- DESCRI PTI ON METHOD AND DEVI CE FOR RECOVERI NG HYDROCARBON VAPOR
Techni cal Field The present.invention relates to a method and
device for recovering hydr ocar bon vapor contained in a gas such as air
di scharged from storage facilities when the storage facilities such as
storage tank is filled with liquid 10 h¥drocarbon such as gasoline or on
account of expansion of the liquid hydr ocarbon in accordance with
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car bon, the adsorbed hydrocarbon is 30 desorbed by heated steam

(2) After gdtAg hydrocarbon vapor using a r emoval equi pnent
filled with 31 ca eI or zeol i tg t he adsorbedq _h dro ggeq E esorbed
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hydrocarbon) is discharged from the container since the gas phase and the
liquid phase are displaced inside the container or the gas such as air is
expanded in accordance with the temperature change. The concentration of

20 the hydrocarbon vapor in the exhaust gas reaches 30% during summer.

Recently, the discharge of the hydrocarbon vapor has come to be
restricted. For instance, according to restriction in Pollution Prevention
Ordinance of Japanese prefectures, the concentration is defined as 5 to 8%
and the removal rate is defined as 80-90%. Further strict restriction is

25 defined for toxic air pollutant.

Conventionally, in order to recover hydrocarbon vapor within the
exhaust gas from the storage tank, following methods have been proposed.

(1) After adsorbing the hydrocartbon vapor using a removal
equipment filled with activated carbon, the adsorbed hydrocarbon is

30 desorbed by heated steam;

(2) After adsorbing the hydrocarbon vapor using a removal
equipment filled with silica gel or zeolite, the adsorbed hydrocarbon is
desorbed by decompression; and

(3) Membrane separation method.

35 On the other hand, in order to improve the recovering efficiency of
the above conventional recovering methods of hydrocarbon, following
invention has béen proposed (Japanese Patent Laid-Open Publication No.



I.nventi-on has been proposed (Japanese Pat ent Lai d- Open Publication No.
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20 Further, since adsorption and desorption are switched approximately
in several minutes in an ordinary pressure and temperature swing adsorption
(PTSA), the distance capable of increasing the temperature is limited to
several centimeters around the surface of the heating coil within the time
period. Accordingly, many heating coil has to be provided, so that excess
25 space is required in the adsorber and temperature of the adsorbent layer
becomes uneven, thus increasing loss of heating steam.

Disclosure of the Invention
An object of the present invention is to provide a recovering method
30 and device of a hydrocartbon capable of efficiently recovering the
hydrocarbon vapor from a gas containing hydrocarbon vapor.

A method for recovering hydrocarbon vapor according to an aspect
of the present invention includes the steps of: first step for cooling and
condensing a gas containing the hydrocarbon vapor by a cooling means to

35 remove a part of the hydrocarbon vapor; second step for, by a heating means,
heating the gas after removing a part of the hydrocarbon vapor to raise
temperature thereof; and third step for feeding the gas with raised



of the present invention includes the steps of: first step for cooling and
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first step. More preferably the temperature is 10 to 20°C higher.

The temperature is set as the above because immediate condensation
or solid precipitation are resulted when the temperature is further lowered at
an intermediate piping or adsorber or by heat radiation in winter since the

25 hydrocarbon vapor has reached saturation at the cooled temperature. Such
phenomenon results in choking of piping, malfunction of switching valve,
and increase in pressure loss of adsorber.

On the contrary, the temperature of the gas after the first step can be
increased by the second step, so that saturation ratio of the hydrocarbon

30 vapor can be reduced in order to prevent condensation in the piping etc.
The temperature of the downstream adsorbing device can be raised, thus
facilitating desorption and recovery after adsorption. Further, since the
concentration of the hydrocarbon vapor is lowered, the load during the
subsequent third step can be reduced, thus reducing the size of the adsorber

35 and the vacuum pump.

On the other hand, the temperature of the adsorbent in the adsorber is
raised by adsorbing the hydrocarbon vapor and is lowered by desorption



i.ncreased by the second step, so that saturation ratio of the hydrocarbon
30 ' vapor can be reduced in order to prevent condensation in the piping
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20 The adsorbing means is an adsorber, for instance.

The hydrocarbon vapor is adsorbed and removed by the adsorbent in
the third step, so that clean gas can be discharged.

Incidentally, the adsorbent in which the hydrocarbon etc. is adsorbed
is recovered by desorbing the hydrocarbon etc. by decompression. Vacuum

25 degree in desorbing process is preferably 60Torr or less in absolute pressure.
More preferably 25Torr or less in absolute pressure. With low absolute
pressure, the hydrocarbon vapor can be easily desorbed. When desorption
of the hydrocarbon etc. is insufficient, the hydrocarbon vapor is difficult to
be adsorbed in the subsequent adsorbing process, thus deteriorating removal

30 efficiency of the hydrocarbon vapor.

On the other hand, the concentration of the hydrocarbon vapor
desorbed from the adsorbent is extremely high, which can be easily
condensed by cooling and is recovered as liquid. The cooling may be
conducted using general heat exchanger (tube-type, plate-type etc.). The

35 residual low-concentration hydrocarbon vapor without being condensed is
mixed with the material gas at the inlet of the device to be processed without
being discharged to the outside of the device.
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In the recovering method of the present invention, a thermal medium
for heating the gas after removing a part of the hydrocarbon vapor in the
- second step may preferably be warm water.
Steam as the thermal medium is not suitable, because insufficient
25  heating or abnormal rise in temperature can be resulted in changing the flow
rate of the process gas on account of large temperature difference against the
process gas. On the other hand, when warm water is used as the thermal
medium, such problem is not caused. Incidentally, there is no problem in
using warm water prepared by heating water by steam through a heat
80 exchanger.

