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HYDROCARBONS BY ADS OPTI ON AND APPARATUS THEREFOR FI ELD OF TH

| NVENTI ON The present invention relates to a process for renovi HEOS
trace netals occurring in liquid hydrocarbons by adsorption and an

apparatus therefor. More particularly, it relates to a process suitable for

renmovi ng, by 1.0 ace netals, in darticular nercury, occurring in
nat ural gas @&g&ig‘ib&%kéﬁ ai ni ng asphaltene which is a kind of crude oil,
and to an apparatus therefor. PRI OR ART rcury occurring in

napht has, natural Qgﬁg ; | |

f eedst ocks for pe??@ mﬁ:ﬁ?‘ 6'1L lﬁ %g@{f@m])
deterioration, of HEDRQECARBONSBY ADS © D APBARATYS. g. Pt,

Pd), used in pet VTI-?REF’@[R‘”“Q processe I n cases where hydrocarbon gases
such as ethyl ene and propylene or |iquid hydrocarbons such as naphthas are

used as raw chem cal materials, too, nercury acts as a catal yst poison and

i nhi bits t heFIELDIQOF THE INVENTIONIrt hernore, mercury can form amal gans

with a nunber of netals and therefore, particularly when al um num based

all oys are used atheqpresent invention testor aaprocessafopmemoving trace
metals occun'ing in liquid hydrocarbons by adsorption and an
apparatus therefor. More particulariy, it relates to a process suitable
for removing, by adsorption, trace metals, in particular mercury,
occurring in natural gas condensates containing asphaltene which isa
kind of crude oil, and to an apparatus therefor.
PRIOR ART )

Mercury occurring in naphthas, natural gas condensates and like
liquid hydrocarbons as feedstocks for petroleum products causes
poisoning, hence activity deterioration, of catalysts, in particular noble
metal catalysts (e.g. Pt, Pd), used in petroleum refining processes. In

-cases where hydrocarbon gases such as ethylene and propylene or
liquid hydrocarbons such as naphthas are used as raw chemical
materials, too, mercury acts as a cataiyst poison and inhibits the
activity of catalysts. Furthermore, mercury can form amalgams with a
number of metals and therefore, particularly when aluminum-based -
alloys are used as equipment construction materials, amalgam
corrosion becomes a matter of concern.

Therefore, various' methods of removing mercury contained in
liquid hydrocarbons have so far been investigated, and methods of
removing mercury in which various adsorbents for mercury are used

have been proposed. For example, the sulfide of a heavy metal such as



corrosion becones a matter of concern. Therefore, various nethods of
renmovi ng nercury contained in |iquid hydrocarbons have so far been

i nvestigated, and nethods of renoving nmercury in which various adsorbents
for nmercury are used have been proposed. For exanple, the sulfide of a
heavy netal such as ' -2- nol ybdenum
tungsten or vanadi um as supported on % support of alunina or the |ike has

been proposamlybdenwms tungstenr benvagadium s SuppertedPanci@ saipporgadf on
No. 24623/1994). Further. a mercury adsorbent conprising sulfur supported
on a por ousalupieatorthe likerhas hesapropesed: aemerauy adsexharn: (seas.g.
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met hods of renoving nercury by adsorption.are generally intended for the

treat ment odt napispeeific | temiperatare o{sees pdapanese c Patenti dgaid~Openr Nos,
such as natural gas condensates, which contain asphaltene in |arger anounts

as conpar ed78911984)and activatedcarhomcontainingan erganosulfusrcorapoundhe

adsorbents (e "Fapanse Patent. Laid-Open No.. 1146859%7° Rave been
disclosed. When such mercury adsorbent is used, mercury reacts with
the above metal sulfide or sulfur component and removed, in the form
of mercury sulfide, from liquid hydrocarbons.

However, the above-mentioned methods of removing mercury by
adsorption are generally intended for the treatment of naphthas. In
the case of asphaltene-containing hydrocarbons, such as natural gas
condensates, which contain asphaltene in larger amounts as compared
with mercury, a large amount of asphaltene is adsorbed on the
adsorbents for mercury and therefore the adsorbents soon become
incapable of adsorbing mercury. A conceivable means for avoiding this
is to remove asphaltene in natural gas condensates beforehand by
adsorption. However, this means requires constant monitoring of the
state of asphaltene adsorption, resulting in complicated operations
therefor. If the timing of monitoring is wrong, the mercury-adsorbing
activity will be immediately impaired.

SUMMARY OF THE INVENTION

Accordingly it is an object of the present invention to solve such
problems as mentioned above and provide a process capable of
removing trace metals in asphaltene-containing liquid hydrocarbons



I ncapabl e of adsorbing nmercury. A conceivable neans for avoiding this is to
renove asphaltene in natural gas condensates beforehand by adsorption.
However, this means requires constant nonitoring of the state of asphaltene
adsorption, resulting in conplicated3operations therefor. If the timng of
nonitoring is wong, the nercury-adsorbing activity wll be imediately
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hydr ocar bon! _ _ o -3- by adsorption over a |ong
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The present inventors nmade intensive investigations in an attenpt to solve

the above paplrpt tonsolvestlte 'alsove problemstamd, @sca atesudt, fourid thatathde
sol ved when at least two first_ adsorption treatnment zones are disposed in
paral | el foaboWe pieblemsocanf basgolredwhen ratt Jeast o cOnste radgorption
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series such that either one is on the upstream side and the other is on

the downstream side, for continuous operation and for
changeover/exchange operation. Such-and other findings have now led
to completion of the present invention.

