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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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]
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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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activated car having specitic wood materials as a raw material has
in Cheenaaexaioped vaiben bhaviAd ofitbess astivaiedmaidtithimbeca beveloped in the

diameter of 10 to 60 A (1 to 6 nanometers). In automotive vehicles in

Netherlaaife 4 Y Ea R RV ARIBS et Vo PAkRYa AR, raw material has
been ARGBIAIYBRISIS eI IEBIAIRES CHORRRI SRR MARLY BISE &aFRARSof 10 to 60 A (1

Gasoline vapor that leaks out during travel is adsorbed into these '
to 6 paninsisrandlroacwaeereaiszarsunt Beroppdhhddacuhnilaedevsloped nations

sorped u fresh air being,drawn in from the exterior. The ed .
othel B3 R BB SR RS M R R S QAN BUORS Gpsoline
vapotithaetagsaiy doriheating foddeoperformetieshemtesgrpidvigpedataiedmount of

[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 novelémethod. However, any of the
methods can be considered an excellent method in cases involving the
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the case that large quantities of an extremely dilute exhaust gas are

[001}eated as described above, combustion systems are more economical
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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

mvention 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
small amounts of volatile hydrocarbors contained in a treated large
quantity of a dilute exhaust gas, that produces no carbon dioxide gas
emissions, and that is economical. [00171 The present invention was
devised in view of the foregoing problems, and provides an adsorption
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pore desianiernidrosaanatiersin a preferred embodiment of the present
[ jnvention, the activated carbon is used in conjunction with a hydrophobic
ilica gel precoated with volatile hydrocarbons, and having a specified
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upper limit is "80,000 ppm in terms of hydrocarbon concentration."
[0019]

Specifically, the "law related to improving the control and management of the amounts
m which specific chemical substances are discharged into the environment;" 1.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
atmosphere 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.



upper limit is "80,000 ppm in terms of hydrocarbon concentration.” [0019]
Specifically, the "law related to improving the control and management of
the amounts in which specific chemidal 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
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[002 mounts of VOC's are not dissolved in the water. Furthermore, the
oisture in the emitted exhaust gas is nearly saturated. 8 [0020] These
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using a direct combustion system or a catalytic combustion system, as
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systems will eventually be subjected to review. [0021] With these

quangiiespistxheust igagicanteaipgebibrie ihvéraendbansiase treatesl gresiomabining a novel
invention., They did so on the basis of a propgsal to "recover the volatil
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exhaust gas containing dilute hydrocarbons are treated by combining a
remoyedANd 4R SIS I ABRSHEEsorption method that include a
[0024retreatment stage, and that are different from the prior art; all of the
volatile hydrocarbons mixed with the exhaust gas are removed; and zero
enfiseidivelbredaptibleat theDHR] present invention 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:



Specifically, a problem that the present invention 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 m3/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 m3/hr and having an extremely dilute volatile
hydrocarbon.concentration of _several thousand parts per million or less, "
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solve include; 9 1) providing a_purification method for reducing carbon

3) Proiskiee SR G UEHEAP R, B hods WESHEBIR RESE R L YO RRY S gas containing
dﬂuté%mH@K@&mgtip RSN SiRAEVBRIRO B UEEBIREnSIRYARE the exhaust
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industrial field; 2) providing an exceptionally economical purification
gas arpetnsarmaigdioh asfyangsomtipreteatinsat ended roreaparitenapidipeeohbimes, and
volatile hydrocarbons fram large quantities of exhaust cgntaining dilute
the g o AR e P B R R o are
subseaieriig rguititydigdjdoidr acatpo bsiisson Hvet avidiigvadsuitable
purification method wherein a large quantity of exhaust gas containing
[Meag g %@l‘&ﬁ%th%\%%‘%s%qgegs%&ﬁﬂ@%nute volatile hydrocarbons

[0024)0ntained in the exhaust gas are concentrated in advance in a
pretreatment step to a concentration of up to 10 times, and the adsorption

metseerding Wedaiptibra method forapudndlae massies ialexiovst gas containing
.. sub %%u%nt incorporated,.so tpa a "zerg emission” level i achieged.

dilut Nk ydrocabo a(;&Brdm O e presenf ipventon, “which 15" uséd as’ means for

T eans for Solving the Aboverhention roblems
solving the abovementioned problems, is a method for purifying exhaust gas in which
"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
mterval; and the previously adsorbed volatile hydrocarbons are extracted from the system.
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 adsorbent

layer in the pretreatment unit is a layer loaded with a mesoporous activated carbon precoated

using the volatile hydrocarbons.



