocarbon contained in the wast e gas and returning

resul tant gaseous hydrocarbon to an outl et pipe of a desorption appar at us,
or by injecting the Iiquid or gaseous hydrocarbon. of the sanme properties
into the adsorption apparatus upon conpletlon of the adsorption process to -
purge the apparatus and evacuating "it under vacuuny and then accelerating

‘1i quef acti Efbxf?ftﬁélewﬂsﬂ@éfo%@s YT CBs hesedyi oghé nges dxpiomassd@ssd i ng
recovery of the gaseous drocarbon by an absorption nethod. - 5. A

met-hod of éebdyigg i dorddvartinm blfeegasaahsohydndearxtncmmcmd @urgd.nign t he
-waste gas as defined in claim1l which is characterized in that at |east a
speC|f|ed opmmamlon,athe|ste§$dofmhen the state of reduced pressure- created .
in the desorption process is returned to the nor mal atmospheric pressure
~when switchi &y beuwrésd the 9§§§l9W|EHr§ﬁdgééseﬁpﬁlGﬁmBiSEésgegrYntXHPd
step (3).

“rethod of Yma\emmw%%vlér?ml%%d@és%%@ m&mﬁo %%ﬂia%%qeﬁi t he
waste-gas as defined in claim4 which is: - char rized i th d

of the mas‘ﬁ‘%oﬁajsn%?%ﬁl%%sa%tga%éeﬁe%%%n% cil‘a(fr‘i'&t%OSpqi e]%sdf e%ﬁ cgll on
fﬁew“d_em@ﬁé%@ogmal DEnSYBALPYC PPEQES GRS, | ang ot ur ned To an [ ntake port of

2)increasing the dens:.ty of the gaseous hydrocarbon contalned

fin'the outflow purge gas by u51ng as a coollng medluln of the

| vacuum pump a llquld hydrocarbon of the same propertles as the_
gaseous hydrocarbon contalned in the waste" gas and returnlng
resultant gaseous hydrocarbon to-an outlet plpe of a desorptlon .p
apparatus, or by 1nject1ng the llquld or gaseous hydrocarbon of_
the same propertles lnto the adsorptlon apparatus upon completlon
7of the adsorption process to purge the apparatus and evacuatlng
1tundervacuum,andthenacceleratlngllquefactlanofthegaseous
hydrocarbonbycwollnglt,oracceleratlngrecoveryofthegaseous
hydrocarbon by an. absorptlon method _

5. A method of treatlng or recoverlng the gaseous hydrocarb
on contalned in the waste gas as deflned in clalm 1 which lS.
characterlzed in that at least a spec1f1ed amount of air is used'
when the state of reduced pressure created in. the desorption
'process is returned to the normal atmospherlc pressure when
'sw1tch:|.ng between the adsorption and desorptlon processes in said

step (3).
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- absorpti on appar at us. 7. A nethod of treating or recovering the gaseous
hydrocarbon contained in the waste gas as defined in claim1, 2, 4, 5 or
-6 Which is characterized in that the density of the gaseous hydrocarbon
~contained in the waste gas rel eased fromsaid adsorbent layers into the
at nosphere ‘i's | owered to 1 vol % or | ess. ABSTRACT OF THE DI SCLOSURE
. A nethod of treati'ng -a gaseous hydrocarbon Contained in waste gas by u3|ng
~adsorbent” | ayers of single-tower or multi-tower conflguratlon is
.characterized in that (1) double-cylinder type or multi-cylinder type
: adsorptlon apparatus, in which each adsorbent layer is indirectly cool ed
by cooling watera meitéodeaP | tyeat iagy BHSI0% (VeI IR fraveag aise ol 2 h yeaeiraadtwer bent
layer is "a packed |ayer of one or nore kinds of materials selected from :
activat ed cambaimedyim hehé cwasod i gas aslddélydmothm)lclslmltaﬂlgmn ig3) swi ng -
- time required for switching between adsorption and desorption processes is
'set to 1 teharreienized imjthaicle aorddisanof Fhpevaste egas uthiech llmfernod-'acuum

whi | e being purged_ by using part of clean gas evacuated from each :
adsor bent' PesRrceripsedi}lithe step of liquefaction by condensatjpn of

the desorption ess: and t he aseo hydr ocarbon i's recovered from
he, desor bl O DLLFESSia0d (5) Lhe g S R RS AN g