In the recovering method of the present invention, in the third step,
after the gas with raised temperature in the second step is supplied to the
adsorber to adsorb the hydrocarbon vapor with the adsorbent, the inside of
the adsorber may preferably be decompressed while reversely flowing a

35  clean gas into the adsorber, whereby the hydrocarbon is desorbed from the
adsorbent.

Accordingly, since partial pressure of the hydrocarbon vapor is
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be swi t chedhydrocarbem shout tinreosweitching isrprkferabley in ten minutes. In order
to decrgpse tempefAbUh&rat" W SdShrptibh heat is exothermic reaction. When the
temperature is raised, adsorption becomes difficult to occur (desorption is
enhanced), on the other hand, when the temperature is lowered, adsorption is
enhanced (desorption becomes difficult to occur). Accordingly, the
adsorption of the hydrocarbon vapor results in increase in the temperature of
25  the adsorbent, thus making further adsorption of the hydrocarbon vapor
difficult. On the other hand, in the desorbing process, the temperature is
lowered when the hydrocarbon vapor is desorbed, so that further desorption
of the hydrocarbon vapor becomes difficult. In other words, the adsorbing
and desorbing process accompanies phenomenon for canceling the effect of
30 the process itself. In order to reduce the above effect, switching time
between the adsorbing process and desorbing process is preferably
shortened.
In the recovering method of the present invention, the hydrocarbon
desorbed from the adsorbent in the third step may preferably be mixed with
85 the gas containing the hydrocarbon vapor in the first step to be cooled and
condensed before being recovered.
Since the desorbed hydrocarbon is extremely dense and easily



adsorbent | ayer by reducing the change in adsorption anount of the

hydr ocarbon, short tine switching i.s preferable. 20 In general, the
adsorption heat is exotherm c reaction. Wen the tenperature is

rai sed, adsorption becones difficult to occur (desorption is

enhanced), on the other hand, when the tenmperature is |owered, adsorption
S - enhanced (desorption becones difficult to occur). Accordingly, the

adsor pti on ednddhgable]ribeahPerocase daﬁsbétéaslll cofideAsR] andt govere@ st ur e
chor " GREBRS raai‘pmsaeqﬂ%p thiieiges i TRtRR0rDi ndbpAd0deanele

t enper at ur ejsi &conom1bazuyr?deﬁdmhiet e Hhatr ot arequiresapulyi sndesoobiag, amd t hat
further des%fﬁé&%g}ﬁ/ﬁ%%p%lﬁgh&‘géﬁr ocar bon vapor becones difficult. In

ot her words d desorbing process acconpani es
phenonerion for cahdeviegfortwecovénng adiydiocattom paporaccordsg to. arother der to

reduce the AUREPHEBleseRl I fkiies; 8 ABHREMARHE FASG0I it O0C5S

and desorbin F OCESS
recovering e@n mg tQ rm'npwegegas ountaammg)the hyidrogaabor aaponso that auparir bed

fromthe adgp 1‘0@3% Id aHeRi fﬁﬁ§F&r E‘é&ti’n%& asg&hw fé?néw'?mr%he

gas cont ai n| ng ﬁ cﬁ_car vapor I rst st e, cool ed

condensed b%PéFteo ee ‘CPPOI to ralse tempegatyge t W@
hydr ocagdponadsorbitig gigahy fﬂhﬁﬁsmm% gésorb¥nt for adsorbing and removin g the

7 ensabl,e, the h ocar bo can easi | condensed and recovered
by bemﬂ%@p I, %@pP %’c@sﬁ Ha{SﬁBetsgg)qrﬂ fie first step. The above
met hod, i's ec”Blmmncoalmg mcea‘nnsram;e be sélzctéd frequi thes fohllowmge twam| i ng

and &?&Hpgéxﬂ%{se QUBIifg (P WoiBentrition of ® H5¥GGEBh LRROY ALY, 2

hydr ocar bon vapar "accor I nvention
i ncl udes: aallewnb legpressurs 1068. cool i ng and condensi ng to renove a gas
contai nj;ng the hyW}feﬁa&ig@ &Q%Iesﬁriﬁﬁ?e 408§’ {s high, &f cbﬁﬁnﬁé(t‘i'éﬁcéfbé}f'
vapor; a heatj g ans eat| n 8 s after r%rmv g}q art

e hydr oc SPHBRATABEN ecangst (UbRdaps: DFe THES Gif.) AA diquid sehaldpbing

means fill eshivdble, an adsor bent for adsor bi ng and renoving the
D e eane e W38 AR IR 4 s gl
accordi ng theat@xchanget Opa sofubitiee hlaymg)cnmunml hegi@xchadger is suitabl
20 The scrubber has a gas-liquid contact zone on the upper side and an
accumulator on the lower side thereof, where the liquid on the lower side is
drawn out by a pump to be introduced to the upper side to be circulated.

The gas-liquid contact zone is filled with filler such as Raschig ring,

which can efficiently bring the gas and the liquid into contact with each
25  other.

