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"This invention relates to an activated carbon based ad-
sofbent for mercury or mercury compounds contained in liquid hy
drocarbons and method for the same. more particularly to ac-
tivated carbon based adsorbents and method for adsorbing and

eliminating mercury or mercury compounds Chereinafter often sim-

plified to “mercury”) contained in a slight amount in liquid hy
drocarbons, for instance naphtha and intermediates of oil prod-
ucts or petrochemical products. by contacting such with capa-
bility of substantially complete elimination thereof from the
liquid hydrocarbons of iﬁterest.

Description of the Related Art

Heretofore, alumina based catalvsi carrying palladium, for
instance, has been used for the hydrogenation process of re-
forming liquid hydrocarbons, such as naphtha, wherein the hy-
drogenation reaction suffers damage on the catalyst if impurity
mercury or mercury compounds are present in the liquid hydro-

carbons.

Then, mercury tends to readily form amalgams with many

kinds of metals. For such reason, if an apparatus constructed

from aluminum based alloys is involved in such process, ihere is

harmful risk of corrosion due to amalgamation with mercury.
Accordingly there has been strong desire for progress in the

elimination of mercury from such liquid hydrocarbons.



20 mercury or nercury conpounds are present in the liquid hydro-

>car bons. Then, nmercury tends to readily form amal gans with
many ki nds of netals. For such reason, if an apparatus constructed
from al um num based alloys is involved in such process, there is 25
harnful risk of corrosion due to anal gamation with nercury.

Accordingly there has been strong des+Re for progress in the

elimnation of mercury fromsuch liquid hydrocarbons.

- 2- There has been reported an adsorbent for nercury which

bases on a porous adsorfheré hgsre¥h N@pstledUan tadsibeiit ot Mme¥PiGURNich by
chem cal reaction between nercury and sul fur. Further phys- I ca

adsor ption invol vi rbgsesoor epuraus| adseehent carnyidghsuifer dd edimibate merpanyous
adsor bent such as activated carbon, zeolite, alumna is feasible to

el i mi nat e i nor gani dY¥nehediga} reactivnrhedweenonercuryuand sulfur. Rurpher PB¥s$tod has
such problens as inferior performance in cur ation rate

, _ el i
wherein the adsor ptit@h a4spradiom jawlyjos nonﬁlemc@ewcﬁwnyw?/%espprp t he case

of a mercury %oncen&orr%sl g&solrgesn? such as activated carbon, zeolite, alumina is

feasible to eliminate inorganic mercury in hydrocarbons, but

this:method has such problems as inferior performance in mer-

burf elimination rate wherein the adsorption performance ex-

ceedingly lowers in the case of a mercury concentration less
10 than 10 bbp.

In the art disclosed heretofore cdncerning the adsorbent
carrying sulfur, the sulfur carrying activated carbor is, for
example, prepared by mixing activated carbon with finé sulfur
particles and heating such mixture-at 110-400°C (Japanese

15 Patent Application Laid-open No. 59-78915/1984); activated car-
bon carrying organic sulfur compound (Japanese Patent Ap-
plication Laid-open No. 62-114632/1987). Therein, as for choice
of a sulfur compound, the use of sulfur simple solid or .organic

sulfur compound such as thiophene is typical, and such porous

20 adsorbents carrying sulfur compound have been intended to
mainly eliminate mercury from i gaseous objective interest,
instead of elimination from liquid hydrocarbons.

RBurther, such art does not inhibit dissolution or
dessorption of the sulfur carried by Lhe adsorbents into the

25

liquid hydrocarbon as contamination, in addition to elimination
of mercury as subject purpose. Liquid hydrocarbons are mostly

subjected to the hydrogenation at the stage of intermediate pro-



10 t han 10 bbp. In the art disclosed heretofore concerning
-~ the adsor bent carrying sulfur, the sulfur carrying activated carbon
is, for exanpl eprepared by m xi ng activated carbon with fine sul fur
particles and heating such m xture at 110-40[err] C (Japanese 15 Pat ent
Application Lai d- open No. 59-78915/1984); activated car- bon
carrying organi c sul fur conpound (Jaganese Patent Ap- plication
Lai d- open No. 62-114632/1987). Therein, as for choice of a sul fur
conpound, the use of sulfur sinple SO|Id or organic sul fur

conpound such as Hmtomg'?ﬁgigh@b)égﬁ%'inan@”& %mnlpprsemr%tmeadﬁorbents

carrying sul fur .conmpoun een I ntended mainly elimnate
mercury froma gageéiifydrBearton weuldngive atious damage to ithe cetadyofs Bdr mi nati on
fromliquid hydrocarbons. Furt her, such art does not inhibit
di ssol ution or hydrogenad émis OPhus i the knbwit Bet dsilundesicatriei todtlieypresentadsor bent s
into the 25 | i qui.d hydrocarbon as contam nation, in addition to

el imnation invendiomer cury as subj ect pur pose. L|quid hydr ocar bons are
nostly 5 subj ected to the hydrogenation at the stage of internedi ate
pro- - 3-

Summary of the invention
An object of the invention is to provide an adsorbent and
method for effectively adsorbing and eliminating mercury con-
tained in a slight amount in liquid hydrocarbons including the
- 10 oil product or the intermediate thereof, for instance naphtha,

without dissolution of such a contaminanit as sulfur into the hy

drocarbons.

My studies on the art heretofore disclosed concerning
elimination of mercury contained in a slight amount in liquid
15 hydrocarbons including the oil product or intermediate, for
instance naphtha, proves that the activated carbon carrying
sulfur or organic sulfur compounds does not inhibit dissolution
of carried sulfur compounds into liquid hydrocarbons as far as
the process is performed in liquid phase. A dissolution ranges -
20 10 to 400 ppm. The naphtha containing such sulfur concentration
would give serious damage to the catalysts used in subsequent
process. Thus the art known is conclusively limited to the
gaseous process only, but unacceptable for the ligquid process.
The studies based on the activated carbon not carrying ei-
25 ther sulfur or sulfur compounds is made. Then, as is known, the
aclivated carbon is a kind of unique material having remarkably

developed micropore structure and is active as non-polar ad-



duct, wherein the contam nant or inpurity sulfur contained in such
~hydrocar bon woul d. gi ve serious damage to the catal ysts for

hydr ogenati on. Thus the known art is undesirable to the present

invention. 5 Summary of the invention An obj ect of
the invention is to provide an adsorbent and met hod for effectively
adsorbing and elininating mercury corr4- tained in a slight anount in
| i qui d hydrocarbons including the 10 oi | product or the internediate

t hereof, for instance naphtha, wi t hout dissolution of such a
contani nant as sul fsarbenhtto tehelyhgll substances.dThe activated carbon exhibits My
studies on the art heretofore disclosed concer ni ng el i mnation of
mercury contai ned iancertain meearﬁfuh‘!s')m“loﬂq\ﬂ gnorggmc ml*"l‘i!:"ii’r dispepeds

i ncluding the oil produc |nt nst ance napht ha,
proves that the actlv%ltséé"'c'gf‘bcﬁ? $ b“°“ of sucgmemprrvops AEEli ¢ sul fur

“to LT qui d hydr ocAEEHSTALTh OLE}'*OQ‘ activgted GrpiEav i Fdibbfea o "
liquid phase. 5A di flfl@lrb’ﬁdr‘@nsfl%@%’tse 8t the aétQVEi??f'Q,QrﬁRl”haJﬂ% Daght ha

cont ai ni ng SUCh Su concentr at I ve Sseril ous amage to
the catal ysts used JipuSlePe RGULRAb carrier effeRf AgCHoved wabet Budédsskgown i s

conclusively limted to the gaseous process only. but. unaccept abl e
for the liquid procesadsorb and eliminate inorganic or o(ganic mercury contained

in 5 slight amount in liquid hydrocarbons to such extent that no

harm would substantially ensue in subsequeant oil process.