;-tenperaturf%%gféfféﬁs%ﬁégiggg ch adsorbent |ayer and enhance the safety.of

the appara pOSSIb|e to- decrease the residual gaseous
hydr ocar bon antzﬂhtethod of treatlng or recoverlng the gaseous hydrocarbon

'-contalned in the waste gas as-deflned in claim 1, 2, 4 , 5 or
_ 6 which is characterlzed in that the den31ty of the . gaseous
hydrocarbon contalned in the waste gas released from said

adsorbent layers into the atmosphere is lowered to 1 vol% or less.

. ABSTRACT:OF THE DISCLOéURE
| A method of treating a gaseous hydrocarbon c.:o.ntained in waste
_gas by u31ng adsorbent layers of 51ngle tower or multi- tower .
_conflguratlon.ls characterlzed.ln that (1) double~cylinder type.
or multl—cyllnder type adsorption apparatus, 1n,wh1ch each
adsorbent layer is indirectly cooled by cooling water, are
employed as adsorption apparatus;h(Z)_eaeh adsorbent”layer-is
‘a packed layer'of one or more kinds of materials selected from
activated carbon, s'ynthe:tic z_eolites and hydrophobie si_lic;a gel;
(3) SWing time required-for switching between adsorption'and
deSo_rption processes is set tol to l5 'minutes; (4). each adsorbent
layer is evacuated under vacu’u'm. while being purged by using part.

of c¢lean gas evacuated from each adsorbent layer and/or air in
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of . t e wast e gas rel eased into the atnpsphere down to 1 vol % or - - | ess. :
VHAT I'S CLAIMED | S: 1. (Canceled) . ‘(Cancel ed) . 3. (Anended)-A
methad  of treating or recovering a gaseous hydrocarbon contained in waste
'gas -enpl oying a pair of adsorption apparatus which alternately perforns
,adsorptron and desorption processes, i'n which the waste gas cont ai ni ng the
gaseous hydrocarbon is passed through-one of t he ‘adsor ption apparatus so
- that the gaseous hydrocarbon is adsorbed by adsorbent |ayers, enabling the
adsorption apparatus to release the treated waste gas containing .
~substantially no gaseous hydrocarbon, ‘while at -the sanme tine the other
adsor pt i ontiey pdd b1t icn sytdcdes); tand hed) 150 | g $ O P I IDPdSGCa Hiben gseous
~hydrocarbon adsorbed by the adsorbent is drawn by a vacuum punp to
Separate trmccgsae;ne@drsfrdmy«bmcfé.rolwmurgerga;sar Thedsmebbod hakes sit podstiipd e
gaseous hydrocarbon is recovered from separated outfl ow purge gas, said

" . net hod be|t@)pﬁﬁyenn(abngpmalntpmpprature increase within each adsorbent38

(1) doubl e-cylinder type or multi-cylinder type adsorption apparatus in
whi ch eachla@orashe thej AL EY (9T theoPPRATB}USool F nyl SR make s

'_enployed as saj.d adsorption a rat us;, éﬁgadsorpa’ | ayers include a
first | aydOSHRbSi ‘{) qﬁ)% ’%’tﬁ] ds}’ratjr HFEaYS éjtta‘f(? % tte
. side and 2 Eqﬁﬁp%aste gas released 1nto the atmosphere down to l'vol% or .

-less.

WHAT IS CLAIMED IS:
1. (Canceled)
."2. (Canceled)
3; (Amended) A method of - treatlng or recoverlng a gaseous

' hydrocarbon contalned in waste gas employ:r.ng a palr of adsorptlon-"

"apparatus Wthh alternately'performs adsorptlon and desorptlon
'processes, in which the waste gas contalnlng the gaseous
hydrocarbon 1s passed through one . of the adsorptlon apparatus
S0 that'the.gaseous hydrocarbon.ls adsorbed;by'adsorbent layers,

' enabling'the'adsorptionxapparatus to_release“the-treated'waste
gas containing substantially no gaseous hydrooarbon, While'at :
the. same time the other adsorption apparatus.is switched to the

