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21816 6 This invention relates to gas purification, nore particularly to
the purification of 'natural gas. Adsorptiop processes, wdely used in the
nat ural gas supply and tran ssion industries, have application r
puriticcation of feed gas t5 hAG G-ga¥ | i&&f aCRRRP ant s. Ads£183$ﬁ
the process by which particurar nol ec Sterred under certain
conditions of tfAsphivehtich elatesces gas pumdficatfion| dnoredpantvitularip urhace
of a solid adsorbent naterial. These materials are characterised by a very
| ar gehsur f ace pureéiqarionmft ngfuradl gam, whi ch can give thema sel ective and
useful adsorption capacity. The adsorption process is reversible when the
“conditions of. tenperature and/or pressure are changed so that the materi al
can be regenerated. In practical application the process utilises two or
nore fixed bedidsorptidaopranessemeidely sged ilaathe, natralpgds SURRITLAMY whil e
the others are in various stages of regeneration. Adsorptiao rgcesse have
been used in transmispign kpdustries) yhavegarplisatricns for, “?‘ﬁoﬁ}tﬁi??'%s‘ pRy ot feed
consi derabl e nunber of years and adsorbents such as activated carbon,

al umi na and si$3% &° GetuRal 82BcHiquptaqtion BYarE81 nportant in gas drying and
hydr ocar bon recovery applications. The devel opnent of synthetic zeolites
(nol ecul ar sieves) over the |ast 25 years has extended their applications
in gas

Adsorption is the process by which particular molecules are transferred
under certain conditions of temperature and pressure from a fluid

medium to the surface of a solid adsorbent material. These materials

)
)

are characterised by a very large surface area per unit of volumg,
which can give them a selective and useful adsorption capacity. The

adsorption process is reversible when the conditions of temperature

and/or pressure are changed so that the material can be regenerated.

In practical application the process utilises two or more fixed beds of
adsorbent operated cyclically, one bed adsorbing while the others are

"in various stages of regeneration.

\u) Adsorption processes have been used in the natural gas supply and
transmission industries for a considerable number of years and
adsorbents such as activated carbon, alumina and silica gel have been
particularly important in gas drying and hydrocarbon recovery
applications. The development of synthetic zeolites (molecular sieves)
over the last 25 years has extended their applications in gas
processing to purification prior to liquefaction, hydrocarbon

.separation, sulphur removal, and drying.



{processing to purification prior to l'i quefaction, hydrocarbon separation,
sul phur renoval, and drying. -2- Mal gcul ar sieves are used on natura

gas Ilquefactlon (LNG plants to remove both carbon di oxi de (C02) and water
vapgour fromthe natural gas feed thereby preventing bl ockages occuring in
the heat exchangers in the |iquefaction stage. In the United Kingdom the

z suppl yfsc@farnaieves! afkius6d b hi€uPal NgasSQugiFaBt s (ONGY plivitsNes th Sea
mh re\ the average concentration of carbon dioxide is about O. 15@6 The Later
\%I es fraumovEebolhr édrdon diogidis (CoyP auf watelri vapournBromashermaburuld t hus
exN\s¥tijng gas purification plants have had to be uprated to acconodate this
Ixcredse. Tgus fead therkbyypresedtingbloekages cwrchoingyds ther héatc akeltangess a
two-tower systemas depicted in Figure 1 of the acconpanying drawi ngs. In

t hi s syst enlmotbetlineefdctiom-dtage. whi | st the other is being regenerated, for
exanple, by heating to drive off the adsorbed carbon di oxi de and water. A
typical- formof operationis as follows :- Wilst tower A is adsorbing,

tower Bis be| ng regenerated; when
In the United Kingdom, the early supplies of natural gas came from the

Southern Basin of the North Sea where the average concentration of
carbon dioxide is about 0.15%. The later supplies from the Northern
fields have up to five times as much and thus existing gas purification

plants have had to be uprated to accomodate this increase. -

The most widely used configuration for gas purification is a two-tower

system as depicted in Figure 1 of the accompanying drawings. In this
iy system one tower is on-line whilst the'otﬁer is being regenerated, for
example, by heating'to drive off the adsorbed carbon dioxide and

water.
A typical form of operation is as follows :-

Whilst tower A is adsorbing, tower B is being regenerated; when 'g./
breakthrough of tower A is approached the gas is switched to the

regenerated towef. This provides a continuous supply of purified gas

with adsorption carried out at approximately 25°C with downflowing gas.