10 My studies on activated carbon carrying various substances
proves that carrying hydrochloric acid is found to be remarkably
superior to the activatéd carbon with no carrier in the subject
application, wherein superior adsorption is confirmed of inor-
ganic and organic mercury in liquid phase, but also of such mer-

I5 cury present in a slight amount. Purther it is confirmed that
where hydrochloric acid is carried in excess in the prepa-
ration, such excess hydrochloric acid can be drained out in the.
préparation stage and undrained or carried hydrochloric acid
will not dissolve or desorb into the liquid phase in the ap-

20 plied -adsorption process. |

The studies confirm effectiveness of acids other than hy-
drochloric acid, and further added are studies on mibropore
volume as well as micropore distribution suitable to adsorbing
and retaining the acids includiné hydrochloric acid, and-these

25 studies sustafns the present invention.

The present inventioh provides an adsorbent carrying an

acid for adsorbing mefcurv_contained in tiquid hydrocarbons,



-~

The studies based on the activated carbon not carrying ei- 25 t her
*sul fur or sul fur conpounds is made. Then, as is known, the

activated carbon is a kind of unique material having remarkably

devel oped m cropore structure and is active as non-pol ar ad-

-4- sorbent to nearly all substances. The activated carbon
exhibits a certain degree of <&dsorption to inorganic nmercury

di spersed- in a solution, and the adsorption of such nercury is
fairly successful in the case of activated carbon having a limted 5

m cropor e struct uwberebutihe lact ingtadvearben baw brederahly tbe sicrapore volume structure
wth no carrier effect is proveg to be unsuccessf ul t g .adsorb
and- el i m nat e i noradmre han $0mlife defined by, the picropeses whose radii ares) i gnt

4
t in liquid hyd h extent that . har. Id
CUbstantal |y ensubst oet othgatitns.ofbrcfiibe micipore votume is FHGRAL c. o
tivated carb i 0g VA ] i
hycr oehl or i ¢ aci d eABTIYT 30 G oT TH AR Rs measured R (HECFosk ilbp£°7 ' 1O
activated cagbon ‘éﬂglfhﬂﬂp.wﬁ%t{ i@ﬁzoﬁ\{c&rlé&eh&gﬂoﬁﬁﬁe of gas at S1@idar3ohON,

wher ei n superi or sorption is confirne i nor - “'gani ¢ and organic

mercury in liquid ¢ihaeds. Suth vdise wifl | sbeChefBiFed 10 as micropéne pokment in a
slight anount. Further it is confirmed that where hydrochloric

acid is carried irWhexe ¢bs nicropdre ywianeadefined by adsembedogas wolake eay bes
hydrochl oric acid can be drained out in the preparati on stage and
undr ai ned or carriedraysedobhideneiatien dn liquid nikregenndthigicpagexsdodr desorb
into the liquid phase in the, ap-, 20 . plied adsorption process.
The studies confir¥ildf be Ao bl §Y Assymine: thaher o nifrogen gas at
10 standard condition, is equivalent to liquid nitrogen 0.001555
ml.

As for choice of acid carried by the activated carbon, pre-
ferred is hydrochloric acid, sulfuric acid, or phosphoric acid,
and hydrochloric acid is the most preferable. As for the acti-

15 vated carbon, preferred preparation is such that carbonaceous
material is activited under a condition including water vapor

" content at less than 30 volume % (hereafter a gas composition is
expressed by volumetric percentages and often denoted by simply

X) and cooled down under 300 °C in the same atmosphere, or the

- 20 activated carbon obtained by usual process is subjected to
treatﬁent under nitrogen gas or carbon dioxide gas with sub-

stantially no oxvgen and/or water vapor at a temperature higher

than 500°C and cooled down under 300 °C in the same atmosphere.

The preéent invention includes a preferable method of ad-

25 sorbing and eliminating mercury contained in a slight amount in
hydrocarbons including oil product or intermediate thereof,

such as naphtha, by containing the activaled carbon carrying an



k]

drochloric acid, and further added are studies on m cropore vol une

as well as mcropore distribution suitable to adsorbing and
retaining the acids including hydrochloric acid, and these 25 st udi es
sustains the present invention. The present invention

provi des an adsorbent carrying an - acid for adsorbing nercury
contained in |iquid hydrocarbons. -6-

-b5- wherein the activated carbon has preferably the m cropore

vol une ' ~at nore than 80 m /g defined by the m cropores whose radi
are | ess t himorgandaO@eid oNd.iqdidrphiase. t he m cropore volune is defined
as adsorption volume of nitrogen gas measured by the instrument 5 BEL
SORP which is converted to a volunme of gas at standard con-

ditions. Such value wil] be referred to as m cropore vol une. Wher e
the micropore vol unBetatled flescriptign b hedinyertionl une may be

expressed by denotatlonrln i UId nitro this conversion w | |
be obtai ned by assumi ng h@t’c‘iyn‘ldsefbem g?o@@n“'@[ﬁ%“&! compyises thes%‘%a{r\dard

Zgngloﬁl gﬂm 1:2 Sg?ug\é?%‘%ga%r %“dcavlyflﬁgh}ézﬁ% ata%lqgﬁgbﬂé\ﬁ majerial of "eti- ferred
I's hydrochloric aci gayequédribd Gs Afodided” wilhOs NDREL Gcirface of not less

than several hundreds square meters per gram and broadly

speaking, a carbonaceous material having high adsorptivity is ac
ceptable. Source materials include carbonized product of coconut
10 - shell, phenol resin, and the like or coal. Activation methods
include such a process as employing a high temperature with
water vapor or carbon dioxide, or zinc chloride, phosphoric

acid, concentrated sufuric acid treatment.

As for the form, any form in crushed, particle. granule is
15 effective, but in view of pressure drop, adsorption capacity,
and handling convenience in exchange of charged loads in field
wo;k. particle or granule form is preferable. The granules are

manufactured as usual by blending 100 parts of the carbonaceous _
material with 30-60 parts of oil pitch, coal tar or resin, and
20 by kneading, molding fpllowed by activation. The activated car-
bon thus obtained is a unique material as non-polar adsorbent
exhibiting superior adsorption to neatly all liquid or gaseous

objectives.