Thus, in a first aspect thereof, the present invention provides a
process for removing trace metals in liquid hydrocarbons by adsorptionl
using a first adsorption treatment zone comprising a bed packed with a
porous inorganic adsorbent and a second adsorption treatment zone
comprising a bed packed with a porous carbonaceous material, which

- process comprises the steps of:

(1) using at least two such first adsorbption zones disposed in parallel,
connecting the same to each other in series such that either one is on
the upstream side and the other is on the downstream side, and feeding
a trace metal-containing liquid hdyrocarbon to the upstream side first
adsorption treatment zone,

(2) contacting said liquid hydrocarbon with said porous inorganic
adsorbent in said upstream side first adsorption treatment zone,

(3) passing the adsorption-treated liquid hydrocarbon from said
upstream side first adsorption treatment zone through the downstream
side first adsorption treatment zone,

(4) exchanging the adsorbent in said upstream side first adsorption
treatment zone while continuing the adsorption treatment in said



Thus, in-a first aspect thereof, the present invention provides a process
for renoving trace netals in liquid hydrocarbons by adsorption using a
first adsorption treatnment zone conprising a bed packed with a porous

i norgani c adsorbent and a second adsorption treatment zone conprising a bed
packed with a porous carbonaceous mat dri-al , which process conprises the
steps of: (1 using at | east tw such flrst adsor bpti on zones disposed in
parall el , stmg.mmdeﬁmtmisouptmmtmatmemezom such that either one

is on the ups i de and the other,is on the doywnstream side, and
feeding a tr(éiéﬁ awm&themnneﬁm awha&ath@otﬁn 3 seatm

first adsorption, tr at tacti,n ai d drocar bon
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t r eat ment z orptlon treated I|qU|d hydrocarbon from
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connecti on £@) tdontactingf & hqm& hyrdmcarhrnurmth eeporousicarbonaceous
adsor bent exchange, has been fipished can now serve as the downstream side

one, (6) feé@ﬂﬁﬂ}‘lgblmsﬂl geep rphion tnegdmeant; zoRe. d fir st adsoprt i on

treatment zone(si;'s sedond aspect theredt, the invention provides an apparatus
for removing trace metals in liquid hydrocarbons by adsorption using a
first adsorption treatment zone comprising a bed packed with a porous
inorganic adsorbent and a second adsorption treatment zone
comprising a bed packed with a porous carbonaceous material, which
apparatus comprises: - .
(1) at least two such first adsorption treatment zones disposéd in
parallel and connected via a piping to each other in series such that
either one is on the upstream side and the other is on the downstream
side, _ |
(2) a piping for feeding liquid hydrocarbons to either of said at least two
first adsorption treatment zones disposed in parallel such that the
adsorbent in said upstream side first adsorption treatment zone can be
exchanged while continuing the adsorption treatment in said
downstream side first adsorption treatment zone, and a piping between
said at least two first adsorpotion treatment zones disposed in parallel
which piping has directional control valves,
(3) a piping connecting the downstream end of either of said first
adsorption freatment zones to said second adsorption treatment zone
or to one of a plurality of such second atlsorption treatment zones, and
(4) a directional control valve disposed in said piping for feeding liquid



(7) contacting said liquid hydrocarbon with the porous carbonaceous
material in said second adsorption treatnent zone. In a second aspect
t hereof, the invention provides an apparatus for renoving trace netals in

| i qui d hydrocarbons by adsorption usigg_a first adsorption treatnent zone
conprising a bed packed wth a porous inorganic adsorbent and a second

adsor ption [ﬁzé?gﬁ kS anp ' (fﬁ{.&u :
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and the other is on the downstreamside, (2) a piping for feeding liquid
hydrocarbons to either of said at least two first adsorption treatnent
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-5- hydr castetes It maytentaim sulfiancenpainds,t hitrogénscompbunds anddikei on
compounds in addition to trace metals. More specifically, there may be
mentioned natural gas condensates, naphthas as raw materials for
petrochemicals, blending stocks for various petroleum products such as
naphthas, and the like. The process and apparatus of the invention are
particularly effective in '-ti'eating asphaltene-containing natural gas
condensates.

