NATWRAL GAS TREATI NG SYSTEM This invention relates to a natural gas
treating system Mre specifically, this invention relates to a method and
system for renoving sul phur, conpounds and water present in natural gas. Raw
natural gas.nust .be treated prior to its liquefaction for several reasons.
These include renoving conpounds which interfere with the |iquefaction
process; with the separation and recovery of hydrocarbon |liquids; and with
neeting the specifications set for the recovered products. For exanple, the
gas nust be dried to prevent ice formation during cryogeni c operations.

Hydr ogen sul phide ordinarily nmust be renoved because of its toxic nature. A
| ar ge nunber of conmercial processes are inuse for treating and separating

of raw wel |l head gas. The steps hf) éleserdrtier rocesses are each
wel | known to those skilled in the art. In addition, sone natural gas
contains nmercury at levels as high as 200 to 300 m crograns per cubic
meter. For exanpl e, the Thdscinvertdenl retatrs $rap priugedogas ckrgatdngone
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equi prent made primari | waef natwrdINgEs diists HeS treated prior to its
ligquefaction for several reasons. These include
removing compounds which interfere with the
liquefaction process; with the separation and recovery
of hydrocarbon liquids; and with meeting the
specifications set for the recovered products. For
example, the gas must be dried to prevent ice formation
during cryogenic¢ operations. Hydrogen sulphide
ordinarily must be removed because of its toxic nature.
A large number of commercial processes are in use for
treating and separating of raw wellhead gas. The steps
used in these different processes are each well known
to those skilled in the art. _

In addition, some natural gas contains mercury at
levels as high as 200 to 300 micrograms per cubic
meter. For example, the mercury level of natural gas
produced from one field is reported in the literature
to range from 200 to 330 micrograms per cubic meter. In
another field the concentration was reported to range
between 15 and 450 micrograms per cubic meter.

The processing of natural gas in LNG plants
requires, at some location in the system, contact with
equipment made primarily of aluminum. This is
particularly true in the stage of processing where the
gas has been treated by caustic or carbonate washing to
remove CO, and H,S and then to treatment with liquid
amine to complete st removal. One of the next steps is
to chill or cool the gas in aluminum~constructed heat
exchangers. Because large volumes of gas must flow



particularly true in the stage of processing where the gas has been treated
:by caustic or carbonate washing to renove CJerr] and Herr]S and then to
treatment with liquid amne to conplete Herr]S renoval. One of the next

steps is to chill .or cool the gas in alum num constructed heat exchangers.
Because | arge vol unmes of gas must flow 2 through the al um num heat
exchangers, they are of a nassive size and can represent a capital

i nvestment of several mllion dollars. Damage to these exchangers shoul d be

avoi ded, if ‘at all possible. One threat of damage cones fromthe nmercury -
present in the gas flow ng through the heat2exchangers. Al though the
concentration of nercury. appears |l ow. it% effect is c gulative as it
amal gamat es with t HPTOMER alipd PR AT PECUARIHE -+ PRI S Sfety such as
corrosion and stregmsmizekéizg andi chn aprieganttd @pitphetnvestimenteoffires,

and simlar fat ast rmaﬂlepﬁiironolﬁoli&al DEinage ikkﬁadheEEC@:ﬁéMﬁrda”aged by
mercury is alnost inpossiple. Repl.ac t ers _represents
a | arge expendi tures.rHD‘)Fﬁ'é 5V%Y%ﬁ%ﬁg'r§gﬁ saq:flnLP%ss%%'%f %é%d%g aﬁrg ucti on.
The probl em of ner cianagencemes riziomghle jnergugy BERLMyAphERe (9RSUS- A- 4094777
and FR-A-2310795. Qmewinghtkkrdugh theDveaty exehangerdit AlthosgH [the

concentration of mercury appears low, its effect is
cumulative as it amalgamates with the aluminum. The
result is damage to the system, such as corrosion and
stress cracking, which can lead to equipment failure,
fires, and similar catastrophe. Repair of the aluminum
heat exchangers damaged by mercury is almost
impossible. Replacement of the heat exchangers
represents a large expenditure. The down-time results
in loss of product production. The problem of mercury
in natural gas is discussed further in US-A-4094777 and
FR-A-2310795. '

