1 DESCRIPTION METHOD OF PURIFYING LARGE QUANTITY OF
EXHAUST GAS CONTAINING DILUTE VOLATILE HYDROCARBONS
TECHNICAL FIELD [0001] The presént invention relates to a method of
purifying an exhaust gas containing a dilute volatile hydrocarbon. The
present invention particularly relates to a method of purifying a large
quantity of exhaust gas containing dilute volatile hydrocarbons that is
emitted into the atmosphere, i 0 a method for purifying a
large quantity of exhaust gas me volatile hydrocarbons
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simpler than an adsorption
BACKGROUND ART

[0002]

In the past, numerous methods have been proposed for treating an exhaust gas
containing volatile hydrocarbons. In particular, combustion, adsorption, absorption,
membrane methods, and the like are known as treatment means for preventing pollution and
satisfying legally mandated limits for the concentration of volatile hydrocarbons in exhaust.
[0003]

Among these, combustion methods are advantageous in that the methods can be
regarded as the only methods that can achieve zero emissions when treating a large quantity of
exhaust gas in which the volatile hydrocarbons contained in the gas are extremely diluted, i.e., a
large quantity of exhaust gas in which the content of volatile hydrocarbons is on the order of a
few dozen to a few hundred parts per million, and the quantity of the gas is several thousand to
several tens of thousand cubic meters per hour. Furthermore, both regenerative combustion
methods and autothermal catalytic combustion methods are simpler than an adsorption
method, absorption method, membrane method, or other methods, and can be readily carried

out extremely inexpensively.



method, absorption method, membrane method, or other methods, and
can be readily carried out extremely inexpensively. 2 [0004] However,
the overriding drawback of such comBustion methods is that not only is it
impossible to reuse the volatile hydrocarbons, a "massive release of
carbon dioxide gas" accompanies the combustion. In this respect,
exhaust regulations for carbon dioxide gas, which is the primary cause of
[000 Lglobal warming, have recently been legally mandated by the "Kyoto
rotocol,” and the combustion method may soon be under debate in
conRideratiom® bitiei diaghdrrebads ohsithxdhabinayrbmehadied thdheot only is it
near future. [0005] On the other hand, the adsorption methods, which are
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the following problems arise when treating large quantities of exhaust gas
[Ooogontaining extremely dilute volatile hydrocarbons. Namely, when a
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standards, the volatile hydrocarbons in the exhaust gas pass through the
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guantities of adsorbent must be used in order to achieve a contact time
[0006@jecessary for adsorption. Furthermore, the abovementioned adsorbents,

anﬁgvavgiir%gl%lé/ %ﬁ%@&%& rp%lglreo PEAE when treating large quantities of exhaust gas
containing extremely dilute volatile hydrocarbons. Namely, when a conventional adsorbent is
used; e.g., a hydrophobic silica gel, zeolite, or a microporous activated carbon, the time
necessary for adsorption, i.e., the contact time with the adsorbent, is determined in advance
according to the adsorbent that is used. For example, the contact time for activated carbon is
about 2 to 5 seconds, and the contact time for hydrophobic silica gel is 10 to 15 seconds.
When the contact time exceeds these standards, the volatile hydrocarbons in the exhaust gas
pass through the adsorbent layer before being adsorbed by the adsorbent. Consequently, when
a large quantity of exhaust gas is treated, unnecessarily large quantities of adsorbent must be
used in order to achieve a contact time necessary for adsorption.

Furthermore, the abovementioned adsorbents, and particularly zeolite or microporous
activated carbon, have excellent adsorption performance, but poor desorption performance.
The majority of these adsorbents are therefore desorbed as a result of heat desorption caused by
steam or by air heated to a high temperature (see Non-Patent Reference 1).

[0007]



activated carbon, have excellent adsorption performance, but poor
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activated carbon system" and the "honeycomb rotor system" are both
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to 5000 ppm, and it is less economical to extract volatile hydrocarbons of

adsotbgd porftanis atiosfitoicddoohe gepensdseas igtautheaasitigried the rotor, desorbed by
air that has been heated to approximately 200°C, and extracted from the system at a self-

s system,

combustible concentration; i.e., as a concentrated gas having a concentration of approximately
2000 to 3000 ppm. This series of steps can be continually carried out by the rotational
movement of the honeycomb rotor.

[0009]

The "fibrous activated carbon system" and the "honeycomb rotor system" are both well-
known in the prior art. However, problems have arisen in that the concentration of the
concentrated volatile hydrocarbons is at most 1000 to 5000 ppm, and it is less economical to
extract volatile hydrocarbons of this concentration for recovery purposes without causing them
to combust. The present inventors have therefore experimented with a novel approach for
solving these problems

Specifically, 99% or more of the volatile hydrocarbons contained in the exhaust gas can
be recovered by changing the adsorbent used in the systems described above to "an agent that
can be desorbed merely by the combined use of a vacuum and/or room-temperature nitrogen

and ambient air," or by using an adsorption/desorption unit that has been previously developed
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concentrated to a certain degree. [0010] This agent; i.e., adsorbent, is a
[001§ovel activated carbon that can be desorbed merely by vacuuming and
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[0011] Prior to the present invention, the present inventgrs had proposed
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carbon with synthetic zeolite or hydrophobic silica gel, which are widely
for hepsing 1o Heprifionead, whéordasarliiplasiagdpsnisde Patent Reference 1). This
[0011t eatment method is characterized in being "a method involving the use of
n adsorption layer loaded with a mesoporous activated carbon
préeaatectheijiesetaiitention, the present inventors had proposed "a method for treating

an exhaust gas containing volatile hydrocarbons" using the activated carbon independently, or
by combining the activated carbon with synthetic zeolite or hydrophobic silica gel, which are
widely used in the prior art, to form multiple layers (see Patent Reference 1).

This treatment method is characterized in being "a method involving the use of an
adsorption layer loaded with a mesoporous activated carbon precoated with volatile
hydrocarbons, or a multilayered loaded layer in which a similarly precoated hydrophobic silica
gel and/or zeolite are combined; during desorption, a purge gas is used in conjunction with a
vacuum pump, and the adsorption/desorption switching time is 1 to 30 minutes."

[0012]

Examples of methods that are related to an adsorption separation technique and that are
generally used in the field include "a method involving the use of an activated carbon as an
adsorbent; and, during desorption, solely using steam or another similar heating medium to

carry out desorption (see Non-Patent Reference 1 cited above)," and "a method involving the



hydrocarbons, or a multilayered loaded layer in which a similarly
precoated hydrophobic silica gel and/or zeolite are combined; during
desorption, a purge gas is used in cofjunction with a vacuum pump, and
the adsorption/desorption switching time is 1 to 30 minutes."” [0012]
Examples of methods that are related to an adsorption separation
technique and that are generally used in the field include "a method
use JPUONIRAIE Usie! an.agtuatedcarban as an adsprbent, andyduingicy gel, or
esorption, solely using steam or @other similar heatirig medfum to carr
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(see Fats8R§MGEMIS Aent Reference]: "Separation Technology,” Vol. 33, No. 4
[OOIC(FPf 174 consecutive volumes); published by the Society of Separation
rocess Engineers; July 31, 2003; pp. 18 to 20. [Patent Reference 1]:
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adsorption and rption processes occurs over 1 to 15 minutes. In other

words, DISCLOSURE OF THE INVENTION
[Problems the Invention Is Intended To Solve]
[0014]

As can also be seen in Patent Reference 2 cited above, in conventional adsorption
methods, synthetic zeolite or hydrophobic silica gel is used, and switching (swinging) between
adsorption and desorption processes occurs over 1 to 15 minutes. In other words,
conventional methods involve the use of a "swing system." This adsorption method includes
ordinary adsorption/desorption switching means, and is not a particularly novel method.
However, any of the methods can be considered an excellent method in cases involving the use
of exhaust gases that are present in small quantities measuring one thousand cubic meters per
hour or less, and that contain hydrocarbons in a dense concentration of ten thousand parts per
million or greater.

