PROCESS FOR REMOVI NG TRACE QUANTI TI ES OF METALS FROM HYDR@&@QM‘;’? :
* FRACTI ONS BY ADSORPTI-ON The present invention relates to a p(gﬂgg)
for renoving trace quantities of nmetal s from hydrocarbon fractions by
adsorption. In nore detail, it relates to an effective process of
renmoving trace anmounts of et al S, Tn particular nmercury, by subj ecti ng a
hydr ocarbon fraction, such as natural gas condensate or naphtha, which S
mai nly used as bl endi ng stocks for petrol eum products, to hydrogenati | on
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nmetals such as Pt, Pd etc., used in the refining process becone poi soned
causing a deterior at ion i n the activity thereof. Al so, when hydrocarbon
gases such as ethylene, propylene etc. or hydrocarbon fractions such as
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catal yst, cury has the ro rty fhat it for I ans
ot el hiRroREhS Rachhs B3 AR PROR T inre el ot Felfred

al um nurm based alloy is errpl oyed, there | s the probl em of amal gam
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subjecting a hydrocarbon fraction, such as natural gas condensate or naphtha, which

is mainly used as blending stocks for petroleum products, to hydrogenation, and
“thereafter contacting it with a porous carbon material.

If mercury is present in hydrocarbons such as naphtha, which are used as

. blending stocks for petroleum products, catalysts, in particular, noble metais such

+ as Pt, Pd etc., used in the refining process become poisoned causing a deterioration

in the activity thereof. Also, when hydrocarbon gases such as ethylene, propylene

etc. or hydrocarbon fractions such as naphtha are used as chemical raw materials,

. there is the problem that the mercury can act as a catalyst poisoner and hinder the

activity of the catalyst. In addition, mercury has the property that it can form

- amalgams with many metals, and when apparatus made from, in particular, an

aluminum-based alloy is employed, there is the problem of amalgam corrosion.

Furthermore, if arsenic is present in the raw material for catalytic reforming, it

has a large effect on the operation of the catalytic reforming apparatus in that it

hinders the activity of the platinum catalyst with the fear that the catalyst may not



has a targe effect on the operation of the catalytic reform ng apparatus in
that it hinders the activity of the platinumcatalyst wth the fear that

t he-'cat al yst may not - 2-

be able to be re-used again as a result. Accordingly, various kinds
of nethods for the renoval of heavy netals such as nercury and arsenic
contai ned in hydrocarbon fractions have Been studied in the prior art, and
several nethods enpl oyi ng various kinds of adsorbents have been proposed.
For exanpl e, there have been proposed nercury adsorbents in which sulfur .
Is carried on a ‘porous carrier. In detailed, a sulfur-carrying activated -
carbon obtained-by m xing activated carbon and sul fur particles and then

heati ng t fbe able x be eetused agaiprcad a eebultenper at ure (Japanese Pat ent
Application Laid-Open No. 78915/1984), and an activated carbon cont ai ni ng

organi c sul fi t ' ' el ND... : )
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mercury adsorbents are used, the nercur reacts with the sul fur _caonmponent
&
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Furthernore, as means for renoving arsenic, there have been proposed, for
exanpl e, pedRrdrENard isBvaral eRethelds$ Employidgd 0afionsnkindsofadsemients BavebeehC.

is introduced onto a carrier such as activated carbon and organic

proposed. For example, there have been proposed mercury adsorbents in which
sulfur is carried on a porous carrier. In detaiied, a sulfur-carrying activated carbon
obtained by mixing activated carbon and sulfur: .paniCIes and then heating the
mixture to a specified temperature (Japanese Patent Application Laid-Open No.
78915/1984), and an activated carbon containing organic sulfides {Japanese Patent
Application Laid-Open No. 114632/1987) have been disclosed. It has been
hypothesized that when these kinds of mercury adsorbents are vsed, the mercury

 reacts with the sulfur component and is eliminated from the hydrocarbon fmcti§n
as mercury sulfide. Furthermore, as means for removing arsenic, there have been
proposed, for example, adsorbents in which sulfur, in the form of a mercapto
group etc., is introduced onto 2 carrier such as activated carbor and organic
polymers etc. (Japanese Patent Applicarion Laid-Open No. 250913/1987), and
activated carbons which bave copper compounds and chromimum compounds
carried théreupon (Japanese Patent Application Laid-Open No. 238144/1985).

However, when these sulfur-containing adsorbents are used for the removal of

trace amounts of metal contained in hydrocarbon fractions, there is the problem



pol ymets etc. (Japanese Patent Application Laid-Open No. 250913/1987), and
activated carbons whi ch have copper conpounds and chrom nmum conpounds
carvied thereupon (Japanese Patent Application Laid-Cpen No. 238144/1985).
However, when these sul fur-containing adsorbents are used for the renoval
of trace anmounts of netal contained in hydrocarbon fractions, there is the
pr obl em ' _ ' -3- that, although the
trace anmounts of netal can be renoved by adsorption, the sulfur contained
i n the adbat, Rthoughuhedracetamomts pfdnetah cbobef reamviednby wdsdrptiba, thessiifurt hat
t he hydrocarbon fraction has to be repeatedly refined. Furthernore, when

the nercynfaihdd gfsﬁﬁ@ rahsm)ehh81xﬁ%sdfxﬁgaﬁbﬂydfdé?%éma;pﬁpﬁ,h@i{h%@rleéuie RN C

mercury compoun t he renpoval by adsorpfion thereof iIs extrenely
difficult nd, in. addition, the t hods of, renpvi ng.arseni ¢ by adsorption
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continuity of processing. Accordingly, the objective of the present

i nvent i onpercutry isrpreseet in phe dydsodarbon tfirscticnmin ahe dpraded ppamic mirdurgce
anounts of nmetals, in particular nmercury, present in hydrocarbon
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can be efficiently renoved regardl ess of the formin which they exist.
In the |iagditien, theemgthnds. oleEmoviag ansenis: b adsprotioneepn aot detsqed to have
devel opnent of

reached a satisfactory level with respect to continuity of processing.

Accordingly, the objective of the present invention is to provide a process for
the removal by adsorption of trace amounts of metals, in particular mercury,
present in hydrocarbon fractions, with which continuous adsorption over a long
pericd of time is possible, and with which the metals, including organic mercury
compounds, can be efficiently removed regardless of the form ir which they exist.

In the light of fhe above-described situation with regard to the development of
a process for removing trace amounts of meials from hydrocarbon fractions, the
inventors of the present invention have carried out intense research with the aim of
attaining the above-described objective. They found as a result thereof that it is
possible to remove trace amounts of metals whatever their form (for example, in
the case of mercury, elemental mercury, inorganic mercury and even organic
mercury), stably over a long period of time, by subjecting the hydrocarbon fraction

. containing the trace amounts of metai 0 hydrogenation, and then contacting the
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a protess for renoving trace anounts of metals from hydrocarbon fractions,
“the inventors of the present invention have carried out intense research
with the aimof attaining the above-described objective. They found as a
result thereof that it is possible to renove trace anounts of netals
what ever their form (for exanple, in the case of nercury, elenental
mercury, inarganic nercury and even grganic nercury), stably over a |ong
period of time, by subjécti-ng the hydrocarbon fraction containing the
trace. anounts of netal to hydrogenation, and then contacting the
-4- hydr ogenat ed hydrocarbon fraction with a carbonaceous materi al,
t hereby realising the present invention. The first aspect of the
present invention thus relates to a process for the renoval by adsorption
of trace ampbunts of netal contained in a hydrocarbon fraction using
renoval apparatus co I sin hydr ogenation zone having provided a packed
| ayer of hyYegHREd Byprosaarn facton it 3 RIS M- ISTOHGHINE ded
packed | ayer of porous_ carbon nmaterial, said method conprising the steps
of : tha)presgphinyeRtiph he hydr ocarbon fraction containing the trace
amounts of netal

The first aspect of the present invention thus rclates to a process for the

removal by adsorption of trace amounts of mefal contained in a hydrocarbon
fraction using removal apparatus comprising a hydrogenation zone having provided
a packed layer of hydrugenation catalyst, and an adsorption zone having provided a
packed layer of porous carbon material, said method comprising the sieps of:

(A) supplying the hydrocarbon fraction containing the trace amounts of metal
to the hydrogenation zone, and contactiug it with hydrogen under hydrogenation
conditions and in the presence of the hydrogenation catalyst; and

(B) supplying the hydrogenated hydrocarbon fraction to the adsorption zone,
and contacting it with the porous carbon snaresial.

Furthermore, the present invention also provides a process for the removal by
adsuiption of trace amounts of mctals contained in a hydrocarbon fraction, wherein
a disriliarion zone is provided after the hydrogesation zone, a light hydrocarbon
fraction is distilled off from the hydrogenated hydrocarbop fraction, and the light
hydrocarbon [raction is supplied to the adsorption zonc.

A second aspect of the present invention thus rejates to a process for the
rcmoval of trace amounts of metals from 2 hyvdrocarbon fracrion using removal

apparatus compiising a hydrogenation zonc provided with & packed layer of



to the-hydrogenation zone, and contacting it wth hydrogen under
hydrogenation conditions and in the presence of the hydrogenation

catal yst; and (B) supplying the hydrogenated hydrocarbon fraction to
the adsorption zone, and contacting it with the porous carbon nmaterial.
Furthernore, the present invention aj§d‘provides a process for the renova
by adsorption of trace anounts of netals contained in a hydrocarbon
fraction, wherein a distillation zone is provided after the hydrogenation
zone, a | i giydrogemasion batalysty adistidlation ztns, iandeah adsorptiomzone providedewithed
hydr ocarbon fraction, and the light hydrocarbon fraction is supplied to

t he adsor pt e, o t hus
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hydr ocaroon fr i on SJ ng.r R%ar at us conpri si n% hydr ogenat i on
zonc provi ded hSUp %b}gf’é bon fraction containing metals ina trace amount to

- 5- hydr ogenat i on cat aI yst, a di stl |l ati on zone, and an adsorption zone
provi ded with Rydroganison | #ui, 4l eoptakdingoit withe hiydrogemandder dyds6genation
conprising the steps of: (A) supplying the hydrocarbon fraction

cont ai ni ng .Jon zone, and
contacting @h\?\t}%ﬁl %/%}%g%%ﬁ%%édﬁ%%éﬁ%ﬁ &ggﬁg tions and in the
presence of a hydrogenation catal yst; ) suppl ying the hydrogenated
hydr ocar bon fr ééﬂ sBpphingnthe, byd;nggg@qq}ahytg@carbon fraction from the hydrogenation

zone to the distillation zone, and distilling off a fighter hydrocarbon fraction having
~ a boiling point of 100°C or less; and

(C) supplying the light hydr‘ocarbon fraction to the adsorption zone, and
contacting it with the porous carbon material.