. One method for remoﬁing wercury utilizes the
addition of sulphurocus materials, e.q., st, to
precipitate sulphides of mercury from the gas stream.
US-A-4044098 discloses such a method which further
utilizes treatment with organic base (amine) to absorb
excess hydrogen sulphide to produce a gas stream of
minimal sulphur content with a reduced mercury content.
The product of such amine treatment can be passed
through a dehydrator which comprises a zeolitic bed.
One of the next steps is to chill or cool the gas in
heat exchangers and to other additional equipment
needed for further processing of the gas..

The zeolitic bed employed in the dehydrator can be
damaged by carry-over of the organic base used in H,S
removal. Organic bases, e.g., alkanoclamines, can
deposit carbon and destroy the structure and _
crystallinity of the molecular sieve and render it
useless for drying. The resulting shortened life of the



addition of sul phurous materials, e.g., H2S, to precipitate sul phides of
nercury fromthe gas stream US-A-4044098 di scl oses such a nethod which
further utilizes treatment with organi c base (amne) to absorb excess

hydr ogen sul phide to produce a gas stream of mninmal sul phur content with a
reduced mercury content. The product of such am ne treatnent can be passed
t hrough a dehydrator which conprises a zeolitic bed. One of the next steps
is to chill or cool the gas in heat exchangers and to ot her additional

equi pnent needed for further processing of the gas. The zeolitic bed

enpl oyed in the dehydrator can be damaged by3 carry-over. of the organic base
used in Herr]S renoval. organic bases, e.g., alkanol am nes, can deposit
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'S According to the present invention there is '
provided a method for separating mercury and water from
natural gas comprising addition of a sulphur-containing
agent to react with said mercury to form precipitated
sulphides of mercury, addition of an organic base to
absorb unreacted sulphur-containing agent, and
subsequent contacting of said natural gas with a
molecular sieve desiccant thereby removing water
therefrom, further comprising contacting said organic
base~containing naturallgas with an organic base
-absorbing guard bed to substantially remove said
organic base prior to removing said water,and wherein
the guard bed comprises material selected from the
group consisting of activated charcoal, amorphous
aluminium phosphate, crystalline aluminium phosphate,
clay, silica, silica-alumina, ZSM-5, ZSM-11, 2SM-22,
ZSM-23, Z8M~35, ZSM-48, mordenite, clinoptilonite,
erionite, and Zeolite Y.

In general, the material of the guard bed would be
chosen for the following properties: 1)} high
adsorption capacity, i.e., porous and high surface
area; 2) high selectivity for organic base, e.q.,
amines, over moisture; 3) structures stable to organic
base attack; and 4) regenerability at typical drier
regeneration conditions, e.g., 650°F (343°C).

In one embodiment the guard bed comprises
activated charcoal. . ,

In another embodiment the guard bed material is
selected from the group consisting of clay, silica,



provided a nmethod for separating nercury and water from natural gas
gonprising addition of a sul phur-containing agent to react with said
mercury to form precipitated sul phides of nmercury, addition of an organic
base to absorb unreacted sul phur-containing agent, and subsequent -
contacting of said natural gas with a nol ecul ar sieve desiccant thereby
renmovi ng water therefrom further conprising contacting said organic
base-containing natural gas with an organi c base absorbing guard bed to
substantially renove said organic base prior to renoving said water, and
wherein the guard bed conprises nmaterial selected fromthe group consisting
of activated charcoal, anorphous al um ni um ghosphate, crystalline al um nium
phosphate, clay, silica, silica-alumna, ZSM5, ZSM 11, ZSM 22, ZSH 23,

ZSM 35, ZSM 48, norsdadthealwinagptstoii ZSM-dki o%ﬁﬁ-@%aﬁ%ﬂﬂé’ol ZEM-35, | n
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clay, silica, When the guard bed is a siliceocus material, such
as clay, silica, silica alumina or a zeolite, the is is
preferred that said siliceous material has an alpha
value of 0.001 to 10, more preferably 0.01 to 2.
This approach entails the use of a guard be with slight
acidity, a strong acidity being undesirable owing to
the difficult regeneration of strongly sorbed organic
bases. The zeolites can be partially ion-exchanged and
in the hydrogen form to adjust their acidity.