[0015]

However, these methods require the use of several adsorption columns that are

normally 5 m or greater in diameter and more than 10 m in height. Therefore, such methods

are not suitable for treating large quantities of exhaust gas in which the concentration of the



conventional methods involve the use of a "swing system." This
adsorption method includes ordinary adsorption/desorption switching
means, and is not a particularly nove]l method. However, any of the
methods can be considered an excellent method in cases involving the
use of exhaust gases that are present in small quantities measuring one
thousand cubic meters per hour or less, and that contain hydrocarbons in
a dense concentration of ten thousand parts per million or greater. [0015]

hydrddR¥snotbanedtaikads RaHiettme diebsorrabodspintianesslemnseveral ten
that are normally 5 m or greater in diameter and more than 10 min height.

to severibprans BR e Rodd tarRO PeImaBRArs: Hoigh G eAgabaRfifERAt 825 far

excee%q%';tﬁ(g?@.m Pl 5n7ABESPHA AR Rh SRS ﬁsiﬂgdﬁ%ﬁ%?%ﬁ&%&%%n or a
therein is at an extreme dilution of 10,000 ppm or less; e.g., several ten to

honegewababthojustbat ¢ip mdeshei®qu20et prthisiaddn which the quantity of

exhaust gas far exceeds 00 m3, Adsorptiop/desorption methods. .

S R R L UER P  eE POr T LD R s than
90%. reRigieagentsedpistiad thaki guiny@aGephiibe afdaab el aveigeshtities of such

because the recovery rate thereof is less than 90%. Instead, a concept
extremely Aillate arhatsheatpiarpmanageable and will ngvitahly serabuy @fter the extremely
di Qe Ui RRaH $haRh S HORANRAF aRIG PR JARYIARN dred parts

ﬂute??r@ust a??tier t%rtla extremely Zﬁgg hydrc%:@g}rbons contsained therein e parts pet

millicg@phaexibeate josesmratad g tossFverabhstiblr ehpanggien failivaxineately 2000 to
been cancentrated to a self-combustjble concentratign,(approximatel "
6000 350 o OB BT, L0 TSP HE e A SOTBAERL G2BLY 1 BEHEAU g gystem’
a highRAREYLAME, KA BiHREMperat il Pinsitiaa'Zeplive. ;8 Nd(TIuR HeteRaR i @arry out

purge air" of 150 to 200C is necessary to carry out desorption. [0016] In
desorfii®ase that large quantities of an extremely dilute exhaust gas are
[0016§reated as described above, combustion systems are more economical

han the abovementioned methods involving switching between
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emjssions, combustion systems cannot recover volatile hydrocarbans, as
descriEd FVO%Er SBPURSHOPVBIEIALE ESTC RSBk B e A S TRET R dRah fmethods
involV@igaspiehamy eaieXida8s8Astion and desorption. However, despite being able to

achieve zero emissions, combustion systems cannot recover volatile hydrocarbons, as described

above. Drawbacks are also presented in regard to the massive release of carbon dioxide gas
into the atmosphere.

Consequently, a technological demand currently exists for the development of an
adsorption method that is able to recover small amounts of volatile hydrocarbons contained in a
treated large quantity of a dilute exhaust gas, that produces no carbon dioxide gas emissions,
and that is economical.

[0017]

The present invention was devised in view of the foregoing problems, and provides an
adsorption and desorption method that is a continuation of the treatment method disclosed in
the abovementioned Patent Reference 1, wherein activated carbon is used independently, or is
used in combination with hydrophobic silica gel or synthetic zeolite, and wherein steam or air
heated to a high temperature does not need to be used during desorption. The present

invention incorporates means for concentrating volatile hydrocarbons contained in large



into the atmosphere. Consequently, a technological demand currently

exists for the development of an adsorption method that is able to recover
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[0019]

Specifically, the "law related to improving the control and management of the amounts
in which specific chemical substances are discharged into the environment;" i.e., the so-called
"PRTR law" enacted as of April 2002, is a total emissions regulation for all factories, rather than
an emission concentration regulation as has been instituted in the past. Therefore, in order to
protect the environment, malodorous gasses generated indoors in petroleum plants, chemical
plants, laboratories, pharmaceutical plants, and the like are now not so readily able to be
emitted in large quantities to the exterior of the building via ducting.

Consequently, in many plants, coarse particulate, acidic substances, and alkaline
substances are first flushed out from the large quantities of exhaust gas released into the
atmosphete using a water column, whereupon the exhaust gas is emitted into the atmosphere.
However, a problem arises in that uncontrollable amounts of VOC'’s are not dissolved in the

water. Furthermore, the moisture in the emitted exhaust gas is nearly saturated.



[0019] Specifically, the "law related to improving the control and

management of the amounts in which specific chemical substances are

discharged into the environment;" i.e.8the so-called "PRTR law" enacted

as of April 2002, is a total emissions regulation for all factories, rather than

an emission concentration regulation as has been instituted in the past.

Therefore, in order to protect the environment, malodorous gasses
[Oozﬁenerated indoors in petroleum plants, chemical plants, laboratories,
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whereupon the exhaust gas is emitted into the atmosphere. However, a
thesemaybhastian sesiamsivatlgrenmedy dbrbiastedie 67V 9®@C's are not dissolved
[002f the water. Furthermore, the moisture in the emitted exhaust gas is
early saturated. 8 [0020] These large quantities of dilute exhaust gas
haveitoheentienatiythees it eaiedthsingsandiiechoabtisiiDa sysSieeent Avention.
catalytic combustion system, as described above. However, emission

They, digt fatshdedrasis Bioh RIRRAER Pad ey BB S tEP R RIVTaR @y A liquid”
in ord&3o BRdvERERBIRRIBIPUSIIPN YRR MR Wil QUsNIIIYHBE ahiReess Owherein large

review. [0021] With these circumstances in view, the present inventors
quangifigyedf qxkaespreasepeniriamgpAilutthbydieradanrs tare besiscbbs peopasiiga novel

"recover the volatile hydrocarbon content.as a,liquid” .in order tQ "prevent
adsog 8 MG R B RO PN A el SR S ot are
differghiafititieshef prtans; gL dnaiingi« ythdiasosarinonrsl avetirdatiesiyst gas are

combining a novel adsorption method and desorption method that include

remoyes, Apd ATRHNLSEIGRS RGNS SHe different from the prior art; all of the

[0022/0latile hydrocarbons mixed with the exhaust gas are removed; and zero
emissions are achieved. [0022] Specifically, a problem that the present
invenegdicadyineentddeto duivéhis poepgolvidecation is intended to solve is to provide a

"method for purifying an exhaust gas containing volatile hydrocarbons." According to this
method, an exhaust gas in a volume of 1,000 m’/hr or greater having a volatile hydrocarbon
concentration of 10,000 ppm or less; in particular, a large quantity of exhaust gas in a volume of
more than 10,000 m’/hr and having an extremely dilute volatile hydrocarbon concentration of
several thousand parts per million or less (i.e., a large quantity of an exhaust gas having a
volume of 10,000 m*/hr to more than 200,000 m’/hr and having an extremely dilute volatile
hydrocarbon concentration of 2000 ppm or less) does not have to be made to combust; 1.e.,
carbon dioxide gas is not released, and volatile hydrocarbons contained in the exhaust gas can
be recovered as a liquid. This is one method among those used for purifying an exhaust gas in
order to comply with legally established anti-pollution regulations. In addition, the present
mvention provides the abovementioned method in order to achieve "zero emissions" with
regard to volatile hydrocarbons.