-The trace metals in said liquid hydrocarbons include mercury,
arsenic, vanadium, nickel, etc. Among such trace metals, mercury the
content of which is highest can be most effectively removed by the
process and apparatus of the invention. While mercury may occur as
elementary mercury, inorganic mercry or organic mercury, every form
of mecrury can be removed by adsorption according to the invention. In
the practice of the invention, the metal contents in liquid hydrocarbons

are not critical. Metals contained in large amounts can be removed

almost completely. Natural gas condensates produced in Southeast
Asia, for instance, generally may contain 10 to 5,000 ppb of mercury
depending. on producing areas, which can be removed by adsorption
according to the invention. The content of asphaltene generally may be
1-100ppm, which can be efficiently removed by the process of thé

present -invention.



treatment zones to said second adsorption treatnent zone or zones.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention wll be

herei nafter described in detail. The |iquid hydrocarbon to be

subjected to treatnment for renoving trgce netals by adsorption according to

the invention is not limted to any partlcul ar speci es provided that it
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be efficiently renoved by the process of the present invention.

of Si0:, Al:Os, Fes0s, Ca0, MgO and K:O. It has a porous structure and
has various catalytic activities and high adsorptivity. It is used as an

adsorbent support in the practice of the invention. _

The packed bed volume in the first adsorption treatment zones is
preferably 5 to 30 times the packed bed volume in the second
adsorption treatment zone or zones. By employing such packing volume
ratio in treating asphaltene-containing liquid hydrocarbons such as
natural gas condensates, the frequency of changeover in the first
adsorption treatment zones due to asphaltene adsorption can be
reduced.

The first adsorption zones each comprising a bed packed with
said porous inorganic adsorbent are not limited in form and shape but
include columns, drums and boxes, for instance.

The porous carbonaceous material to be packed in the second
adsorption treatment zone or zones includes activated carbon,
adsorbents produced by carbonization of synthetic resins, and the like.
From the adsorptivity and economy viewpoint, activated carbon is
preferred, however.

The active carbon to be used here may be any of wide varieties of



- 6- As the porous inorganic adsorbent to be packed in the first
adsorption treatnent zones in the practice of the invention, there nay be
menti oned activated clay, silica gel, zeolites, alumna, silica alumna and
the like, and m xtures of two or nore-off these. Anong them activated clay
is preferred parti cuI arly in treating asphal tene- containing natural gas
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structure and has various cataly d hi gh adsorptivity. It 1s
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However, for attaining further improvements in trace metal-adsorbing
capacity, it is particularly desirable that the carbonaceous material be
activated in an atmosphere containing not more than 15 % by volume
of steam. As a specific feature of activated carbon, a specific surface
area of 100 to 2,500 m’/g is preferred and a specific surface area of 500
to 1,500 m’/g is more preferred. The residue on ignition is preferably
not more than 10 % by weight. By using an activated carbon species
having these physical properties, the trace metal elimination efficiency

L.

can be further increased.

The form and shape of activated carbon are not critical. Thus,
powdery, cylindrical, spherical, fiber and honeycomb forms may be
used. Granulated or molded carbon can be prepared in the conventional
manner by adding 30 to 60 parts of petroleum pitch or coal tar or the
like as a binder to 100 parts of a carbonaceous material, followed by
kneading, molding and activation.

In the practice of the invention, such activated carbon as
mentioned above may be used singly or in the form of an adsorbent
supporting thereon an alkali metal sulfide and/or an alkaline earch
metal sulfide.

The amount of the alkali meta: sulfide and alkaline earth metal



adsor bents produced by carboni zati on of synthetic resins, and the like.
From the adsorptivity and econony viewpoint, activated carbon is preferred,
however . The active carbon to be used here nmay be any of w de
varieties of 8 -7- carbon materi al

provided that It has a Large specific surtace area not less than 100
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packed beds packed with the same porous inorganic adsorbent are
disposed in parallel and connected in series via a piping such that
either one is on the upstream side and the other is on the downstream
side. A raw material liquid hydrocarbon, which contains the trace
metals, is fed in the form of an ascending or descending stream to the
upstream side first adsorption treatment zone, where said liquid
hydrocarbon comes into contact with the porous inorganic adsorbent.
The liquid hydrocarbon is then fed to the downstream side first

adsorption tfreatment zone connected in series via a piping, for

contacting in the same manner.

When the adsofptivity of the adsorbent in the upstream side first
adsorption treatment zone is found decreased, adsorbent exchange is
carried out, during which the downstream side first adsorption
treatment zone alone or a plurality of reinaining first adsorption
treatment zones (when three or more first adsorption treatment zones
are used) are operated consecutively for adsorption treatment by
adequately operating the directional control valves and feeding the raw
material liquid hydrocarbon thereto in the form of an ascending or
descending stream. After completion of the adsorbent exchange, the
upstream side first adsorption treatment zoue is connected to the



powdery, cylindrical, spherical, fiber and honeyconb fornms nmay be used.