Alpha Value is an approximate indicatien of the
catalytic cracking activity of the catalyst compared to
a standard catalyst and it gives the relative rate
constant (rate of normal hexane conversion per volume
of cétalyst per unit time). It is based on the activity
of silica—alumina cracking catalyst taken as an Alpha
of 1 (Rate Constant = 0.016 sec l). The Alpha Test is
described in US~A-3354078; in the Journal of Catalysis,
Vol. 4, p. 527 (1965); Vol. 6, p. 278 (1966); and Vol.
61, p. 395 (1980). The experimental conditions of the
test used herein include a constant tempefature of
538°C and a variable flow rate as described in detail
in the Journal of Catalysis, Vol. 61, p. 39S5.

In one preferred embodiment the guard bed
comprises aluminum phosphate. Depending on the
availability of proton in the compounds, i.e.,

Al o /P 0 ratio, the acidities of the aluminum
decrease in the following order: A1(32P04)3,
Alz(HPO4)3,.ALPO4, AL(P03)3. Thus, the composition of
the aluminum phosphate mixture can be varied to meet



4 sillca-alumna, ZSM5, ZSM 11, ZSM 22, ZSM 23, ZSM 35, ZSM 48, nordenite,
clsinoptilonite, erionite, and Zeolite Y. Mre specifically, the guard bed
material is selected fromthe group consisting of ZSM5, ZSM 11, ZSM 22,
ZSM 23, ZSM 35, ZSM 48, nordenite, clinoptilonite, erionite, and Zeolite Y,
When the guard bed is a siliceous material, such as clay, silica, silica
alumna or a zeolite, the is is preferred that said siliceous material has
an al pha value of 0.001 to 10, nore preferably 0.01to 2. This approach
entails the use of a guard be with slight acidity, a strong acidity being
undesirable owing to the difficult regeneration of strongly sorbed organic
bases. The zeolites can be partially ion-exchanged and in the hydrogen form
to adjust their acidity. Al pha Value is an approxi nmate indication of the
catal yti c cracki ng &heixequiref apiditgt-alhetprafieyaeddnistureswiblidraveat al yst
and it gives the rekRéi NE/F QltemEonsdtaidt cfraje tf 1nor mal hexane conversion,
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Vol.. hydrothermally or by mixing the desired amount of H3P04
with alumina powder and steaming it at 100 to 400°C,
preferably 200 to 300°C, for 1 to 2 hours.

The quard bed may have a surface area of 1 to 1000

2 2

m“ per gram, preferably a surface area of 10 to 500 m
per gram. _

When the quard bed is a siliceous material, such
as clay, silica, silica alumina or a zeoiite, the is is
preferred that said siliceous material has an alpha
value of 0.001 to 10, more preferably 0.01 to 2.

The guard bed is placed upstream of the molecular
sieve desiccant. In a preferred embodiment, the guard
bed is simply placed on top of the molecular sieve
desiccant and selectively intercepts the organic base,
e.g.,'amine, present in the feedstream prior to its
reaching the desiccant, To save valuable reactor
volume, at least part of the guard bed adéorbent can be
in bead or ball form and placed on the very top of the
molecular sieve desiccant bed in lieu of conventional
ceramic balls for stabilizing the bed. The guard bed
preferably comprises particles having at least 1/8 inch.
(0.32cm) diameter, preferably 1/4 to 2 cubic inches
(4.1 to 33 cms). Cubic granules of 8 mesh to 2 inch
(0.32¢cm) can be used in lieu of beads or balls.