The level of the liquid at the accumulator is controlled by a balance
between drawn-out amount by the pump and the circulation amount.

A demister is preferably provided to a gas outlet of the scrubber for
preventing entrainment.

30 The heating means may be an ordinary heat exchanger such as
tube-type and plate-type.

In the recovering device of the present invention, a chiller unit
common to a supply source of cooling thermal medium to be supplied to the
cooler and a supply source of heating thermal medium to be supplied to the

35 heater may preferably be provided.

With the common chiller unit, the cooling thermal medium and

heating thermal medium can be respectively supplied with the single unit,



al | owabl e pressure loss. 15 When the all owabl e pressure loss is

hi gh, a conbi nation of an ordi hary heat exchanger (tube-type,
pl ate-type etc.) and a liquid separator is sui t abl e. When
the all owabl e pressure loss is |low, a scrubber installed with a heat

exchanger or a scrubber having external &eat exchanger is suitable. 20
The scrubber has a gas-liquid contact zone on the upper side and an
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vapor according to comparative example;
Fig. 4 is general illustration of recovering device of hydrocarbon
20  vapor according to another embodiment of the present invention;
Fig. 5 is general illustration of recovering device of hydrocarbon
vapor according to still another embodiment of the present invention; and
Fig. 6 is general illustration of recovering device of hydrocarbon
vapor according to further embodiment of the present invention.
25
Best mode for Carrying out the Invention
[First Embodiment]
A recovering method and device of hydrocarbon vapor according to
first embodiment of the present invention will be described below with
30 reference to Fig. 1.
A hydrocarbon vapor recovering device according to the present
embodiment has a first heat exchanger 11 connected to an introduction line
10 of a gas (air) including hydrocarbon vapor, a liquid separator 13
connected to the heat exchanger 11 through a gas feeding line 10A, a second
35  heat exchanger 14 connected to the liquid separator 13 through a gas feeding
line 12, first and second adsorbers 15 and 16 connected to the second heat
exchanger 14 through a gas feeding line 12A having branched downstream



10 process. Brief Description of Draw ngs Fig. 1is a

general illustration of recovering .device of hydrocarbon vapor
according to first enbodi nent of the present invention; 15 Fig. 2is
a general illustration of recovering device of hydrocarbon vapor
according to second enbodi ment of the pré@sent invention; Fig. 3
I's general illustration of recovering device of hydrocarbon vapor
accor di ng t endgnprd &t ivacuerepoing 20 connected through4a igasgfeeding line 33A
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Clean gas discharge line 31 is connected to respective heads of the
first and the second adsorbers 15 and 16, the respective lines 31 being
provided with fifth and sixth valves 27 and 28.

20 Clean gas feeding line 32 for reversing a clean gas (clean air) is
connected to the line 31 between the fifth and the sixth valves 27 and 28 and
the heads of the adsorbers 15 and 16, the line 32 having seventh and eighth
valves 29 and 30.

A return line 33 for returning the desorbed hydrocarbon vapor is

25 provided between the vacuum pump 20 and the introduction line 10 on the
upstream of the first heat exchanger 11.

The hydrocarbon vapor is recovered using the recovering device as
follows.
Initially, as the first step, the air containing the hydrocarbon vapor is

30 introduced to the first heat exchanger 11 from the introduction line 10, where
the air is cooled to condense the hydrocarbon vapor. The cooled and
condensed hydrocarbon and the air are supplied to the liquid separator 13 for
liquid separation. The condensed part of hydrocarbon vapor is accumulated
and recovered in the accumulator 19. On the other hand, the air containing

35 residual hydrocarbon vapor is supplied from an outlet to the second heat
exchanger 14. .

Next, as the second step, warm water is used as a heating medium to




A wire-rmesh-type dem ster (not shown) is provided at a gas outlet of the

| i-gui d.separator 13. A heat'er 21 is annexed to the (tube-type
or plate-type) second heat exchanger 14. Heating medi um of the heat
exchanger 14 is warm wat er. 10 The first and the second adsorbers
15 and 16 have adsorbing bed 22 fil0l ed with adsorbent.

First and second val ves 23 and 24 are provided to respective gas
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19. On tibe dirbeindsnbse dmt@terpscont ai ni ng 35 residual hydrocarbon vapor
is supplied froman outlet to the second heat exchanger 14.

Next, as the second step, warmwater is used as a heating nediumto
10 hefBecdnd Emb i meenth part of the hydrocarbon vapor being renoved

to increase A Rty fethi6d 88" device of hydrocarbon vapor according to
second embodiment of the present invention will be described below with
20 reference to Fig. 2.

The hydrocarbon vapor recovering device according to the present

embodiment has a scrubber 36 connected to an introduction line 10 of a gas
~ (air) containing the hydrocarbon vapor, a first heat exchanger 11 provided in
between lower portion and upper portion of the scrubber 36 through a liquid
25 hydrocarbon circulation line 39, a second heat exchanger 14 connected to the
scrubber 36 through a gas feeding line 12, first and second adsorbers 15 and
16 connected to the second heat exchanger 14 through a gas feeding line
12A with branched downstream end, and a vacuum pump 20 connected
through a gas feeding line 33A branched from the gas feeding line 12A

30 around the adsorbers 15, 16.

The scrubber 36 has a gas-liquid contact zone 37 on an upper portion
thereof and an accumulator 38 on a lower portion thereof. The gas-liquid
contact zone 37 is filled with filler such as Raschig ring. A wire-mesh type
demister (not shown) is provided on a gas outlet of the scrubber 36.