G anul ated or nol ded carbon can be prepared in the conventional manner by
adding 30 to 60 parts of petroleumpitch or coal tar or the like as a

bi nder to 100 parts of a carbonaceous Raterial, followed by kneading,
nmol di ng and activati on. In the practice of the invention, such

Scor bens CoReBtACIT RIS TNt HO WewiiBirdifin 38 T ddBorptioh "GreaffBY o
earch net alzone firdeseries arddetleciwe @ bhere) st sehes Sed fdp&agg# Eourt

al kaline earth et al sulfide to be supported is not criti
pref er abl y adsonptioméreatments 0.1 to 30 % by weight relative to the

T st 7 Tl Hodpban e toondaoeonseg -
thereby I SBRRQR drerBRERAMOs if BaeB fs HpUel  fRecRipgl Bipe, to
N L1 Pt ool SEBREAAND Potlioh A Y. SoheteBE b ol ¥, 5.
Lok ek AR ASGEHS OIS 88650 RO, MR ASHEaBdol s
P it ot Mohgrut sonsispesioaraadrodhV Wiekpoi,
it is desirable to dispose at least two second adsorption treatment zones
and thereby enable feed line changeover by operating a directional
control valve disposed in the piping from the downstream of the first
adsorption treatment zones when the adsorptivity in one second
adsorption treatment zone is found decreased. The connecting pipe
from the downstream of the first adsorption treatment zones inay be
directly connected to the single second adsorption treatment zone or to

at least two second adsorption treatment zones so that either one can

serve as the upstream side and the other as the downstream side, as in
- the piping system for the first adsorption treatment zones.

For the contact of the liquid hydrocarbon with the adsorbents for
trace metals in the first adsorption treatment zones and second
adsorption treatment zone or zones, any of the fixed bed, moving bed,
fluidized bed and ebullated bed systems can be employed. The fixed
bed system is preferred, however, since the structure of each adsorption
zone becomes simple and the operability is good. .

Each fixed adsorbent bed can be prepared by packing the
adsorption zone with the adsorbent hé.ving a powdery, ground,
cylindrical, spherical, fibrous or honeycomb form. It is fixedly placed in
position in the conventional manner. The trace metal-containing liquid
hydrocarbon may be brought into contact with the adsr~rbent of trace



metals, is fed in the formof an ascending or descending streamto the
upstream side first adsorption treatnent zone, where said liquid :
hydr ocarbon comes into contact with the porous inorgani c adsorbent. The
l'i quid hydrocarbon is then fed to the Idownstream side first adsorption

treatnment zone connected in series via a piping, for contacting in the sane -

manner . Wien t he adgorptjvity of the adgorbent in,the upstream side
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stream One AeeR"thdidly RirhVe! A55hARRhe” BY°atlB¥rptibh! Cin particular, since
said apparatus comprises at least two first adsorption treatment zones
disposed in parallel and connected in series, frequent checking for the
state of adsorption of asphaltene is no more necessary if data on the
course of adsorption of asphaltene are available in advance; if is only
" required to change periodically the liquid hydrocarbon feeding to the
first adsorption treatment zones disposed in parallel from the upstream
side to the downstream side. Even when the asphaltene content in the
feedstock varies, i.e. increases, backup adsorption is possible in the first
adsorption {reatment zones connected in series. Furthermore,

adsorbent exchange or regeneration is easy.

In the second adsorption treatment zone or zones, trace metals, in
particular mercury, in liquid hydrocarbons can be removed by
adsorption with high efficiency and good productivity, since asphaltene
and like undesirable substances occurring in liquid hydrocarbons along
with the trace metals are removed beforehand in the first adsorption

treatment zones.

'PREFERRED EMBODIMENTS
Now, referring to the drawing, the invention is described. Fig. 1

is a schematic flowchart illsutrating an embodiment of the invention in



but, fromthe | ongrun continuous operation and productivity viewpoint, it
Is desirable to dispose at | east two second adsorption treatnent zones and
thereby enable feed |ine changeover by operating a directional control

val ve di sposed in the piping fromthe downstreamof the first adsorption
treatment zones when the adsorptivity in one second adsorption treatnent
zone i s found decreased. The connécCti ng pipe fronlthe downst r eam of the
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- series in the first adsorption treatment zone 1, in the form of a
descending stream. The adsorbent-packed second fixed bed 12 contains
the same adsorbent as that in the adsorbent-packed first fixed bed 6
and serves to adsorb that portion of asphaltene and the like which has
not been adsorbed on the adsorbent-packed first fixed bed 6. The
. mercury-containing natural gas condensate, now free of asphaltene, is
drawn out via a pipe 13 and fed, via a three—~way valve 14 and a pipe
15,to a mermn'y-adsorbing fixed bed 16 packed with activated carbon,
in the form of a descending stream. The posttreatment natural gas
condensate deprived of mercury by activated carbon is drawn out via a
pipe 17.

When the adsorptivity of the adsorbent-packed first fixed bed 6 is
found decreased, the three-way valve 4 for natural gas condensate
feeding and other three-way valves 8, 10 and 14 are operated, so that
the raw natural gas condensate can be fed, via a pipe 3', to the
adsorbent-packed second fixed bed 12. The natural gas condensate
deprived of asphaltene by adsorption is drawn out via the pipe 13 and
fed, via the three-way valve 14 and the pipe 15, to the mercury-
adsorbing fixed bed 16 for treatment in the same manner as mentioned

above.