[0024] 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 M&ans for solving the

abovementioned problems, is a method for purifying exhaust gas in which

"adsorption units" that comprise a layer loaded with a precoated

mesoporous activated carbon as an adsorbent, and that alternatingly

Pefan AdSQUPLion. apd dgegrRIion Ae, Heed: 0. 6XRAUSL 983 Lo uson,

volatile hyc:'i)rocar Ghs I8 caused o pass Fﬁrougﬁggne ot the a sorp on
treatinpgitsigthguataidtseohythiocarginns ardraas dibee volathe ladsochdontaysng the means

inside the adsorption unit; the exhausgg%as that contains substantially no

describnd AROKS HBESY BANSSIL PR RUBH ATt Bt B 7RE HSSIgiGTGISRt s parate
and 1RIREHRITOHRIC Ry IR RMIcH Bk I RAeE IR URR IReRRIIRMHUI RIS Lish the first

interval; and the previously adsorbed volatile hydrocarbons are extracted
througbthitseobjgstares. The purification method is characterized in that a
“pretreatment unit" for concentrating the volatile hydrocarbons contained
[0025p . ! . .
IN the exhaust gas in advance is used to increase the concentration
befarenadirgatmeitiiia pBrfornatkisid ofdheplaifpaptiopenjiaaittbshef exhaust gas
adsorbent layer. in the pretreatment unit is a layer loaded with a

containing T Y ArtirRyd oINS ASCOIHRE Qg RFSSRSIHEHY B SchpaRtized in
that 19 MUithrRERRESTORAIBOD diRxide ISRI20 ragUIAIARNSRBBY are used during

preventing pollution, treating large quantities of exhaust gas containing
desorgitigres \ogatifledipdeod desoms ersiswitchang dians idédoribchabues thekessiiting purge
exnaBIIY'R 1D ALATY, t@.ex‘?ﬁéh%ae%shgas R AT A IR A c8II<';_Fe'Ss”e;c'1y 28 F%é‘?aéﬁﬁed to an
andradse e volatie ydrocarbons’in the exhaus gas; and, ﬁartlcu arly,
inlet t4 theceRwppabraifirst through third objectives. [0025] According to claim
2, the method for purifying large quantities of exhaust gas containing
[0026ijute volatile hydrocarbons according to the present invention is

charaeietizeddn that in thee adserRiionu Bﬁﬁfﬁﬂgqa QUERRARAET BihSst gas
nitrogen are used during desorption; the adsorption/desorption switching

contaipiegisliute solaniealedrotebans teerdioge dxhpigstniasventionl sl chatcterized in
that ’e‘t"g%:tt?é’a [ e ST e, AR UNEARdeRRe I 985 1S FRRUPR LS At Ybrous

e adsorption unit.
activated carbon;" 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 according to 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
about zero parts per million 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
therein 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]



[0026] 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 the "pretreatment unit" is a
"honeycomb-structure rotor," a "fixed honeycomb," or “fibrous activated
carbon;" a vacuum pump and/or normal-temperature air or nitrogen are

used during desorption; and adsorption and desorption are carried out in
acincs iy smassqcialed operaion. ith the adsqipion ynkageording. o mernod
the Tirst aspect. As descrl g above, nitrogenis used In orderto avol

accofidzaro shepeseiftdrsentdenieaiion of hydrocarbons in the purge gas in the

"pretreatment unit" exceeds the combustion lower limit. According, to claim

4, HE VOISR E Ny SRSELHASHRT T hod HRRALCH SR RABETD GfifisPH5 figpEgp method

accortfhg RS Retenitire M Ksing the treatment system. The amount of

exhaust gas treated in the present invention is preferably ten thousand

[KeydaiSieonbetslrs per hour or greater, and the concentration of volatile

[002
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ydrocarbons contained therein is preferably ten thousand parts per

illion or less. It is thereby possible to achieve the objects described
abQvacBRHEk BESGRIPIMON OF THE DRAWINGS [0027] 11 FIG. 1is
a flow sheet diagram showing one embodiment of the purification method

22, 2ciding

4
5
6

ndHEHRIREEIS#YERtion; and FIG. 2 is a flow sheet diagram
shouingapether embodiment of the purification method according to the
present invention. [Key to Symbols] [0028] 1 Concentrated gas supply
linéaB4liqud Sepaghteiiectromagnetic valves 4 Vacuum pump 5 Gas/liquid

se%arator 8] Ucricond ns gas return line
ncondensed gas return

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
11
12
13

Exhaust gas supply line
Honeycomb rotor
Recycled air supply line

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).