35 The liquid hydrocarbon circulation line 39 has one end connected to
the accumulator 38 side of the scrubber 36 and the other end inserted to an
upper side of the gas-liquid contact zone 37 inside the scrubber 36, the other



Subsequently, as the third step, the tenperature-raised air is supplied
to'the first adsorber 15 or the second .adsorber 16, where the hydrocarbon

5 vapor is adsorbed and renoved by the adsorbent. Adsor bi ng
process and desorbi ng process are alternately sw tched by swi t chi ng
the valves 23, 24, 27 and 28 in the firstland the second adsorbers 15
and 16, thereby continuously processing the hydrocarbon vapor.
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accumiator 38 oi Seoarioh WePhi#hd LR BRpOfE BRGHARTAE b foPsald 1

upper side birstiemab gdlsmﬂ?lilqu d cont act zone 37 inside the scrubber 36, the

other gg Incidentally, though the freezer 17 is annexed to the first heat
exchanger 11 and the heater 21 is annexed to the second heat exchanger 14, a
common chiller unit may be provided as a supply source of a cooling
medium to the first heat exchanger 11 and a supply source of a heating
medium to the second heat exchanger.

25 Alternatively, the scrubber may be arranged as follows.

As shown in Fig. 4, the scrubber 36 is provided with a gas-liquid
dispersion device 37A such as chimney tray and perforated tray between the
gas-liquid contact zone 37 and an introduction port of the circulation line 39.
A demister 37B is disposed to an upper portion relative to the introduction

30 port of the circulation line 39. An extraction line 42A extending from a
side of the scrubber 36 to the circulation pump 42 is connected to the
accumulator 38, the extraction line 42A having intake end facing
downwardly and a vortex breaker 42B provided therearound, the vortex
breaker 42B being composed of a radially disposed plurality of plate

35 members.

The gas-liquid dispersion device 37B enables further contact between
the liquid component returned from the circulation line 39 and the gas



end having a liquid hydrocarbon spreader 41. A circulation punp 42 is
provi ded on the circulation |line 39.betwéen the accurmul ator 38 and the

first heat exchanger 11. . The ot her conponents of the
device such as the first heat exchanger 5 11, the second heat exchanger
14, the first and the second adsorbers 152and 16, the vacuum punp 20
are the sane as the aforesaid first enbodi nent. The process
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the vort oy demisfASTIBISUIRAE Toghngty. 1 THF eﬁif%%ﬁ‘%’%ﬂ?@&&?@éﬁﬁ Ph ity
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hydrocarbon vapor contained in the gas from the introduction line 10 and the
circulation line 39, thereby drawing out the hydrocarbon-vapor-desorbed gas
from the gas feeding line 12 to be accumulated in the accumulator 38.
Though the above-described respective embodiments process the gas
25  containing hydrocarbon vapor from a single introduction line 10, the gas
containing hydrocarbon vapor from a plurality of gas source may be
processed. In this arrangement, a structure for avoiding complex pollution
(contamination) caused by backflow between the respective gas sources may
preferably added.
30 In Fig. 6, two-systems of introduction lines 10L and 10H are
connected to the scrubber 36A. The introduction line 10L is connected to
the head in the same manner as the introduction line 10 of Fig. 5. The
introduction line 10H is connected between the gas-liquid connecting portion
37 and the gas-liquid dispersion device 37A of the scrubber 36A.
35 The gas source supplied to the introduction line 10H has more dense
or pure accumulated liquid than the gas source supplied to the introduction
line 10L. For instance, the introduction line 10L is connected to an exhaust



12 . . conponent rising through the gas-liquid contact zone 37, thus
enhanci ng recovery of the liqujd cofrponent. Since the dem ster 37B is
di sposed, m st | i qui d conponent can be renoved fromthe gas goi ng out
to the tower-head gas feeding line 12. Further, since the vortex
breaker 42B is disposed, the 5 swirl and3gas swallow ng in sucking out the
| iquid accunmul ated in the accunul ator 38 fromthe extraction |ine 42A
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cont ai ni ng W@Y@H&ﬂbon vapor from a s| ngl e introduction line 10, the gas

cont ai nijgg hydr Ociﬁ&@@n‘t’ﬂgﬂrthér;ﬁﬁi'aﬁt?|dfr sI édhr@& THaY noP Belst ﬂﬁyszﬁﬁet
processed n this arr ?ﬁ str cture r avol Sq r‘%@co% EQRé)
(cont-ani nati 6‘ﬁ)m€¥ b& m‘fe%é GOZENg
preferably adbstancéqo be recovéndﬁrsg)veﬁl,a s syst ens of introduction | | nes
10L and 10H are t b C e
ToL o conneat ed Specie Eisinils ﬁoerrﬁé&gﬁnééwiﬁﬁrs et SO
line 10 of Eeg)e%lvembodlmemmtwﬂhh@ﬂcmrlbftdrbem i s connected between the
gas-|i qlé'Rd (s[E&EE t| on 37 and the gas-liquid di spersl on devi ce
37A of t cr ﬂge hfe igas sour ce suppl.i eéj 8&
i nt roduction i ne ,emh;)dgmg ollowing specific method and device were
used.