The present invention employs the activated carbon carrying
25 an acid wherein the acid is not limitative and broad inorganic
and organic acids exhibit the subject effecls wherein preferred

is one which adsorbs mercury largely and will not let the acid



and hydrochloric acid is the nost preferable. As for.the acti- 15
preferred preparation is such that carbonaceous
is activated under a condition including water vapor
| ess than 30 vol unme%.(hereafter a gas conposition is

:vat ed carbon,

mat eri al

content at

expressed by volunetric percentages and often denoted by sinply

1) and cool ed down under 300 [err]C i474 he sane atnosphere, or the

activated carbon obtained by usual process is subjected to

treat nent under

ni trogen gas or carbon di oxide gas with sub-

stantially no oxydéssodvedbprdeyerbeintoaliquidhydrotenbpey during dppbivation
than 500[err] C and cool ed down under 300 [err]C in the sane atnosphere.
The present invenwororilil motuckuse ;anyr efesicddl ehangehiodhese censiderations
and elimnating mercury contained in a slight anpunt in .

hydr ocar bons i ncl g8darge dwdrashiarieracid. swhiarireacih crhosthogin acid, and

as naphtha, by co

-6-
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Det ai | ed EEScfiption

e base

tivated carbon carrying hydrochloric acid as compared with the
activated carbon with no carrier is shown in Table 1, appearing
in the following. Example 1 and Comparatfve Bxample I, appearing
in the following, show mercury concentrations contained in
light naphtha and mercury adsorptions nearly at equilibrium ad-
sorption. The data shows that, in the case of mercury concen-
trations at 100, 10, 1xg/kg, adsorbed mercury is 0.95, 0.64,
0.38 mg/g by the aclivated carbon carrying hydrochloric acid and
0,14, 0.03, 0.01 mg/g by the activated carbon carrying no hy-
drochloric acid. This shows the mercury adsorption by carrying
hydrochloric acid is improved 7, 21. 38 times. Based on the
same carrier, the superiority in mercury adsorption by the art
of carrying hydrochloric acid is made clear as compared with
carrying nothing.

Therein remarkable is that the improvement in the ad-
sorption is superior in the case of a iower mercury con-
centration in naphtha, and this resull shows the inventive ad-

sorbent is suitable to the object of the present invention in

view of the fact that mercury concentrations contained in

liquid hydrocarbons are exceeding low.

Improvement brought by carrying an acid other than hy-

drochloric acid, Ior inslance, sulfuric acid, phosphoric acid.



vated carbon is provided with a specific surface of not |ess t han

> several .hundreds square neters per gram and broadly speaki ng, a
carbonaceous material having high adsorptivity is ac- cept abl e.
Source materials include carbonized product of coconut 10 shel |,
phenol resin, and the like or coal. Activation nethods I ncl ude
such a process as enploying a high tem$erature with wat er vapor or
carbon di oxi de, or zinc chloride, phosphoric acid, concentrated
sufuric acid treatnent. As for the form any formin crushed,
particle, granuleijissshd¥n in Exefgctlilvésubiariicnaciélv and Bresple d3dr op,
adsorption capacity, and handl i ng conveni ence i n exchange of
charged | oads in f(phdsghoric acid) imdakle particle or granule formis
preferable. The granules are manuf act ured as_ usual by bl ending 100

parts of the carbonacdbti respect to preyeetipm ofnihe,canyied apid fEombdessi | pitch,
coal tar or resin, and 20 by k eadiﬁ%, nnldiggﬁfqllomed b& ctivation
The activated car-orption. the preyentigp by yashing oytior remgyal ofoexresyarly o

non- pol ar adsor bent ' . exhi.pi 1] el,] . t 00 peatly al

| i quid or gaseous af ter adsorbno%j %Qt'?é/‘éém dctd Hc(ndl?‘gsh(}q’ﬁoghg&r}éé%ﬁf&i nvent i-on

el oys the acti VAl PRihGT0 st is Teadth1eChibaiRtints Wy acid i

not limtative an road 1 norganic _ organic acids exhibit the
subj ect effects whgrletuleBrRiseriieddinside microporés @hethehactiiviat@d odarborer cury

largely and will not let the acid

structure are so strongly combined that such acid molecules are
ﬁot readily to desorﬁ or become free. This feature is so re-
10 markable with molecules of hydrochloric acid having such a small
molecular size that this acid is highly'resistant to desorption
or liberation into liquid hydrocarbons. On the other hand, it
is necessary to wash out excess acid after adsorption.thereof
to avoid the acid desorption which will cause possible troubles
15 in the subsequent process. Hydrochloric acid is the most
preferable in consideration of a minimal tendency of desorption

and superior performance in the mércury adsorption.
| Turning to the requirement for the activated carbon, broad
range in properties is acceptable, however, some differenée in
20 the performance is found wherein the mechanism taken by the
activated carbon carrying hydrochloric acid in adsorbing mer-
cury is unknown and wherein the studies on relationship between
the specific surface area, micropore volume, distribution of
the micropores of the activated carbon and the mercury ad-
25 sorption proves that the mercury adsorption is sharply corre-

lated to a proportion of the micropore volume having smaller mi-

cropore radii.



- 7- di ssolve or desorb into liquid hydrocarbons during application
~or wll not cause any chem cal changes. These consi derations endor se
hydrochl oric acid, sulfuric acid, phosphoric acid, and t he nost
preferable is hydrochloric acid. 5 | mprovenent in the nercury
adsorption attained by the ac- tivated carbon carrying hydrochloric
acid as conpared with the © actPvated carbon with no carrier is shown
in Table 1. appearing in the follow ng. Exanple 1 and Conparative
Exanpl e 1, appearing in the follow ng, show nercury concentrations

contained in 10 ini Bxaiplegahtdhaamns, eRylovedy ardsier gitivied rachony at
equi I i brium ad- sorption. The data shows that, in the case of

mercury concen- having neaaly dhge samel@:ropore vpbume] byikdjilkerent ed-nercury is
0. 95, 0. 64, ~ 0.38 33/? by the activated carbon carrying hydrochloric
acid and opartiops @3, Lie micrepogepyolume hawipg ataddi ckessobhadafr yi ng no
hy- 15 drochloric acid. This sho th rcury adsorptiqn, by carrying
hydrochl ori c aci dan&styoms wbely r%geélﬁ'o'\é\@x‘m"ﬁ%f(@ﬁ%‘a qﬁqpqrﬁéong to'2 same
carrier, the superiogity. in Y. adsor p.i o e Al . of
carrying hyg’r ochl B‘F‘fg' E‘%"? (59‘?";[?{72%%3?%;@ta@“c@r‘?‘ﬁ%‘?i‘ﬂ' Wﬁtthe mcropore. carrying
nothing. 20 having YR By’ PR &Ml roils i9%¥ighi1TcaniP HEPRNNe/ N the ad-
sorption is superior 1n the case of a lower mercury con- centration

in naphtha, and th§Spreseedt tiEONSrduPE isNMETIY Vilisofbed into micrapoRant is
suitable to the object of the present invention in view of the fact

that mercury concéaatingt lexsstimang anpsdonn b view ofl btherdrdsuditxncardons are
exceedi ng | ow. | mprovenent brought by carrying an acid ot her
t han hy- - fedredc i drhiecacidvaled oarboaspeowided with uhiecnEnxriofiorephosphori c
aci d,

10 volume at more than 80 ml/g having the micropore radii less than

8 angstroms.