[0023]

In summary, problems that the present invention is intended to solve include:



"method for purifying an exhaust gas containing volatile hydrocarbons."
According to this method, an exhaust gas in a volume of 1,000 m3/hr or
greater having a volatile hydrocarbory concentration of 10,000 ppm or
less; in particular, a large quantity of exhaust gas in a volume of more
than 10,000 m3/hr and having an extremely dilute volatile hydrocarbon
concentration of several thousand parts per million or less (i.e., a large
guantity of an exhaust gas having a volume of 10,000 m3/hr to more than
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a

2) proyiging 4o frecRtisial: acqrarpisalL RBHsioR fBeRomh D st adspmtion method
is uséAVEHTBRERVIAR] he Qe VRINRIHIARRAJREHAY RIS IR afhIRKBeZYP exhaust

emissions” with regard to volatile hydrocarbons. [0023] In summary,

contajsviniglsihigatiealakile fredrecuibrrsniod idinuieetrboss o iinghndedgolhe re-used as
monRrovidin urification methed for reducing carbon dioxide gas emissions
high tgu%egr%fﬂngds%%(g%cg#ﬁ Poskiggggas is the crucial drawback of combustion

3) preydiagns suabknporiidhtios eteth dt evieteiranlansginatifietd, e2hpustvidingontaining
an exceptignally economical purification method in which an adsorption

dilute yalafig hedieeatharsds dsade DAL Yol ndragrhsns estaReshindhsecxhaust
gas aﬁ%ﬁggﬁéa%@m@ﬂtﬁp&%%ﬂ&%ﬁ@@t% DVSHAGRFRRANS o RS 00 times, and

hydrocarbons are intended fo be re-used as "high-purity liquid

the ddydrpidembonrthodndB) slesoipiiena mettsle prontisstidy nilethpreseherisiveators are

Iar‘g1 uantity of exhaust gas containin(%, iIut?.voI tile gydrocarbons is
subseau 31}? mc rate&lf S(:)I lg% ZE€IrO BIIIISSI cVEe g acnjeved:
sed, the ditute votati eéﬁﬁy rocarbons contained In the exhaust gas are

[Meafio isieSultgctiie Abvaaeeritiohdd Pirstslbment step to a concentration of up to
10 times, and the adsorption method and desorption method proposed by

[0024ﬂhe_pr_esent inve_ntors are subsequently inco_rporated, so that a_"zero
E%g?g?n%%ggg%ﬁcﬂ'Sﬁ&h%ﬁ?ﬂfyﬁ@ﬁ?&%ﬁﬁi&%@&ﬂ%@?&s containing
dilute volatile hydrocarbons according to the present invention, which is used as means for
solving the abovementioned problems, is a method for purifying exhaust gas characterized in
that "adsorption units" that comprise a layer loaded with a precoated mesoporous activated
carbon as an adsorbent, and that alternatingly perform adsorption and desorption, are used; an
exhaust gas containing volatile hydrocarbons is caused to pass through one of the adsorption
units; the volatile hydrocarbons are adsorbed on the adsorbent layer inside the adsorption unit;
the exhaust gas that contains substantially no volatile hydrocarbons is released from an outlet of
the adsorption unit; the other adsorption unit is switched to a desorption operation during this
interval; and the previously adsorbed volatile hydrocarbons are extracted from the system,
wherein the purification method is characterized in that a "pretreatment unit" for concentrating
the volatile hydrocarbons contained in the exhaust gas in advance is used to increase the
concentration before a treatment is performed using the adsorption unit; and the pretreatment

unit is a honeycomb-structure rotor or a fixed honeycomb in which a mesoporous activated

carbon precoated using the volatile hydrocarbons is used in the absorbent layer.



According to claim 1, a method for purifying large quantities of exhaust

gas containing dilute volatile hydrocarbons according to the present

invention, which is used as means far solving the abovementioned

problems, is a method for purifying ex%aust gas characterized in that
"adsorption units" that comprise a layer loaded with a precoated

mesoporous activated carbon as an adsorbent, and that altematingly

perform adsorption and desorption, are used; an exhaust gas containing
voliiitle Fesgeotacbonddn ativsid tgapassithionu glpdadaisthedgsergiiing pollution,

.units; the volatile hydrocarbons are adsoybed on the adsorbent layer
treatip TR A AP, DR 108 GO Bl L a0 AT e means
descritediR W HIACR R RDSs IBIEGIS frRExARRHES ©f 286 aaRsithliefitiefitin@parate

other adsorption unit is switched to a desorption operation during this
and ripwserthe vatdiihbydrecasbeny tothsriduys|saicanyd rasarBlary drcasseraphish the first
thr gﬂrphltr S gﬁem; wherein the purification method is characterized in that

ou V%S. . . . .
pretreatment unit" for concentrating the volatile hydrocarbans

[00253ontained in the exhaust gas in advance is used to increase the

concentration before a treatment is performed using the adsorption unit;

AR ERE AR, 1S LI, COBLCRIEE N BT Re Cxhaust o
contAAARE YERAMOVI AN Gy @rSeR RS 'RYS AR At afle GHERON RLEARBIsUSHAE HRized in

volatile hydrocarbons is used in the absorbent layer. 10 With respect to .
that garthen didsosioasisihissioracslilafomp arnfpes vaitiplg PONsBnateetsid during

large guantities of exhaust.gas conptaining dilute valatile h &% c .
desorg e e R B T SR 103 8 31 SR g puvee
exhaG@gie Befootiaatb exeliaia fihyns ehasgiemnanb uaedidersddtgas is returned to an
) ge/drocarbons in the exhaust gas; and, particularly, to accomplish the first
inlet gf the gASMIREBIBives. [0025] According to claim 2, the method for
[Oozdiurifying large quantities of exhaust gas containing dilute volatile

hydrocarbons according to the present invention is characterized in that

in thecoadisgrptiodaimit,3,athacmethqslifop avdityingr lorgsit@pantae oseghaust gas
o R R RSB o
that iBySierpictrdimecndaltsedagasisgaiaed foraprinittahikeaadsaiptonitrogen are
used ué]tll%lggogg]orption; and adsorption and desorption are carried out in advance In an
associated operation with the adsorption unit described in the first aspect. As described above,
nitrogen is used in order to avoid hazards when the concentration of hydrocarbons in the purge
gas in the "pretreatment unit" exceeds the combustion lower limit.

According to claim 4, the volatile hydrocarbons in the released gas can be purified to 10
parts per million or less by using the treatment system.

The amount of exhaust gas treated in the present invention is preferably ten thousand
cubic meters per hour or greater, and the concentration of volatile hydrocarbons contained in
the exhaust gas is preferably ten thousand parts per million or less. It is thereby possible to
achieve the objects described above. |

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]



According to claim 3, the method for purifying large quantities of exhaust
gas containing dilute volatile hydrocarbons according to the present
invention is characterized in that in thé "pretreatment unit," a vacuum
pump and/or normal-temperature air or nitrogen are used during
desorption; and adsorption and desorption are carried out in advance in
an associated operation with the adsorption unit described in the first

aspRel: AR %eﬁg&bs(?}%e%bcﬁve noden S eed D ALl IO FYRIA NARRIAS method
when the ‘concentration o?%g}ocarboﬁs n the purge gas in the
accorfirgitedinprtemiinexceecsdtie combustion lower limit. According to claim

4, the volatile hydrocarbons in the released gas can be purified to 10

paftSperiifior sheediagramisRpiagnahearabediment RErtHicafion method

accolRip IR ERIBRdAHGE Present invention is preferably ten thousand
cubic meters per hour or greater, and the concentration of volatile

[Keyhg&soobelsdns contained in the exhaust gas is preferably ten thousand
[ arts per million or less. It is thereby possible to achieve the objects
escribed above. BRIEF DESCRIPTION OF THE DRAWINGS [0027] 11
1 FlGohdsmadtevgabeapsliaiiam showing one embodiment of the purification
method according to the present invention; and FIG. 2 is a flow sheet

22, 2By dardhn e AESteribodiment of the purification method

4 ac%&mkgﬂﬁﬁ present invention. [Key to Symbols] [0028] 1
Concentrated gas supply line 2a, 2b, 3a, 3b Electromagnetic valves 4

5  Vdoasmhgquissersraas/liquid separator 6 Uncondensed gas return line 7a,
6 7%rgc%%rcpetril%gdcgyrrgtr&§nqh§ea, 8b Air (purge gas) supply lines
7a, 7b Adsorption columns

8, 8a, 8b Air (purge gas) supply lines

9 Line for releasing gas into the atmosphere

9a, 9b Electromagnetic valves

10 Exhaust gas supply line

11 Honeycomb rotor

12 Recycled air supply line

13 Line for releasing gas into the atmosphere

10a, 10b Feedstock gas supply lines

12a, 12b Purge gas supply line

14 Line for releasing gas into the atmosphere

15 Concentrated gas line

15a, 15b Electromagnetic valves

21a,21b Fixed honeycomb

BEST MODE FOR CARRYING OUT THE INVENTION

[0029]
A detailed description shall be provided below of the present invention as well as
embodiments thereof. (In the following description, "HC gas" refers to '"volatile

hydrocarbons" in the exhaust gas used in the present invention).