Flow rate of the air containing the high-concentration hydrocarbon
vapor to be processed (referred to as material gas hereinafter) was 10m’, and
‘25 the concentration of the hydrocarbon vapor was 20vol%. The components
of the hydrocarbon vapor in the air were as in the following Table 1.
(Table 1)

Type of Pentane | Benzene | Toluene Xylene | Trimethyl- | Indens | Naphthalene
hydrocarbon benzene
Concentration 2.5 15.0 1.5 0.5 0.2 0.1 0.2
(vol%)

Initially, after the material gas and the desorbed gas from the outlet of

the vacuum pump 20 was joined and was cooled by the tube-type first heat

30 exchanger 11 to be partially condensed, which was introduced to lateral type
liquid separator 13 to separate gas phase and liquid phase.

The temperature of the gas after being cooled by the first heat

exchanger 11 was 10°C. - The recovered liquid hydrocarbon amounted to



or pure accunulated |iquid than the gas source supplied to the introduction
|i.ne 10L. For instance, the introduction'line 10L is connected to an

exhaust 13 port of
crude benzene tank, and the introduction line 10H is connected to an
exhaust port of pure benzene tank. 14 In this case, if the

I ntroduction line 10H is sinply connected to the scrubber 36A, since
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benzene centration 0.5 0.2 0.1
0.2
Type of Pentane Benzene | Toluene Xylene | Trimethyl- | Indene | Naphthalene
hydrocarbon benzene
Concentration | 0.002 0.001 0 0 0 0 0
(vol%)

The desorbing process of the hydrocarbon from the adsorbent in the
adsorbers 15 and 16 was conducted by decompressing the inside of the
adsorbers 15 and 16 by the vacuum pump 20. The desorption pressure at

20 the time was 25Torr according to absolute pressure. The desorption was
conducted while the clean air was reversed from the outlet of the adsorbers
15 and 16 toward the inside thereof through the clean air feeding line 32 at a
flow rate of 1m’/hr.
The desorbed gas from the outlet of the vacuum pump 20 was joined
25 with the material gas of the introduction line 10, which was cooled and
condensed by the first heat exchanger 11 to be recovered.

The temperature of the adsorbent in adsorbing process and desorption
process was measured by a thermocouple inserted in the adsorbers 15 and 16,
which was maximum of 35°C in adsorption and minimum of 25°C in

30 desorption.

During the operation, the pressure loss of the adsorbers 15 and 16
was substantially the same at 20mmH,0. Though the adsorbers 15 and 16
and piping were opened to check after terminating the operation, there was



(voI'O/c)- - Initially, after the material gas and the desorbed gas

fromthe outlet of t he vacuum punp .20 was j oi ned and was cool ed by the
tube-type first heat 30 exchanger 11 to be partially condensed, which was
i ntroduced to lateral type | iquid separator 13 to separate gas phase
and |iquid phase. The tenperatisire of the gas after being cool ed
by the first heat exchanger 11 was 10[err]C. The recovered liquid

hydrocarbon agababesialiby such as conden%ation of the Ig]drdcarbon vapor. 14

I
3. 9kg/ hr. . Sybsequently, the gas discharged fromthe liquid
separ at or 13[E#reriment 4 r oduced to the t ube-type second heat exchanger 14

to be heated for 1In théweeanatdnembedincat, Uallowiageepecifiee nistiodr aidirdevdte t he
gas after beij ng$§§€§|eat ed by the heat exchanger 14 was 30[err]C.

Next, the teW e-increased gas was supplied to one of the two
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the adsofher thel puriif 426puff watOepbledThe tﬁ@%ﬁ@ﬁtzf%é fofst [feat Ruehaggeen, Hhe
| ng, Table 2 bl e
|
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The desor bi nBbr obBe LEmperars, Of ts.83s Blier einenelsd by et sxehanger 11
adsor bers 15wasdO0f€.was conduct ed by deconpressing the inside of the
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scrubber 36 and the liquid was recovered in the accumulator 38 at the lower
portion. The recovered liquid hydrocarbon vapor amounted to 3.9kg/hr.
Subsequently, the gas drawn out from the scrubber 36 was introduced

20 to the plate-type second heat exchanger 14 to heat and increase temperature
thereof. The temperature of the gas after being heated by the second heat
exchanger 14 was 25°C.

Next, the temperature-raised gas was supplied to one of the adsorbers
15, where the hydrocarbon vapor was adsorbed and removed by the

25 adsorbent. The used adsorbent was silica gel [silica gel CARIACT Q-3
(tradename) manufactured by Fuji Silysia Chemical 1td.] after being
hydrophobically treated by baking for four hours at 500°C. The inlet and
outlet valves 23, 24, 27 and 28 of the two adsorbers 15 and 16 were switched
at every five minutes to alternately conduct adsorption and desorption.'

30 The concentration of the hydrocarbon vapor in the gas at the outlet of
the adsorbers 15 and 16 was 30ppm. The components of the hydrocarbon
vapor were as shown in following Table 3.