Turning to the descriptions about more detailed operations
related to the present invention.

15 As for the activated carbon base carried with hydrochloric
acid, broad range is acceptable and usval manufacture process
therefor is already noted. Therein, a general tendency is such
that a degree of activation is made higher, a volume of mi-
cropore having smaller radii lbwefs. The activation conditions

20 are influential to increase in the total micropore volume and to
accompanying decrease in the smaller micropore proportion.

As noted before, preferred is the activated carbon provided
with the micropore volume at more than 80 ml/g having the mi-
cropore radii less than 8 angstroms. In the present invention,

25 measurements on the micropore distribution and micropore volume
of activated carbon bases are done by the instrument com-

mercially named: BEL SORP, Type 28 SA manufactured by JAPAN BEL



-8: I's showmn in Exanmple Il (sulfuric acid) and Exanple 13

:(phosphoric acid) in Table 3. Wth respect to prevention of the
carried acid from des- orption, the prevention by washi ng out or
renoval of excess acid 5 after adsorbing an inorganic acid including
hydrochl oric acid, - sul furic a0|q _phosphoric acid is feasible, such
I norgani c acid nol ecul es adsor bé 8 I nside mcropores of the activated
car bon structure are so strongly conbined that such acid nol ecul es
are not readily to desorb or becone free. This feature is so re- 10
mar kabl e wi th nol eB6l ewd caldwaleddiased b Lheiadsdraviongisgthenm d iserdon ni-
nmol ecul ar size that this acid is highly resistant to desorption or
liberation into |itf9Ben By r Besgyolhe meapurabie bowee limiinfpr the micropore g
necessary to wash ou exces cjd af er ads tion thereof to avoi d
the aci d desorptiof® ﬁf ?%éﬂ% b‘l”é‘%aﬂﬁeel’?%t}llé‘étﬁs at 60570 e

b h f bl
Sonal doration_of SZ“WF% Hofhafdn X5le ot TuataR A¥Rdp bas the woRISAELRD! 7o "
performance i thepier ohiiohe ?6@%9%!65 ang the averaqulraril'lJfk‘sJ at 012-4%

requi rement for the acti vat§9§carb ge in propertles IS

accept abl e, howevepags$fdis, Cﬂnﬁfa&wﬂ‘iﬁgl'ynth%omventitoheprﬂfélfsofﬁéai‘(,%vit%dfOund
wherei n the mechani smtaken activated carbon carrying

hydrochloric acid wbauism;lngraghrmrpropomon of ¢h¢ widraporekvodume prodideier ei n the
studi es on rel ationshiip between the specific surface area,

m cropore vol une, #idt shiblesbrradius range. Thduefonecrubosdﬂeoicttxmtlant i vat ed
carbon .and the nercur . ad- 25 - sorption proves that the nercury

adsorption is shar §P3didémnscare those for 1@!’@3@1% taepfreeﬂﬁwmfnenﬁarsm

m cropore vol,yne h l.er ore,r
P _IU %He agerage mlcropore radii with edﬁan 1ng theelotal micropore

volume.

The activation gas for manufacturing the activated carbon
normally contains water vapor and carbon dioxide gas and the
present invention.does not. limit the content of carbon dioxide,

15 but prefers the water vapor content less than 30%. Normally the
- water vapor not less than 40-60% is employed, since the acti-
~ vation rate brought by water vapor is targely higher than that

bv:éarbon dioxide and thus a gas composition is set to have
more water vapor content. Compared with the normal condition,

20 the present invention prefers a mild condition with slower ac-

tivation rate. _ | ,

Table | and Bxamples 1-5 in the following show that the
activated carbon activated under the condition including a
higher water vapor content contains less micropore volume having

25 micropofe radii less than 8 angstroms and in turn performs in-

ferior mercury adsorplion. | |

Detlailed mechanism is unknown of why the activation con-



-9- In Exanples 1. 2, and 3. enployed are the activated

. carbons havi ng nearly the same m cropore vol une but different pro-
portions of the m cropore volunme having radii |ess than 8 angstrons
whi ¢ch ranges from Exanple 1 (largest proportion) to 2 5 and 3. The
results indicate that the proportion of the mcropore havi ng radii
| ess than 8 angstronms is significant_jjthat is, it I s presuned that
mercury is mainly adsorbed into mcropores having | ess than 8
angstronms. In view of other results, pre- ferred is the activated
carbon provi ded Wit.tont tentaindippesscwaikd vapor cumeutrdnpiovenitie mlrurB0 ni/ g
havi ng the mcropore radii |ess than 8 angstrons.

Turning to the dmn'ruitibmnhulatibdts presgneiethatl suchopedrivaiomcondition rel at ed
to the present invention. As for the activated carbon base
carried wth hydrsjwnldamr@vlde for SUCha'c!lllﬁlfnal!tr%iduc'r'Hﬁg'élaF Sha HERNIEE ¢ and

usual nmnuf acture, pr.ocess erefﬁg_ls alread¥§noted Therein, a
g

gencral tendency MEVIBESRRLIer radii achafies fory Eesbob et 98 0 96K e
hi gh | Th
act v 1 on Gonar « SiBbarggportion of PG 18R pEFTiRL Aaghlsbe. JU°1G1 "

0 I ncrease in the total
m cropore vol une

T or opor 6 proportle{;ur%rtfb increase the AFGOPRAYb (he AR R RFcroforle BadiTR! | €7
less than 8 angstroms, preferred is to set the condition in-
cluding the water vapor content at less than 15X in the acti-
vation gas and to depress lowering the micropore volume having

10 radii less than 8 angstroms, and further preferred is the
condition to increase the activation degree.

The present invention prefers, after the activation,
cooling the activated carbon under the gas composition unchanged
or similar to that for the activation until under 300 °C and

15 then taking out from the sysfen. Herein, the cooling gas com-
position unchanged or similar to that necessary to the acti-
vation means nitrogen gas, carbon dioxide gas or mixiure thereof
or such as substantially contains no oxygen and/or water vapor,
and accordingly this requirement does not means that the acti-

20 vation gas and the cooling gas should have the same composition,
and “substantially contains no oxygen and/or water vapor” means
such gaseous condition as does not permit existence of oxygen
atoms combined on the micropore surface of the activated car-
bon, in other words, condition containing oxygen and water

25 vapor at less than 1-2K.