The present invention shall be explained in detail hereunder.

There are no particular limitations regarding the hydrocarbon fraction
containing trace ainounts of metals which is subjected to hydrogenation in the
present invention. It may be one having 2 wide boiling range, for example, a
hydrocarbon fraction corresponding to a light naphtha fraction, a heavy naphtha
fraction, a kerosene fraction and a gas oil fraction; a crude oil or a heavy oil and a
hydrocarbon fraction having a boiling range of 20°C to 300°C is usually employed.
This hydrocarbon fraction usually contains 10ppm to 200ppm of sulfur compounds
and 2ppm to 20ppm of nitrogen compounds, but a hydrocarbon fraction containing

larger amounts of sulfur compounds and nitrogen compounds may also be used.



zone to the distillation zone, and distilling off a |lighter hydrocarbon

fraction having a boiling point of 100[err]C or |ess; and (O

suppl ying the light hydrocarbon fraction to the adsorption zone, and
contacting it with the porous carbon material. The present invention
shal | be explained in detail hereunderg - There are no particul ar

limtations regarding the hydrocarbon fraction containing trace anounts of
nmetals which is subjected to hydrogenation in the present invention. It
may be one Sjreifi@ eRanipits inehide) naphrigeand otherdsiendiag siocksyfbroeatdusnkinds of
fraction corresponding to a |ight naphtha fraction, a heavy naphtha

fraction, n Li ' LT ki e, ol
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300[err]Cis usually enployed. This hydrocarbon fractjon usuyally contains
10ppm to 200sHabfa syNhgtic bydemmgeon &k Abp At 8asasniiroRpEbogged ambient
conpounds, but a hydrocarbon fraction containing |arger amounts of sul fur

conpounds  §agpBHdtiR) Sich HRLOEH Bofif Mrerhpplidt 1ol Bflprocess of the present invention
- 6- Specificpexarr{g?es i nCl ude, napht haﬁgnd ot herpbl endi ng stocks for
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gaseous hydrocarbons at anbient tenperature, such hydrocarbons are applied
to the propetolafmtgas (LBEynliquefiedtathylene and quueﬁeg propylene are handled in
liquid state. | |
Examples of metals contained in trace amounts in hydrocarbon fractions
include heavy metals éuch as mercury, arsenic, vapadium, nickel and lead.
Mercury is contained in the hydrocarbon fraction as elemental mercury, inorganic
mercury and organic mercury, but each of these forms of mercury can be
processed by the process of removal by adsorption of trace amounts of metal
according to the pl;esent invention. Arsepic is present in hydrocarbon fractions as
organic compounds such as alkyl arsines, aryl arsines, dialkylhaloarsines etc..
There is no particular limit to the concentration of mercury in the hydrocarbon
fraction to which the process of removal by adsorption of trace amounts of metal
from hydrocarbon fractions according to the present invention can be applied. A
wide range of concentrations can be processed, and it is possible to almost

completely remove even large amounts of mercury. Accordingly, even

hydrocarbon fractions such as naphtha, which are usually used as the blending stock



after IM quefaction by presure. In particular, liquefied natural gas (LNG,
| i quefied petroleumgas (LPG, liquefied ethylene and |iquefied propyl ene
are*handled in liquid state. Exanpl es of nmetals contained in trace
anounts in hydrocarbon fractions include heavy netals such as nercury,
arseni ¢, vanadi um nickel and |lead. ~Mértury is contained in the

hydr ocarbon fraction as elenental nercury, inorganic nercury and organic
mercury, but each of these fornms of mercury can be processed by the
process of renoval by adsorption of trace amounts of netal _according to
the present ifiov@atroloum produats asswell as aaturphgas ennsiensaien originating fsom gsouth-
organi ¢ conpounds such as al kyl arsines, aryl arsines, dialKkyl hal oarsines

etc.. There dast AciaPaid dther fread tdri be processedconcentration of nercury in the
hydrocarbon fraction to which the process of renoval by adsorption of

trace amunts of THE! Brocekl OB AASEAIAAR DA Md0crBGR Ofrfbddh iR e REESAN

i nvention can be“app ange~o oricentrations can be prdcessed,
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are usually used as the bl endi ng stock
-7- for pehditionsnampd Gauht spregenceetd] aabydragemationgestatyshdAssatresult of the
originating from sout h-
hydrogenation, it is possible to obtain a bydrocarbon fraction having a reduced
content of sulfur compounds (in particular, mercaptans), nitrogen compounds and
other compounds. At the same time, mercury compounds are reduced.

There are no particular limitations regarding the hydrogenation catalyst used
in the hydrogenation process of the present invention, provided it is one used in the
hydrofining of hydrocarbon oils. It is preferred.' however, to use one comprised of
a carrier and an active hydrogenation component. Refractory inorganic oxide
compounds may be used as the carnier; and one or more metal components selected
from the group of metal components in Group VIII of the Periodic Table, and/or
one or more met.al components selected from the group of metal components in
Group VI of the Periodic Table may be used as the active hydrogenation
component. Examples of refractory inorganic oxide compounds include, alumina,
silica, silica-alumina, zeolite etc.. It is also possible 1o use a carrier made by

adding magnesia , zirconia etc. to the above-mentioned refractory inorganic oxide

compound in order to improve the heat resistance thereof. Preferred carriers for
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east Asia and other areas can be processed. The process of

hydr ogenating the hydrocarbon fraction in the present invention conprises
reacting the hydrocarbon wi th hydrogen under hydrogenation conditions and
in the presence of a hydrogenation catalyst. As a result of the :
hydr ogenation, it is possible to obtg n a hydrocarbon fraction having a
reduced content of sulfur conpounds (in particular, nercaptans), nitrogen
conmpounds and ot her conpounds. At the sanme time, mercury conpounds are
reduced. hydibSERatioF EMlalfst tuseal il the ThidddgeRat 6 Igroesd dfNehe present
hydrogenatron cat al yst used “in the hydrogenatron process of the present

I nvention, provided it is one used in the rofinin of h carbon .0ils.
It is prefBYSHWIPn Atsalpina and silicg;alu %J%i’& rigular, % ﬂbcaa UIng, o
hydr ogenati on conponent. Refractory inorganic oxide corrpounds may be used
as the camwliose;acidsitehas beenradjusteettal conawp its eletempekizon adtivity eith tespectaop
of nmetal conponents in Goup VIII of the Periodic Table, and/or one or

nore neta anen | oup
U of 't ho e RBRRERGS, PERER; Sl STAMIE. YiBk Besbect®d BlicEAIBRRRI LA, e
conponent. Exanpl es_of refractory I norgani ¢ goxi de cqnp ounds |ncI ude,

al umina, asid pige of she; dlicadalming cate deiarbiteardy. cqwtrqlkedabx @diestiignrhe sidicase
a carrier nmade by adding magnesia , zirconia etc. to the above-nentioned
ref ract or gohfe@t 0For CeahfR, oneMuildaisilic esiteACin e/ 12K 8e N SH dFt weight to
resi stance thereof. Preferred carrrers for
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50% by weight may be used. Furthermore, alumina and silica-alumina having a
specific surface area in the range of 100 m2/g to 1000 m2/g, and an average pore
radius in the range of 5A to 100A may be used.

Specific examples of Group VIII metal components for use as the active
hydrogenation component include iron, cobalt, mickel, ruthenium, rhodium, and
palladium. Speciﬁq examples of Group VI metal components for use as the active
hydrogenation component include chromium, molybdenum and iungéten. A

" combination of metal components such as cobalt-molybdenum. nickel-moiydenum
and cobalt-nickel-molydenum are particularly preferred. With Group VIII metal
components, the amount of metal component carried on the carrier may be 1% by
weight—30 % by weight in terms of the oxide, preferably 5% by weight — 15% by
weight in terms of the oxide; and with Group VI metal components, it may be 1%

by weight —20% by weight in terms of the oxide, preferably 3% by weight—15%

by weight in terms of the oxide. It is preferred that the above-described



t he hydrogenation catal yst used in the hydrogenation process of the present
invention are alumna and silica-alumna. In particular, alum na or
sitica-alum na whose acid site has been adjusted to control its
deconpositon activity with respect to the hydrocarbon is particularly
suitable. Wth respect to silica-aluffina carriers, the acid site of the
silica-alumna can be arbitrarily controlled by adjusting the silica
content. For exanple, one having a silica content in the range of 5% by

wei ght to hﬁ%&%dﬁﬁﬂ EHthlydBYe Fpstiteited [ bIIBIMNG the 'n@xiaegibX ontacting

= cont
silica-alumina®having a “Specific surface area I the range of 100 err"J/_g

to 1000 nf.err]){g, ,and an ,average pore radi in the range,of 5[err], to
100(err] ibyVith % dBAfroditboh e S intng nspltlr forerid Ay didgenaruliide, or
conponents for use as the active hydrogenati on conponent include iron,
cobalt, nicakbédn disulficlei etg. bdéfode usingirit inpthel hgldiogengpeni 6f cheXdadrbesrboh
G oup VI netal conponents for use as the active hydrogenation conponent

i ncl ude c § 1L P g}?f&@gﬂ nge&ﬂﬁ t : | | i
conmponent ?@?gﬁ ) a’gﬂiéolé - o l?/b enumg%nﬁgﬁlgﬁﬁn%f@@nﬁérﬁoé;ﬁﬁgl ffides make
cobal t - ni ckel - pol ydenum are parti cul arl¥7 %refe[red. Wth Goup VIIT netal
conponent $P ahleasholfe. BY pagicallar ahirast 0% o0k Ha dO 1nAkR! COmMPRIENtRPINGS 1%
by weight-30 %by weight in terns of the oxide, preferably 5% by wei ght