In the regeneration step the saturated adsorbent is heated using a hot
upflowing sidestream of the purified gas to displace the COy and

water.

During the initial phase of regeneration the gas is heated to
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br eakt hrough of tower A-is approached the gas is switched to the

rregenerated tower. This provides a continuous supply of purified gas wt
adsofption carried out at approximtely 25C with downflow ng gas. In the
regeneration step the saturated adsorbent™ i Teat ed usi ng a hot upflow n
sidestream of the purified gas to displace the CO2 and mater. During the
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to apprOX|nater 25 C Typt ca t enper at ures
are obtai ned atgddieid QPofinddud SthdiStFendféss "Rt Bko ULEE 'hd€C b &t fon
The effects of using feed gases having high carbon dioxide | evel s neans
that the tower ofhastee tisedetd e@wmﬁ@twr@pﬁéﬁCBWidn,TfWIDy acooling
conventional two-tower systemthe

the whole Dbed to approximately 25°¢. Typically,

temperatures of approximately 250°C are obtained at the

top of the bed using this "thermal pulse" technique.

T~ The effects of using féed gases having high carbon dioxide
levels means ﬁhat the towers have to be regenerated more
frequently. Thus for a conventional two-tower system the
decrease in on-line time must be matéhed by a
consequenﬁial decrease in regenération if either
processing of raw gas is not to be halted or the costs of

building and operating additional towers is to be avoided.

The present invention seeks to provide a process and means

whereby these economic disadvantages can be avoided.

Thus the present invention provides a proéess for the
removal of éarbon dioxide.and water by adsorption from a
feed gas wherein the feed gas is passed through one of two
beds of a molecular sieve, and gas exiting ffom the bed,
in order to regenerate the other bed, is heated and passed

through the other bed such that adsorbed carbon dioxide



~ decrease in on-line time nust be mat ched by  a.consequenti al
decr ease I n regeneration if ei ther processing of raw.gas is not to
be halted or the costs of building and operating additional towers is to be
" avoi ded. The present invention seeks to gprovide a process and nmeans wher eby
"these econom c di sadvant ages can be avoi ded. Thus the present invention
Rdes a process for the renoval of carbon di oxi de and water by
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sds of a nolecul ar sieve, and gas exiting fromthe bed, in order &g
rate bie colodingedof theealembrbed] (sbed dharagiedisedt hiar bgthtsuch
dgor bed carbon di oxi de’ -4- and water are substantially desorbed
6m cbollimged ilsy efflegtpdiafiter deomplatidredf chdreactdesaeptiont hat
cooling is effected after conpletion of the desorption stage by passing
feed gas whB&RgEonby Ppassdng fesdgaf wichaantainsgugentan debioticde bed,

the cooling being such_that the regenerated bed adsorbs carbon di oxi de and
wat er and water through the desorbed bed, the cooling being such

that the regenerated bed adsorbs carbon dioxide and water
from.the feed gas which is effecting the cooling.

By this method of "on-line cooling" with the feed gas, the
total length of regeneration time is reduced, i.e. the
tower is put into the adsorption mode before all the

regeneration heat has been removed.

After the temperature at the top of the bed has reached
its péak and all the COz.and water have been driven off it
can take up to an hour td cool the top of the .bed. The
essence of on-line cooling is to use the process gas for
bed cooling at the same time as it is being purified. The
bed rapidly cools well ahead of the adsorption front
because of the higher adsorption gas flowrate compared
with thé regeneration gas flowrate. The provision of a
gas cooler at the outlet of the molecular sieve unit may
bel required to control the inlet temperature to the

liquefaction unit to approximately 25%%.