9 Line for releasing gas into the atmosphere 9a, 9b Electromagnetic

valves 10 Exhaust gas supply line 11 Honeycomb rotor 12 Recycled air

supply line 13 Line for releasing gas ##&o the atmosphere 10a, 10b

Feedstock gas supply lines 12a, 12b Purge gas supply line 14 Line for

releasing gas into the atmosphere 15 Concentrated gas line 15a, 15b

Electromagnetic valves 21a, 21b Fixed honeycomb BEST MODE FOR
ARRYING OUT THE INVENTION [0029] A detailed description shall be
rovided below of the present invention as well as embodiments thereof.

(INThe fetiboiigerscoptitie, PiéSepasinieiaisio nuialktea hypiracathens” imit" for

the exhaust gas used in the present invention). 12 [00301 The . .

COM%"EHBB’E%%H@"%‘F%@I& Eeition Helie Y dpetrRaRmeaniinRd fgy-an exhaust

gas tGANCRRERIRG AN ARGR ARG SWREINGAilg Al MOres ¥R taining dilute

contained in an exhaust gas to a concentration of up to ten times when

volatiterdeydroanitihves afetreatest gabhéoripaptierainteunit) seilennyisrd carisdaerbeat layer

treatﬁg. This "pretreatment ynit".co rig,es an aqs rbe@lt er Joaded
loaded. Wit & mesoporous a%tlvatte catbon that 13 precod ea Wi volatjle .%Idrocarbons
with a mesoporous activated carbon that Is'precoated wit e volati

and thydhacarhaRsrith fhat dasatcadstdptidopAre dirmelreafrdRded&racted from
The concentrated gas extracted from the "pretreatment unit" is treated

the " prGHermeRs; Hruﬁ‘iﬁ%%gmﬂaﬁmmw (ResOrRHORLBIDet TR et fglsorbent
layerStilaty gt witnerenaats %&e&r%@@%&mgeg&@ﬁw RAAAIAR has an

adsorption pore diameter of 10 to 100 A, or which uses this adsorbent

adsotpijen pooodiametisiofilfiodAds ortuhichayess thit adsorbendasgvinanjunction with
an ags\{)%?egp ?a%'& Sﬂllle(l:taig%lr&ggtgds%%ﬂfhe?1}%48{)%%%& silica gel with a specified average

adsorption pore diameter of 4 nanometers.

[003

In the treatment performed using the main unit (adsorption unit), the switching between
the adsorption operation and the desorption operation requires 1 to 30 minutes, and a vacuum
pump is used with normal-temperature air or nitrogen in the purge operation. The purge
exhaust gas from this operation is cooled and extracted from the system, and volatile
hydrocarbons are recovered as a liquid.

[0031]
(Exhaust gas used in the invention)

The exhaust gas used in the invention 1s a large quantity of exhaust gas having a volume
of a thousand cubic meters per hour to several ten thousand cubic meters per hour or greater,
and emitted from paint factories, laundry facilities, and manufacturing steps involving chemical
products, or the like. The exhaust gas contains dilute HC gas (e.g., ethylene, propylene, and
other olefinic hydrocarbons; methanol and other alcohols; benzene, toluene, and other
aromatic hydrocarbons; butadiene, hexene, styrene, and other diene polymers; trichlene,
methylene chloride; ethyl acetate, and other carcinogens). The exhaust gas to be used is
preferably of a large quantity exceeding 10,000 m*/hr, and the dilute HC gas contained therein
has a concentration of 10,000 ppm or less (i.e., the exhaust gas is of a large quantity exceeding

10,000 to 200,000 m’/hr, and containing extremely dilute volatile hydrocarbons at a



adsorption pore diameter of 4 nanometers. In the treatment performed
using the main unit (adsorption unit), the switching between the
adsorption operation and the desorpflén operation requires 1 to 30
minutes, and a vacuum pump is used with normal-temperature air or
nitrogen in the purge operation. The purge exhaust gas from this
operation is cooled and extracted from the system, and volatile
hvdrocar are re red as aJiquid. [00311 (Exhaust gas used jn.the
cone T AL B S R S R LR R B8 wy ot
limitg&idraust gas having a volume of a thousand cubic meters per hour to
several ten thousand cubic meters per hour or greater, and emitted from
aint factories, laundry facilities, and manufacturing steps involving

(Acti@Q@@'6%&09553%9rtﬁ@e”ﬁh%f'ﬁ%rﬂﬂﬁﬂ'{sﬁﬁés" RUEIRRAHUIRICif8Be present
(e.g., ethylene, propylene, and other olefinic hydrocarbons; methanol andp
invergipier alcohols; benzene, toluene, and other aromatic hydrocarbons;
butadiene, hexene, styrene, and,other diene polymers; trichlene "
ety e R R P SRR SN ey
knovges thdertised isnpretesbllfief gotesgertpasidtyfaxasepings, 143, 084bedhn catalogs
and the dilute HC gas contained therein has a concentration of 10,000

published by activpied (Habam AeRRYasieest sUshyasqdakity Shummrgicel opempany,
Kurai9,2eR0R Mo omaimingusxiesmeysiuisualatie dygrecarbons ftormed

a 13 concentration of 20 ppm to 2000 ppm). However, this description is

by a gisengKadedtbMaely i cirhitaniesn. foogapqmetalistendcddhvplaige dydroverbons that

"adsorption unit: and 'pretreatment unit” in the present .inventio .

are i P S ST A o R o QU e roms ainy,

so-calladlapiltigicareleksnivn ovdhs, afidryeliniimansdie finmpa efachorpiseteat that
of micropares, as described in catalogs published by activated carbon .

exceqilstherapndrasationheat anka daket drmis paersatdalbonatypsbiigs 5 facilitated.
FurtifeRRRHICH & RRBNARIRL sBAch [N HeQah SARRLALAR AR Seba@NGhdS/olatile

formed by a strong Van der Waals force between the carbon walls and
hydregerbonstikapsiogodagbeamlidrat condensation from the micropores (see Non-Patent

Reference 1 cited above), and desorption is not carried out by a vacuum pump, purging, or
other such simple means.
[0033]

When the mixed "HC gas" is a diene, an olefin, or the like, a drawback is presented in
that the HC gas will contact in the multiple active sites present in the activated carbon, the
components will be readily polymerized, and the polymerization heat creates a danger of
ignition or combustion.

Therefore, when the activated carbon is used, steam must be used to carry out desorption, the
"HC gas" is dissolved in the large quantity of water generated from the condensed steam, and
costly wastewater treatment facilities are necessary in order meet Japanese water quality
standards, which are the strictest in the world.

[0034]

In order to solve the abovementioned problems, the present inventors discovered that
the hazards accompanying the adsorption of volatile hydrocarbons could be avoided by

replacing the activated carbon used in the prior art with a flame retardant activated carbon



are implanted and diffused deep within the pores. However, and despite

the strong affinity, so-called capillary condensation occurs, and results in

a massive amount of adsorption heatlthat exceeds the condensation

heat, and a risk of fire is presented although usability is facilitated.