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 Honeycokab 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

alves 21a, 21b Fixed honeycomb BEST MODE FOR CARRYING OUT

HE INVENTION [0029] A detailed description shall be provided below of
thaheesattbodirastion ¢S iell pesambipdinents thetrlef. {In"gredeltewing unit" for
description, "HC gas" refers to "volatile hydrocarbons” in the exhaust gas

concepiEafing eadielER R ExHBAING Siljse 36l tHA SRR RONp iR In an exhaust
gas tDESEIVABICHRS AR AR TR BRI Rl CONCANIAINE Wintaining dilute
advance and extracting dilute volatile hydrocarbons contained'in an
volatdg Haigspcgaons atconeaiad-atidhisf ppeteatmeirnesiihemrpriges qaadiedeit layer
haust gas containing.dilute volatile hydrocarbons are treated. Thi
oac e R S ST ol o B PR 0D SR ke yarocarbons
and tieg $aparcuB@ptivatpdre dibortthat pocitated With dbecvotatite gas extracted from
hydrocarbons  and that has an adsarption pare diameter of 10 to 100 A.

the "FigHQUREBhHAe S JHtediisiiad fdf YRE Qaratem uht i Hssi gy adsorbent
layerUgiRg R MAINMHIAALSORREOR YRR oWBIChHASESRELRdReNEA BYSSAhALS has an

similarly filled with a precoated mesoporous activated carbon that has an
adsorption pore diameter of 10 to 100 A, or which uses this adsorbent layer in conjunction with

[003

an adsorbent layer that is precoated with a hydrophobic silica gel with a specified average
adsorption pore diameter of 4 nanometers.

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 10 to 100 A, or which uses this adsorbent
layer in conjunction with an adsorbent layer that is precoated with a
hydrophobic silica gel with a specifieddverage adsorption pore diameter
of 4 nanometers. 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 nprmal-t ture air.Qr nitragen.in,the purge. operation. T
cone G e e S B RS gLy way of
limit&ysitem, and volatile hydrocarbons are recovered as a liquid. [00311
Exhaust gas used in the invention) The exhaust gas used in the invention
[0032% 4 large quantity of exhaust gas having a volume of a thousand cubic
(ActiPARIBT S RE5MNAHEL0 SEYRsak 185 IBRNS AR EURIE MBIES RETRO " GHERHRN present
and emitted from paint factories, laundry facilities, and manufacturing
inverstepk involving chemical products, or the like. The exhaust gas contains
dilyte HC gas (e.g..ethylene, propylene, and other olefinic hydrecarbons;
e L S8 B e PR R DS PR i are
knowyilr aeasbdnselinircienslhfxe peresyvanseddfethadpiees asalysoibsd in catalogs
trichlene, methylene chloride; ethyl acetate, and other carcinogens). The

publighed, byt geivaleHe SRR MBRUTRFEHTOFUCArER dakeRy IeCmEERIHD, Seanpany;

Kura@3/OheAndaineotIa bt Qﬁfﬁﬂ?ﬁﬁ'ﬁ%ﬁm@(ﬁfbﬁﬁéﬁ CANCHI@IOBRA is formed

10,000 ppm or less (i.e., the exhaust gas is of a large quantity exceeding

by a $oongVen 280, DoBUMRriee, betd esontasriadexiatiioiditbee obialgldydrocarbons that
.hydrocarbo a 13, concentration of 20 ppm to 2000 ppm). However .
we i AR S PR NI RRD & RRR BB puE e i

|
escription 1S ho y mitation.
so-catiadapillsgcimdeasitdaayqling wumnitteanls ipre reatine atnavibt of ddsoppesaricat that
invention) Activated carbon that is used in "adsorption methods usin

excecqlsiibs eandepesiondicat 384 Rl RTifites RrsAG ﬂlﬁhangéraﬁﬂaﬂﬁ%(ésge??@éawd-
Furttf@MBRS s NFARN S8 ASHSREENRI MR LAIAIA0E Riblishe by ReiaiRd olatile

carbon manufacturers such as Takeda Pharmaceutical Company,
hydrocarbons causing the capillary 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



Kuraray Chemical Corporation, and Tsurumi Coal Corporation. A solid

C-C bond is formed by a strong Van der Waals force between the carbon

walls and the volatile hydrocarbons tA&t 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 heat that exceeds the condensation heat, and a risk of fire is

resented although usability is facilitated. Furthermore, it is wn.that "

com GRS DB S W e LST0 o 8 (H W s meec
hereihpeltaeriddbantagsingulitagapstiance ndigalin irdm thellkkicwpai@scombustible