Further, the activated carbon preferred in the invention is

oblained by conversion from the one obtained by the normal or



As noted before, preferred is the activated carbon provided W th
-the mcropore volunme at nore than 80 m /g having the m -

cropore
radii |l ess than 8 angstroms. In the present invention, 25

measurenents on the m cropore distribution and m cropore vol une

of activated carbon bases are done' by_jhe instrunment com

nercially naned: BEL SORP, Type 28 SA manufactured by JAPAN BEL '
-10- I NC. and cal cul ated based on the adsorption isothermline for
ni - trogen gas. Thereby the neasurable lower linmt for the

m cropore usaal iactivakion Joddidings t Thatsisansiichmoenall aativated cat- 60- 70

angstrons. Normally the activated carbon has the total mcro- 5 pore
vol une at 100-500 bW s dealednén s gasigonrasdiinn used fon above-mentionedyst r ons,
o O D T RE bt Feerature ange gy 12 "9 2
(adius range.  Ther A% S SRR L6 e somp saS ORI BB L0
20 0 S8t 5l et era 4 Pt it T
however, it is preferred less than activation temperature, usu-
ally more than 850 °C. Then, “aciivated carbon obtained by nor-
mal Br usual condition” means the one which was activated in
such a atmosphere as contains water vapor at fairly higher than
10 15% and thereafter cooled and taken out into air before enough
cooling down. |
In the previous description about the conversion, Lreatment
‘Lime of the normal activated carbon depends upon a teﬁperature
wherein 500 °C prefers 20-180 min. and 800‘ °C prefers several
15 min. This conversion is thought to bring about such effect due
to sintering or shrinkage of micropores which comes from the
heat effect to carbonaceous structure wherein the employment of
thé heat treatment under such circumstance as noted bases.on
the thought that such would prevent loss by oxidation on the
20 carbonaceous surface and enhance the shrinkage in micropore
radii.
As for the form of the activated carbon. any form in
powder, crushed, pellet, particle, fibrous, or honeycomb is ac-
ceptable. The granular or molded form is manufactured as usual

25 by blending 100 parts of the carbonaceous material with 30-60

parts of oil pitch or coal tar as binder, and by kneading,

molding followed by aclivation.



normal |y contains water vapor and carbon di oxi de gas and the

prefers a mld condition with slower ac- tivation rate. _
Table 1 and Exanpl es TheSstiep dfhéartpingor adsosbiay dahadidtfocthe activatedacti vat ed

carbon activated under the condition including a

. present invention does not limt the content of carbon dioxide, 15 but
prefers the water vapor content |less than 30% Normally the wat er
vapor not |ess than 40-60%is enployed, since the acti- vation rate
brought by water vapor is largely hlghgé t han t hat by carbon
di oxi de and thus a gas conposition is T to have nore water vapor
content. Conpared with the normal condition, 20 the present invention

hi gher wat er

vapor content contaibos thes ebtaimedoisofeasiidiebye ilmeyrsing theactivatedi caropore radii

| ess than 8 angstronms and in turn perforns in- ferior

adsor pti on.

activation con-

bon mass mtmeataacddsmm&mnofsrthesm&emabmd detting thee

ition contalnlng Iess wat er vapor

mer cury

content inproves ffid aﬁ;spemwto mcronoresvaa%mrpmer @Mt“aﬂmgé’“breéﬁﬁﬁed t hat
such actlvag$

that the m

10

15

20

25

case of an inorganic acid, such as hydrochloric acid, concen-
tration of the solution is not limitative, but 0.1 N to 3 N
(normality) is suitable. As for adsorption method, in addition
to immersing into a solution as noted, impregnation by spraying
of such acid solution like shower may be employed.

It is requisite to remove unadsorbed or excess inorganic
acid, such as.hydrochloric acid, from the activated carbon baéé

after the carrying process. The presence of unadsorbed acid

would invite dissolution thereof into liquid hydrocarbons and

give damage to the catalysts used in the subsequent oil process

or cause harmful corrosion due to amalgamation. The washing out

.is feasible by mild stirring a water or organic solvent based so

lution, wherein the activated carbon is immersed. Thereafter,
the activated carbon 6arrying acid may be packed into an ad-
sorption tower after sufficient drying or at the state of

containing water at about 50 X. Otherwise, after packing such

activated carbon into the adsorption tower, back washing by an .

organic solvent is permitted to remove the excess acid.

As noted hereinbefore, the importance in the invention lies
in the micropores having radii less than 8 angstroms. Acid
molecules adsorbed in such_micropores.will nol desorb or dis-

solve oul by washing in water or organic solveni, further such

on condj ti shoul d provid r. such intern structure
opor cld omponent by water or or an?c sofven? for removarf. eln ﬂle



having smal ler radii accounts for |arge proportion, and such 5

:m cropore portion contributes to the nmercury adsorption. In - order
to increase the mcropore vol ume having mcropore radii | ess than 8
angstronms. preferred is to set the condition in- cl udi ng the water
vapor content at less than 15%in the-pgii - vation gas and to
depress |lowering the m cropore volune having 10 radii | ess than 8
angstrons, and further preferred is the condition to increase the
activation degree. The present invention prefers, after the
activati on, acnd;@onmges lad et sb:dieemldmbtrbnnuﬁl!tenlttrheorgaswridrrpos| tion
unchanged simlar to that for the activation unt|I under 300
[err]C and 15 pefsr?éﬂ lf‘&l@i'l’f{;f‘%ta $orBhiop Hor Mesewy, andetcarcely desordool i ng
gas com d ar .siml to that necessary to the
acti - vat i gﬁo% Haﬁf @ggh‘l‘ﬂﬂs’”d{:%?*g‘m di oxi de gas or mixture

t her eof or su ' i n d{.or water
vapor . . and ac?@rgﬁhghgﬁ%ﬁﬁgl?@gﬁPﬁ@ﬂ%ﬁ#ﬂﬁhnﬂq éﬁgﬁeéﬁg phat t he
acti- 20 5 vat 'ﬂﬂn&,ﬁsuﬁﬂ:‘i‘sfﬂ?lﬁ@%}ﬂﬁt%%a?f’(ﬂ“hgsﬁﬂﬁ) §be NS ape:

" conposi tion, and "substantially contalns no oxygen and/or water
vapor" neans droctloeic geidesyiat vantbrt atwat as heless kpdughlopdried St ence
of oxygen at ons conbi ned on the mcropore surface of the activated
car- bon, tie etdberptiondsgtedonaddtimitucantze rhiydgockhogdn aeit wat er
25 vapor at | ess than 1-2% Further, the activated

carbon preferred i rmodgeulpnhasesooyirprgly combined by the adsorption that such
molecules after the washing noted would not desorb through con-
10 tact with liquid hydrocarbons. Test result concerning the
desorption during immersing into distilled water for long time
is showﬁ at the level of trace or less than I mg/g as Examples
1-5 show. It is thought that hydrochloric acid for the reason
of its small molecular size is suited to be caught in ex-
15 ceédingly small pores. In view of these results, hydrochloric
acid is the best in the inorganic acids.