Furthermore, it is known that steam or other heating means is necessary

to separate the volatile hydrocarbons causing the capillary condensation
comff e micoRcrSs; see MonsBatent Raferencs h&iah abqual and, o mpcr

esarption 1s not carrigd ou a vacuum pump, purging, or " other such

hereifivelpk®) e dosn[Hg 3Imiltieyethaevotnadusmg NEXC tnd digei:kaowiefion@mbustible

the like, a drawback is presented in that the HC gas will contact in the

solid adiapentctice SiubgticZenith and/ Qedvutplolisoilith et onttsrisis R i ventors
also R&W fJJ{iﬁHQMP%H@%%Mﬁﬁ%ﬂlﬁ%ﬁé&ﬂ&&ﬁ&ﬁ@ﬁ@?&ﬂ%&e9&1‘ does not
(0]

ignition or combustion. Therefore, when the activated carbon is used,

absodteapisirgstaneba st tnedryyveniioe dog paionm Ofraesprorensndsnoligropivies im the fine
ttﬂe Iar%t%q ity of water generated from the condensed steam, and

pores na (] . cpeys .
costly<vastewater treatment facilities are necessary in order meet
Jafraaespoiaiciagepieyistaydbees padpoedreytiie: strsiest imdneowartd have been
[0034] In order to solve the abovementioned problems, the present

demGRYERstsBidcoviag thatcThe Herh/igs SRBBHAHES R SeBavstigasrontaining
conc¥iatile hdpacarbana ceuln payoided by.repliraingdhe activated carbon

used in the prior art with a flame retardant activated carbon 14 comprising
[003Fhesopores having a fine pore size of mainly 10 to 100 A (referred to as

"MBC" herej belovv%l Qr formin multilayer structure using MPC and a.

e B e DA W T G MSARE A P e ing large

quantiyiel aghaibigusiligas gehthiengreseanisly efitons FSgazewBptoifiediiatvaien a typical
. adsorbent that readily absorbs volatile hydrocarbons yet does not absorb

activafsl GRAROR BB A SN RMGHS Pt drsieathsiiaeeafagide the adsorption
colurHHERRERRD 108-tNguPRsaRNaYINErERR M Capliies @ RRIBIRAIBYUEN the fine pores,

previously been proposed by the present inventors and have been
regardlesiopisthetedvieral 'eavin gy sidiivnusedersr ainthdl qemntiiiute ofleXisasist ybeans for

dispo%omrgaamclggljng coil inside the adsorption column has long been used to address such

problems. As disclosed in Patent Reference 3 cited above, a method has also been proposed in
which hydrocarbons (in liquid form) obtained when the purge exhaust gas is cooled is
circulated inside the adsorption column, and the adsorption column is cooled using the
resulting latent heat of evaporation.

[0036]

The present invention solves the abovementioned problems by using an adsorbent that
does not readily undergo capillary condensation, and which readily condenses large quantities
of HC gas in the meso region; i.e., a mesoporous activated carbon (an activated carbon having
an adsorption pore diameter in a range of 10 to 100 A).  (This activated carbon is referred to as
a "canister," as described above. In Europe, the US, and other developed nations other than
Japan, these canisters are used in systems for adsorbing gasoline vapor that leaks out when an
automobile 1s traveling and, once a certain amount of vapor has accumulated, is desorbed upon

fresh air being drawn in from the exterior. The purged exhaust gas is caused to combust in the



concentrated HC gas, as disclosed in Patent Reference 1 cited above.
[00351 However, this "swing" system is hazardous when used as means
for treating large quantities of exhau$Pgas containing extremely dilute HC
gas. Specifically, when a typical activated carbon having a small pore
diameter is used, the temperature inside the adsorption column far
exceeds 100C due to heat generated by capillary condensation in the fine
. pores, regardless of the several parts per millio less of the very dilute
engi e G TSR LGS S BT T B h G M syt
cannbgiseleithhed wisettidalssldpplsdsuoliehiviebiroikicds idisepased in Patent
Reference 3 cited above, a method has also been proposed in which
[003ﬂydrocarbons (in liquid form) obtained when the purge exhaust gas is

Coples: FbralRebinEoe herRASARH R CAMRB RIS AARFBYOMN be carried

column is cooled using the resulting latent heat of evaporation. [00361
out 1mpre peaxEeteliBntisngse Ve tne plvaveih cotivnedopr abibril pyigsinglde vacuum
adsqgrbent that does not readily ng}er capillary condensatign, and .
P At R CHLEL Tt of LS T HE (R e st ERiapperaton

the selectionmseSbpareyspaetivatetivaciantam asthidicths ddeandbaingraed to be a safe
adsorption pore diameter in a rang_e of 10 to 100 A). (This activated

mategialyis 4 flecicing Larier 48 "the AJLRNON SESLRIR T SoBRNRR RYSERTRJpeopRIating the
pretrédSn@RdRERgpRENEIARSH RAHQRSDIRET HARN" JRRRA. TheSeRRARIBIETS@H Rt of the

used in systems for adsorbing gasoline vapor that leaks out when an
preseatitpyapbile. is traveling and, once a certain amount of vapor has
[003 ccumulated, is desorbed upon fresh air being drawn in from the exterior.
he purged exhaust gas is caused to combust in the 15 engine

coTipaetfolowsSpdsifigain vettieldsomsooiials tatetlsiairoused amptoyribtiart being
system cannot be exported, which is alsq applied to vehicles produced in

used 33 38 ¥R AL MO IEFSIBRGEt BRLoRMichiAR tsecrtplieenditiansnh e ARptsuration
of thPPre&ARiRvaiHorAN PeoRARISoEAMMEreRRIMISIRY LY HSGAS esorption;

pump in conjunction with the purge. The vacuum pump in this case has a

therefprealitouitlduitpedessiey elsorpilvn sgaratenlignwickavstiompfseehtiopncanebustible,
and VEI%%% L%?Fgf ét%%om %el%ggs;{;c);yp%gr? %XS&%%C%E%WiC hg%lr%%%gck can be overcome
by using the MPC described above.

Furthermore, the MPC is preferably used after being coated in advance with "HC gas,"
as disclosed in Patent Reference 2 above. As a result thereof, the increase of temperature
during adsorption is approximately 5°C, and increased safety can be ensured.

[0039]
(Embodiments of the present invention)

The purification method of the present invention is characterized in using "activated
carbon having an adsorption pore diameter in the range of 10 to 100 A," as described above, in
conjunction with an pre-stage concentration unit (pretreatment unit) and a main unit
(adsorption unit). However, this activated carbon can be used in conjunction with a precoated
hydrophobic silica gel having a specified average pore diameter of 4 nanometers.

In cases where the exhaust gas is nearly saturated with moisture, it is preferable to
jointly use hydrophobic silica gel having macropores and/or activated carbon having

macropores; i.e., adsorbents that do not co-adsorb water.



material, is a deciding factor in "the adsorption system and desorption
system incorporating the pretreatment unit (pretreatment concentration
unit),” which is a structural element othe present invention. [0038] There
follows a description of the "honeycomb rotor system" used in the prior art
being used as an example of the pretreatment unit, which is an essential
condition of the configuration of the present invention. High temperature
[004(?” must be used as purge gas during desorption; therefore, it will be
ecessary to use silica gel or zeolite, which are completely
nohRcamhpgititesoanchaichdiatie prisemnmaviaitadsahptidsappagitypdiation in the
. MPC, This drawback can be overcome by using the MPC described.
maindiy@dsorRHeRHBR IH5ATIAS €5 WHErar-0is TaLen RIS BeRi G e i pressure or

less, Y ARGH MR 111G 888 ouf S HIRCIRERAIRRAISM Rates 2ABOVELAS Boe gas is

result thereof, the increase of temperature during adsorption is _
preferghlir axpoateny oS Gheagag frotiéedsEdmndtetynedn watdadiratiofpogd), or dry air and/or
.. (Embodiments of the present invention) The purification. method of the :
i e e N A
operaiisoiphiefeiabie chaladtaidntibanengknkd 4o id peeRratls tesertdad an inlet of the
above, in c‘gqrglunction with an pre-stage concentration unit (pretreatment

initiaf,desomtion waiki(AER P EQUSHBHYN- unit). However, this activated carbon
cahhfsashiaconivesinnonif aeiecaatedBydiqRbRRic e a8l bRy ans for

a specified average pore diameter of 4 nanometers. In cases where the
varyiggiatiadsgeibeiet mdwmyadates aresdiitlomeoiture istiepreler thieny Joiritly desorption
trea “%Eﬁ%@%é%%%%%?%@%%%‘é&” @%%%%Tg%@&&’@ﬂ actvated ‘s:%%gfg introduced

aving macropores; 1.€., adsorents tha not co-adsorb water.
into {ROHH-dghequdfication ométlidtafatheer esedhiny/entianinidid ésgpaon unit) is
operation in the main unjt (adsorption unit) is carried out with an operation
pressprized edshwinibapm dhirdyABSSure or less, and desorption is carried out
[Exambj]@lysing a small amount of purge gas. The purge gas is preferably a

portion of the gas emitted from the main unit (adsorption unit), or dry air
[004Hnd/or