(see Non-Patent Reference 1 cited above), and desorption is_not carried

solid AsarPepbaitiufBhrts, 5oL tREr SRS iR wtand lpesnt mventors
also MERE fhenibrad ahlGRaDels AdieREdA AeHibs FdhBINNS RALRMIRRYeiSdoes not

presented in that the HC gas will contact in the multiple active sites
absotbreyesiuiig taa hewhasdiiberrythe thorapo e mespiiptss aaddilcropores in the fine
poresq?a%%we 'ze d the polymerization heat creates a danger of ignition or
combtrstion. Thérefore, when the activated carbon is used, steam must be
us&tde qryintsohdvdeprrptiosty theen'Ipfo@asd ibydiks Pusdnnitiedargeand have been
guantity of water generated from the condensed steam, and _costly

demQpSERlelatlr froaNHRA TEtHestisrd fetataally HBYES et IHhishels containing
conc¥RAIgEQRtiY, Sianfeidsavhipharerbesilicte sl tipwworld. [0034] In

order to solve the abovementioned problems, the present inventors
[003Xiscovered that the hazards accompanying the adsorption of volatile

hygfocarbo could.be, avofded.b)fl r%%hacl:lisnnge %%t?i[}iaégd mcefaa'hbs(.) N ru%red in

1
the [()Woerv &t With & Tlafne Tetardant activated carbon comprising cating ‘arge

quanfiRs afoseisalnsv g adiitginingeesizentiyndilinky TH0q:d)0 Bpaefenidg Wwhas a typical
"MPC" hereinbelow), or forming a multilayer structure using MPC and a

activfed saiBh e el meresianstt diiie- ithe RRENETS dBtide dheigsfsorption
colurHFRRReRIGSHiRRO Y d REREASENEIR rea e eI ERUAGHRALRR fine pores,

adsorbent that readily absorbs volatile hydrocarbons yet does not absorb

regardierstof dlenseverdbpairie pdyrvdhpnpthissand dfemssppbhets afd gas. Means for
disporsnlri% 9 86%13&3 tck(])% f}PlSeldg %Sa%?(\)lli{)] otrb%(l)YluFr)r% 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



These points have previously been proposed by the present inventors and
have been demonstrated in a "swing system" used for small quantities of
exhaust gas containing concentrated¥™C 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 exhaust
gas containing extremely dilute HC gas. Specifically, when a typical

actlvated carbon ?aw small ppore diameter is.u #1 e temper tur
enging Raide the A aglsorp n coq& n z&ilr%gefclenea f%% %ue eat%ee%leprge 3, System

cannosipdlapoeeddeniationlso tpplfwdpoctilespgaddiegdrofdpanseveral parts
1003 ,}Jer million or less of the very dilute HC gas. Means for disposing a

ooling coil inside the adsorption column has long been used to address

sughoRIQRIRIRR, Asslistieses bRatsal Refeies ﬁ'fﬁgg@lﬁ%f‘ b8t can be carried

method has also been proposed in which hydrocarbons |qU|d form)
out mpraiedpkEn lmelﬁmgg@ muspga@@c@mm%om retilathe vsige tAdie vacuum

adsqrption (ﬁ)lumn the dscirIPHI n |s cool[‘lad usmglthe i

€ration afn n operation,
pu II?(E‘SU ngalsaten? %e Of eeap ration esent invention solve

the sthetidaowementienedpisieiatoy uatb@lamaréﬁmbsbeehatemﬁmwd to be a safe
readily undergo caplllar condensation, and which readily condenses

matefigly s & deistiag %ﬂt%@gggf AAREPHAIS Y SishAnd desorpHeR Syergmncorporating the
pretréfiiyaied saRraAmactivalac-ratRn NAVING WRIAISOPUANARIA element of the

diameter in a range of 10 to 100 A). (This activated carbon is referred to
preseagsinyentpister,” as described above. In Europe, the US, and other
[003 eveloped nations other than Japan, these canisters are used in systems
r adsorbing gasoline vapor that leaks out when an automobile is
traVhiircfelluyndesaripeivaiof ahectibhefcoapprhassasetinulateth ke prior art being
desorbed upon. fresh air being drawn in from the exterior. The purged

used 3y AR GERGRLISf BB BE 8 B iR 15 rsRREA srshieRH the configuration
of thSPREUIRaNYeNEHICesrPRATRRIUrGR ALLRNA! GRaPIQY sy, a%t%lm‘fx(%ﬁ&%ptlon

be exported, which is also applied to vehicles produced in Japan

therefﬁrgmembb@m@e@e@mmﬁomahcb@dama@bﬁm vdiieh arslygenmietsly (aimcombustible,
and W C%lnj Sﬁ%cir: V\ﬁﬁﬁ?lﬁeerp adso rge %I %éel c%{nﬁﬁsmg@@ CH4n grléllrvggalcr]( 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.