from bottom as an ascending stream Fromthe viewpoint of stability of the
adsorbent in the adsorption bed, however, feeding as a descending streamis
preferred. When such process and apparatus as nentioned above are

enpl oyed in renoving trace netals in~I tquid hydr ocarbons, in particular 10
to 5,000 ppb of mercury contained in asphaltene- containing natural gas
condensat es, theAﬂtentcomd?lBtinﬂmf adserbent exchangsior yegeneratiors ihakthene
by adsorption. In particular, since said apparatus conprises at | east two

first adsor mdssrbentapaeked firstsfinedobedthe thres-way aralvesBedfcandnl4
Tor o mecess i PPATAL0R0! FRAk ABE AT SBRB FOMMGRSHL,RAR Do Tad clrom
nore necess )
ilable in ad ity i h i,odi cal lyyelheel i guid
hyar ocar bon adBoiPAGErBatked sRpond SR 1 kS the A ke o Dae R et e d
Ilel f t L i i .
P bhal tene dod 12 V2 'ipREI6, 4 ah8, 115 SPHBSHNCAHALS Sandit rdliEd i bwo
adsor pti on iaﬂsa%éhblg%glg\?%*ﬁcédrﬁﬁdé%%pﬂi&%d&&afféﬁ,“ﬁé%%iy%o'lmcﬂﬁﬁ in

series. Furthernore, ent exchange or regeneration I s easy.

the second gHeeepwaynvalvetlieand the piper 16¢to theanerauini-<adsorbingtfizedar
mercury, in_liquid hydrocarbons can be renoved by adsorption with high

efficiency bed 16dor freatment in ghessame mapmertasmentiohed @aboveesi r abl e

substances occurring in I'hgui h dr&gar bons al o he trace netals are
e N0TaJ8!

g wth
removed bef or ehahB CagesHw. oxbents Hé&ﬁﬂﬁﬁ\ﬁt tiorpfreatment
EVMBODI MVENTS w, referring,t.o e drawi ng,, the,.dnventi,on is described.
Flo. 1o aZonReARd the asonhent B 18 sactisd HasoRBtion, EmatBient, 2on, 8F8, on
'n each in the form of a fixed bed, the natural gas condensate to be fed to
each adsorption treatment zone may be fed in the form of an ascending

stream, in lieu of the descending stream mentioned above, for passage
through each packing, although this operation mode is not shown in
Fig. 1.

. The following e:iample illustrates the-invention in further detail.

EXAMPLE

A natural gas condensate (specific gravity 16/4 °C 0.75, initial
boiling point 25 °C, end point 380 °C) containing 27 ppb of mercury, 8
ppm of asphaltene and 300 ppm of sulfur was subjected to treatment
for removing mercury by treatment in the following first and second
‘adsorption treatment zones under the conditions mentioned below.
First adsortpion treatment zone:
(1) Containers for adsorbent: Glass-made, 20 mm (dia.) x 800 mm x 2
containers.
(2) Adsorbent: Activated clay produced by sulfuric acid treatment of
acid clay, 200 ml x 2.
(8) Adsorbent-packed fixed beds: The above containers each packed



which two first adsorption treatnment zones and one second adsorption
treatnent zone are conbi ned. According to Fig. 1, an asphaltene- and
mercury-containing liquid hydrocarbon (natural gas condensate) is a fed

t hrough pipe 3, a three-way valve 4 13nd a pipe 5 to an adsorbent (activated
clay)-packed first fixed bed 6 in a first adsorption treatnment zone 1 in

t he for m ofwithdthe ahoveactivated cliyeand: furtheyawithoghmsswiel atthothsends
asphal tene adsorption treatnent is drawn_ out through a pipe 7 and fed, via
a t hr ee- wayverg cenrectedsimsexiesas ghowmin Kigl Levidapipingpi pe 11, to an

adsor bent - packed, second.fi xed bed 12 connected in series in the first
adsorptiongwm&gmﬁeam?ﬁ ZPPLm of a descending stream The
adsor bent - 0 ' ed . 12 | NSyt rb as that in
he. adsor boh - GOPRERR fir, 48502 SGARER Sdie, Jfb HRHEGRECERH) B i B o
asphal tenegggg%fﬂgﬁ._l | ke whi ch has not been adsorbed on the adsorbent-packed
first fixe ed 6. The nercury-containing natural gas condensate, now free

of asphal t ¢2p, Adsothenty Astivatedicarlion Withngpécific stirfade tdteac 200 niflye 14

and a pipe 15 to a nercury-adsorbing fixed bed 16 packed with activated
carbon, i n(mear graimgize HFsmm)]i24mndt r eam The posttreatnent natural gas

1o 8N wdsorbentrpacked Skedrbedts s aboyec kontainen packed wath o | s
47 0 s i i ek BBl
natural  0ag,GRAMEIP V8 & Piphig'to the downBlb¥am end f e activated clay-

packed container mentioned above, as shown in Fig. 1.

Adsorption conditions:

(1) Temperature: 25 °C.

(2) Flowrate: 1 ml/minute.