(Table 3)

Type of .Pcntane Benzene | Toluene Xylene | Trimethyl- | Indene | Naphthalene

hydrocarbon behzene
Concentration 0.002 0.001 0 0 0 0 0
(vol%)




15 and 16 toward the inside thereof through the cl éan air feeding line 32

at a flowrate of 1nB/hr. . . The desorbed gas fromthe outl et
of the vacuum punp 20 was joined 25 wth the material gas of the
i ntroduction |ine 10, which was cool ed and condensed by the first heat
exchanger 11 to be recovered. 16The tenperature of the adsorbent
I n adsorbi ng process and desorption process was neasured by a

t her mocoupl e i nserfied deSofbifs IH6EERBHBthEShpabchfbon fromithe adsesbertximtla of
35[err]C |ndgg§9é$t|?g ang | mum of 2%@55&]8 in 30 des QtJ n
During the 2P¢ISn 1ot AR 3§ copduct hECCRIIBFERSILE % ajﬂgl% of the |\
et MBS i 200 B0 yaboushyb b 2o desrpiod oo sund
21 10 ver € Gpeed LA\ gl T e s SO S RL e e
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hi gh- concen?ﬁ;?{lgr}%mﬁﬁ%ﬁggﬂ&%@woj tgéOUgH%%ch)ecaglg@égé%g gtllillgk?g gr%et aas
t he F)r(ngn“t Lrgﬂmc))\arilxlate of 0.5m’hr. Initially, the material gas and the d-esor bed
?gst he lateral -t S%hés)?FEQ@SP %pgﬁaﬁPfH@AW tgﬁtm?i{lgcl%lghggﬂ?ﬂe%ayg%rg?g&?
19 of the schﬂbbé’le Fsatgzial gasvwat dhe lagrox_i@ctlpneﬁpe ngéjﬁwlaﬁla Was f&?i? oalbcﬁ
tﬂg Lubgl;ot ygﬁrl{%gnngbghﬁﬁgleegt?ﬁg%Q%G ?Pe&@@overed. i qﬁi d was introduced to
t her egs cogdensi ngﬁ%éewggﬁll;%ﬁ grgr{ﬁg%pﬁ?qrﬁttaﬁ%aaﬁr@ﬁio& and Qﬁesgit%ﬁrﬁvgasgas’
¥L g[rgre: ?i: ur iSmEasth% aatheemobeuple inseited ihythe hdsbﬂmf:’rs dScamhdéy witich was was
cont act wer emaximugy 88 3056 InBRSEEH hd nSepRATBF 26 C3h RR6pARGY, T 0
portion-of the  Dusimguthecopemtiony the @ressuredlosafr theoedserbers, 1t5héﬂg 16
\e}gcurml 0" s %béfhgﬁia?ﬁﬁfhe same PP erxﬁﬂng e TR6GyERE adsetbeds yaadardon
por anbunted_ to 3.9kg/hr. d%sequent .., the s drgwn out
fromthe scrab@ipdg wese opensd jecchesk after Eeﬁgnﬂmé{lé-th9 ;%’egg‘%%%dﬁ’ﬁéﬁtwas
exchanger 14pé ableahalitd shélf heasadémvarnadate hydrocarbon vapor.
[Comparison 1]
As shown in Fig. 3, the device according to the present comparison
20 was the device of the second embodiment except that the second heat
exchanger 14 was not provided and a heater 46 having a heating coil 45 with
steam flowing therein was provided to the adsorbers 15 and 16.
The air containing the high-concentration hydrocarbon vapor was the
same as the Experiment 1.
25 Initially, the material gas and the desorbed gas from the outlet of the
“vacuum pump 20 were joined to be introduced into the lateral-type scrubber
36. After the liquid of the accumulator 38 of the scrubber 36 was drawn out
by the pump 42 and was cooled by the tube-type first heat exchanger 11, the
liquid was introduced to the upper portion of the scrubber 36 to bring into
30 contact with the material gas to condense the hydrocarbon vapor in the
material gas. The temperature of the gas after being cooled by the heat
exchanger 11 was 10°C.
The gas phase and liquid phase after gas-and-liquid contact were
separated, whereby the gas was drawn out from the upper portion of the
35 scrubber 36 and the liquid was recovered in the accumulator 38 at the lower
portion. The recovered liquid hydrocarbon vapor amounted to 3.9kg/hr.
Subsequently, the gas drawn out from the scrubber 36 was introduced




thereof..
exchanger 14 was 25]
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supplied to one of the adsorbers
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conduct héRakde
15 and ?g \tMci)hI‘rég ih insj de thler4eof through the clean air feeding |ine 32
f | howar i illgwmgTable 4. The desorbed gas fromthe -

at a
outlet of tifFabRc4)m punp 20 was j oi ned with the material gas of the

i ntroducti ¢n T ne_ IJ, whi cif was copl ed an@l 10 cdndensed| by .t he scrg}bber 36

to be recoyer&peof | Pentane | Benzenei o rholuene: | EYighe t HEmeido) pBRAFe i nNaRIPAFYSt i on

and desor pt i198rodetdn measiured by} a therngocoupl g bhesaetpd in the adsorhers

15 and 16, I ch was max| of Lerr] C in ddsopptipn and m ni gum qf
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Though the adsor by desdiBfhglfrocess of the hydrocarbon from the adsorbent in the

adsorbers 15 and 16 was conducted by decompressing the inside of the

15 adsorbers 15 and 16 by the vacuum pump 20. The desorption pressure at

the time was 20Torr according to absolute pressure. The desorption was

conducted while the clean air was reversed from the outlet of the adsorbers
15 and 16 at a flow rate of 0.3m’/hr.

The desorbed gas from the outlet of the vacuum pump 20 was joined
with the material gas at the inlet of the device, which was cooled and
condensed by the scrubber 36 to be recovered.