pump in this case has a small capacity. In the adsorption operation and
desorption operation, the selection of the mesoporous activated carbon,
which has been demonstrated to be &%afe material, is a deciding factor in
"the adsorption system and desorption system incorporating the
pretreatment unit (pretreatment concentration unit),” which is a structural
element of the present invention. [0038] There follows a description of the
[0040 oneycomb rotor system" used in the prior art being used as an example
f the pretreatment unit, which is an essential condition of the
colighe apigrificatitie peesad ohienpenettighviampe raieréesirpriost dyerased in the
. as purge gas durln desorption; therefore, it will be necessary to use
ﬁ%eio&’ WEWS‘?@%WFHP&EIW?W?%H@@ UMPIRRLIE pressure or

less, Qﬁ’(Y %&Jﬁ{mﬂl%ﬁ@i&%&tw ¥ tham MRGunt isfawback qap ge gas is

overcome by using the MPC described above. Furthermore, the MP
prefeppidiepapsyioseef étmga@eﬂngtrede&em@adwnc@wmsm@t@awmasor dry alr and/or
nitrodelﬁdgr edin Fe)a(g%gtvo é& ocaroons. %a [esult Eth;{ of tla%lrl}(fr%ﬁsg Sorption
emp eratur egélurlng a orp‘{lon IS approxmaPl}ygg crease safe? P
operdtih bsapeﬂetulﬁsi <[$¥E9 B thb aclcoadénseti e wpﬁatabiyeéﬁmﬁdﬁbem inlet of the
aE)urlflcatlon method of the present invention is characterized in using
ARRAAR SSRbrption pore diameter in the range of 10

to {0RApu ﬁﬁ&%%ﬁrilﬂ@ﬂil@tpef’ﬁlé DrERAYRGHMLWIh REREISIRSRative to means for

concentration unit (pretreatment unit) and a main unit (adsorption unit). '
Vawm@mevésom@ewﬂn@ateéamﬁw@an% engistarfrisquIRpantiscn qaitty Qut the desorption

oate 0 eI havm as e ifi dav or ..
treatxg;eam 1.4 Oa‘p )(Ndfl E}er Sle"lﬁ, (ilﬁ fgocgl%gns Ft 1s introduced

4 nanom B Where the ex gas iS nearly
into Sripratesbwithnowistie ling afecablieto udiydise hydrophiotidssitision unit) is
gel havin ﬂ%‘él acro ores and/or activated carbon having macropores; i.e.,

pressﬁﬂ%@?l?é hét 2dVaRLorb water. 16 [0040] In the purification

[Examgithpd of the present invention, the desorption operation in the main unit
(adsorption unit) is carried out with an operation pressure of atmospheric
[004Kressure 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



less, and desorption is carried out while using 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 &hd/or 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 of the initial desorption unit (desorption column). In

the purification method of the present.inventjoq,a preferred alternative to
prev e R T e S B Sl purnp
and/preseiy isdo dariygoddstiptidesaiiadsdrpadmant idesssiaienvdie siarilaely repeated

exhaust gas containing volatile hydrocarbons that is introduced into the

(see Patent RelerenicechfitathabNR) (S aechimtbis: Rt éPmaliscing the concentrated

emyl(&q%&qgﬁﬁgg)},iﬁogﬁmi_zed or dehumidified in advance. [Example 1]
[0041] "A case Involving the treatment of an exhaust gas containing 500
[0043)pm of ethyl acetate and having a volume of 5000 m3/hr" is described

below specific application.example relating to the present invention, . . .
TR g M e Pl PR G P NP B

eing ma IS a ra
ethylshetwia g sngpiedtodimaohefdhatptoificaliomnhetbdthasgorcinpplo Line 10, at which
. present_invention. In the diagram, 10 is an exhaust gas supply line; 11 is

pointfhecthyl agetptedtdspsbrdaand dhe ehanstesdirfisasetaniodhfaepsphere from the
gas 1BLEA51NE93S Biedhs HPOsRIRMREk S Meancenitatedgra sHPRIINRIed to the