'_desorptlon process, the gaseous hydrocarbon adsorbed by the
adsorbent is drawn by a vacuum pump to separate the gaseous

| hhydrocarbon from said adsorbent layers, and the_gaseous_
' hydrocarbon.is recovered_from.separated outflow'purge gas, said

'.method being characterized'in that:
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Iayer enployrng t he activated carbon pl aced on a domnstreanrsrde as said
adsor bent | ayers. (3) swing tinme required for switching between the -
adsorption -and desorption processes:is set to 1 to 15 minutes; (4) each
adsorbent |ayer is ‘evacuated under vacuunrmhrle bei.ng purged by usi ng part
of clean gas evacuated from each adsorbent - layer and/or air in the
.desorption process; and “(5) the gaseous hydrocarbon is recovered f'r om
"the outflow purge gas. 4. (Anended) ‘A-method of treating or recoverlng
- a .gaseous hydrocarbon contained in waste gas enploying a pair of _
adsorption apparatus which alternately perforns adsorption and desorpti.on
processes, i qilydoabliheylastie rgaypeobirainnilitg-the igaseouypehydsoeprthon i s
passed t hrough one of the adsorption apparatus so that the gaseous

hydr ocar baapparaitssy bied iyl chlssadierdddonpmrs;, Lagreabliisng ridiereaddgr ploodred
‘apparatus to release the treated waste gas containing substantially no :
gaseous hykly czeebiong wiiter, aare terpkeyed tasresahd aiserpbidywranparatippar at us
"is'switched to the desorption process, the gaseous hydrocarbon adsorbed by

t he . adsorbed?)?gdeéﬁﬁtb aXe¥§CGU§#HGﬁpat§l§§6aﬁéﬂértﬁ@Pé§§éBGs '

- b f
'EgdrocaL b OH SRR L % o B2t OB P B bEe g $4aS S ¢ S%Eﬂrddaseous

t - d
Pvpe adoor BT Eh %%Slag&aguﬁﬁe.%cm‘%% 0858#3&3%1% ?qraépfor%sr%%&rtr'l &#rey” ©

cooled - as Sald adsorbent layers.

(3) sw1ng tlme requlred for sw1tch1ng between the adsorptlon
~and desorptron processes is set to 1 to 15 mlnutes;_

_(4Xeach adsorbent'layer.is-evacuatedfunder‘Vacuunrwhileibeing_
y.purged by using part of clean gas evaCuated from.each adsorbent
- layer and/or air in the desorptlon process, and

- (5) the gaseous hydrocarbon is recovered from the outflow purge

gas. | |
4, (Amended)_A method;of treating or'recovering a gaseous .
._ 'hydro'ca_rbon.clontained in was_te:gas 'employin_g a pair of adsorption' '
apparatus which alternateiy'perfOrms'adsorption and desorption
'proceSSes, in which’ the waste gas contalnlng ‘the gaseous -
hydrocarbon is passed through one of the adsorptlon apparatus_
so that the gaseous hydrocarbon is a-dsorbed.by adsorbent layers,
.enabllng the adsorption apparatus to release ‘the treated waste_'
.gas contalnlng substantially no gaseous hydrocarbon, whlle at
-the same time the other adsorptlon apparatus is sw1tched to the
'desorptlon process, the gaseous hydrocarbon adsorbed by the |

dsorbent is drawn by a vacuum pump to separate the gaseous
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by. cool.d ng wat er, are enpl oyed as said adsorption apparat us; (2) each
adsorbent |ayer is a packed |ayer of one or nore kinds of materials
.se1ected from activated carbon, synthetlc zeolites - and hydrophobic silica-
gel ; (3) swing tinme reqU|red for . swi t chi ng between the adsorption and
_desorptlon processes is set to 1 to 15 m.nutes, and - (4) each adsorbent

| ayer is evacuated under vacuum while being purged by using part of clean
gas evacuated from each adsorbent l.ayer and/or air in the desorption '
pr.ocess; and (5) .the gaseous hydrocarbon is recovered fromthe outfl ow
purge gas, and as means for recovering the gaseoushydrocarbon fromthe

wast e gas WfdEdcaSossetirdm 4B ARSI Tipsess Sl e Ngageo@dnbi nation
of evacuation under vacuumand purging operation, the steps’ of: R