The temperature of the adsorbent in adsorption and desorption was
measured by a thermocouple inserted in the adsorbers 15 and 16, which was
maximum 15°C in adsorption, and minimum of 10°C and maximum of 40°C
in desorption, which was greatly dispersed within the adsorbers 15 and 16.

During one-week operation, the pressure loss of the adsorbers 15 and
16 was 20 to 30mmH,0, which was gradually increased. The adsorbers 15
and 16 and piping were opened to check after terminating the operation to
find condensation of the hydrocarbon vapor on the lower part of the
30 adsorbers 15 and 16 and around the valve at the intermediary of the piping.

20

25

Industrial Availability
The present invention can be suitably used for preventing dispersion



and pi pi ng were opened to check after terninating'the operation, there was
no abnormality such as condensation, of the hydrocarbon vapor.

[ Conpari son 1] As shown in Fig. 3, the device according to the
present conparison 20 was the device of the second enbodi nent except that
t he second heat exchanger 14 was not!8provi ded and a heater 46 haV|ng a

heating coil 45 with steam fl ow ng therein was_provided to

th
adsor bers 1mmheeciling of the hydrocatiromvapondischarges frema gmras%éﬂk &€+ on

hydr ocar bon v ?%HHC asoline
Initiallly, tqﬂﬁgqgveéefaacﬁﬁ@agr 5efdrﬁ ? gq agﬁltghtgf qugfsh r oma}t%elggﬂf lIleatS gof t he
vacuum punp @ fesrrecpvenng and 1oeye ling thegeetl into the lateral -t ype scrubber
36. After the liquid of the accunul ator 38 of the scrubber 36 was drawn out
by the punp 42 and was cool ed by the tube-type first heat exchanger 11, the
liquid was introduced to the upper portion of the scrubber 36 to bring into
30 contact with the material gas to condense the hydrocarbon vapor in the
material gas. The tenperature of the gas after being cool ed by the heat
exchanger 11 was 10[err]C. The gas phase and |liquid phase after
gas-and-1liquid contact were separated, whereby the gas was drawn out
fromthe upper portion of the 35 scrubber 36 and the liquid was recovered
in the accunmul ator 38 at the | ower portion. The recovered liquid

hydr ocar bon vapor amounted to 3. 9kg/ hr. Subsequently, the gas
drawn out fromthe scrubber 36 was introduced

17 to the ot her adsorber 15, where the hydrocarbon vapor was adsorbed
and , renoved by adsorbent. The used adsorbent was silica gel [silica gel
CARi ACT @ 3 (tradenane) manufactured by Fuji Silysia Chenical Ltd.]

after being hydrophobically treated by baking for four hours at 500[err]C
The 5 inlet and outlet valves 23, 24, 27 and 28 of the two adsorbers 15

and 16 were switched at every five minutes to alternately conduct
adsor ption and desorption. The concentration of the
hydr ocar bon vapor in the gas at the outlet of the adsorbers 15 and 16

was 100 to 200ppm which tended to gradually 10 increase. The conponents
of the hydrocarbon vapor after a week were as



shown:in follow ng Table 4. (Tabl e 4) Type of Pentane Benzene

Tol uene Xylene Trinethyl- |Indene, Naphthal ene hydr ocar bon

benzene Concentration 0.12 0. 06 0.02 O 0 0 0
(vol %9 The desorbing process of the hydrocarbon fromthe
adsorbent in the adsorbers 15 and 16 Mas conducted by deconpressing the
I nside of the 15 adsorbers 15 and 16 by the vacuum punp 20. The desorption
pressure at the time was 20Torr accClalimsg to absol ute pressure. The
desorption was conducted while the clean air was reversed fromthe

outl et of the adsorbers 15 and 16 at a flowrate of 0.3nferr]/hr.
The desorbedl.gas tAaethnd fonreeavesing hydrosarhon waper, 2omprising thestems ofii t h

the material gas and
condensed by the gﬁ:r ugggrf&g?mﬁhgte@eﬁ%%dnw éé@ d%%mﬁﬁ%]ﬁﬁje[ enper ature of
the adsofberfiydracarhos pRpeD YA EOQiIIOFEmaY e part of thedyidrogamhp navapqr

t her mocoupl e i nsergeggnd @térﬁfbraB?Qf l?éh'tér fh'éaﬁﬁ the e pasiife iffeh réfoving
15[err]C|nJEe orption, m nf num of i mum o [err]CZS

in desorpti I@ﬁaﬁhé’il‘éaf@&t Wabﬁestsmp&é U\RF hﬁrﬁo :h%n dsorbers 15 and 16.
Dur i gg ?nes\cfveek gnhhm}]dtst@p;fot f&dﬁaﬂdgeslw g&s Watisraifed f@np@iﬁmﬂéﬁgé‘anl&i?ﬁer 36
was 0 ic crease adsprbers an
16 and pi pi @%P‘Q%BM@&%I@ﬁ%@@s%"fv@@{%‘m"ﬁgﬁﬁé!(a{%afﬁ%ré’POSn to

find condensati on of the hydrocarbon vapor on the | ower part of the 30
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| ndustri al ailab (f nvent fon cdn
used far preyanhenegn @h@; pendensed liquid hydrocarbon is used in the first step, the

ot of st orooleg 1iuid m’dg?@df% ?ﬁ‘a’g Sﬁhﬁm’ gop %"ﬁ."‘f“m@%%?%‘g‘%ﬁ‘éﬂ as
gasol i ne an&ﬁgg}ydgﬁﬁgbpgﬁ I CRP{IBEiaNG ¢ ;ngﬂu ﬁ'yé%ca on vapor 1n

15 the gas.