When the activated carbon carrying acid is immersed in dis-
tilied water, though acid molecules are combined strongly, pH
value reading lowers a little, and this pH lowering inﬂicates

20 that a carried substance is an acid. This lowering becomes
clearer if temperature is raised more than 60 iC. This phe-
nomenon is thought to be a resull of the nature of a strong acid
if there is only a trace amount thereof. Normally the activated
carbon is manufaélured from carbonaceous material including

25 coconut shell, coal or charcoal, and plant tissues generally
contain a trace amount of potassium, sodium and other metallic

compounds, and these are changed to oxides, for instance



obt ai ned by conversion fromthe one obtained by the normal or
:-12- usual activation condition. That is, such nornal activated

car - bon is heated in a gas conposition used for above-nentioned
preferable activation condition, to a tenperature higher than

500[ err] C and cool ed under 300 [err}®5Fkn the sane gas. Herein, the 5
upper limt of the heat treatnent tenperature is not limtative,
however, it is preferred |less than activation tenperature, usu-

ally nore than 850 [err]C. Then, "activated carbon-obtained by nor-
mal or usual condipolassiunnexdds threuginearhbnicht inasandact ivat iod liracesses.

such a
at nosphere as contains water vapor at fairly higher than 10 15% and
thereafter cool edaashduelhmtH prpduce meiadihydppsiide dncGoalagh with waler andy) j ng

LN R T T T
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ect to carbonaceous structure wherein the
enpl oynent of mersed in distjlled water, but such acidity extent is nearly

equal to such resultant reading that distilled_ﬁater is left in
air for long time and its pH tends to acidic region, due to
dissolution of carbon dioxide contained in air, and the case
10 from the phenol resin will not drop further in pH value. How-
ever, the activated carbon carrying hydrochloric acid or sul-
furic acid tends to drop under pH 6.5 when immersed in distilled
water for long time. Accordingly, the identification of car-
rying acid can be readily done by measuring the pH value im-
15 mersed in distilled water.

There is no limitation about the choice of acids carried on
the activated carbon base, but preferred is as noted before an
inorganic acid including hydrochloric acid, sulfuric acid or
phosphoric acid, or mixture thereof, and the most preferred is

20 - hydrochloric acid.

The present invention inéludes the method of eliminating
mercury contained in hydrocarbons. Herein, the hydrocarbon means
broad range of hydrocarbons which will be subjected to elimi-
nation of mercury by solid-liquid contact process with mercury

25 adsorbent in solid form, such objective is mainly naphtha and in
.lermediates of oil products or petrochemical products. Typical

is naphtha or olher intermediate which is composed of hy-



the heat treat nent under such circunstance as noted bases on | t he
4 hought that such woul d prevent | oss by oxidation on the 20

car bonaceous surface and enhance the shrinkage in m cropore radii.
As for the formof the activated carbon any formin powder ,
crushed, pellet, particle, fibrous, Jmmeyconb s ac- cept abl e.
The granular or nolded formis nanufa ured as usual 25 by bl endi ng
100 parts of -the carbonaceous material with 30-60 parts of oil
pitch or coal tar as binder, and by kneadi ng, nol di ng followed by
activation. drocarbons having about 6-15 carbon atoms and -prgsenl in liquid The
step of carrying or adsorbing an acid to the activated carbon thus
obtained is feasi bl Rhagy atnaabient,tennesa e, \PéPﬂieH' ad¢ition. liquefigd h¥mss jnto
an acid solution of,the int rest nd Ie{tlaﬁ I acj d aﬂigﬁb into
ni cropor es and ther%ré?ﬁré’P“% eriyed,; ﬁgj“ gtt Cpetra ?"")5“ coal mway;he a ent by

wat er or organic so case of an inorganic
aci d, i(;# %ﬁlé%.o?nﬁgglresén'i fl¥€nt ion.

such as hydro tration of the solutionis

not limtative but O. Wdﬁ‘tﬁé? Siybrocarbons ha(lmf &Y mboe thah §lé'amﬁ| fonds for

adsor ption nethod I n additi o Inmersing into a solution as
noted, inpregnati ommum@a«wum gdd, ethy@énéuﬂhpﬁmnd &rel i g&x fohkat shover
may be enpl oyed. It is requisite to renove unadsorbed or

excess inorganic anbi'ent temperature, but these resources may be handled in liq-
uefied form under pressure. Such liquefied hydrocarbons may
also be applied to the present method, and such hydrocarbons
10 present in gas form at ambient temperature néy_be converted to
liquid state and then such may be applied to the present
me thod.

In particular, liquefied hydrocarbons having not more than
5 carbon atoms includiﬁg liquefied natural gas (LNG), liquefied
15 petroleum gas (LPG), liquefied ethylene, liquefied propylene,
and naphtha, are commercially handled in liquid phase and such
liquid hydrocarbons may be applied to the adsorbent of the pre-
sént invention. Thus remarkable industrial merit will be
awarded. The objective liquid hydrocafbon-ﬁay be simple one com-

20 ponent or blend of a plurality of such components.

The method for eliminating mercury may be applied to any
form of mercury contained in liquid hydrocarbons, and such in-
cludes mercury simple solid, inorganic mercury compoﬁnds. or-
ganic mercury compounds, and there is ﬁo limitation concerning

25 conceﬁtration. that is, the present invention may be applied to
hydrocarbons containing mercury from the level of an amount of,

to a trace of or exceedingly small amount of. The main objeclive



acid, such as hydrochloric acid, fromthe activated carbon base
.after the carrying process. The presence of unadsorbed acid . woul d

invite dissolution thereof into liquid hydrocarbons and 15 gi ve damage
'to the catalysts used in the subsequent oil process

or cause
harnful corrosion due to anal gamati Qn.7_The washi ng out I's feasible
by mld stirring a water or organi c solvent based so | ution,
wherein the activated carbon is inmersed. Thereafter, t he
activated carbon carrying acid may be packed into an ad- 20 sorption

tower after suffi Gieajaphthalhich @suadly icbftasamercdty at 0.002-10 @@/Hgaamd ng wat er
at about 50 % O herw se, after packing such activated carbon into

t he adsorpti on towach absidghiwdeiel nig &jited to the presendripseritiom ehichném 4 s
pernmtted to renmove the excess acid. As not ed hereinbefore,.
the inportance in Kbk thevuelhodaf ladsarptions In fleld prachicenelc ebiminadénthavi ng
radii |ess than 8 angstrons. Acid nmol ecul es adsorbed in such

m cropores will ndtereEdoriseberrad ds such pretlealggﬂt\,és cfdu“%’? thasthIgg i n wat er
or organi c sql vent

t h - 14-
G o ol ecut 9ot vie Lihuimterhen o remme Hieplyiee sontaingd therein

- together with mercury removable by the filtration as sludge com-
ponent.
The present method for eliminating mercury is advan-
tagebusly feasible by the process of employing an adsorption
10  tower packed with the activated carbon in the form of fixed
bed, wherein preferred particle size ranges from 4.75 to 0.15
mm, more preferably 1.70 to 0.50 mm.
When mercury concentration in hydrocarbon is at 1001£g/kg,
necessary mass of the activated carbon depends upon the allow-
15 able concentration at outlet part and the kind of adsorbent.
However, roughly stated, 0.1-10 g of mercury may be eliminated
with use of 1 kg of the adsorbent
As described above, the inventive activated carbon baséd ad -
sorbent is capable of neaily complete elimination of merbury
20 contained in a slight amouni in hydrocarbons by selid-liquid
contact with the liquid hydrocarbons, and therein hydrochloric
acid carried on.the activated carbon would scarcely desorb into
the objective hydrocarbons. Thus the invention is suitable to

treatment of naphtha and intermediates of oil products or -

25 petrochemical products.