.causi ng thwdmﬁéérwmpursgeegase@‘edafrmm@ae&@teu yutypew pacgenggsy maishi ch -
is enployed as said vacuum punp to be discharged upon increasing .its gas
pressure tmﬂl@b@thmmra@b@ewmglnttmhornnl at nospheric pressure;. and
'2) increasing .the density. of the gaseous hydrocarbon cont ai ned inthe
“outfl ow pur gé lyadowplesicidinsges &EyoLi A tamcyi indery fypgmpdsorption

40 punp, a |iquid hydrocarhon of  the sane properties as the
gaseous I‘@Rﬁ%‘é%‘?‘b%n Jf:‘brf’(l}aFr‘T'Rec1°—"’}‘FF1 1S HRaE dffs\’%d-sr étwer?g:lryeﬁﬂotl&ﬁit

‘gaseous hydrocarpon to an out | et a desorp arat us o
o eot ng haSeo bRy G Ene it TGSt i S0 i SEnBEH Sanalis
1t he adsor pt' QE)aé’é’éﬂ %tdé r'fj%?ﬂ: ESQBL% 91 gcf:ke&%.ayer of one or more kinds |

: ' of:materials selected from.activated.carbon, synthetic zeolites .
and hydrophobic-silica gel; - | |
| (3) swing time-r'equired“for.s.wit.ching between the adsorpti'on'_

and desorption processes is set to 1 to 15 minutes, and

(4) -each adsorbent layer is evacuated under vacuum while being '
purged by us:Lng part of clean gas evacuated from each adsorbent
ilayer and/or air in the desorption process; and

(5) the gaseous hydrocarbon is recovered from the outflow purge_ _

_gas,_ and as means fo_r recovering the gaseoushydrocarbon from the
waste gas which is used in .th_e-'d_esorption 'process empioying a.

- combination of.evacuation under vacuum and purging operation,
the stepshof: | | o - |

1) causing the outfiow éurge gas of a completely dry tvpe_

.. 'vacuum pulnp which is emp__loYed as said vacuun_l pump to be discharged

: upon' increasing its gas'_pr_e'ssur'e to 10 atmos.pheres, exc_eeding_
th_e ‘normal atmo'spherich pressure; and o

'2) increasi'ng the density of.t-he gaseou_s hyd'roc.arbon contained

_ i'n the outflow purge gas by using_as a cooling medium of the vacuum



adsorptd on process to purge.the apparatus and evacuating it under vacuum -
and then accelerating |liquefaction of the gaseous  hydrocarbon by cooling
It; or accelerating recovery of the gaseous. hydrocarbon by an absorption
~method. . 5. (Amended) A nethod of treating or recovering a gaseous.

hydr ocar bon contained in waste gas enploylng a pair of adsorption
‘apparatus which alternately perforns adsorption and desorption " processes,
i nwhi ch .t he wast e ‘gas containing the gaseous hydrocarbon is passed t hrough -
-one of the adsorption apparatus 'so. that the gaseous hydrocarbon is .
adsor bed by adsorbent |ayers, .enabling the adsorption apparatus to release
- the treat gsumsd @io@dsl ﬁyakacarngnsubs&mtsaaiel propedasesuss ik eaasdurs,
while at the sanme tinme the other adsorption apparatus is switched to the
desor pt i orhydosesshon heompesiamad iy dhecaabbs gds caé d-dtyurrhieng. agsurlientt i s
drawn by a vacuum punp to separate the gaseous hydrocarbon from said -
adsor bent ¢ayerss haniradesbyas bolan owrdedcpiberof ¢ desomtmnfarmr%p@nat ed
outflow purge gas, said nethod bejng characterized in that: (1)

doubl e- cyl 9hdey Jerymcpmmume -quidier t%v‘ee% xﬁn%rl%pb&fatw ﬁé\me\m. ch

each adsorbent | ayer is |nd|rectI¥pcooI

41 propert szs aaﬁq rgevagee! 5+%naﬁﬂmfdlsaé1p§a aoaaést?Po%f the
apparatus éé% adsoEbent | ayer. is a ackegdl oj Qne, or Jiore
ki nds ?r%?%’? QT PHOSEERIET PAT IS, 0S APPR TSR r?tcﬂl@t @ngeBIuint ®and