The amount of guard material required depends on
the concentration of organic base impurities in the gas
and the competitive adsorption capacity of the guard
material. It has been found that the volume ratio of
the guard bed material to molecular sieve desiccant
depends on the nature of the guard bed materials and



61, p. 395 (1980). The experinental conditions of the test used herein
include a constant tenperature of 538[err]C and a variable flow rate as
described in detail in the Journal of Catalysis, Vol. 61, p. 395. In one
preferred enbodi nent the guard bed conprises al um num phosphate. Dependi ng .
on the availability of proton in the conpounds, i.e., Alferr]/Plerr]

ratio, the acidities of the alum num decrease in the follow ng order:

Al (Herr]PdJerr]), Alferr](HPO err])[err], ALPJerr], AL(PJerr]). Thus,

t he conposition of the al um num phosphate m xture can be varied to neet

the required acidity. The preferred m xture will have the AI/P atomc ratio
of 0.6 to 1. The structure of the aluninun16hosphates and its m xtures can
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materi al has an al pdifded in the form of hydrogen sulphide; or by
contacting the natural gas with a sulphur containing
substrate, e.qg., activated carbon, impregnated with
sulphur or sulphur compounds.

Preferably, the organic base comprises amine, more
preferably alkanol amine. Most preferably the amine is
selected from the group consisting of diethanolamine,
monoethanolamine, triethanolamine, and
methyldiethanolamine; alkanoldiamines,
alkenylpolyamines or solutions of salts of weak organic
acids, such as amino carboxylic acids and aminosulfonic
acids, or other alkaline liquids may also be used. The
organic base is preferably introduced in solution such
as alkanoclamines, like monoethanolamine,
diethanolamine, triethanolémine, methyldiethanoclamine,
alkanoldiamines, alkenylpolyamines, Alkanolamines are
especially preferred. -

The molecular sieve desiccant used to dry the
natural gas before passing to the heat exchanger can
have an effective pore size ranging from 3 to 10
angstroms, preferably from 3 to § angstroms. Desirably
the molecular sisve desiccant is selected from the
group consisting of Zeolite 3A, Zeolite 4A, and Zeolite
SA; mordenite or clinoptilonite may also be used. The
molecular sieve desiccant most preferably comprises
Zeolite 4A.

In a particularly preferred embodiment the organic
base is dietharnolamine, the molecular sieve desiccant
is Zeolite 4A, the guard bed comprises a siliceous
material having an alpha value of 0.01 to 2 and



val ue of 0.001 to 10, nore preferably 0.01 to 2. The guard bed is placed
supstream of the nol ecul ar sieve desiccant. In a preferred enbodi nent, the
guard bed is sinply placed on top of the nol ecul ar sieve desiccant and
selectively intercepts the organic base, e.g., amne, present in the
feedstreamprior to its reaching the desiccant. To save val uabl e reactor
vol une, at |east part of the guard bed adsorbent can be in bead or bal
form and placed on the very top of the nol ecul ar sieve desiccant bed in
lieu of conventional ceramic balls for stabilizing the bed. The guard bed
preferably conprises particles having at lgast 1/8 inch (0.32cn) dianeter,
~preferably 1/4 to 2 cubic inches (4.1 to 33 cm ). Cubic granules of 8 nesh

to 2 inch (0.320 | li%enThe, FEpynt  of
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desi ccant pref er abhg we#uygieﬂnt#n(}u@ek d=51===nt using hot gagac.
Thus, the gquard bed material is regenerated along with
the molecular sieve in one operation and is ready for
the next cycle operation.

The present invention to provides a process to
remove the mercury present in natural gas to a
concentration sufficiently low to avoid mercury damage
to liquefaction equipment, such as aluminum heat
exchangers, in a liguefied natural gas plant, while
extending the life of molecular sieve desiccant used to
remove water from the treated gas stream.

The present invention alsoc provides a process for
preventing or reducing. organic base carry-over into
molecular sieve desiccants which are employed to
subsequently dry the treated gas stream wherein organic
base is used to remove unreacted sulphur compounds
which are'added to remove mercury by precipitation to
mercury sulphides.