-15% by \wbbgbh shidboteh enafionGea¢ksn.and with G oup VI netal conponents,
it may be 1 % by weight -20% by weight in terns of the oxide, preferably

f(;f’eb ébxieggtesgrl?%oeglbe*crvr@& gH:%ati the epraréfceaf la%? 8f<il%?drolg£né.t§onmcegt§lsfrs? dint Qﬁé
hydrogenation zone be used in the form of a fixed bed. The hydrogenation catalyst
may be in the pelletized form, spherical form, cylindrical form etc. , or it may
have another different shape.
The reaction conditions employed in the hydrogenation zome for

hydrogenating the hydrocarbon fraction are as follows: reaction temperature:

100°C—400°C, preferably 250°C~—350°C; reaction pressure: 10kg/cm2—
50kg/cm2, preferably 25kg/cmé —35kg/cm?; liquid hourly space velocity: 4hr-1—
10hr-1, preferably 6hr-1—8hr-1; hydrogen gasthydrocarbon fraction ratio:
400Nm3/kl — 1700Nm3/kl,- preferably 600Nm3/kl — 1500Nm3/kl.

The above-described hydrogenation removes the sulfur compounds that were
contained in the hydrocarbon fraction, and convems the organic mercury

compounds to readily adsorbable forms such as elemental mercury. It is preferable



-9-  ‘hydrogenation catalyst be first treated to presul fiding the netal

oxi des by contacting it with a hydrocarbon oil containing a sulfur
coffpound, hydrogen sul fide, or carbon disulfide etc. before using it in

t he hydrogenation of the hydrocarbon fraction. This is preferable, because
a catalyst in which active netal sulfides make up at least 50% in
particular at least 70% of its total netal conponents brings about a
snoot h hydrogenati on reaction. It is preferred that the packed | ayer

of hydr ogagaicdase Ght abil tsulfurt dshte iy ROSHIAL drolesE Ofiore Prefersblyntd 1eppey 63 of
a fixed bed. The hydrogenation catalyst my be in the pelletized form

spheri cal ILQJm cylindrical form etc. , or it may have another different
shape. "The reaction conditions enployed in the hydrogenation zone for
hydr ogenati ng_t he hydrocarbon fraction are as follows; reaction
tenperature: 1u08[ pFefprablooferyupply pther dysispgenatesh| hydiocarny dragtion o a
reaction pressure: 10kg/cnferr]- 50kg/cnferr], preferably 25kg/cnierr]

- 35kg/ cnf efigdllatidifl Hole WUfOLY sk ¥ ¢l 86 ithy ‘addbfitRid kone, PSRl LIf a light
preferably 6hr[err]-8hr[err]; rogen gas/ hydrocarbon fraction ratio:

]
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contained in the hydrocarbon fraction, and converts the organic mercury
co W]Pgtrjg g is eli ght hydidcarbals fractiohetof the rlsetptiomzore. chleen tight hydrogaybon fraction
e can be obtained by distilling the hydrogenated -hydrocarbon fraction at 100°C or
less. A preferable cut temperature is S0°C ~ 100°C, more preferably 70°C or more.'
If the cut temperature is lower than 50°C, mercury compounds tend to transfer to
the haevy fraction. On the other hand, in the case that the cut temperature exceeds
100°C, the amount of hydrocarbons to be treated in the adsorption zone increase
and it become; a subject of discussion the effiency on the adsorption declines.

The distillatioﬁ zone may be comprised of a conventional distillationl column.
There are no particular limitations with respect thereto, and any type may be used.

The distillation causes most, for example, 90% or more, of the metals, in
particular mercury compo.unds, contained in trace amounts in the hydrogenated
hydrocarbon fraction to be concentrated into the light hydrocarbon fraction. Due to
this transfer of the mercury compounds to the light hydrocarbon fraction, the heavy

hydrocarbon fraction having a boiling point over 100°C, is comprised of heavy

naphtha etc. which does not contain trace amounts of mercury and which has good



- 10 - to reduce the total sulfur content to 20ppmor |ess, nore

.preferably to 10ppm or | ess. It is preferable to supply the _
hyxdr ogenat ed hydrocarbon fraction to a distillation zone before supplying
it to the adsorption zone, to distill off a light hydrocarbon fraction

havi ng a boiling point of 100[err]§ or less, and then to supply the 1ight
hydr ocarbon fraction to the adsorp ton zone. The | i ght hydrocarbon fraction
can be obtained by distilling the hydrogenated hydrocarbon fraction at
100[err]C or less. A preferable cut tenperature is 50[err]C - 100[err]C,
nor e pr ef propeityes/Ca deedstoek for ¢atalyticcrefotreinge and unay thud bevesuppied as it is -
50[err] C, nmercury conpounds tend to transfer to the haevy fraction. On the

ot her hart@’th'brbahﬂ? 'EE}§forH]§L.the cut tenperature exceeds 100[err]C, the
anount of hydroca gons to b& treated in the adsorption zone increase and

it becones a subject of discussion the effiency on the adsorption decl]nes.
The distil | at®rRGYRLedGar éBﬁ%p*?%é{feafa% tg%n?/%’ﬁ??o?ﬁisoﬁi gg‘f?‘l‘%ﬁt O the

colum. There are no particular limtations with respect thereto, and any
type nay dasopptésh process dhehelipresdntainventiomu¥es exantple.f the specificeactHbitedr
nore, of the netals, in particular nmercury conpounds, contained in trace

anounts i Qgﬂ)g Wi r fraction to be concentrated into
&F&/%r%ogér onﬁp?égc det rﬂéﬁg@t@%

the |ight i on.
Namely, the activated carbon has a specific surface area of 100m2/g-

2500m2/g, preferably 500m2/g- 1500m2/g; an average pore radius of 5A to0 304A; a
volume of pores having a pore radius of S0A or less is 0.2ml/g-1.2mi/g. It is
preferable, with a view to increasing the efficiency of mercury removal, that the
difference in the pore volumes (a)—(b) between the volume of the pores having
a pore radius 35.0A to 37.5A and the volume of the pores having a pore radius
42.5A 1o 45.0A shows zer6 or a positive value. It is more preferable that the pore
"volumes (a)~(b) make up less than 5%, specifically 3%, of all the pores having a
pore radius of S0A or less. An activated carbon having a negative value in
_ the difference between the above-mentioned two pore volumes, hardly
adsorp or slightly adsorp mercury compounds contained in liquid
hydrocarbons. The reason why the above-mentioned specified pores make a
contribution to the mercury adsorption has not beer known, but it is presumed that
mercury or mercury compounds easily penetrate into micropore structures

of activated carbons through the macropores having the above specified



thi'sztransfer of the mercury conpounds to the |ight hydrocarbon fraction,
.the heavy hydrocarbon fraction having a boiling point over 100[err]C, is
conpri sed of heavy naphtha etc. which does not contain trace anounts of

mercury and whi ch has good -11- properties as a feedstock for
catalytic reformng, and may thus be supplied as it is to the catalytic
ref orm ng. An activated carbih-nay be used as the porous carbon

material for the adsorption process of the present invention. For exanple,
the specific activated carbons described hereunder nay be used.

Nanely, the activatreog carbon has a specific surface area of 100nferr]/g-
2500n] er r f7§ 2S PReNS 04 3P PEEBHFer r 1/ g- 1500n{err]/g; an average pore radi us
of 5[err] to 30[err]; a volunme of pores having a pore radius of 50[err] or
less is 0.2nThp pre2edt/ igventors bavefaundrbaske onvthe mesultolon extensivecsadnthar he
efficiency of nmercury renoval, that the difference in the pore vol unes

(a)-(b) bgi ‘A@ﬁﬂatw%a%&rﬁfi@viﬁ% SulR s?@éiﬁ%d forkd6f spediib8 radidh Wan 3c8lplich to
37.5[err] and the volune of The pofes having a pore radius 42.5[err] to
efera

oo R s R bV BBl i IS Ui
pores having a pore radius of 50[err] or less. An activated carbon having
a negat i VEhe adpeeifia sutflace dires cwan cmessitros cby tthe BEdv @ittegen @asdadsonpion e
vol unes, hardly
method. and the pore volume and pore distribution were calculated from the
nitrogen adsorption isotherms using, for example, the DH (Dollimore & Heal)
method.
The above activated carbons may be preparcd by blending commercially
available products so as 10 meer with the required properties mentioned before.
Also activated carbons made from raw materials such as coconut shell, coal coke,
charcoal etc. are used in the present iﬁvcntion. Activated carbons made from
coconut shell are particularly preferved. A wide range of activated carbons may be
used, provided it is a porous carbon material having a large specific surface area of
at least 100m2/g, and exhibiting high adsogption properties with respect to trace
amounts of metals. However, an activated carboﬁ obtained hy sithjecting a
carbonized material, which has been obtained by carbonization of the raw material
for the activated carbon, 0 a steamn activation treatment is very ecffective.