3. The method for recovering the hydrocarbon vapor according to claim
1, wherein a heating medium for heating the gas after removing a part of the
hydrocarbon vapor in the second step is warm water.
20
4. The method for recovering the hydrocarbon vapor according to claim
1, wherein, in the third step, after the gas with raised temperature in the
second step is supplied to the adsorber to adsorb the hydrocarbon vapor with
the adsorbent, the inside of the adsorber is vacuumized to reverse a clean gas
%25 into the adsorber, whereby the hydrocarbon is desorbed from the adsorbent.

5. The method for recovering the hydrocarbon vapor according to claim
4, wherein a plurality of adsorbers are used in the third step, the adsorbers
continuously processing while being alternately switched between an

30 adsorbing process and a desorbing process.

6. The method for recovering the hydrocarbon vapor according to claim
4, wherein the hydrocarbon desorbed from the adsorbent in the third step is
mixed with the gas containing the hydrocarbon vapor in the first step to be

35 cooled and condensed before being recovered.

7. A device for recovering a hydrocarbon vapor, comprising:

R ) A




19 FN ' d ai ns 1. A net hod for

reeovering hydrocarbon vapor, conprigsing-the steps of: first
step for cooling and condensing a gas containing the 5 hydrocarbon vapor
by a cooler to remove a part of the hydrocarbon vapor; second
step for, by a heater, heating the gas af2@r renoving a part of t he
hydrocarbon vapor to raise tenperature thereof; and third step

for feeding the gag chIéi fbillc%GﬁngQﬁil@letE@idﬂlﬁm t@fbxﬁdﬁ@alg%rs contamﬁmg klggl with

an adsor bent ad and re 10 i The
o hoa T or " BySRRRGR vABor 56 Thit b q?&ﬁsﬁl@se PR ASTe ai m o 1,
wherei n the condens&éaterdor heﬂtyﬂg@lwgb@ aftes rernedirigna pagt ¢ nhaethysdreparhdm

cool ed |iqui to contact with the gas

cont ai ni ng ga£8€ﬁ9ﬁﬂ%gﬁgggﬁ%®%ﬁ @%ggﬁtgh&%oolhﬂg and coq%gqfuﬂg t he

hydr ocar bbn vapor &magsor illpab an adsnrbent foreadserbing therhydrocahdmg t he
hydr ocar bon Bt wherein a heating nedium for
heati ng t he ggé P? g%gm)w nlglé‘édafeﬁ}per?tl%r% hydrocarbon vapor in the
second step is warmwater. 20 : The nethod for recovering the

hydrocar bon gapor @ﬁé@e@ié&fd&e@b@éﬁ@l ah dkocéﬁ*b%‘iﬁf r'dbcb?&m rflafhepn.

th raised cond ppl ’ed
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t he adsor ber rbon i s desorbe rom the adsorbent

5. The ne?%@%gyﬁsﬁpggﬁG ¥gﬁ§&$ he hydrocarbon vapor according to claim
4, whenein a pIurallty of adsorbers are used in the third step, the

adsorbers g g‘&k}%eyfd?rr%ﬁ g‘g’sdrrSBQx%'oﬂgvﬁidr%{d&%}@ﬁﬂg féIafher

bet ween an 30 adsor

met hod for r¥dgHeini&p qrnh%%géesS@fmhexﬁag@rprmfﬁﬁqugcqrmmmsmmcessmg
wherei n {de by dlteerdtebNswiehinpesn hdsoibing proseyskam a ld@séﬂb@n% brogesst ep is

m xed with the gas cortaining the hydrocarbon vapor in the Tirst step to be
35 cool ed and condensed before being recovered.

A



7. . A device for recovering a hydrocarbon vapor, conprising:

20~ a cooler for cooling ang-condensing to renbve a gas

cont ai ning the hydrocarbon vapor so that a part of the hydrocarbon
vapor ; a heater for heating the gas after renoving a part of

t he hydrocarbon vapor to raise tenpelhture thereof; and 5 an
adsorber filled with an adsorbent for adsorbing the hydrocarbon vapor
in the gas with rai sed tenperature. AbstBact The device for recovering a
hydr ocar bon vapor according to claim?7, further conprising a chiller

unit common to a supply source of thermal 10 nediumto be supplied to the
cool er and a suppl A swthedfarfrecheering hydaocarbon vapos comprigipgi efirststepe

heater . of ool gq‘gasdéé{ﬂtﬁﬁuﬁgrl}yd%?é’r%h’\ga 'Bérdé PiTQ 0HE ¢ %Hgﬁgéfgﬂ)d' ng

toclaim?7, ers are provi
conti nuous pi»cesdenss the samc and @mawmg/amit yarogadbyapohdocess and

a desorbing pEQsifRPStep of heating the gas, which has a part of its hydrocarbon vapor
removed therefrom, by a second heat exchanger (14) to raise its temperature,
and a third step of feeding the temperature-raised gas to adsorption towers
(15, 16) filled with an adsorbent, where the hydrocarbon vapor is adsorbed

10 for removal. Desorption of the hydrocarbon from the adsorbent is effected
by reducing the pressures in the adsorption towers (15, 16) while producing
| a counterflow of clean gas in the adsorption towers (15, 16).