"A case involving the treatment of an exhaust gas containing 500 ppm of ethyl acetate
and having a volume of 5000 m’/hr" is described below as a specific application example
relating to the present invention, with reference being made to FIG. 1. FIG. 1 1s a flow sheet
diagram showing one embodiment of the purification method according to the present
mvention. In the diagram, 10 is an exhaust gas supply line; 11 is a honeycomb rotor; 12 is a
recycled air supply line; 13 is a line for releasing gas into the atmosphere; 1 is a concentrated gas
supply line; 2a, 2b, 3a, and 3b are electromagnetic valves; 4 is a vacuum pump; 5 is a gas/liquid
separator; 6 is an uncondensed gas return line; 7a, 7b are adsorption columns; 8, 8a, and 8b are
air (purge gas) supply lines; 9 is a line for releasing gas into the atmosphere; and 9a, 9 are
electromagnetic valves.

[0042]

The present example is a case in which an exhaust gas (moisture content: 13% at
relative humidity (at 57°C)) is treated, wherein the exhaust gas contains 500 ppm of ethyl
acetate and has a volume of 5000 m’/hour, as described above. The honeycomb rotor 11 is

used as the concentration unit (pretreatment unit) in a pretreatment stage. The method



nitrogen, or homogenous volatile hydrocarbons. The purge gas extracted

using the desorption operation is preferably cooled, and the uncondensed

gas is preferably returned to an inlet &f the initial desorption unit

(desorption column). In the purification method of the present invention, a

preferred alternative to means for varying the adsorbent when a large

quantity of moisture is present is to carry out the desorption treatmentin a

.state wherein the exhaust gas containing vojatile hydrocarbons that is
previ R e Y B R TR R A T8RRI D g pomo
and/oradir iniiscaiddoripiiotesoiiliin, piesadseetdar dedhdaidifitchinediantsely repeated

%Exam le 1] [0041] "A case involving the treatment of an exhaust gas
(see bigpLinAgsRs apq%eéfaémﬁ)a&eﬁfé FhihR&GHEasR IfAheclreso e pReentrated
ethyliggacriRediRalowasdsRgcific application example relating to the

present invention, with reference being made to FIG. 1. FIG. 1 is a flow
[004Xheet diagram showing one embodiment of the purification method

acgordi the present j tion. In the diagram, 10 is an exhaustgas . . .

os e, FE SRR et DR e Al SRt aining
ethyladingtdas sepphisthe gashotejbendimmspheres thisealearcgnikigsdydase 10, at which
su%line; 2a, 2b, 3a,band 3b are electromagnetic valves; 4 is a vacuum

pointihe il acetate iypdmubed sadithe cghiaushaas corissel iitpbe dfthaskhere from the
gas 1> 1B @eradsGPPHOR GRS $hBR, A BRRHAe aif-(HHIQE 4R33 SUBPRE to the

lines; 9 is a line for releasing gas into the atmosphere; and 9a, 9b are

honegpenntoratayridtfcovahegefyoled pise g dmet ek ahepidsished adwlnagialersatesorbed

exhaust gas (moisture content: .13% at _relative humid%)%fge 57Q)) is
and R A R O g e BT SR o)

[0044]as a volume of 5000 m3/hour, as described above. The honeycomb rotor
11is used as the concentration unit (pretreatment unit) in a pretreatment

StageT I nfelSARICbraRfotisRFaETeRsgd B the predertplentieifically, the
concéhﬁM&f‘ggﬁwﬂﬂéﬁhg: bha YASHPIR P UEMAANE P7iLis HRed A iRGted gas supply

desorption, and adsorption and desorption are alternately repeated (see
line Baemttidbfaeintsht ciled abuve) ssadsetied. thd ey oipesairatod goliastigsequently
releaggg He ﬁleenetl%ggphere from the gas line 9 that is open to the atmosphere. Meanwhile,
purge air is supplied from the air (purge gas) supply lines 8, 8a, (8b) to the adsorption column 7a
(7b) after the adsorption step has concluded. The purge air is suctioned by the vacuum pump
4, and the ethyl acetate is desorbed. (In the present example, "air" is used as the purge gas, but
a portion of the gas released into the atmosphere from the adsorption column 7a (7b) can also
be used.)
The purge exhaust gas containing the adsorbed ethyl acetate is supplied to the gas/liquid
separator 5, and the ethyl acetate is recovered as a liquid. Uncondensed gas from the
gas/liquid separator 5 is returned to the concentrated gas supply line 1 via the uncondensed gas
return line 6.
[0045]

In the present example, the adsorbent used in the honeycomb rotor 11 and the

adsorption columns 7a, 7b is a mesoporous activated carbon (an activated carbon having an

adsorption pore diameter in the range of 10 to 100 A), and is precoated with ethyl acetate.



ethyl acetate (volatile hydrocarbons). [0043] Specifically, as shown in FIG.
1, in the pretreatment stage, the exhaust gas containing ethyl acetate is
supplied to the honeycomb rotor 11 \#8 the exhaust gas supply line 10, at
which point the ethyl acetate is adsorbed, and the exhaust gas is
released into the atmosphere from the gas line 13 that is open to the
atmosphere. Meanwhile, recycled air is supplied to the honeycomb rotor
11 4rom the recycled air supply line 12, the adsorbed ethyl acetate is .
sebohnh AR SR Ao R R I MR Gy or o case in
whickcamoeditiaite drgies)pordid 4t iNerdd ihateor de nikaied hahismteaied tsingl 1, instead
the PVSA method. Specifically, the concentrated gas is supplied to the
Ofth%dé‘ﬁ?ﬁ%‘iﬁ’w&t?‘ﬁc@fﬁ?@ia the concentrated gas supply line 1, at
[004€y}/hich point the ethyl acetate is adsorbed. The concentrated gas is
subsequently released into the atmosphere from the gas line 9 that is
op&rhen the ‘trvoepiTers aveatssisighopuigghaicdmparmpived-fronplthe eed, the ethyl
aceraff UGS QAR SHRRIAIDSD 880, (B0LG1S adsorption column 78 MR} &lhes or
e adsorption step has concluded. The purge air i1s suctioned by the
approatitely 2300ppmand theaethy haceisieaisrd esaboeacd 1 80t The webéiiting desorption,
example, "air" is used as the %%?% as, but a portion of the gas released
o)

but i fiRdlRd LRSI RSN R PesRRrerh iy ine RostEregtpent.  Treating
the g%%ﬂdﬁ&%%&%&ﬁﬂﬁ&@%ﬂ%ﬁ ceaiaininghiheadspshed-ethyh acaiateiiSpossible to

supplied to the gas/liquid separator 5, and the ethyl acetate is recovered
reduceshe iguigntaiiemdctheadepsediganten®0gagMpiunseparator 5 is returned

to *he conc%ntrﬁted as su%)lg line 1 viat uri?conden[%%:j%%?g return I'ine

6. [DGRB] R tha Presant SXaThBle. the AdSoTbent ised ift the RoReycamb. = used

normigltenigeanddher edsoeplied aolihendesdation iscafonasopyrdustatitéyatenb rotor 11,
carbon (an activated carbon having an adsorption pore diameter in the

and the, Durge1 RGUOMEY HFdARPSLHAER With Bnld acdidhet 0 BerFer art. The
concSR¥&i8HCOAPMIRINr A BEXRRAIR d CHPRABIMEIEX M) S VRN MR GASETect is

in which an ordinary "microporous activated carbon" is used in the
accotlingly echity edtoharebinateaemissions are possible.