EXAMPLE



performthe superior adsorption for mercury and scarcely desorb

_through contact with liquid hydrocarbon. : In the process of
adsor bi ng hydrochloric acid, for in- 5 stance, immersing the activated
carbon mass into 1-2 N. hy- -drochloric acid solution for about 1
hour is enough to perform t hejgdsorption noted and in turn the

hydr ochl oric acid nol ecul es are so strongly conbi ned by the
adsorption that such nol ecul es after the washing noted woul d not
desorb through con- 10 tact with |iquid hydrocarbons. Test result
concerning the Tideawenttiomwi Hube Mgrthenaies¢riged by exakipbes in dble wat er f or
long tinme Is shown at the level of trace or less than 1 ng/g as
Exanpl es 1fdlegwiog. It is thought that hydrochloric acid for the
reason of its small nolecular size is suited to be caught in ex-

15 ceedingly sﬁﬁﬂp‘béres In V|em10f t hese results, hydrochloric

acid is the best in the inor C When the, activated
carbon carrying acid i %gggld |‘7Fr8|"sa"b°“‘z°d to carpenagepuz Fubstancg o gn acid

b < pit 1 Buor ADE el BB 10 o mesh, ong b ARed PRAERRET B2 1 "
This |owering beCOf{G% 75 mm) whichOhdS2Rl ds' r Hﬂ?&?&l“ffp&eﬁaf@h&l‘?%ﬂme t han
60 [err]C. This ou

nomenon i s e aresult of the

nature of a str 0“9 v@?éddcarhon base inl ﬁar‘thﬂbefohﬁ. Wﬁiﬂcﬁbéﬁi@é‘demﬁﬁpiaﬂtwatshﬂ eof .
Normal |y the activated carbon i s manufactured from carbonaceous

mat eri al includi ng agbivated adc39ou’C bheadombustden gas afhdiquebied petaopduant
ti ssues generally
gas (gas composition: nitrogen TOX, oxygen 0.2% .carbon dioxide

10 19.8%, water vapor 10%) and cooled in the same gas circumstance
.under 300 °C. The activated carbon was crushéd lo the particle
size from 10 to 32 mesh (particle size ranges from 0.5 mm to
1.7 mm). The activated carbon thus obtained had ash component
(residue after strong.incineration) at 2.5 wt. X,

15 The activated carbon ﬁarticles obtained above were vacuum
deaerated and measured of the adsorption isotherm.iine in ni-
trogen gas'by the instrument (BBL SORP Type 28 SA, JAPAN BEL
[Né.) and thereon the total micropore volume and radius dis-
tribution of the micropores were calculated. The total micro-

20 pore volume was 279 ml/g and proportion of micropore volume
having radii less than 8 angstroms was 43 X. That is, the mi-
cropore volume is 120 ml/g. As noted before, herein the mi-
cropore volume is always denoted by conversion from the ni-
trogen gas adsorbed amount to the volume at the standard con-

25 dition. If converted to the volume of liquid nitrogen, the to-
tal micropore volume is 0.434 m]/g and the micropdre volume

having radii less than 8 angsiroms is 0. 187 ml/g.



contain a trace anount of pot assi um sodi um and other netallic
. conmpounds, and these are changed to oxides, for instance

pot assi um oxi de,

t hrough carboni zati on and activation processes,

such will produce netal hydroxide in contact with water and
result, pH value would be led to aboul99-10. Furt her,
case of phenol resin as starting material, 5

shows a weak acidity in pH value when im

wat er, but such acidity exhent_is near|y
reading that distillethefat

pH tends to acidi
contained in air,

furth [ H I . . '
e Dl e it a6 Wl R 38PN

as a

and

in the

such activated carbon
mersed in distilled

. equal to such resultant
¢ apkivpiad; carpon partlclesaﬂe?e fBerpesh 4n HM\@ and its

SRR et Sy sotvip o7 1054 A, Gy o1

not drop

aci d under

p

in
H

g
6.5

when immersed in @rgt had ek washed with"RlgRl nhgithd Q0P thiTEhydrscaPborsNgl y, the
identification of car-. : rying acid can be readily done by neasuring

the pH val ueS5im

10

15

20

15 mersed in distilled water.

Mercury adsorption was measured at various mercury con-
cenirations by contacting the activated cafbon carrying hy-
drochloric acid with light naphtha containing mercury and
mercury compounds, wherein orgénic mercury accounts for 20 ¥ of
the total mercury contained in the light naphthaf The adsorbent

active carbon 10 g was immersed in the light naphtha with mild

stirring and after 2 hr. residual mercury concentration in the

naphtha and mercury adserption by the active carbon were mea-
sured. The mercury adsorption performance was evaluated by mea-
suring mercury adsorbed by the activated carbon at naphtha mer-

cury concentrations: 100, 10, 1z g/kg. Quantitative deter-

‘mination of mercury was made by atomic adsorption analysis.

Table 1 shows description of the activatéd carbon carrying

hydrochloric acid and result of mercury adsorption. Under the

condition which was thought to be at nearly equilibrium, the"

adsorbed mercury is: 0.95, 0.38 mm/g for mercury concentration:
100, 1 ll g/kg. This result shows that the subject activated
carbon has superior mercury adsorption. Further, no organic mer-
cury was found in the subject naphtha after the adsorption,
that is, all organic mercury was adsorbed by the subject acti-

vated carbon.

Note: In the Table, organic mercury adsorption is ranked:O



There is no limtation about the choice of acids carried on t he
-activated carbon base, but preferred is as noted before an

inorgani ¢ acid including hydrochloric acid, sulfuric acid or

phosphoric acid, or mxture thereof, and the nost preferred is 20

hydrochloric acid. The, present- i nvention includes the nethod
of elimnating mercury contained in hydrocarbons. Herein, the
hydr ocar bon neans broad range of hydrocarbons which will be

subjected to elim- % i Egiion of nmercury by solid-liquid contact
process with mercurj 8%9% X is ordd vera] Lwarcery; adserptdor Hsotsinked:i ve i s

mai nl y napht ha and g . ~ternedigtes of oi roducts, or

petrochem cal pr odt@?‘ss. squ/lb'ioE'ap ' A ‘isse“ﬂé\%l’lrfg Br1%Eddr i nternediate
which is conposed of hy- ' -16-

drocar bons havi ng about 6-15 carbon atons and present in liquid

phase at anbient tenperature, and in addition, liquefied hy-

drocarbons derived fromoil (petroleum or coal may be applied to
t he met hod of the present invention. 5 Furt her, hydrocarbons
havi ng not nore than 5 carbon atons i ncl udi ng natural gas,

et hyl ene, propylene are in gas form at _ anbi ent tenperature, but-

these resources may be handled in |ig-

'



uefied formunder pressure. Such |iquefied hydrocarbons may
_applied to the present nethod, and such hydrocarbons 10

format anbient tenperature nay be converted to
then such nay be applied to the pres

al so be
present in gas
liquid state and

gg met hod. In
particular, liquefied hydrocarbons having not nore than 5 carbon
atons including |iquefied natural gas (LNG, liquefied 15 petrol eum

gas (LPG, liquefied ethylene, Iiquefied propylene,
are comercially handled in liquid phase and such
hydrocar bons n-ay be apnl road -t thao adse_lr ha of thao n

and napht ha,
liquid
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-17- I s napht ha which usually contains nmercury at 0.002-10 ng/ kg