Normally, an activation gas having a steam confenf of hetween 40% by voltme and

60% by volume is employed, but with a view to further increasing the mercury



adsarp or slightly adsorp nercury conpounds contained in |liquid

. hydrocarbons. The reason why the above-nenti oned specified pores nmake a
gontribution to the nercury adsorption has not been known, but it is
presuned that mercury or mercury conpounds easily penetrate into mcropore
structures of activated carbons tpﬁgugh t he macropores having the above
specified - 12 - si ze as neans of
an entrance. The .present inventors have found based on the result of
an extensive study that an activated carbon having such specified pores
of speci fz{ds@r;]ﬁt@&i gapabiling dcinpefared to subjeiatheacacidmred mmterial toeamivaltion
mercury from iquidphydrocarbon fraction. The specific surface area was
measured .by. th ' [ h 3 me
and por e el RffnGiRbsht HEPBRs UA3RT EORERL 1ER half 0P By Rldmch 30 HErKRBY

| sot herns using, for exanple, the éDolltnDre &.Heal ) ~ net hod. The
above actlesathan 39% bysv %e Iprexsier da wplipe afirthsr 2 €181 ¢ MEHYabl e
products so as to neet with the required properties nentioned before. Al so
acti vat echdzariivis peRfdPmhhod) hAvadiiated TasboiLicthiels leascbeen astieated oddl anoke,
charcoal etc. are used in the present invention. Activated carbons nade

from activation gas having a steam content of less than 20% by volume is particularly

suitable.

A preferred composition for the activation gas comprises, for example, 50%

by volume—75% by volume of nitrogen, 3% by volume —40% by volume of
team, 3% by volume —30% by volume of carbon dioxide, 0% by volume —2% by

volume of oxygen, and 0% by volume —2% by volume of hydrogen.

It is preferred to prepare the activated carbon by heating the carbonized
material to a terhperature between 700°C and 1100°C in the above-described
activation gas depending ﬁpon other conditions; then, after activation, cooling the
activated carbon and then taking the activated carbon out of the system.

There is no particular limitation regarding the form of the porous carbbn
material. It may be used in anyone of the foliowing forms: powdered form, ground
form, cylindrical form, spherical form, fiber form or honeycomb form.
Particulate carbon and shaped carbon are produced according to the conventional

methods by adding 30 parts to 60 parts of a binder such as petroleum pitch or coal



coconut shell are particularly preferred. A w de range of activated carbons
may be wused, provided it is a porous carbon material having a | arge
specific surface area of at |east 100nferr]/g, and exhibiting high
adsor.ption properties with respect t1q4trace anounts of netals. However,
an activated carbon obtained by subjecting a carbonized material, which
has been obtained by carboni zation of the raw material for the activated
carbon, to a steamactivation treatnment is very effective. Normally, an
activation gas having a steam content of between 40% by volunme and 60% by
vol ume i s termpd dy}dpaisiiof whe fazbanized tmatkrial, Hellowed bpanixgng BRd shaBiHY and
- 13 - adsorption capability, it is preferred to subject the carbonized
mat eri al tftnallyt actikdtiom. i n an at nosphere having a steam content |ess than
40% by volunme, and preferably less than 30% by volune. In order to realise
a further incieéhepresenhinvestion; the activatgst carhopeas described abeve,anhy betwsdd
carbon which has been activated with an activation gas having a steam
cont ent ofalors; ortihimprefesable that archloringreontainingrsupstanoe syl ke combined with
preferred conposition for the activation gas conprises, for exanple, 50%
by vol une the astiyated earbon, wthich makgsra cantribptiol tonthe-indtdaby of cheiamamint of
steam 3% by vol une -30% by vol une of carbon di oxide, 0% by volunme - 2% by
mercury on the activated carbon. As the concentration of the chlorine-containg

substance, more than 0.05 wt.%, as chlorine, is preferable. Even though the
concentration is 0.1 wt.% to 1 wt.%, it is satisfactory for enough mercury
adsorption. Depending on a kind of hydrocarbon fractions, the concentration may
be up to about S wt.%.

As a chlorine-containing substance, any chiorine-containing compounds are
used. A water-soluble compound, for example, hydrogen chloride is. more
preferable in connection with mercury adsorption capability and easy
handling. The incorporation of hydrogen chloride into an activated carbon
is performed by various methods, for example, @ a method of impregnation of the

- ~ activated carbon with hydrogen chloride. aqueous solution, @ a method of

adsorption of hydrogen chloride into the activated carbon in vapor phase, and @ a

on__an activated carbon (see, Japamese Patent Application Laid-Open

No.158592/1975 ). More preferable method is the above ® method. Or, it

may be used after being first loaded with alkali metal sulfides and/or atkaline earth
metal sulfides. There are no particular limitations regarding the alkali metal
sulfides and alkaline earth metal sulfides which may be loaded on the activated

carbon. For example, Li2S, NasS and K3S are examples of alkaii metal



vol unme of oxygen, and 0% by volunme - 2% by vol une of hydrogen. It is

- preferred to prepare the activated carbon by heating the carboni zed
Raterial to a tenperature between 700[err]C and 1100[err]C in the
above-descri bed activation gas dependi ng upon other conditions; then,
after activation, cooling the actimgated carbon and then taking the
activated carbon out of the system There is no particular limtation
regarding the formof the porous carbon material. It may be used in anyone

of the fshlfidasrghichrmay beawddr ail Mghand Cadnare examplecof alkalipe garthanetal

spherical form fiber form or honeyconb form Particul ate carbon and

shaped capifiksanBidll B&l 1364 OTHESRY alkalit Artdl iadd and alkdlRicheash ieraddi ng
30 parts to 60 parts of a binder such as petroleumpitch or coal

and shapishlids Ry 8 i Rl ot o p ARDCRRHY &8y B} Rhord rumes inefiG BT 12
It Is

activated carbon, as described above, may be used al one, or

pr ef er ablige hitat prefeflaldf ke eoitipdunids theitidpbaabevemy be conbined with  the
acti vated car bog, whi ch makes a contribution to the increase of the anpunt

Chi or  me- conTBFRy are i AeiElef Tiints 2fiE 98" 4B0MA o AR, goecal

pref erable. Even though the concentration ts 0.1 w.%to 1 w.% it is

sati sf laclsulﬁdersmdeakhagne rearthumetal sulfides carried on the activated carbon, but it is
preferred to use an amount in the range from 0.1% by weight to 30% by weight on
the basis of the activated carbon. If the amount is less than 0.1% by weight, then
there is the tendency for the mercury adsorption performance to be reduced, and if
the amount exceed; 30% by weight, then the adsorption perfqrmance of the
activated carbons is hindered by these metal sulfides with the result that the increase
in the mercury adsorption berformance tends to be dampened.

The contactiﬁg of the hydrocarbon and the porous carbon material in the
adsorption zone can be carried out using any one of the following type of contacting
systems: fixed bed, moving bed, fluidized bed, ebullated bed. However, from the
point of view of simplicity of construction and ease of operation, a fixed bed type is
preferred. In the fixed bed system, adsorption is carried out by continuously
supplying the hydrocarbon fraction to a packed layer formed by packing and

securing particles of the porous carbon material into the adsorption zone. On the’

other hand, the moving bed system is a contacting method wherein particles of the

15



adsorption. Depending on a kind of hydrocarbon fractions, the concentration
©may be up to about 5 w.% As a chl ori ne-contai ni ng substance, any
chl ori ne-cont ai ni ng conpounds are wused. A water-soluble conpound, for
exanpl e, hydrogen chloride is nore preferable in connection with nmercury
adsorption capability and easy handljgng. The incorporation of hydrogen
chloride into an activated carbon is perforned by various nethods, for
exanple, [err] a nethod of inpregnation of the activated carbon wth

hydr ogen POFP@T Fadorgmatasial ase dntesmitiertly jor substansiallyfcontinmopsiyoaddéd into
hydrogen chloride into the activated carbon in vapor phase, and [err] a .

met hod obpadendptofothefa HOENZOHE,Or | ARt Odes’ Mefinitie ] i al
n dsxcd? z niBAG %b@uﬁﬁa’ﬁgn

on an activated carbon see, Japanese Patent Application Lal

N0, 15859 2LA Sty Wb S P ol 0 L 5o Rien 4] BRSO

alkaline earth netal sulfides. There are no particular limtations
r egar di n§ed Isystenkathe pastigles ofuporons anatietiabl arl beanade tdh continbowsly fdotesct
whi ch may be | oaded on the activated carbon. For exanple, Li2S, Na2S and

K2S are geahpdcafiorpfrisedion " fle groups of porous particies intr -
15 - sulfides which nay be used,gang MyS and S arenexoéirlrlﬁ gsﬁ% %‘F@Pi ne

o kel i netiloph Hetrafbe StheF et iBf 1BBRgace oL wiahy or e Hhidkecoes 20do or
nore types thereof. Na2S is the nost preferred of the conpounds nentioned
above. boiling bed systems, the contacting of the two materials is carried out by floating

the particles of porous carbon material in aflow of the hydrocarboh fraction.

The fixed bed of porous carbon material can be provided by securing the
particles using a conventional method. The above-described hydrocarbon fraction
can be contacted with the porous carbon material inside the fixed bed by flowing it
downwards from the top, or flowing it upwards from the bottom. However, with a
view to stabilizing- the porous carbon material inside the adsorption column, it is
preferred to flow the hydrc'acarbon fraction downwards from the top.

As described above, the mercury contained in hydrocarbon fractions can be
efficiently, and almost completely eliminated regardless of the form in which it
exists, by subjecting the mercury-containing hydrocarbon fraction, in particular a
hydrocarbon fraction having a wide boiling point range, to hydrogenation, and then

subjecting the hydrogenated hydrocarbon fraction to mercury adsorption.