(8) Adsorption treatment in first adsorption treatment zone: The

upstream side and downstream side adsorbent-packed fixed beds were

- connected in series and adsorption treatrnent was carried out. The
" natural gas condensate feeding was changed from the upstream side to
the downstream side at 2-hour intervals. During activated clay
éxchange in the upstream side adsorbent-packed fixed bed, the
downstream side adsorbent-packed fixed bed alone was operated for
adsorption treatment. Exchange of the adsorbent activated clay was
completed within 2 hours, and the upstream side adsorbent-packed
fixed bed was connected to the downstream side of the downstream side
adsorbent-packed fixed bed so that the latter bed then could serve as
the upstream side one. This adsorption. treatment procedure was
repeated.
Then, the natural gas condensate after adsoprtion treatment in
the adsorbent-packed fixed beds in the first adsorption treatment zone



adsor bent - packed second fi xed bed 12. The natural gas condensate deprived
of asphaltene by adsorption is drawn out via the pipe 13 and fed, via the
three-way valve 14 and the pipe 15, to the nercury- adsorbing fixed bed 16
for treatnment in the same manner asigenti oned above.

- 12 - After conpletion of adsorbent exchange or regeneration in the

oper e, 565 e o 4 lowbbramacead od ol Fhe sheilics e
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for treatnment irFépeorfiris®n)che aébmhﬂﬁageﬁéhopﬁooedure Wwascfillswel ahe

bot h adsorbents in the first adsorption treatnent zone and the adsorbent in
the second thissame marinerexeept thatonly oneddsorbent-packediconthiner weed,

the natural gag condensate to be fed to each adsorptjon treatnent zone nmay

be fed in tuged dnnthg fiast treatment zonec anck adserpidendreatmentr eam

mode {5 notWaR IR mPAOnbnuCUSly HEhORY BARRGEBKERD! ¢ | || ustrates .

.t he-invention i Resiurt REL 4Fb3e process and apparatus of the invention were
used, the mercury content in the condensate after adsorption treatment
remained below 1 ppb over 10 days (operation period). With the
comparative process and apparatus, said content exceeded 1 ppb in half

a day.

The process and apparatus of the invention can remove trace
metals occurring in liquid hydrocarbons, in particular asphaltene-
containing natural gas condensates, with high efficiency without being
affected by the adsorption of asphaltene. Furthermore, since
changeover operation between the first adsorption treatment zones is
possible, operation interruption otherwise caused by adsorbent
exchange which becomes necessary due to a decrease in adsorbent's
performance can be avoided and, as a result, good productivity can be
attained.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a flowchart illustrating an embodiment of the invention.
The reference numeral 1 indicates a first adsorption treatment zone, 2
- a second adsorption treatment zone, 6 and 12 each - a first
adsorbent—-packed fixed bed, and 16 - a second adsorbent-packed fixed
bed.



EXAMPLE A natural gas condensate (specific gravity 15/4 [err]C 0.75,
initial boiling point 25 [err]C, end point 330 [err]C) containing 27 ppb of
mercury, 3 ppm of asphaltene and 300 ppm of sulfur was subjected to
treatment for renmoving nmercury by treatnent in the followng first and
second adsorption treatnent zones TUdder-the conditions mentioned bel ow.
First adsoiGIpAEMSr eat nent zone: (1) Containers for adsorbent: d ass-made,
20 mm (dia.) x 800, nm x 2 containers. (2) Adsorbent: Actjyvated clay
produced by sul furdAdcpragegsiforremeving teacegmetals indiguid hydroeambons by
Adsorbent-%%fsked fixed, beds:. The above,contai ners each packed, .

- 13 - wi t RASREPHGD, usingq fitst adsorolion rtreatment gang campriRinga bedn
ends were ¢ ted.n_series. .as_sho e Frag. .1 ' L PRN Second
adsor t pi onp%%ggﬁ thﬁnﬁd'?lﬁ 180tes P\rﬂgr‘iﬁﬂr‘b%@opﬁlgn% %&8@5@ ﬁ%rpcti nm
(dia.) x 4 RhAGSris r : i at E&@é |
speci fic sur %E?éég'}ea , 200 "] g‘r‘@ ﬁgé?régﬁ&%(riﬁ]ﬁﬁs{?zga . E%Qb%%ﬂen?us( 3)
Adsor bent - pagterdal, whithpfocebzcoripyises thied gfacked with activated
carbon and further with gl ass wool " at both ends was connected via a piping
to the dow(k)using abdeast {we suxh fizstddsorhyptipndones; somiectingrthe isaned
above, as shown in Fig, 1. Adsorption conditions:
to each other in series such that either one is on the upstream side and
the other is on the downstream side, and feeding a trace metal-
containing liquid hdyrocarbon to the upstream side first adsorption
treatment zone, '
(2) contacting said liquid hydrocarbon with said porous inorganic
adsorbent in said upstream side first adsorption treatment zone,
(3) passing the adsorption-treated liquid hydrocarbon from said
upstream side first adsorption treatment zone through the downstream
side first adsorption treatment zone, .
(4) exchanging the adosrbent in said upstream side first treatment zone
while continuing the adsorption treatment in said downstream side
first adsorption treatment zone, |
(6) then changing the connection so that the first adsorption treatment

zone in which the adsorbent exchange has been finished can now serve

as the downstream side one,
(6) feeding said liquid hydrocarbon treated in said first adsoprtioﬁ
treatment zone(s) to said second adsorption treatment zone, and
(7) contacting said liquid hydrocarbon with the porous carbonaceous
material in said sécond adsorption treatment zone.