Reference is now made to the accompanying drawing
which show a system for treatihg natural gas in
accordance with the invention.

In the drawing, the natural gas 2 to be treated is
first contacted in a treating bed 4 with an agent
designed to remove the bulk of the mercury
contamination. This treating zone can be a bed f£illed
with a sorbent material such as silica, alumina,
silica-alumina, or activated carbon having deposited on
the surfaces thereof an active form of elemental
sulphur or sulphur-containing material.



to 0.1. Preferably, the sul phur-containing agent may be added in the form
of hydrogen sul phide; or by contacting the natural gas with a sul phur
contai ning substrate, e.g., activated carbon, inpregnated wth sul phur or
sul phur conpounds. Preferably, the organic base conprises am ne, nore
preferably al kanol am ne. Most preferably the amne is selected fromthe
group consi sting of diethanol am ne, nonoet hanol am ne, triethanol am ne, and
met hyl di et hanol am ne; al kanol di am nes, al kenyl pol yam nes or sol uti ons of
salts of weak organic acids, such as am no carboxylic acids and

am nosul fonic acids, or other alkaline liquids may also be used. The
organl c base is pref erably introduced in solution such as al kanol am nes,

| i ke nonoet hanol ami ne, di et hanol ani ne, triethanol ani ne,

net hyl di et hanol am ne, al kanol di am | po es are
especial ly preferred. ThHh&R& 4l *p’ ggé sﬂ%cg%?r%%ggif‘éd é %gh%at ur al
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Zeolite 4A while separated mercury exits via line 32. The unit 8
removes carbon dioxide and sulphides (particularly
hydrogen sulphide) via line 34. The effluent from the

unit 8 flows via line 36 to a conventional amine
treater unit 12, which removes sulphides (particularly
hydrogen sulphide) via line 38). The effluent gas from
the unit 12, which contains amine, generally in a form
of entrainment, flows to a guard bed 15 via line 40. In
the guard bed 15 the amine is absorbed.

The effluent from guard bed 15 flows via 11ne 42
to a dehydrator unit 16 where the moisture content of
the gas is reduced to a desired level: water exit unit
16 via line 44; while natural gas effluent exits unit
16 via line 46, which communicates with a heat
exchanger 24. '

To save equipment and operation costs, the guard
15 bed can be combined with the dehydrator unit 16 by

_placing the guard bed material on the top of the drier
bed. _ _ h

The mercury-depleted dry gas is chilled in heat
exchanger 24. The effluént from the heat exchanger 24
is passed to further processing via line 48.

The gas flowing to the liquefaction process is a
gas substantially reduced in mercury content. The
problems associated with mercury on aluminum, brass or
copper surfaces present in the liguefaction portion of
the system are accordingly alleviated,

Example 1



In a"particularly preferred enbodi nent the organic base is diethanol ani ne,
tshe nol ecul ar sieve desiccant is Zeolite 4A, the guard bed conprises a
siliceous neterial having an al pha value of 0.01 to 2 and 7 conpri sing
particles having at least 1/8 inch (0.32cm dianeter, and the volunetric
ratio of the guard bed to the nol ecul ar sieve desiccant ranges from 0. 005
to 0.1. The am nes adsorbed on the guard bed material is stripped off

si mul t aneously during the regenerati on of The wet nol euul ar sieve desiccant
using hot g[err] Thus, the guard bed material is regenerated along with the
nol ecul ar sieve in one operation and is reafly for the next cycle operation.
The present invention to provides a process to renove the nmercury present
in natural gas to a conEbatanineoadsonmtionesapicityvatotheogenrdkedry damage

to liquefaction equideRihl S3HasteqadsimolaBwbeat exchangers, in a liquefied
natural gas plant, whileg.extendi | Jf ecu sjgve desiccant
used to renove water frgﬁg’f%ieq} F_ggt ié%%aggegt ?xtéragn@h]'%ek’%{f’és%ﬁta ur?\?éﬁti on
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treated gas stream ynehgl gy PHICnatarials for 24 hours to saturate the
beds with the moisture and DEA. The DEA contents of the

beds are:

: DEA Adsorption,
Material of so
Aluminum phosphate, Al/P = 0.8 8
HZSM~5 Zeolite, Si/Al = 100 3
Active carbon 2
Example 2

The saturated guard bed materials are generated by
passing N, gas at 650°F (343°C) for 3 hours to simulate
the drier bed regeneration condition. The regenerated
guard bed material is used for adsorption testing as in
Example 1. The adsorption capacities are the same as
the first adsorption shown in Example 1. '



base is used to renove unreacted sul phur conpounds which are added to
[emove nercury by precipitation to nmercury sul phides. Reference is now made
toth wing which show a systemfor treating natural gas in
accormlmnmm'm”mnm' ention. In the drawing, the natural gas 2 to be
reated i8 first ocontracted in a treating bed 4 with an agent designed to
renove the bulk of the nmercury contami nation. This treating zone can be a
bed filled with a sorbent material such as silica, alumna, silica-alumna,
or activated carbon having deposited on the surfaces thereof an active form
of el enental sul phur or sul phur-containingioaterial. The gas in this
section of the treating zone |oses nmuch of its nmercury content by virtue. of

the reacti on bet wec@lai®mg nercury and the sul phur to form mercuric sul phide.
The effluent gas therefromflows via line 30 to a conventional Benfield

caustic sweetner unjt B..94L (J_lef&e %Lzﬁgnge;fi.gwgh S ;l(éea:nlfua_ne 32. The

unit 8 renoves carbon d|0X|de and E art rogen
sul phide) via line narural 939 f‘f‘iﬂ‘@ﬁ MAdRELIoMiQE 8 FF&&“RH‘:&“FF#@% to a
conventional am ne agexdt o readt s2thv¢nxd1meeum4e$osmbphlpimm@meaté&ul arly

hydrogen sul phi de) gt1pnik88 S8)merdify £fdda48Dbn U456 sl 8f%anic base to
absorb unreacted sulphur-containing agent, and
subsequent contacting of said natural gas with a
molecular sieve desiccant thereby removihg water
therefrom, further comprising contacting said organic
base-containing natural gas with an organic base
absorbing guard bed to substantially remove said
organic base prior to removing said water,and wherein
the guard bed comprises material selected from the
group consisting of activated chafcoal, amorphous
aluminium phosphate, crystalline aluminium phosphate,
clay, silica, silica-alumina, ZSM-5, 2ZSM-11, ZSM-22,
%ZsM-23, 7SM-35, ZSM-48, mordenite, clinoptilonite,
erionite, and Zeolite Y.

2. A method accordlng to claim 1, wherein said guard
bed comprises activated charcoal.

3. A method according to claim 1, wherein said guard
bed material is selected from the group consisting of
clay, silica, silica-alumina, zZSM-5, ZSM~11, ZSM-22,
ZSM-23, ZSM-35, ZSM-48, mordenite, clinogtilonlte,
erionite, and Zeolite Y.

4. A method according to claim 3, wherein said guard
bed material is selected from the group consisting of
ZsM-5, ZSM-11, ZSM-22, 25M-23, ZSM-35, ZSM-48,
mordenite, clinoptilonite, erionite, and Zeolite Y.