Furthermore, the efficiency of the adsorption of the mercury may be further

16



There are no particular limtations regarding the anmount of alkali netal

- sulfides and alkaline earth nmetal sulfides carried on the activated carbon,
but it is preferred to use an amount in the range fromO0. 1% by weight to
30% by weight on the basis of the activated carbon. If the amount is |ess
than 0.1 % by weight, then there Q& the tendency.for the nercury
adsorption performance to be reduced, "and if the anpunt exceeds 30% by

wei ght, then the adsorption performance of the activated carbons is

hi ndered by these netal sulfides with the result that the increase in the
mercury adsorption performance tends to be danpened. The contacting of
t he hydrocarbon and the porous carbon material in the adsorption zone can
be carried out using any one of the follow ng type of contacting systens:
fixed bed, noving bed, fluidized bed, ebullated bed. However, fromthe

poi nt ofRhaRsRdchY disbing pffya dight facion bayise abeilingspoing obped &t poiessa fi xed
bed type is preferred. In the fixed bed system adsorption is carried out
by cont fremthe bydrogensted hydroharbhp drastienpand theacontacting tiss pighk asptithy er
formed by packing and securing particles of the porous carbon nmateri al

I nt o t h¢ragtlonrmdtt i aetiigicd Gardope ot her hand, the noving bed systemis a
contacting nethod wherein particles of the :

o o AR S 1 AT B GRB

interm ttﬁeegrtels nt?trwésnlfpo%t; ggé hﬁglulrg 2 is an explanatory figure showing a typified view
of auother embodiment of the present invention; wherein reference numerals 1, 20
indicate an hydfogenati_on column, and reference numerals 2, 22 indicate an
adsorption column.

The process of removal by adsorption of mercury according to the present
invention shall now be explained with reference fo the Fignres. In rhe figures,
valves and other components which are not essential to the explanation of the
present invention are omitted. Figure 1 shows an embodiment of the present
invention in which a hydrogenanon zone and an adsorption zone are combined.
With reference to Figure 1, the metal-containing hydrocarbon fraction is supplied
to hydrogenation column 1 from pipe 3, the hydrogenated hydrocaibon fiaction is
supplied to tlow in a downwards direction to adsorption column 2 via pipe 4, and
the hydrocarbon fraction from which a mectal, for cxamplec, mcrcﬁry has been
removed is taken off via pipe 5. Hydrogenation catalyst is packed into

hydrogenation column 1 in the form of a tixed bed 10, and mercury adsorbent is

packed into adsorption column 2 in the form of a fixed bed 11. In the adsorption



£

continuously renoved fromthe other end of the adsoprtion zone. In the
novi ng bed system the particles of porous material can be nade to
:cont i nuousl y cont act t he hydrocarbon fraction, as the groups of porous
particles introduced fromthe top fall one after the other under the
influence of gravity. In the fluidiged bed and boiling bed systens, the
contacting of the two materials irs carried out by floating . the particles
of porous carbon materi-al in a flow of the hydrocarbon fraction. The
fi xed bed of porous carbon material can be provided by securing the
particles using a conventional nethod. The above-descri bed hydrocarbon
fraction can be contacted with the porous carbon material inside the fixed
bed by flowing it downwards fromthe top, or flowwng it upwards fromthe
bottom However, with a viewto stabilizing the porous carbon nateri al

i nsi de t¢mdumashrthe hydragenitied hydrocdasbonstraqtion atroducdd fsem pipe Kyidrcensadbon
fracti on downwards fromthe top. As descri bed above, the nercury
cont ai new pass,atch morarab cemperature and acanl Vevaled 6f 20aminhiy, taodgtathedbicd
conpletely elimnated regardl ess of the formin which it exists, by

subj ect i g bpeoraﬁmawayae%aa @aﬂg)éf‘glgﬂ%aéﬁ%cfa{g@?%glc sePaf Ul GHhpr 2

hydr ocar bon r"act on having a w 'ng poin ~to hydrogenati on,
QA CHIE AR R R ST N
ey be flgereglqgéuccd to less than 1ppb is collected via pipe 5. 16
‘Figure 2 shows a further preferred embodiment of the present invention.
In figure 2, the rﬁercury-containing hydrocarbon fraction is supplied to
hydrogenation column 20 via pipe 23; the hydrogenated hydrocarbon fraction is
then supplied o distillation column 21 via pipe 24; a light hydrocarbon fraction
having a boiling point of less than 100°C is distilled off, and is supplied via pipe 25
(0 adsorption column 22 which is provided with a fixed bed of granulated activated
carbon having an average parficle size of 1.Imm. The hydrogenated light
hydrocarbon fmction. is flowed downwards from the top of the adsorption column
to pass through the fixed bed at a normal temperature and an LV value of
| 20cnvmin, and the light hydrocarbon fraction from which mercury has bheen
removed is collected from pipe 27. Substantially all of the total mercury content in
the hydrocarbon fracﬁon at the ih!cl of the distillation colunm transfers uto the
light hydrocarbon fraction distilled oif from the distillation colnmn

Hereunder, the present invention shall be explained in detail using several

Fxamples and Comparative Examples.



-1 enhanced by distilling off a light fraction having a boiling
- point of 100[err]C or |ess fromthe hydrogenated hydrocarbon fraction,
and then contacting this |ight naphtha fraction with the activated

car bon. Figure 1 is an explanatory figure showing a typified view of
an enbodi nent of the present invention; and Figure 2 is an explanatory
figure show ng a typified view- 19f- anot her enbodi nent of the present

i nvention; wherein reference nunerals 1, 20 i ndi cat e an hydrogenati on
columm, and reference nunerals 2, 22 indicate an adsor pti on col um.

The process .of renoval by adsorption of nmercury according to the present

I nvention shall now be explained with reference to the Figures. In the
figures, valves and other conmponents which are not essential to the

expl anat imyangfletihe  present invention are omtted. Figure 1 shows an
enbodi nent of the present invention in which a hydrogenation zone and an

adsorption zgn c | ned. ).t h refer e.40 Fi 1, the

met al - cont ai % ﬁaﬁ&@a&%@bﬂdﬁsﬁt QBnl%lg §ﬂg§r’#‘goﬁ’°‘% ﬁ?ﬁ%é‘ngﬁrﬁwffcol um
1 from pi pe 3, the hydrogenated, hydrocarbon fraction is supplied to flow
in a dowfRBFERraiiong i%wgq drakyding, Sppin of Sragepiomereuryiqemppundhor sulfer

hydr ocarbon fraction fromwhich a netal, for exanple, nercury has been
renoved icenteak@f SUppnyiaadra Peiling phndraggn f i31CEa160°LS wak Ssupph&e do it O

hydrogenation colum packed with 30 litres of the hydrogenation caralysr described
herebelow, and was reacted with hydrogen under the following conditions:

Reaction conditions:
Reaction Temperature: 315°C
Reaction Pressure: 30kg/cm?
Liquid Hourly Space Velocity: 8hr-1

| Hydrogen gas/Liquid hydrocarbon ratio: [000Nm3/kl

Hydrogenation catalyst
Sulfurized Co-Mo/AlnQR catalyst
Cobalt and molybdenum were Ioaded onto a shaped alumina carrier
having a particle size of 1.5mm, i amounts of 5% by weight and 14 %
by weight respectively in terms of the oxide This was then packed into
the hydrogenation column, and then presulfiding was carried out by
causing a naphtha fraction having a sulfur content of 100 ppm to pass

therethrough at a temperature of 200°C and a pressure of 20kg/cm?2

As a result of the above-described hydrogenation treatment, a naphtha fraction
having a sulfur content of 1ppm was obtained. There was no change in the mercury

concentration.



hydregenation colum 1 in the formof a fixed bed 10, and nercury adsorbent
‘is packed into adsorption colum 2 in the formof a fixed bed 11. In the
adsorption - 18- colum 2,
t he hydrogenated hydrocarbon fraction introduced frompipe 4 is caused to
pass, at a normal tenperature angbai an LV value of 20cm mn, through the
fixed bed of granul ated activated carbon having an average partlcle si ze
of 1.1mm (described below), and then the processed |iquor whose mercury
concentration has been reduced to | ess than 1ppb is collected via pipe 5.
Figure 2 shovifhis hydrdgenaedefnaphtin frastidinnevas dien supplied etor theviept iofnan

In figure 2, the nercury-containing hydrocarbon fraction is supplied to

hydr ogenaaampﬁeh WHlugh phckdd REtH rarid]'&cb%iftﬁ&%iﬁk%oh}’%ﬂ@ﬁ&ﬁ@ Tollodghj On

is then supplied to distillation colum 21 V|a plpe 24 a light
hyd b t t 10 C
st i1 T eaSopdtiBgh AR waS ol pri RBalin (e prkEg 1At DtsH L5miber

is provided with a fixed bed of granul at ed acti vat ed car bon havi ng an
aver age pfractioh davingga ahertntynconcaitmtiomobgppht dtl wasghiowh thivt atmobball the
fraction is flowed downwards fromthe top of the adsorption colum to pass

through therdiryebmfduids Bad'BERhdSdiBEA T8katdfesS ¥t tREIr kymial ue of

Adsorption column: 0.3m3 of adsorbent packed into an adsorption pipe of
internal diameter 30cm and height 4m,

Adsorption conditions: Temperature: 25C
LV value: 20cm/min
Adsorbent:
Activated carbon A:
Average particle size: 1.1lmm
Specific surface area; 1532m2/g
Average pore radius: II_A
Pore volume (<504): . 0.795%9ml/g
Pore volume (a)-(b)*: 0.0048ml/g
Pore distribution** : 0.60%
. Chloride content(as cl): 0.026wt.%

*Pore volume (a)-(b)=PV[(35.0A~37.54) — (42.5A~454)]
**Pore distribution=[PV(a)~(b))/PV(<50A)]x100

wherein PV is pore volume

The specific surface of the activated carbon was measured by the nitorogen

adsorption isotherm BET method.

The total pore volume and pore distribution of the activated carbon were

20



20cmim n, and the |ight hydrocarbon fraction fromwhich mercury has been
renmoved is collected frompipe 27. Substantially all of the total nercury
content in the hydrocarbon fraction at the inlet of the distillation

colum transfers into the |[|ight hydiloearbon fraction distilled off from
the distillation colum. Her eunder, the present invention shall be
explained in detail using several Exanples and Conparative Exanpl es.