On conventional cycles this technique could reduce the



fromthe feed gas which-is effecting the cooling. By this method of
"son-line cooling” with the feed gas, the total Ilength of regeneration
time'is reduced, i.e. the tower is put intg the adsorption node before
all the regeneration heat has been renoved. AAfter the tenperature at the
top of the bed has reached its peak and all the [err] and water have been
driven off it can take up to an hour to cool the top of the bed. The 5
essence of on-Ideiferen@ititth | Tine IHe ddaniplveas 3RS fon Wk:rwl i AYr&ady he.
sane t¥he as it is being purified. The bed rapidly cools well ahead of .the
adsor pti on fromtodigfisas econfindoargorgie s @ilticn gek d8 cddesdtei bedpin eclur
with the regeneration gas flowate. The provision of a gas cooler at the
outl et of the mspending siappligatiomNoe §52063I2d(Serboht rNd. t RR1816EE ),
tenperature to the liquefaction unit to approxinmately [err]..  On .
conventional cy@ws teRperaiurg groenarakiqn kechmique, r QRmking i ofeoling

by as much as 30% - On cycles already nodified tq incorporate the silica
gel as descri b&qQldgeduce the regeneration time by about 10 to 15%.

The cost of the modification is significantly 1less than

the cost of adding a third tower.



"copendi ng application No. 8525632 (Serial No. 2181666), |ow tenperature -
regeneration technique, on-line cooling ghould red mnauﬂmml on tinme -
b | ess than

4

by abhut 10 QIAIMB®O The cost of the nodiTication il A N TS

t hé of adding a third tower. 1. A process for the renoval of

C i oxi de and water by adsorption froma feed gas wherein the feed
gas I\s - passed through one of two beds of a nolecular sieve, and gas exiting

fro e /bed, i n orferPXAreay chrw dthe (ramayakrobedcarkomedioxide pandeq
t hr odgh A he ot her bed such that adsorbed carbon dioxide and water are g

subst ant | al MEEAK o FIFRTHTn SN 1,486 SR IBEELR The ERed ies bed,
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bed adsor b e DAt Thd e ot S ARl Tl Sl S SdenlredrPERE! ny°
the coolingqgfier bed| #H HWEited Hnd P&l tHrofdi the lotndPChEY "subh®

that adsorbed carbon dioxide and water are substantially

desorbed therefrom, followed by cooling of the desorbed
bed, characterised in that cooling is effected after
completion of the desorption stage by passing feed gas
which contains carbon dioxide and water through the U
desorbed bed, the cooling being such that the regenerated
bed adsorbs carbon dioxide and water from the feed gas

which is effecting the cooling.

2. A process as claimed in claim 1, wherein the
temperature of the carbon dioxide and water-containing gas

exiting the bed is controlled to about 25°.

3. A process as claimed in claim 1 or claim 2, wherein
the feed gas which effects the cooling is passed through
the desorbed bed substantially immediately upon completion

of the desorption stage.

4, A procéss as claimed in any of the preceding claims
wherein the process employs two or more beds of a

molecular sieve.



terrperatdre of the,carbon di oxi de and water-containin as eX| ti n
Is controlled to, about 25 C. 3. A proce as cl zHI!ﬁ ﬂ!i r c ai
. 2, “wherein the f eed gas which effects the oollng h the ¢§
‘desor bed bed substantially i mediately upon conpl etion of t he desor pti '
stage. 4. A process as clained in any of the preceding clains wherg&i

the process enploys t%&”g?:&cgghefgﬁ'dgeﬁt ”Blfeﬁﬁkﬁbnskﬁ\bﬁlde and wake

process for renoval arbon di oxi wate from gases
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reference to the accompanying drawing.