t he hnit'12, whi ch contains am ne, generally in a formof entrai nnent,

fil ows to—a—guard—bed—i5via line 40. In the guard bed 15 the amne is

absor bed. guard bed 15 flows via line 42 to a dehydrator
unit 16 vvl1 ﬁgﬁ @mu m content of the gas is reduced to a desired
| evel : wat I'ts via line 44; while natural gas effluent exits

unit 16 via line 46, which communicates with a heat exchanger 24. To save
equi prent and operation costs, the guard 15 bed can be conbined with the
dehydrator unit 16 by placing the guard bed material on the top of the
drier bed. The nercury-depleted dry gas is chilled in heat exchanger 24.
The effluent fromthe heat exchanger 24 is passed to further processing via
line 48. The gas flowing to the |iquefacti¥h process is a gas substantially

reduced in nercurygcopt T e ociated with nercury on
al um num brass orséogﬂ)p“gérghs?&rgg%%sﬂ%?eggn ir?rteﬁgg?‘f“au 3 BRehytt i on of

the system are acc8R&f nFHipPharreRfitaiedng ageptricempriiaes usoegenon capacity
of the guard bed matdphide.is tested as follows: N trogen gas is passed
through a bath of aqueous '

6. A method according to any preceding claim, wherein

said organic base comprises amine.

7. A method according to claim 6, wherein said amine is
alkanol amine.

8. A method according to claim 7, wherein said amine is
selected from the group consisting of diethanélamine,
monocethanolamine, triethanolamine, and
methyldiethanolamine.

9. A method according to any preceding claim, wherein
said molecular sieve desiccant is selected from the
group consisting of Zeolite 3A, Zeolite 4A, and Zeolite
5A. '

10. A method according to claim 9, wherein said
molecular sieve desiccant comprises Zeolite 4A.

11. A method according to any preceding claim, wherein
said guard bed comprises aluminum phosphate having an
Al/P atomic ratioc of 0.6 to 1.

12. A method according to any preceding claim, wherein
- said guard bed has a surface area of 1 to 1000 m2 per

gram.

13. A method according to claim 12, wherein said guard
bed has a surface area of 10 - to 500 m° per gram.



solzution containing 25% of DEA (di ethanolamne) at 100[err]F (38[err]C).
.The'giiljfﬂg,lji_Lﬁgﬂ_9§§Sed t hrough beds of the guard bed materials for 24
“hour 0 saturate the beds with the noisture and DEA. The DEA contents of
the b tw rption. Materi al : %
of SOTﬂﬂm“m‘“nﬁm ﬂ sphate, Al/P = 0.8 B 8 HZSM 5 Zeolite,
Si/A =100t * 5 * 3 Active carbon

2 Exanple 2 The saturated guard bed naterials are generated by passing

Nl err] gas at 650[err]F (343[err]C) for 3 hours to sinulate the drier bed
regeneration condition. The regenerated guard bed material is used for

adsorption testing as in Exanple 1. The gﬁ;orption capacities are the sane
as the first adsorption shown in Exanple 10 10 Cains 1. A nethod for

separating mercury,ang yelihs bOBdGUES! aflfpre@Riie iR addadLOl a
sul phur-contai nin agent 1o reac%~mntg al nercgry 0 fornbpre0é§{tated
sul phi des of rrerc?f’P}, sHtfiqecyd Batenia rg?ﬁnaé‘ B4P8a; VS 8FL 0P & ed
sul phur - caont ai ni ngdoagent, and subsequent contacting of said natural gas
with a
' 15. A method according to claim 14, wherein said guard
bed comprises a siliceous material has an alpha value

of 0.01 to 2.

. 16. A method according to any preceding claim, wherein
said guard bed is disposed above said molecular sieve
desiccant.

17. A method according to any preceding claim, wherein
said gquard bed comprises particles having at least 1/8
inch (0.32cm) diameter,

18. A method according to any preceding claim, wherein
the volumetric ratio of said guard bed to said
molecular sieve desiccant ranges from 0.001 to 0.1.