[0047]

In the present example, despite the volume of the exhaust gas being 5000 m’/hour, and
the ethyl acetate contained therein being a dilute amount of 500 ppm, the ethyl acetate content
is concentrated to 5 to 15 times in the pretreatment stage, whereby the ethyl acetate can be
recovered as a liquid using the PVSA method in a post-treatment stage, and the concentration
of ethyl acetate that is released can then be reduced to zero. In this regard, the present
example is not only superior from a cost standpoint to conventional combustion systems for
treating large quantities of exhaust gas, but is also advantageous in that carbon dioxide gas
emissions, which is the overriding drawback of combustion methods, are reduced to zero.

Another advantage is that the ethyl acetate, which combusts into carbon dioxide gas in
combustion methods, is not released as smoke, and can be completely recovered. The
economical effects thereof are therefore immeasurable.

[0048]

(Second specific practical example of the present invention)



of the "mesoporous activated carbon.” [0046] When the "microporous

activated carbon" in the comparative example is used, the ethyl acetate

concentrated by the honeycomb rotot91 has a concentration of about 5

times or approximately 2500 ppm. Air having a temperature of about

180C is used during desorption, but is cooled to about 50C prior to the

PVSA method used in the post-treatment. Treating the gas containing

congenualed allyhacelate yeing e MR/ melod makes 1R9RSRIC e on the

reduce the concentration in the reteased gas to to ppm.’In
basiscohFaSt, WheRThe 2niesolo@ushactiviigd caghoning theofiesenitexdample of the

_Is used, normal-temperature air can be used in the desorption performed

purifigsipR MERAF A HOBICIRE BRI &SERHE A ATSLIS M EXABY S o1RE5IR atiA rotors
21a, HBterd (RS et PSRl JHE rGOREENFARY. GaRdhaRie be

increased approximately 15 to 20 times, and an effect is accordingly
[004%Ychieved whereby zero emissions are possible. [0047] In the present

example, despjieth lume of the exhaust gas being 5000 m3/hour, and ..

o R e it
hydrethycagdateacahieitiy israainoatit atdit it astadioriivas ot ykieptioatblumns)

stage, whereby the ethyl acetate can be recovered as a liquid using the,

T, To\Joagerh iith Ao Re e A HASHISL RJENR  frERSRREREL & Pelhyine 1, an
uncofié&iatRahisEaleAsRE 6anithphbe sagucepiiriaReos IBhisiegRrdnthS tine 9 for

present example is not only superior from a cost standpoint to

releaging gepiisndhe ambesohiore syrddmedbonesenimgs dige Hbaastiripesed eknaneioporous

a8, blfjt is also advanta equs in ]éhat. cafrglon dioxide gas emissions,
activ. Cﬁr Of are usé é‘s ap eabLhn nit O e{namu .
which'is the overriding drawback ot combustion methods, are reduced to

zeln. AGhthethadwanéagsl is/ihissltEaetby3acetates, \Wwbjchieombussa intb all signify
carbon dioxide gas in_combustion methods, is not released as smoke,

electronapgnetin Xalyis ol dielf e doV Brcid il ase sslyidines fREdrdrariicips adgedstock gas
into BRI aINNERTHENIL. 10048]1 (Bacond seesificPrarics) EW&% B6:HBE gas for

present invention) 19 The second specific practical examp

purgipgtdenvatada thydsaduibenteadsinest smdheoncentrated on the fixed honeycombs 21a,
21b. The purged gas is introduced into the concentrated gas supply line 1 via the concentrated

gas line 15 in FIG. 2. The exhaust gas resulting from the adsorption of the volatile
hydrocarbons using the fixed honeycombs 21a, 21b is released into the atmosphere from a line
14 for releasing gas into the atmosphere via the electromagnetic valves 14a, 14b.

[0050]

In the present example, a product known as "HF-1" manufactured by the Cataler
Corporation can be used as both the mesoporous activated carbon loaded into the adsorption
unit (adsorption columns 7a, 7b) and the mesoporous activated carbon loaded into the
pretreatment unit (fixed honeycombs 21a, 21b).

[0051]

In the present example, "air containing 500 ppm of ethyl acetate" is supplied from the
feedstock gas supply line 10a (10b) to the fixed honeycombs 21a, 21b, but the mesoporous
activated carbon loaded into the fixed honeycombs 21a, 21b is precoated in advance with this

gas.



basis of FIG. 2. FIG. 2 is a flow sheet diagram showing another
embodiment of the purification method according to the present invention,
and is an example wherein "fixed rot8fs 21a, 21b" are used instead of the
"honeycomb rotor 11" in FIG. 1 cited above. [0049] As shown in FIG. 2,
the present example is an example in which air containing dilute
hydrocarbons is treated using a main unit, which has adsorption columns

(ISFRIBAR AR 378 LORded R A0S el S VAET B e o
aconcen rae an unconcentrate urn line

a ratdfiIEBAS) anﬂpiyltuhmg&e%eaﬂdﬁ fixad d@nbineothbon Ieleas2ip @BSUﬂtfbr about
the atmosphere; and fixed honeycombs 21a, 21b composed of a
mi‘HEEeéporous activated carbon are used as a pretreatment unit of the main
[00524Nit. In FIG. 2, the numerical symbols 2a, 2b, 3a, 3b, 9a, 9b, 14a, 14b,
5a, I5b all signify electromagnetic valves. In FIG. 2,10a and 10b are

suppis livers ¢ondmetsduider m&wgé@cmhﬂhmeawﬁ@hmwshyl acetate

n 2b are.su Iy l|ne f s fo
cone e G B B B s PR S Shomcdy e
honehanapdin@ Dhaa tAd bind e fpﬂf@éﬂs@@%@ intoatie aeddspdiee
concentrated gas supply line 1 via the concentrated gas line 15 in FIG. 2.

ThEReFRRsERgaoR el Ry feTRih st bAptict B AR 08y, which was used as a
purg@ﬁgsr ogThRRSysingdhe dxatkboReyearhs 21a. 21D @Jﬂ%%ﬁrﬁg%ﬁ‘ Supply line

atmosphere from a line 14 for releasing gas into the atmosphere via the

12a (é%ﬁtrms&@értéﬂwghlvh@ qmemzme@owd}nn {Re prd seleasdmpiec gopasatieted gas
F 1 Cat er -{jor ratlo can
suppf( otlll 8’1e r%é%lg{p;ng%rgﬁs At Ctlog{car on Ioa 7% mrzlg the a8 sorp |or%%&ﬁﬁlle ethyl

aceta(aﬂadlwenrt@ﬁxtaﬁm‘seaao Zbyand theesresoporous activated carbon loaded
into the pretreatment unit (fixed honeycombs 21 a, 2Ib). [0051] In the
[OOS%resent example, "air containing 500 ppm of ethyl acetate" is supplied

froRpethenfeqdsieakagasis YRR Mae 10 AR 1Ra1BE EXREHRANEYOORMSe intervals,

21a, 21b, but the Mesoporous activated carbon loaded into the fixed
and the n@mbt@dzg@s wapsidpaedmedserpiivanne deprphien gadiezgisorption columns

7a, 7b. The resulting concentration of ethyl acetate was 1 to 2 ppm in the clean gas released
into the atmosphere from the adsorption columns 7a, 7b via the line 9 for releasing gas into the
atmosphere. A purge gas (air) was injected from the air supply line 8 (8a, 8b) in conjunction
with the vacuum pump 4, as desorption means. The desorbed purge exhaust gas was cooled
to about 3 to 5°C using a refrigerant (Freon gas) in the gas/liquid separator 5, and the
condensed ethyl acetate contained in the purge exhaust gas was recovered as a liquid. The
uncondensed gas in the gas/liquid separator 5 was returned to the concentration gas supply line
1 of the inlet of the adsorption columns 7a, 7b from an uncondensed gas return line 6. The
purge coefficient (1) was "2."
[0054]