- 19 - Exanmple 1 A naphtha fraction (density at 15[err]C of

0. 720 g/ cni ealchlatdthfiomy measurements ofcdwcrifioganiasisortionoisphermnardei ysthSppb
of oraganic nercury conpound), a sulfur content of 50ppm and a boiling
poi nt r angeAafosadp drMFOnE6SIreng deyivasnadedyl Yoasa konics Compenyenat i on col um
packed with 30 litres of the hydrogenation catal yst described her ebel ow,
and was react edvé tpartivler sigerofundévated ecarboisomrasgmeasutiedi ondIS K 1474-1951

Reaction conditions: Reaction Tenperature: 315[err]C
Reaction Prgesidd: 30kg/ cnferr] Li quid Hourly Space Velocity:
8hr[err] Hydr ogen gas/Li quid hydrocarbon ratio: 1000Nnerr]/Kl

Hydrogenati on cpi&ky¥ftentration of mercury in the hydrocarbon fraction was measured by
using a general automatic mercury analyzer, Mercury/SP-3D made by Nippon
Instruments Corporation.

Type of mercury compounds in the hydrocarbon fraction was determined by
using a method described in Proceedings of International Trace Analysis
Sym?osium (ITAS) '90 (July 23-27, 1990). Meeting Records 3P-40 (Akio
FURUTA, et al.).

The activated carbon A was produced in the following way by utilizing a
method.

A carbonized material obtained by the dry distillation of coconut shell was
broken down and used as the rav; material for the granulated activated carbon. It
was then subjected to activation at 800°C using a mixed gas (gas composition: 70%
nitrogen gas, 0.1% oxygen gas, 9.9% of carbon dioxide gas, 20% steam), and then

cooled. After cooling, the thus obtained activated carbon was crushed and washed

———

remains on the activated carbon to obtain a granulated activated carbon.

Example 2
A naphtha fraction (density at 15°C of 0.720 g/cm3) having a mercury

concentration of 10ppb, a sulfur content of 50ppm and 2 boiling point range of



Sul-furized Co- M/ Al 203 cat al yst Cobal t and nol ybdenum wer e

| oaded onto a shaped alum na carrier having a particle size of
-1.5mm in amounts of 5% by weight and 14 % by wei ght respectively
in terms of the oxide. This was,then packed into t he

hydr ogenati on col um, and then presul fiding was carried out by
causi ng a naphtha fraction having a sul fur content of 100 ppmto pass

t her et hr 80Yh - d60aCt way supgsliederocd hg@igenatich aobhm packeds with e sadkokind 6f r ]
As a result of the above-described hydrogenation treatnent, a naphtha

fract | oy BRYCARiS, SULAHE 0NN ELaBRIMRa WELLIered 18" dtBRedbf 29

in the conce
Thi s hydrogenat ed naghtha fraction was then supg%ggd to the top of an
adsor pt i BaderothgRamsh Bxdreganatrm cordifions @s Jsed v Fxample dofo theveky obkan a

followng conditions, and was fl owed downwards through the packed | ayer to

obtai n apamBRifiRtion BAihSE shm}egn@nﬁgfqppmconcentration of 2ppb. It was
shown that al nost all the nercury conpounds had been adsorbed regardl ess

of their for orpLian c P {) f [ bent d into an
adsorption p eehgaxsogepéﬁeS nap?lmi\npracnon “ﬁaﬁh?"ﬁtsgs ﬁ@ff&)gﬁ’ ﬁn&éggrﬁg@cﬁ?lgﬁﬁ"
hei ght 4m Adsorption conditions: Tenperature: 25 C

LV val ueand a light Taphthea fragtinro masdistilled offmita Guit tempesatyemo\70°C. 30% by
Aver age particle size: 1. 1mm Specific surface area:

1532nf ervdlughe of the lightAuphtieefrastion wadi obtained. The cohdditfdtion of mercuryHar €
volume ([err]50[err]): 0.7959mM / g
the light naphtha fraction was 33ppb. The concentration of mercury in the heavy
naphtha fraction (having a boiling point greater than 70°C) which was collected
from the bottom of the distillation column was less than 1 ppb. It was thus clear that
the mercury compounds had been concentrated into light compounds by the
distillation after the hydrogenation treatment of the naphtha fraction.

Next, the light naphtha fraction was supplied under the same adsorption
conditions as employed in Example 1 to the top of an adsorption column packed
with the same activated carbon as used in Example 1, and was passed through the
packed layer. A light naphtha fraction having a mercury concentration of less than
1ppb was obtained at the bottom of the adsorption column. It was thus possible to
reduce the adsorption time to two thirds of the time required in Example 1, and to

completely remove substantially all of the mercury compounds.

Example 3



Pore volune (a)-(b)*: 0.0048m / g Pore distribution**:

0. 60% Chl oride content(as cl): 0. 026Wm % *Pore vol une
(a)-(b)=PV[(35.0[err][err]37.5[err]) - (42.5[err]-45[err])] **Por e
di stribution=[PV(a)-(b))/PV([err]50[err])]x100 wherein PV is pore

vol unme The specific surface of ~tjw.activated carbon was neasured by
the nitorogen adsorption isotherm BET net hod. The total pore vol une

ggd pore di st biubhap Hacdidh dds3t &¢ f?g?%? 0928 _sfer ?.tém ving a mercury

measurenents of the niFtrogen adsgr ption is?t erm ma%le SI.Pg an . Autosorp -
1- MP neas PPAGAIRNER: Of HIRPUy . FWYE cPBieNE © cgﬁﬁpaﬂﬁn a bollifg PQIR} FARYL 0L 2z
of activated carbons was neasured by JIS K 1474-1991 net hod. The
concent r aBoon~of 6OMET Gway dubjédied hid o gaatibhaahien thes sifashydbgeraritei NY
a general automatic mercury anal yzer, Mercury/ SP-3D nade by N ppon
| nstrunents Corporation.. Type of mercury conpounds in the hydrocarbon
fraction wendiismsrasi used llnyEx%mp?/egl &0 obtaind hydrogenated inapthacfreetiomjaving a
I nternational Trace Analysis

sulfur content of 1ppm. The hydrogenated naphtha fraction was then subjected to

adsorption using the activated carbon B described below, with the result that an

adsorption-treated naphtha fraction having 2 mercury concentration of 2ppb was

obtained.
Adsorbent:
Activated carbon B:

Average particle size: 1.2mm
Specific surface area: 850m2/ g
Average pore radius: 13A
Pore volume (<50A): 0.4391ml/g
Pore volume (a)-(b): 0.0015ml/g
Pore distribution: 0.34%

Chloride content(as cl): 0.078wt.%

The activated carbon B was produced by blending Activated carbon A with

commercially available product so as to have the properties shown above.

Example 4

Hydrogenation and adsorption were carried out in the same way as described

in Example 3 except that the hydrogenated naphtha fraction was sujected to a



Synposium (I TAS) '90 (July 23-27, 1990). Meeting Records 3P-40 (Akio

. FURUTA, et al.). The activated carbon A was produced in the follow ng
way by utilizing a method. A carboni zed material obtained by the dry
distillation of coconut shell was broken down and used as the raw materi al
for the granul ated activated carbangglt was then subjected to activation
at 800[err]C using a m xed gas (gas conposition: 70% nitrogen gas, 0.1% -
oxygen gas, 9.9% of carbon di oxi de gas, 20% steam), and then cooled. After
cool i ng, distdlationscolvmn aed distilledtatd: cat ronperature rafsHeC. afibe whsdiadd Ivghth
hydrochl oric acid aqueous solution in a condition that the hydrochloric

id t t )
acid repg Et%aoﬁaéﬁ'@nfiﬁ le¥&ttBsh GO°QOWat QuBRicAd & tHE %h e”fs n;(ﬁ ‘i‘j}s 0

car bon. anp e A naphtha fraction (density at

g/cnerr centration of 10 pb S ur. caontent of
50ppm an})gsé‘ ﬁ?qmn ﬁ8|‘ﬁ?%l¥ a]nqggq)fnercuty Concentrarion in the H"Ilt fraction at the. 2o
- 30[err]C - 160[err] C was suppl ied to a hydrogenation colum packed with

t he sanebéitom off the ddsorpipineslunin wawésxshamiﬁ pbed in Exanple 1, and was
subj ected to hydr ogenatlon under the sanme hydrogenation conditions as

used in E‘?Qﬁﬁ;’lgSl to thereby obtain a napt ha fraction having a sul fur
content © The hydrogenat ed naphtha fraction was then supplied

to a distillation columm,
A npatural gas condensate (density at 15°C of 0.739g/cm3 @15°C) having a

mercury concentration of 20ppb, a sulfur content of 140ppm and a boiling point
range of 27°C to 243°C was subjected to hydrogenation under the same
hydrogenation conditions as used in Example 1. A hydrogenated natural gas
" condensate was then subjected to distillation, and then a light fraction was distillc;d
off -at a cut temperature of 70°C. 25% by volume of the light fraction was obtained.
The conceﬁtration of mercury in the light fraction was 80ppb. A heavy fractions,
which has a boiling point of more than 70°C, having a mercury concentration of
less than 1ppb was obtained at the bottorp of the adsorption column. The light
fraction was subjected to adsorption under the same conditions as employed in
Example 1. A light fraction having a mercury concentration of less than 1ppb was
obtained at the bottom of the adsorption column.
Comparative Example 1
Adsorption was carried out in the same manner and under the same conditions

as in Example 1, except that the naphtha fraction was not first subjected 10



and .a |ight naphtha fraction was distilled off at a cut tenperature of
.70[err] C. 30% by volune of the |light naphtha fraction was obtai ned. The
concentration of mercury in the |ight naphtha fraction was 33ppb. The
concentration of nmercury in the heavy naphtha fraction (having a boiling
poi nt greater than 70[err]C) which nas collected fromthe bottom of the
distillation colum was |ess thaﬁ'z‘pbb. It was thus clear that the
mercury conpounds had been concentrated into |ight conpounds by the
distillation after the hydrogenation treatnment of the naphtha fraction.
Next, the.light naphtha.fraction was supplied under the same adsorpti
condi t 1 ondYSXOLSHAIGR.d The EQUGRINEION B (TREreiby Mhr B AdRUBAREBATE g ba
packed w th the same activated carbon as used in Exanple 1, and was passed
t hr ough t fheactioac kedhe aaphthagragtipn whigthbad beempassed theoughythe paskeddgyer of
concentration of |less than 1ppb was obtained at the bottom of the

adsor pt i opcqPhtdAbarbdn, Wass Sppts Possible to reduce the adsorption tine to
two thirds of the tinme required in Exanple 1, and to conpletely renove

substantially_all of the nmercury conmpounds. anple 3 )
- 23 - In pthsrtwards; dbe iseme(@@ﬁﬁf 9aﬁhth&5faﬁwp@%mﬂ i Exgepie el Mas
having a mercury concentration of 10ppb, a sulfur content of 50ppm and a
boi | i ng peubjecteangiireztly 30[ adsdrptidhOreatrthéhmasitisoth] Ersiedubjedingr dgeatzngn
under the same hydrogenation

hydrogenation treatment.