hydrophob'f Shbh§ 298! tnen aééglémlgné'ffqaeeﬁg&f&fef mtg@w&@et ween

the adsorption
' g hydrocarbonbycwollnglt,oracceleratlngrecoveryofthegaseous

lghydroearbon by.an-absorptlon.method.
| 5. (Amended)_A-method-of treating or.recovering a gaseous
“hydrocarbon contained in Waste'_gas emp'l.o_yi_ng a pair of adSorption-
:.apparatus which.alterhately'performSuadsorption and desorption
processes,_lnwhlch the waste gas contalnlng the gaseous |
_hydrocarbon is passed through one of the adsorptlon apparatus
so that the gaseous hydrocarbon is adsorbed by adsorbent layers,'
enabllng the adsorptlon apparatus to release the treated waste |
gas contalnlng substantlally no gaseous hydrocarbon,.whlle at
the same time the other adsorptlon apparatus is sw1tched to theh
'desorptiOn-process, the-gaSeous hydrocarbon adsorbed by the:
;adsorbent-is drawn by a.uacuum pump to separate.the gaseous
hydrocarbon from sald adsorbent layers, and the gaseous
.hydrocarbon is recovered from.separated outflow;purge gas, said
_ method belng characterlzed in that
(1) double- cyllnder type or multi- cyllnder type adsorptlon

_apparatus,xin which each_adsorbent layer'is indirectly cooled



and desorption processes is set to 1 to 15 nminutes, and .at |least a
_specified ampunt of air . is used when the state of reduced pressure..created
in"the desorption process is returned to the normal -at nospheri c pressure
;mhen swi tchi ng between the .adsorption and desorption processes, and
(4) each adsorbent |ayer is evacuated under vacuum whi | e. being = purged by
. using part of clean gas evacuated from each adsorbent . |ayer and/or air in
t he’ desorption process; and (5)- the gaseous hydrocarbon is recovered
fromthe outflow purge gas. 6. A nethod of treating or recovering the
~gaseOUS hydrocarbon contained in the waste gas as defined in claim4 which
char achgréasTling waredr 2 Pos templ ®fed hes vesie gdsompi odn haspamdtubeen
_condensed in the step of liquefaction by condensation of the outflow purge
"gas is returned ¢achrdsurddentpdayenfig laepacksdlptieanofippee arusore kingls.
_(Anended) ‘A nethod of treating or recovering the gaseous hydrocarhbon
- cont ai'ned of matenm%sgéecagddﬁrm@d:ﬁwameﬁ gagbong syigheBigupesd iites
characterized in_that the density of t he gaseous hydrocarbon contained in
the wast e 328 REHERRRAIE 0P 5HFY geli | ' 42

adsor bent | I n 9
S .:ay(%)s %158 ti‘xﬁe arteraousiprhed %olr?_slﬂgseghgggtbe%we/gn /toki)er ade sorption

.and desorption proceSses is set to 1 to 15 minutes, and at least

a specified-amount of air is used when the state of reduced

. pressure created in the desorption process is returned ‘to the
"'normal atmospheric pressure when sw1tch1ng between the | -
R adsorption and desorption processes,'and .

(4) each adsorbent layer 1s evacuated under vacuum while being
:purged by u51ng part of clean gas evacuated from each adsorbent

e'layer and/or air in the. desorption process, and

(5) the gaseous hydrocarbon is recovered from the outflow purge
gas. _ : _

6. A method of treating or recovering the gaseous hydrocarbon
contained in the waste gas as defined in claim 4 which is
.characterized in that.a.portion of the_waste_gas which has not
heen'condensed in the step of=iiquefaction by_condensation ofa'
:the outflow purge gas is'returned'to.an intake port of-the

. absorption apparatus. B | |

7; (Amended) A method of,treating or recovering the gaSeous
;hvdrocarbon cOntained in_the'waste'gas.as defined in claim 3,

_ 4, 5 or 6 which is characterized in'that the, density of the' gaseous - '

-hydroCarbon-contained in the waste gas released from said
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: adsorbe_nt layers _ir_lto the atmospheré is lowered to 1 vol% or less.
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