19. A method according to claim 1, wherein said organic
base is diethanoclamine, said molecular sieve desiccant
is Zeolite 4A, said guard bed comprises a siliceous
material having an alpha value of 0.01 to 2 and
comprising particles having at least 1/8 inch (0.32cm)
diameter, and the volumetric ratio of said guard bed to
said molecular sieve desiccant ranges from 0.008 to
0.1. '



mol ecul ar si eve desiccant thereby renoving water therefrom further
conprising contacting said organi c base-containing natural gas with an
organi ¢ base absorbing guard bed to substantially renmove said organic base
prior to renoving said water,and wherein the guard bed conprises naterial
sel ected fron¥the group con5|st|ng of activated charcoal, anorphous

al um ni um phosphate, crystalline al um ni um phosphat e, clay silica,
silica-alumna, ZSM5, ZSN 11, ZSM 22, ZSM 23, ZSM 35, ZSM 48, nordenite,
clinoptilonite, erionite, and Zoolite Y. 2. A nethod accordlng to claim1,
wherein said guard bed conprises activated charcogf hod accordi ng
to claiml1l, wherein said guard bed nmaterial is se|é
consisting of clay, silica, silica-alumna, ZSM5,
ZSM 35, ZSM 48, nordenite, clinoptilonitepyerionite,
met hod according to claim3, wherein saidjguard bed naterlal i's selected
fromthe group consisting of ZSM5, ZSM 1], ZSM 22, ZSM 23, ZSM 35, ZSM 48,
mordenite, clinoptilonite, erionite, and Feolite Y. 5. A net hod
according to any preceding claim mherel ai d sul phur-containi ng agent
conpri ses hydrogen sul phide. ? -E : '
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6 A net hod accordlng to any preceding claim wherein said organmaoha§é’ﬁ”
conprises amne. 7. A nethod according to claim®6, wherein said anmine is

al kanol amine. 8. A method according.to claim7, wherein

sel ected fromthe group consisting of dlethanolanlne Mot hﬁﬁt' -

tri et hanol am ne, and net hyl di et hanol amre. 9. A net hod

preceding claim wherein said nolecul ar sieve desiccant
t he 'group consisting of Zeolite 3A, Zeolite 4A, and Zeol
met hod according to claim9, wherein said nol ecul ar siev
conprises Zeolite 4A. 11. A nethod according to any prec

sald amine is

~

o
sel ected from
e 27y JBR-19%
e ldesi ccant

e di-Arg—etet-m

'

—~

wherein said guard bed conprises al umyium phosphate havi

ng an Al/P atom c

ratio of 0.6 to 1. 12. A nethod ac ng to any precedi.
said guard bed has a surface area o to 1000 nierr] pe
met hod according to claim 12, wherein
10 to 500 nferr] per gram 1% 1P
claim wherein said siliceous nBteyi

od according
hasf an al pha val u

aid guard bed has’

1 _Cl arim_wWner el n
gram 13. A

a surface area of
to any preceding
e of 0.001 to

|
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-
10.; 15. A nethod according to claim 14, wherein said guard H? _GOgPEi ses a
~s4'li ceous material has,an al pha value of 0.01 to 2. 16. A ﬁb od according
.“to any preceding claim wherein said guard bed is di sposed above said
nmol ecul ar sieve desiccant. 17. A nethod according to any preceding claim
wherein said guard bed conprises particles having at least 1/8 inch
(0.32cm dianeter, 18. A nethod according to any preceding claim wherein
the volunetric ratio of said guard bed to said nol ecul ar sieve desiccant
ranges from0.001 to 0.1. 19. A nethod according to claim1, wherein said
organi ¢ base is .diethanol ami ne, said nol ecul ar sieve desiccant is Zeolite
4A, said guard bed conprises a siliceous material having an al pha val ue of

0.01 to 2 and conpgisifageParticles having at least 1/8 inch (0.32cm
di aneter, and the vﬁit‘}%ﬁ‘ri,c rati q of saéec]in guard bed to said nol ecul ar

si eve desiccant rdfRieFal.Gasglzaating gysten

A method for removing mercury from natural gas
comprises addition of a sulphur-containing agént to
form sulphides of mercury, addition of organic base to
absorb hydrogen sulphide, and subsequent contact of
said natural gas with a molecular sieve to remove water
therefrom, further comprising contacting said organic

- base-containing natural gas with a guard bed to

.”ﬁ? substantially remove said organic base prior to said

l removing of water. ' '

FICURE 1 IS SUGGESTED FOR PUBLICATION.
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