2. The process for removing trace metals in liquid hydrocarbons
by adsorption as claimed in claim 1, wherein said porous inorganic

adsorbent is at least or 2 member selected from the group consisting of

TR RO |




(1) Tenperature: 25[err]C (2). Flowrate: 1 m/mnute. (3) Adsorption
treatnent in first- adsorption treatnent zone: The upstream side and
downst ream si de adsor bent - packed fi xed beds were connected in series and
adsorption treatnent was carried out. The natural gas condensate feeding
was changed from the upstream side-t&6the downstream side at 2-hour

I nterval s. .Dur,i n%ﬁ?)céi vatgd cl exchange_in the upstream side
adsor bent - p8ek¥g aypelica gel, reolitescalnmina andwilicat alyuninal arid edided

I t f d ti t t t. Exgch f the ad bent
activat od cPaGOYE abRinAteRiE materiALE ARiTe cRBORNG. upstr eam &1 de
d bent - kedgf i {s h v dg_of t.h
Gounst r eam of do. SusniBaRoesHE Tof TBERER: ihds elate b A EhBiteatiins
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treatment ihytihecadon e condengate il cbi?ﬂﬁiﬂi_'ihlg4 esphalféne@sd @' bidfte of

treat nent zone as drawn out fromthe

downst reammercadty. fed to the entrance of the adsorbent-packed fixed bed in
the second adsorptign treatnent zone connected for further adsorption
treat ment . orlRe Brecess for remavingetraceometals in liguiduhydmaearbonswed
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treatment zones are disposed in parallel each other.
5. An apparatus for removing trace metals in liquid hydrocarbons
by adsorption using a first adsorption treatment zone comprising a bed
packed with a porous inorganic adsorbent and a second adsorption

treatment zone comprising a bed packed with a porous carbonaceous
material, which apparatus -comprises: |

(1) at least two such first adsorption treatment zones connected via a
piping to each other in series such that either one is on the upstream
side and the other is on the downstream side,

(2) a piping for feeding liquid hydrocarbons to either of said at least two
first adsorption treatment zones such that the adsorbent in said
upstream side first adsorption treatment zone can be exchanged while
continuing the adsorption treatment in said downstream side first
adsorption treatment zone, and a piping between said at least two first
adsorpotion treatment zones which piping has directional control
valves,

(8) a piping connecting the downstream end of either of said first
adsorption treatment zones to said second adsorption treatment zone
or to one of a plurality of such second adsorption treatment zones, and
(4) a directional control valve disposed in said piping for feeding liquid
hydrcarbons from the downstream end of either of said first adsorption

* [~ L " S *




was performed continuously w thout changeover. When the above process’
and apparatus of the invention were used, the nercury content in the
condensate after adsorption treatnment remai ned bel ow 1 ppb over 10 days
(operation period). Wth the conparative process and apparatus, said
content exceeded 1 ppb in half a day. 1, _ The process and apparatus of the
i nvention can renove trace netals occurring in liquid hydrocarbons, in

particul ar treatmerihzonests said sgeord adsorptionctrestnrenezoneiorizonegh
efficiency without being affected by the adsorption of asphaltene.
Furthernore, sirfbe eppazatugcfort remayange bracen ametalst bydedserption in

treat nent nes,i.s possi bl e, oper,ation i,nterruptjon. otherw.,se caysed_ by
adsor bent ﬁﬁ%&y&ﬂwgﬁﬁt?o sdﬁ&’@gsényarﬁ@t wherein the ipa heght ' s
per for mance n_he. avei d ndy_as.,a resul od _productivity can.
etarned. . vies uE e Brebridsothtibry ket SoBe] “StmpHidite 8idh hed
illustrati qﬂ@ﬂi ; i r efier I
i ndi cat es 2!9 ?%%‘? a sorié% Irg‘%{st m&ﬁz%%e?be ﬁsassf%cggjﬁggés%rﬂéﬁ%%cked
treatment Zoed vofumitdinl thé 8eBond adsorptiotf adtenénp 3616 or zotss. bed, and 16
- a second adsorbent - packed fixed bed. -15
CLAI M5 : 7. The apparatus for removing trace metals by adsorption in
liquid hydrocarbons claimed in claim 5, wherein the first adsorption

treatment zones are disposed in parallel each other.
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1. A process for renoving trace netals in liquid hydrocarbons by adsorption
using a first adsorption treatnent zone conprising a bed packed with a
porous inorgani c adsorbent and a second adsorption treatnment zone
conprising a bed packed with a porous,garbonaceous naterial, which process
conprises the steps of: (1) using at } ast two such first adsorbption
zones, connecting the sane to each other in series such that either one is

on the upstreanpghdgesgn ﬁhﬁEgégg§6|§R therdpensyr eagusbde, and feeding a

trace nmetal - cogygrOERAEROLEUR a8 A salRsGEeam side first
adsorption treatgBEREFERNE, contacting sald [i1quid hydrocarbon with said

porous i'norgani c adsor bent |n said upstream side first adsorption treatnent
zone, (3) passing the adsorption-treated |iquid hydrocarbon from said
upstream side first adsorption treatnent zone through the downstream side
first adsorption treatment zone, (4) exchanging the adosrbent in said
upstream si ABST EFN(yrreatnent zone whil e continuing the adsorption
treatment in sald downstream side first adsorption treatnent zone, (5) then