2a, 2b, 3a, and 3b are electromagnetic valves; 4 is a vacuum pump; 5is a

honegeastioutishirardhegisysiediasontphidan dasthetadsolibrsl thylaseipée is desorbed
ana SHS0IBYEN COlUMDS, 8,82, 00, 80 Arc. o (Birae 9as) ol nes: 9 is 2

Ine for releasing gas into the sphere; an are
[00443lectromagnetic valves. [0042] The present example is a case in which an

exhaust \%aﬁs (moisture content: 13% at relative humidity (at 57C)) is

treEt, MserORFEREURH &St HalRSrlaiiigotip iny St etginade atpesiigally, the
concliamfty %&WSHEB%M@ o sIessHked APEYS VB eHRNERIRRd YR supply

11 is used as the concentration unit (pretreatment unit) in a pretreatment

line btagevhide peathobelgthprevisarsiysordsoidodd bihtheopessematdd gastay subsequently
releasaeg %?cﬁﬁg%tr?&%f) evrveh%?ct]rr? tYlgchejlg ThRY W%t 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.



and/or air is used during desorption, and adsorption and desorption are
alternately repeated (see Patent Reference 1 cited above), is used in the
equipment for collecting the concented 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 via the exhaust gas supply line 10, at which point the

eﬂpgrat?}?atgéﬁfeisoﬁ (cjsr%r bﬁ%bang the %hfa‘elg:}) T rlg %%agreﬁj f%t(i)sth%en of a case in
atmosphere from t(l)*lepgas find L5 Hatis perPflo the atmosp ere.
whicMaaoydileyraeyaiesbaussastippie dibtne ihaselyeotb hobeydohibamtdhe 1, instead
recycled air supply line 12, the adsorbed ethyl acetate is desorbed and
of the, HEIYRF AL ANAIS G Raving a high concentration (concentrated
[004@as)." [0044] Next, the concentrated gas is treated using the PVSA
method. Specifically, the concentrated gas is supplied to the adsorption
colhenzhe( thicvimereus epderiacheatbgasSis thpfpriperdiveexttaplepisinteddhe ethyl
aceta?éhé’c'{ﬂ%%% aes adﬁ%; t}?o%%ﬁé‘oem%o?S%Qtﬁ:%?asg%séén%‘é% afion WSl hes or
INto the"atmosphere from the gas line 9 that is open to the atmosphere.

apprdieamelpiES0Ppipge ainis sl edeigrrineadl fporge JPaS)isupglydlinag desorption,
.8a, (8b) to the adsorption column 7a (7b) after the adsorption step has

but iy goiediy b plilgerartidostheibyed pythed saed i Piimestreatoneae Treating
the YRG! &%&&%@&@@-é#zt%&&?é%%@%@*@s&%&%ﬁ%ﬁééh@ possible to

purge gas, but a portion of the gas released into the atmosphere from the

reducgdbegstivanceiapnydg Tl aed gasdo beOuead) amve. purge exhaust gas
containing the adsorbed ethyl acetate .is lied tp the gas/liqujd .
i r%gagb %efh élilg thr)x/mles%%%c{us. etivated &a on” il ?h% prss Hi ed(ams%lﬁ is used,

sep%%t%r an a e'is recovere iqul nconden
norm@hscfrpardtige gassifbd sedaiiatae ddsoiptivn geriortheddondantiatedcoas rotor 11,
supply line 1 via the uncondensed gas return line 6. [0045] In the present

and the, piBRE. RIS P PE RPTRIHRAIOA dy co b Yoo aingftiiae prior art.  The
concAHBABHOR LIS e’ hiS A ME SPRRSRH SRV 84 thCaPRMEINand an effect is

activated carbon having an adsorption pore diameter in the range of 10 to

accortipaeix ey ¢sl pregshye ety sustnessing.
[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)



For the sake of comparison, an example (comparative example) is given
of a case in which an ordinary "microporous activated carbon" is used in
the honeycomb rotor 11, instead of th& "mesoporous activated carbon."
[0046] When the "microporous activated carbon™ in the comparative
example is used, the ethyl acetate concentrated by the honeycomb rotor
11 has a concentration of about 5 times or approximately 2500 ppm. Air

haying a temperature of about 180C is-used during desorption,, byt is .