Comparative Example 2

~ The same kind of naphtha fraction as used in Example ! was supplied to a
distillation column without first subjecting it to hydrogenation treatment, and

distilled at a cut ternperature of 70°C. 30% by volume of the light naphtha fraction

having the mercury concentration of 17ppb was obtained. The result was that about
50% of the mercury in the naphtha fraction transferred into the heavy naphtha
fraction, making it necessary to subject the mercury in the heavy naphtha fraction
to adsorption treatment. The light naphtha fraction was subjected to adsorption
under the same conditions in Example 1 and then the mercury concentration was
7ppb. The heavy naphtha fraction was subjected to adsorption under the same
conditions employed in the treatment of the light naptha fraction. The mercury
concentration could not be reduced to less than 2ppb. From this result, it is clear
that the mercury'cannot be completely condensed in the light naphtlia fraction if the

step of hydrogenating the naphtha fraction is omitted.



condjtions as used in Exanple 1 to obtain a hydrogenated naptha fraction
having a sulfur content of 1lppm The hydrogenated naphtha fraction was
then subjected to adsorption using the activated carbon B.described bel ow,
with the.result that an adsorption-treated naphtha fraction having a

mercury concentration of 2ppb was 30bt ai ned. Adsor bent: Acti vat ed
carbon B: Average particle size: 1.2mm Speci fic surface
area: 850nferr]/g Aver age pore radius: 13[err] Por e
volunme ([err]50[err]): 0.4391m /g Pore volune (a)-(b):

0.0015m / g Pore distribution: . 0.34% Chl ori de
content(as cl): 0.078wt . % The activated carbon B was produced by

bl endi ng ActTheatigtit caplizha fraciionhwag subjecieidabl adsayaidnabbanmnoduder stheas t o
have the properties shown above. Exanple 4 Hydr ogenati on and

adsor pti Qdm&/%bﬁdﬁﬁfnrsid%derﬁ?bybﬂ ih [the 2AGIpYGN tRRtdescsf Brampld | Pxatohir 3
except chat the hydrogenated naphtha fraction was sujected to a

07 e o U R b b S HhnheC BE RS B
subj ect egalt)ﬁh?t‘ rf\;cggsc‘:,rag%ipg}r)\_ colum. The
Comparative Examples 3'and 4
Hydrogenation, distillation and adsorption werc carricd out in thc samc
manner as in Example 2 except that an activated clay and a zeolite were used instead
of activated carbon A. The result was that the concentration of mercury remaining
in the adsorption-trcated naphtha fraction was incrcased to 20ppb in cach case.
Comparative Examples S
Hydrogenation, distillation and adsorption were camried out in the same
manner and under the same conditions as in Lxample 2, except that the
commercially available activated carbon C was nsed instead of the activated carbon

A, with the rcsult that the concentration of mercury remaining in the adsorption-

treated light naphtha (raction was Sppb.

Activated carbon C:
Average particle size: 12mm
Specific surface area: 639m2/g
Average pore radius: 204
Porc volume (<50A): 0.4185ml/g
Pore volume (a)-(b): ~0.0008ml/g

Pore distribution: -0.19%



resylt is shown in Table 1. The nercury concentration in the light fraction
.at the bottom of the adsorption colum was | ess than 1ppb. Exanple 5
A natural gas condensate (density at 15[err]C of 0.739g/cnB @5[err] Q)
having a mercury concentration of 20ppb, a sulfur content of 140ppm and a
boiling point range of 27[err]C 10@7243[err]C was subjected to

hydr ogenati on under the sanme hydrogenation conditions as used in Exanple
1. A hydrogenated natural gas condensate was then subjected to
distillation, and then a light fraction was distilled off at a cut
tenperature of 70[grr].C. 25% by vql une o | ight fraction was obtai ned.
The concentrati on@oﬁ?Gﬁpme&%ﬁ‘ﬁ)é Iighé-0b§§8’ttiqgn was 80ppb. A heavy
fractions, which has a boiling point of nore than 70[err]C, having a
mercury concentration of |ess than | ppb was obtained at the bottom of the
adsorptio s o] I fraction was subjected to adsorption under

t he sane gﬁ@k’ﬁ%ﬁ? %galjgppwéyed in Exanple 1. Alight fraction having a
mercury conceptration of |less,than | ppb s obtained at .the bottom of the
adsor ption co ogerdinr sistiliatom Ande a\ﬁ%orpﬂoxxad%rﬁptcawpmutcaﬁrf% sgere
in the sane manner and under the same conditions as in Exanple 1, except
thfzig the naddiidia andacindes Wes &wthe f conditioub] ast &l ERample 2, except that the

hydrogenated naphtha fraction was distilled at a cut temperature of 45°C. The result
was shown in Table 1. A portion of mercury contained in the naphtha fraction was
transferred into the heavy naphtha fraction, making it necessary to subject the heavy
naphtha fraction to adsorption treatment.

It is clear from the above Examples 1 to 5, in particular Examples 1 and 2,
that the mercury removing effect of the combination of hydrogenation and
adsorption using activated carbon is extremely striking; and it is evident from the
Comparative Examples that almost no effect can be achieved in the case that any one
of the hydrogenation or the distillation is not carried out. Also, a specific activated

carbon is useful for the adsorption.



hydhogenation. The concentration of nmefcury in the adsorption-treated
.napht ha fraction i.e the naphtha fraction which had been passed through

t he packed | ayer of

activated carbon, was 5ppb.
sanme kind of naphtha fraction as used in Exanple 1 was

In other words, the
subj ected directly

to adsorption treatnment w thout first subjecting it to any hydrogenation
treatnent. Conparative Exanple 2 - 28 - The sane ki nd of naphtha fraction
as used in Exanple 1 was supplied to a distillation colum w thout first

subjecting it to hydrogenation treatnent,

and distilled at a cut

tenperature of 70[err]C. 30% by volunme of the |ight naphtha fraction
havi ng the nmercury concentration of 17ppb was obtained. The result was that
about 50% of the mercury in the naphtha fraction transferred into the

heavy napht ha

was subj ected
then the nerc
subj ected to
treat ment of
not be reduce

step of hydrod

fraction,
heavy naphtha fraction

|

mercury cannoti bé gonpletely condenséd in_the

gég t iR P{acki dn. R Thé? v
jes3 than 2pph. Framthis re

ippb. The |he]

nqbtheinaphtha fraction is

Examples

e

sAC is an abbreviation for "activated carbon"
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- 26 - The |ight naphtha fraction was subjected to adsorption
-treatnment under the sanme conditions as enployed in the adsorption
treatment of Exanple 1, with the result that the concentration of nercury
remai ning in the adsorption-treated naphtha fraction was 7ppb.

Conparati ve Exanples 3 and 4 Hydr ogenation, distillation and
adsorption were carried out in the-swme mnner as in Exanple 2 except that
an activated clay and a zeolite were used instead of activated carbon A
The result was that the concentration of mercury remaining in the
adsorption-treated naphtha fraction was increased to 20ppb in each case.

Conpar ati ve Exanples 5 Hydr ogenation, distillation and adsorption
were carried out in the sane manner and under the same conditions as in
Exampl e 2, | cmiTy aval | amTeT‘?CTl d carbon C was
used i nsteafl of qhasactﬁvated carbon ; A, with tjhe(resylt tfat the
concentrati { cina‘Eguby rggagonii ngin: t e adgqugi ong trzs‘ted l'i ght
napht ha fragtion ;vva§ S‘Bﬂ)b.f"1 Act i vat ed: cal bon’'C. < | Wyerage particle
size: 1 2 b i " Specific surface area: 639ferr/g Aver age
pore radius| —20Ferr}] Pnrg+¥gkune-4%epr}ﬂe{ 0.4185n / g
Pore vol une (ap-Qb)é .!-0.0008n1/g
.~ n ! -4
| 52 SR®| 2~ R 8V 4y § &
gl | & i' < I
IS i i
=1 i :
lg 8:: n c P o 2 o &
ol 7 E}-% mae| -1 R @AVE ] §
Z I N
= ']
gl |
& | . o
£ go Yo wl Ol © o8 o =
3t - a—%! - © -—*"‘I & oV | N &
P ! ! <
L L |
- ! :
3 i <
clgeRl e 5“285‘15
L | I 2
BIE | E
o <
“ l-' é‘gg [ | L] |' [] [T} U 8 V\“ _g
[ ! < T g
— : g8
; L NEE
i | : e &0
] ] HER
si1ZE
I g=3|8.s
: = ] - 83 5 gg:.;é
i - 5 8 25ix
i & 0 AR g f‘:g £§
i P 5 Bleg k- Eg 80
e Eolf  clEEz] - S 2 |SS[SE
18V SIS0 & SE S ¥ 5§69 SISEIBEleS§
:E- 8"’ :_/UM gg‘_‘ =4 D-.-JE - .‘a l—.:
I_E cl & \bl-::c' 3 295_ & SE SE gE
X5 S SERPTIFZS S, B §ﬁ~ glo8l s s =
B0 2| §2> 519§ i g0 '°:>g=V=5c" s §
== Q128 & =>.3=o‘lo>~."‘:-_-l Slo¥g|6=ls O
3 &5 &g = & 0 iISESS HNESIEea e
|BE2si P82 @55 58558 | §|BS|E4(33
S38518545I585 958 | §[3585(%0
! o N = ?1a Sl 2