In the present example, "normal-temperature air" was used as the purge gas in the fixed
honeycombs 21a, 21b and the adsorption columns 7a, 7b, but it is also possible to use "room-
temperature nitrogen" instead. It is thereby possible to avoid danger even when the

concentration of hydrocarbons in gas purged in the fixed honeycombs 21a, 21b exceeds the



The concentrated gas that has passed through the concentrated gas line
15 is delivered at a rate of 50 cm/s, and switching between the fixed
honeycombs 21a and 21b occurs fordbout 10 minutes. [0052] Tests were
conducted under the conditions described above, resulting in an ethyl
acetate concentration of about 10 ppm in the air released into the
atmosphere from the fixed honeycomb 21a (21b) via the line 14 for
comﬁf?bé 85%&{{‘&%“ c3ifognaste. The conceauation of ethyl %‘éee&a&‘%ew Pogen is
abou ppm’once air, which was'used as a purge das, had passe
thus phetaighhthe-dixaddwanieoesdb 21a (21b) from the purge gas supply line
12a (12b), passed through the line 15, and collected in
the concentrated gas AP B AL ARG RELEE adsorption column
[0055ja (7b). It was confirmed that the ethyl acetate had been concentrated to
about 10 times. [0053] Next, the electromagnetic valves 2a, 2b were
altémndestyibsdietiond, shelmetiadtintenialeg lard dventsahvabetsydaswentaining
. subjected to, adsarption and.desorption in the adsorption columps 7a. 7h..
i R A SR ] S T T D P e
exhagasgtsleapadfivadtaithig; alimbspRbasedliomnitiecadgaifitign dalwmigniad By liding a

the line 9 for releasing gas into the atmosphere. A purge gas (air) was .
Precqpied [EgRBH AR AHQISh IR §162 PIRTniRcish aﬁ%ﬁﬂml drgorption
are aRHPRiAFHEALSRHRION TRRFNSITREACSRIRES P BB EaLS AR Spretreatment

~ cooled 10 about 3 to 5C using a refrigerant (Freon gas) in the gas/liquid
unit" JopapagsnBatng wiatikohrénsedethybatenstbisdhestnbaii gas ipugd in advance,

xhaust gas.was. recovere a liguid. The .uncondensed.qgas,in tf&%o . .
and FGIRARSAESTSRENGIED ATAY IR (L BERARAT AR D Morprion unit

More&fvidiethdeidebilbealdser pii oheqaiktramsnéas uhifiooaied néonaenseg@ass activated
return line 6. The purge coefficient (D ) was "2." [0054] In the present

carbonpreported it e RILrAVILOSHORRSS used as the purge gas in the fixed
hopg Sodle s At BAROIRIRNEO WBRS4& AR BHEHH @S Rite volatile

possible to use "room- temperature nitrogen" instead. It is thereby

hydrexssbibie thyaebiovd drgyexhanshgahterbthpuaet nar aciorcofisperdeerbonds addition,
an eff?Y Bue{gr%gvlendtgv (]:,Ir)éle}ld ggnve gt%%“B?d%%gdr c:;'r?s %Cr%%de%gﬁst gas can be efficiently

separated and reused. The industrial applicability of the present invention is therefore

extremely dramatic.



21 combustion lower limit, as described above. In cases where "nitrogen”
is used, the nitrogen is thus preferably recovered and reused.
INDUSTRIAL APPLICABILITY [005p} As described above, the method for
purifying large quantities of exhaust gas containing dilute volatile
hydrocarbons according to the present invention is a method in which the
exhaust gas is purified using an "adsorption unit," comprising a layer
formed by loading a precoated mesoporous activated carbon as an
adsorbent, wherein adsorption artdlde®intion are altematingly
performed. The purification method is characterized in that a
"pretreatment unit" for concentrating volatile hydrocarbons contained in
[Clairth€] exhaust gas is used in advance, and the concentration is increased
before treatment is performed using the adsor;%tlon unit. Moreover@g{ﬁe volatile

adsomhedh el PRIERElRERnIANIHESSlo $Hifth HRRLEPED
hydro%ﬁfﬁ’ﬁi?,dv@é@ﬁ’ln RIsspaiRd Witk e AaiieriRy diosaiRoRsadedinGt& precoated

above means to treat large quantities of exhaust gas containing dilute
mesopotatiseadtiydtet aaeors ahas allsorbanie andithastalissnasingly pafedadsomtéon and
emission level. In addition, an effect is achieye ' ' ile
desorf SO HA: 8 FROkht fore e TG ARIGIR MR A s trough
one ofFfBidniysipabanptieahiltyvofitie presectbusnienaidstibreé fore thextdsmébnt layer
dramatic. 22 CLAIMS [Claim 1] A method for purifyi{%%#a’%e %uantities of
eIDAr

insides theaASOFRROBOM R riRG RIS St HRAt RRRBINS B8ND CREBPR g released
from YRS SEMP SR IRNE uiRdeH Witk PaREeRARIE LGS ARRANEE 86 @RBrption
carbon as an adsorbent, and that alternatingly perform adsorption and
operatiosatpting faisanseed]; and thapstvieuslyordsartied xalrticchidoreheans aseextracted
aused to pass through ope of the adsorption units; the yplatile
from GEEH RSB %ad‘gg}bne% ey %leggg(gggéﬁ?%%?%?zﬁ%%\éﬁﬁ?e adsorption
a pret@iinibe: exiaustaaeHhatagitrinslady blalite-hydrecataitdsinetessddust gas in
from an outlet of the adsorption unit; the other adsorption unit is switched _
advangeaigdisedptpdncrease the concentration before a treatment is performed using said
adsorption unit; and said pretreatment unit is a honeycomb-structure rotor or a fixed
honeycomb in which a mesoporous activated carbon precoated using the volatile hydrocarbons
is used in the absorbent layer.
[Claim 2]

The method for purifying large quantities of exhaust gas containing dilute volatile
hydrocarbons according to Claim 1, wherein in said adsorption unit, a vacuum pump and/or
air or nitrogen is used during desorption; the adsorption/desorption switching time is 1 to 30
minutes; the resulting purge exhaust gas is cooled and extracted from the system; and
uncondensed gas is returned to an inlet of said adsorption unit.

[Claim 3]

The method for purifying large quantities of exhaust gas containing dilute volatile

hydrocarbons according to Claim 1; wherein in said pretreatment unit, a vacuum pump and/or

normal-temperature air or nitrogen ate used during desorption; and adsorption and desorption

are carried out in advance in an associated operation with said adsorption unit.



operation during this interval; and the previously adsorbed volatile
hydrocarbons are extracted from the system; wherein said purification
method is characterized in that a pregyeatment unit for concentrating the
volatile hydrocarbons contained in the exhaust gas in advance is used to
increase the concentration before a treatment is performed using said
adsorption unit; and said pretreatment unit is a honeycomb-structure rotor
or a fixed honeycomb in which a mesoporous activated carbon precoated
[Clairhging the volatile hydrocarbons is used in the absorbent layer. [Claim 2]
The method for purifying layge quantities of exhaust %as containin fiﬂlme

VBRI o R PR O GOEHS o SCRAHLUBE I volatile

hydrotf¥bony/ 2eEB TR AP HOCIRIR" NISCYeRtiSreRt thel Hine-ARaaETIoR hBSvolatile
adsorption/desorption switching time is 1 to 30 minutes; the resulting

hydrogasfepme iththestdrausissas Blechan beenrgated| uring sé mptaehisdilppm or less.
uncondensed gas is returned to an inlet of said adsorption unit. [Claim 3]
The method for purifying large quantities of exhaust gas containing dilute
volatile hydrocarbons according to Claim1; wherein in said pretreatment
unit, a vacuum pump and/or normal-temperature air or nitrogen are used
during desorption; and adsorption and desorption are carried out in
advance in an associated operation with said adsorption unit. 23 [Claim 4]
The method for purifying large quantities of exhaust gas containing dilute
volatile hydrocarbons according to any of Claims 1 to 3, wherein the
concentration of the volatile hydrocarbons in the exhaust gas that has
been treated using said method is 10 ppm or less.