changi ng the corfketingentior provides &i p?ﬁdossésmdtappaﬁamtfmmemovmgrby

whi ch the adsorbent exchange has been tinished can now serve as the

downst r eam adsbrpiion trcer anetals containedi ih hgspbalbemescondaindng diguaidi
zone, Zﬁ'3°ﬁgﬁ&&&é&““@aﬁéﬁ%&%@%&éﬁﬁéﬁ%ﬁﬁ%pt thoeous
brocess for rendhl ieaet bwd Hbrt AdSPRORPE a1 iesk Z0BERas SompriBing ts
o a0 L1 3R PR aga@%ﬁ@f@wﬁem RPtab ' S ER
connected in series such that either one is on the upstream side and the
other is on the downstream side. An asphaltene-containing liquid
hydrocarbon is fed to the upstream side adsorption treatment zone for
contacting with the porous inorganic. adsorbent and then further
treated for adsorption in the downstream side adsorption treatment
zone. During adsorbent exchange in the upsrteam side adsorption
treatment zone, adsorption treatment is performed with the
downstream side adsorption treatment zone alone. The adsorption
treatment zone in which the adsorbent exchange has been finished is
now connected so that it can serve as the downstream zone. The liquid
hydrocarbon treated in the first adsoprtion treatment zones is fed to a
- second adsorption treatment zone packed with a porous carbonaceous
material for contacting therewith and removal of {race metals.
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- 16 - activated clay, silica gel, zeolites, alum na and silica alum na
and said porous carbonaceous nmaterial is -active carbon. 3. The
process for renoving trace nmetals in liquid hydrocarbons by adsorption as
claimed in claiml or 2, wherein said liquid hydrocarbon is a condensate
oi | containing asphaltene and a trace of nercury. 4. The process for
renmoving trace netals in liquid hydrocarbons by adsorption as clained in
claim1l1, wherein said first adsorption treatnent zones are disposed in
paral | el each other. 5. An apparqtus for renoving trace netals in

| i qui d hydrocarbons by adsorption using a first adsorption treatnent zone
conpri si ng ?qggg Qacked Wi th a porous inorganic adsorbent and a second
adsorption-tr ﬁEnt zone conprising a bed packed with a porous
carbonaceous material, which apparatus conprises: (1) at least two such
first adsorption treatnent zones connected via a piping to each other in
series such that either one is on the upstream side and the other is on the
downst ream side, (2) a piping for3feeding |iquid hydrocarbons to either of
said at least two first adsorption treatnment zongs such that the adsorbent

in said upstrgam s{de first adsorpbi treatnent {zone can be exchanged
whil e conti 3 5 sorpti'ﬁ? A i gt

1 d downstream side first
adsorption treatneht zfoe, apf a p]ping sai d,at least two first
adsor poti on treatnment es/whi ch pi pi np i I rol val ves,
(3) a piping connecting t dpwnst feagn e
adsorption treatnmeng nes\t o} sai d} seco
one of a plurality of $yCh cond fdsor

—
‘Wt zone or to




(4) a directional control valve dlsposed in said piping for feeding liquid
hydr carbons fromthe downstream end of ‘either, of said first adsorption

- 17 - treatnent zones to said second adsorption treatnent zone or zones.
6. The apparatus for renmoving trace mgtals by adsorption in liquid

hydrocarbons as clainmed in claim5, wherein the packe Eﬁgbu gy the
first adsorption treatment zones conprising said bed gggEﬁl tﬁﬁg po

rous

i nor gani c absoPBORESEs FORt BEBOVINGeTRARE MEFRA®ES I&dLIQUI®e in the second
adsorption treHYDBOCARBONSOBYZADREORPTION ANDTAPPARAIUS us for renoving
trace netal s bfHEBEEOBti on in |iquid hydrocarbons clainmed in claimb5,
wherein the first adsorption treatnment zones are disposed in parallel each

ot her.

ABSTRACT

The invention provides a process and apparatus for removing by
adsorption trace metals contained in aéphaltene—containing liquid
hydrocarbons with high efficiency over a long period of time.

At least two first adsorption treatment zones each comprising a
porous inorganic adsorbent-packed bed are disposed in parallel and
connected in series such that either one is on the upstream side and the
other is on the downstream side. An asphaltene—containing liquid
hydrocarbon is fed to the upstream side adsorption treatment zone for
contacting with the porous inorganic- adsorbent and then further
treated for adsorption in the downstream side adsorption treatment
zone. During adsor‘bent exchange in the upsrteam side adsorption
treatment zone, adsorption treatment is performed with the
downstream side adsorption treatment zone alone. The adsorption
treatment zone in which the adsorbent exchange has been finished is
now connected so that it can serve as the downstream zone, The liquid
hydrocarbon treated in the first adsoprtion treatment zones is fed to a
second adsorption treatment zone packed with a porous carbonaceous
material for contacting tﬁerewith and removal of trace metals.

Figure 1 of the drawings shall accompany the publication of the
abstract
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