cod B R A B e B SR WAL HEioeg on he
basis To€dligy the FaS caniginifpwosieentdiigehaihyhaetiatendsiey disbo¥ib®nt of the

method makes it pgssible to reduce the concentration in the released gas

PurifigaHeR RS DOE MR GRS LI RE YRR HeSup 1B SFBMRIG B TaIb dieed rotors
21a, NBNGBIRSEMRXATIPIBIS HSRYcARALIATRRAIEr e i CabERuSed in

the desorption performed by the honeycomb rotor 11, and the purge
[004¥mount may be approximately 1/3 to 1/5 of that of the prior art. The

Cog%esﬂ%ﬁ}hol?l%ft&.t*}ef@llf’ffe?e%ﬁ%%‘%ﬁ‘ 24 APPLXIMALY IR 20 U REShing dilute
and an efrect IS “accor mByac leved whereby zero emissions are

hydrpasbiiieis|Gedéll nsthe rese nintxamicle haeshiteptienvoumasaiiikierption columns)
exhaust gas being 5000 m3/hour, and the ethyl acetate contained therein

72, TREloRfSAmItR amadinBis08 SRTHUIALEMIAD 4ok ErBceaist &s supply line 1, an
uncofPARERIAIE RRdPlR WS {Blf&%_(?ﬁ?}r nhelagsavhgiesy hristive o for

acetate can be recovered as a liquid using the PV SA method in a
releaging igteinto gt afragephanel tnd Saad donayisymbs 2tay? Hecemnpabest ¢f a mesoporous

acrvifi3288R s e beeduced o perg i egarg, the present example

a? a Prll‘e Ig %m . .
IS NOt oNnly superior rom a cost standpoint to conventional combustion

SYSeRIG T, dieatingelécgesumdolits 0b e Bistogasbpldds BIBO15a, 15b all signify
advantageous in that carbon dioxidiﬂgeas emissions, which is the

electianagriHg WMXFbadk B omblRasr HBdsurabeling feehtodurnsaderigpck sas
into MEVBMESB s/ hahihe eihyl gogtateyvhighce WW@PEQ@%&%‘H&@ gas for

gas in combustion methods, is not released as smoke, and can be

purgisgrisietelgtile doidspsartbvhe adsorbornionl effecsistrifedeon dhe fherbinracycombs 2la,
21, "HREASHERIS 94 Res 20 REICRIARIS AR ISR b entrared
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.



19 The second specific practical example of the present invention will be
described on the basis of FIG. 2. FIG. 2 is a flow sheet diagram showing
another embodiment of the purificatid® method according to the present
invention, and is an example wherein "fixed rotors 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, ..
o e R R B S R e A I N S Retverea
a rat@ds80hen! s pavidaivirchinmipetkecarcorRd@ridaiodegasnsbioPly ling 21Mmoccurs for about
unconcentrated gas return line 6, air (purge gas) supply lines 8, 8a, and
10 mgites g a line 9 for releasing gas into the atmosphere; and fixed
[005J]0neycombs 21a, 21b composed of a mesoporous activated carbon are
used as a pretreatment unit of the main unit. In FIG. 2, the numerical
Sy st svere @mdegtedhingigr tig, conditions ,d;sgi,h@ba@n)@grﬁwlﬁng in an ethyl acetate
electromagnetic valyes. In FIG, 2,10a and 10b are sup %Iin s for
cone g S o o A B B SR o he frea

honed@amb 2o b)yaphhditias fdifstipyiing ps de@as ompigity the volatile
hydrocarbons adsorbed and concentrated on the fixed honeycombs 21a,

21bhe RenseRatog EhptracriRis Rt S RAR CORE M RRF G AL SHSR WA used as a
purgd BNBLOPLSRIr BlRsh BAB IR LEHNE RO TS @1BREShIAR EeiBgsEaPbLy line

the adsorption of the volatile hydrocarbons using the fixed honeycombs

12a (270), 2ased tbreasbdhinteotvertitatobphtadrob anirlieaddrineleasimyepisted gas
suppl B5 BFIRSRASS MRS SISRIEMAGRETT P PS 10,2 40, DRSAIAE. ciny

resent example, a product known as ure € Cataler

acetafedrpbbatio oerBribatdded ASHHOLD tiagesnesoporous activated carbon loaded
into the adsorption unit (adsorption columns 7a, 7b) and the mesoporous
[0053]¢tivated carbon loaded into the pretreatment unit (fixed honeycombs 21

a, RiB) [0RIoisREES SRS wal ARMAKRIPGWRAAPE @f Silite intervals,
acetate" is supplied from the feedstock gas supply line 10a (10b) to the

and threamvenegysoraas s URIESted o idsonpisupard Wesaitivar et the Assargetplumns
7a, 7'g}to ﬂ% Ea)g% 'hgo S ggnrggﬁo%lo e%giy iéscgtral ¢ Cx))\?ats? ‘i‘ ][8 3%‘{)%‘?8 iet %liégir? 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



gas. 20 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 occufd for about 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
comiGE8SING A28 N0 e almaspliate. The cancenuation afelhyl acelalf it en i
about ppm’once air, which was'used as a purge gas, ha]€§|spaissed11
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

altéhdesdyibadietiond, ghel methadtoireniaieg larse dvetiesieahedsydasweastaining