Pore distribution: -0.-19% B 27,
- Chloride content(as cl): !Il“l NHHII“““‘" II £ Az A NAVA REG
6 Hydrogenation, distillation and a#sofptu oM wer e*caf Miew AR

sahe fanner and under the same conditions as in Exampl e 2

hydr ogenat ed naphtha fraction was distilled at a cut terrperéfure of . -
45[err]C. The result was shown in-Tbte 1. A portion of mercury contai ned
in the naphtha fraction was transferred into the heavy naphtha fraction,
making it necessary to subject the heavy naphtha fraction to adsorption
treat ment. Clalimsi s cl ear fromthe above Exanples 1 to 5, in particular
Exanpl es 1 and 2 that the nmercury renoving effect of the conbination of

and P11 cvi dent 4 BRRERCLo bl R aS b Rta CAYRA b pREk R, o

be achieved in the case that any one of the hydrogenation or the
distillation ihydrocarhenr fragtions .usig @pparatpe comprised of = dydregenation s
useful for the adsorption.
zope having provided a packed layer of hydrogenation catalyst, and an
adsorption zone having provided a packed layer of a porous carbon
material; wherein said process comprises the steps of:

(A) supplying the hydrocarbon fraction containing a metal in trace
amounts to the hydrogenation zone, and contacting it with hydrogen
under hydrogenation conditions and in the presence of the
hydrogenation catalyst; and

(B) supplying the hydrogenated hydrocarbon fraction from the

hydrogenation zone to the adsorption zone, and contacting it with the

porous carbon material.”

2. A process for the removal of a metal present in trace amounts in
hydrocarbon fractions using apparatus comprised of a hydrogenation
zone having provided a packed layer of hydrogenation catalyst, a
distillation zone, and an adsorption zone having provided a packed

layer of a porous carbon material; wherein said process comprises the

steps of:

This Sheet Has Been Replaced




-28 - [err] -29- Jerr]

CLAIMS 1. A process for the renoval of rrullullmnullluumnmr
present in trace anounts in hydrocarbon fractiors Wsi fig appar
of a hydrogenation zone having provi ded a packed | ayer of hydro
catal yst, and an adsorption zone having provi ded a packed [ ayer of a por.ous
carbon material; wherein said process 8bmprises the steps of: (A
suppl ying the hydrocarbon fraction containing mercury or a nmercury conpound
in trace anounts to the hydrogenation zone, and contacti.ng it wi th hydrogen
under hydrogenation conditions tenperature of 100[err]C-400[err]C, a )
pressure of 10kg/cnferr]-50kg/cnferr], and a liquid hourly space velocity
of 4hr[err]-10hr[err], and in the presence of the hydrogenation catal yst;
(13) supplying the hydrogenated hydrocarbon fraction fromthe hydrogenation
zone to the adsor(@) suppkying thehydrocartbentitaugiontconidibinghemetal in trace

amounts to the hydrogenation zone, and contacting it with hydrogen
undcr hydrogcnation conditions and in the presence of the
hydrogenation caralyst;

(B) supplying the hydrogenated hydrocarbon fraction from the
liydrogenation zone to the distillation zone, and distilling off a light
hydracarhon fraction having a boiling point of 100°C or less;

(C) supplying the light hydrocarbon fraction from the
hydrogenation zone to the adsorption zonc, and contacting it with the

porous carbon material.

3. The process for the iemoval of a metal present in trace amounts in
‘ hydrocarbon fractions according to one of claims 1 or 2, wherein the
hydrogcnation catalyst is comprised of a refractory .inorganic oxide
carrier which has been loaded with one or more metal compouents
selected from the group of metal components in Group VIII of the
Periodic Table, and/or onc or more metal components selected from

the group of metals in Gsoup VI of the Periodic Table.

4. The process for the removal of a mctal present in trace amouats in

. This Sheet Has Been Reraced




por.ous activated carbon having a specifi

- 2500nferr]/g and for which the di fferenclnlm Iﬂﬂﬂ“lﬂﬂum ﬁ@%ﬁéggﬁgﬂsg%ﬁe _
.of pores having a radius of 35.0[err]-37.%5 [%r] &nd®(b) a_.par L o]
pores having a radius of 42.5[err]45.0[err] is zero or a positlve val ue.

2. A process for the renoval of_ggrcury or a mercury conpound present in
trace anounts in hydrocarbon fractions using apparatus conmprised of a.

hydr ogenati on zone havi ng provi ded a packed | ayer of hydrogenation

catalyst, a distillation zone, and an adsorption zone having provi ded a
packed | ayer of a porous carbon material; wherein said process conprises
the steps of (A) supplying the hydrocarbon fraction containing
mercury or a nercury conpound in trace anounts to the hydrogenati on zone,
and contacting it with hydrogen under hydrogenation conditions conprising a
t enper at ur 2

| Okg/ cni er ?’f’agﬁég&;nn{%]rzg QQ&S&EJI}% toaa%' F%qufydglp%sce [\?e"l o‘glhfrfl%f
4hr[err]-10hr[err], and in the presence_of the 31

hydr ogenat tlsn da!d]gwgcslatlon condifipns (gamprisey at frmpgratusg cphtl9 Gy dr ocar bon
fraction fromthe hydrogenatlon zone to the distillation zone, and
distilling f~a Y, 1] i nt of
100[err]C grab G a P‘%qurg ogr y| ng(ﬂ{l%#elﬂl |%ﬂdt/ hy ro?gﬂ')g fggctl on from

t he hydrogenatlon zone to the adorptlon zone, and contacting it with the
por ous act velcey ofattyron—Aehr-hg a specific surface area of
100nferr]/g-2500nerr]/g and for which the difference (a)- (b) between (a)
a pore volunme of pores having a radius of 35.0[err]-37.5[err] and (b)a pore
vol une of pores having a radius of 42.5[err] -45.0 [err] is zero or a
positive value. 3. The process for the renoval of nercury or a nercury
conmpound pBesehbe proccsaifer thawemoyal of smetad presa in trace amindg dor ding to one
of clainms 1 or 2, wherein the hydrogenation catalyst is conprised of a

refractor yhy&ﬁfcﬁﬂﬂirpfreém@kea@wrahﬁf wiltiydheITIHIaN? wadediedihthene or nore
nmet al conpohents sel ected fromthe group of metal conponents in G oup

light hydrocarbon fraction is obtained by the distillation of 2

hydrogenated hydrocarbon fraction at a cut tcmperature of 50°C or

more.

6. The process for the removal of a metal prescnt in tracc amounts in
hydrocarbon fractions according to any one of claims 1 10 4, wherein

the porous carbon material is a granulated activated carbon

agelomerate having an average particle size of 0.24mm —2.4mm.

7. The process for the removal of a metal present in trace amounts ip.
hydrocarbon fractions according to any one of claims 1 to 6, wherein

the porous carbon material is an activated caibon having a specific

This Sheet Has Been Rei aced
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VTTT of the Pefi odi ¢ Tabl e, and/or one onent s sel ect ed
-fromthe group of netals in Goup VI mﬂm“ﬁ;“m mgp
process for the renoval of nercury or ﬂ'ﬂﬁ%&'ﬁﬁf 1s Q%Ee“}

anounts in hydrocarbon fraction according to any one of | ai msREP:
wherein the |ight hydrocarbon fraction is obtained by the—U|5t|||at|on .of a
hydr ogenat.ed hydrocarbon fraction” at3 a cut tenperature of 50C.or.nmore. 5.
The process for the renoval of mercury or a mercury conpound present in
trace anmounts in hydrocarbon fractions according to any one of ‘clains 1 to
3 wherein the porous activated carbon is a granul ated activated carbon .
aggl onerate having an average particle size of 0.24mMm 2. 4mm 6.
The process for the renoval of mercury or a nmercury conpound present in
trace anmounts in hydrocarbon fractions according to any one of clains 1 to
5, wherin the porous carbon naterial contains 0.026 by weight or nore, as
chl orine, of, chlorine- contal bst ance. cess _for the
removal ofs“t@‘@uﬂﬁaof‘fa!%?é ‘@K’ﬁ%ﬂﬁd %des’zmt WE‘ lﬁ)a{g FSDSE| n

hydr ocar bon fractions accordlng to any one of clains 1 or 2, wherin the

por ous act d oade K : tal |, K and/ or
an al kal i n?@’f "gﬂ“{w @Z % 28 9 W)Hlf'ﬁg g{;rogér)]ftesof]']avh afkr$aji'l%e'(t$gl

sul fide and/ or, the al kaline earth metal sulfide is in the range fromO0.1%
by wei ght 3%080%h§Anendh(bpra tposebuelume of gsorebchavinigy & eddnsy odn.

42.5A-45.0A is 5% or less of the volune of all pores having a radius

of SOA or less.

8. The process fos the removal of a metal present in trace amounts in
hydrocarbon fractions according to anyone of claims 1-7, wherein the
porous carbon meatcrial contains 0.05% by weight or more, as chlorine,

of chlorine-containing substance.