.. subjected to, adsqrption and.desorptian 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"Jep gearsnsaang blatisohyéncadenh gpatergtbisdheagrbeariti gas ipusgd in advance,
xhaust gas was.recovere a liquid. The .uncondensed.gas,in tf&%o . .
and B S e e o PO T v wmie
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 Soéle st A BAROIRIANEO MNBRS4S IR BHEH @18 Rite volatile

possible to use "room-
hydrocarbons thus allows the exhaust gas to be purified to a zero emission level. In addition,

an effect is achieved wherein the volatile hydrocarbons in the exhaust gas can be efficiently
separated and reused. The industrial applicability of the present invention is therefore

extremely dramatic.



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 242 combustion lower limit, as
described above. In cases where "nitrogen” is used, the nitrogen is thus
preferably recovered and reused. INDUSTRIAL APPLICABILITY [0055]
As described above, the method for purifying large quantities of exhaust

gas containing dilute volatile hyd@ﬁgr@%%s according to the present
invention is a method in which th t gas is purified using an

[Claitad$orption unit," comprising a layer formed by loading a precoated
mesoporous activated carbon as an adsorbent, wherein adsorption and

deBorpiBPhiBraREHN %K 8E rBIRREHCSTRE FYRASAHE ratfaaiRg dilute volatile
hydrGRRHRAETRE- Il & rpiBH eatiRe nhatnib i kenseaatingdiailien a precoated

hydrocarbons contained in the exhaust gas is used in advance, and the
mesaponeenacitivieis (abheasedbefmshenatandrhias plctoatiegupimtptheadsorption and
adsorption unit. Magreover, the adsorbent r in the,pretreatment unit is
e R R e B B BB R R ot
one biydiocriopption)airig;iecalnyd drigarsdaticest das grlgubatiives thé exlatigit layer
gas containing dilute volatile hydrocarbons thus allows the exhaust gas to

inside, the dARPHETL WEho Ayt BRI iR U RBHRILY oyt §ydrocarbons
is relSREiEiR RSN QUaLIE By decRIRRpSIR the:Saysloassapds elficiatWitched to a

separated and reused. The industrial applicability of the present invention
desorptipie asferpslosvdieing Hridiareratt. .22 g pevisuiisladsetied valatie dufdrocarbons are
urifying large guantities of exhaust gas containi ilute volatile
et O B e A SR TR TR A s
a "pretifatanpre coatefdr mesepatdug dalivalailchydmrada@an acsabehinahe ékisdust gas
alternatingly perform adsorption and desorption, are used; an exhaust

in adyaaceoiititth PVEIEHRsh R SOISBIEI L A68EE oS TRt dt gRrBrECE tilws said
"adsﬁ%ﬁeQrﬁpHHi&'UQﬂéir}{%eaw@ﬂ&mgi@%r?ﬁ@%@@eéﬁ'ﬁ&{%ﬁi% he:pdsFRRA with a
mesoporous activated carbon precoated using said volatile hydrocarbons.

[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 are 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 said "pretreatment unit" is a "honeycomb-
structure rotor," a "fixed honeycomb," or "fibrous activated carbon;" 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.

[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



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 a28lesorption operation during this
interval; and the previously adsorbed volatile hydrocarbons are extracted
from the system; wherein said purification method is characterized in that
a "pretreatment unit" for concentrating the volatile hydrocarbons contained
exh Sul | e is.used tq increase the ntr

hydr%e oroenaltlrea%men orrrJ[n(iea u%‘?ﬁ 1(jjlrszca)tredlzi Sal ion un| ls t ]tlrgzero parts per
milli@dsorbent layer in sald pretreatment unit is a Iayer Ioaded W|th a
mesoporous activated carbon precoated using said volatile hydrocarbons.
[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 are 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 said
"pretreatment unit" is a "honeycomb- structure rotor," a "fixed
honeycomb,"” or "fibrous activated carbon;" 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. [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
23 hydrocarbons in the exhaust gas that has been treated using said
method is about zero parts per million.