.and such a slight level is suited to the present invention which
em pl oys the nmethod of adsorption. In field practice of

el imnating mercury. preferredzis such pretreatnent as filters the
objec- 5 - tive liquid hydrocarbon €6 renove the sl udge cont ai ned

t herein together with nercury renovable by the filtration as sludge
com ponent . The present nethod for elimnating
mercury i s advan- t ageously feasible by the process of enploying an

-adsorption 10 Exampdes Addkd with the activated carbon in the form of .
fixed bed, whergin preferred particle size ranges from4.75 to 0.15
nm nore preferably 1. eta(ﬁb\(a%mwo&ss herern emplewgﬁ%ﬁbvia&wlygases
concentration in hxﬂg

| LKO g f
the activated carbon Q‘?;Heﬁggréd%o‘ﬂ“t‘ﬁig’gg?'%@ﬂe“&% 30 % g%@gﬁgggggﬁ ngiso(rjl at
gutlet part and t hergkhjde %), BPIREIIe 4. 65 % EHIPRYSS. OLRYH oaftt o ed,

0.1-10 g of nercury nay .be el i'm nated _ th use o g of the
adsorbent. 5 condi tiondSwe¥@ Jepi 06 e @ Vsame tal Cthiose/ emiloyed BCBxampfecd car bon

based ad- sorbent is capable of nearly conplete elimnation of
mercury 20. cohnt andékereby dhes heGivatencanbon iwas pyeparediabdrsabjected
solid-liquid

to the step of carryiné hydrochloric acid and washed with dis-
tilled water and light naphtha. Thus the adsorbent, wherein -
activated carbon carrying hydrochloric acid, was obtained, and

10 these were applied to the same mercury adsorption test as noted
in Example .

Table 1 shows description of the activated carbons carrying
hydrochloric acid and result of mercury adsorption. The result
indicates thai the water vapor content in the_activation gas

15 increases with decrease in the micropore volume of the micro-
| pores having radii less than 8 angstroms and its proportion in
the total micropore volume. As for the mercury adsorption, each
adsorbent performs mercury adsorption, wherein the adsorbed
amount decreases with decrease in the volume of micropores
20 having radii less than 8 angstroms.
Comparative Example 1

The adsorbent composed of the activated carbon prepared in

Example | and with no carrier was employed to test the mercury
~ adsorption. The result is shown in Table 1, wherein pH value
25 - when the subject activated carbon was immersed in distilled

water was 8. 8.

Further, adsorbed mercury amount is exceedingly low as com-



contact with the liquid hydrocarbons, and therein hydrochloric
.acid carried on the activated carbon would scarcely desorb into
t he obj ective hydrocarbons. Thus the invention is suitable to
treatment of naphtha and internedi ates of oil products or 25

petrochem cal products. . EXALE The

i nvention will be further described by exanples in the foll ow ng.
Exanple 1 Coconut shells were carboni zed to carbonaceous
substance 5 and the rrushed tg 4-10 pesh (particle_size ranges from
1.7 mm to Mf r‘rﬂl) %m”éﬁqwaﬁ'euéé??"ﬁ@tﬁaﬂﬁ’m r%“apx"c"lﬂ?iﬁ gblgr e the
acti - vat rti.cle for .Thi s, carbonjzed, materi a
was activa vgasfm? P@GO‘?O[%@P Eqﬁ‘f/ TEETARILSS H]?u‘”ﬁﬁg ag'f' Il?sifu tfi‘i"cejt?j
“petrol eum N b % carbon
G oxi do 10 1o ESyroE s COARE! Wl Qine bisoRRF ehidyelfi Coibabarith

ci r;:gm:st ance Exampled g’ h&DQhe merc?? WS ROIC PeATRANbYRSmaraiNed to the
particle . ,

5 Bxample 1 is lower than Lhat by Examples 2-5. This shows that )

the carrying hydrochloric acid has large effect in the mercury

adsorption.

Examples 6 and 7

Herein the same carbonaceous material as in Example 1 was
10 employed ld prepare the activated carbon base, wherein in the
activation process different conditions were employed. That is,
Example 7 was subjected to milder or lower activation to
prepare the activated carbon base provided with the micropore
volume having radii less than 8 angstroms at 82 ml/g. And Bxam-
15 ple 6 was subjected to stronger or higher activation to prepare
the activated carbon base provided with the micropore volume
having radii less than 8 angstroms at 108 ml/g. The steps taken
subsequently were carrying hydrochloric acid and washing,
drying to finish the activated carbon carrying hydrochloric

20 acid, and the mercury adsorption test was carried out in the

same way as in Bxample 1.

Description of the activated carbons carrying hydrochloric
acid and résu]t of the mercury adsorption are shown in Table 2.
Then, Bxample 7 employed lower activation than Bxample 1,
wherein the activated carbon of Example 7 had: the total mi-
cropore vacuum 117 ml/g, proportion of Lhe micropore volume

having radii less than 8 angstroms was increased to 70 ¥ whose



sizé from10 to 32 mesh (particle size ranges fromO0.5 nmto 1.7

.mm). The activated carbon thus obtai ned had ash .conponent - (residue
after strong incineration) at 2.5 wt.% 15 The activated carbon
- particles obtai ned above were vacuum deaerated and neasured of the
adsorption isothermline in ni- -24-trogen gas by the instrument (BEL
SORP Type 28 SA, JAPAN BEL INC.) and thereon the total m cropore
vol une and radi us dis- tribution of the m cropores were
cal cul ated. The total mcro- 20 pore volune was 279 m /g and proportion

of mecr opore vol unﬁicrolwl’e VOlllllWaiﬁi &%}mﬂ&dl'l'helnelbtamll}caﬁ eﬁplamgishrghms aoas 43 %
That is, the m- ore volune is 120 m/g. As noted before,

herein the m - ti"ati°“c‘r"§{’3%§%§“p\%lluﬂ@e!’°§“a'lhﬁ/dl)%i‘@é?ﬂ)ﬁtf&omyf daampde si on from
th i- t -ad bed t to.t I t th t andard
con- 25 diti ond W BRUSTHER C5P0R DineriRrcal7ei Guptorifen BEGRE the 1 o-
tal m cropore.vol umecgo?mq! é’éﬂ‘“mo‘@é@élﬁﬁﬁgf l%&rt?lgﬁ"fal\(gosltlﬁ% was de- havi ng

radii |l ess than 8 angstrons IS
welrteisi Esed in 1IN

-19- f : t
> cfEASEd th 28 P%d%%lﬁfmﬁﬁé Qg{hg?a{f. ,SGdhfriplg’[ roomtenperature

by drochloric acid aqueous sol ution
and then washed wi hétidedsthdt eitisvalies iandwey ilfh ffatliORfaple € for 12



hrs, and then washed with [ight naphtha (Cs to Cs hydrocarbons).
. Mercury adsorption was neasured at various nercury con-
by contacting the activated carbon carrying hy-
“with I'ight naphtha containing nercury_and
wherein organic nercury accounts for~ 9~ % of
contained in the |ight naphtha. The adsorbent
was imMmersed in the |light naphtha with mld
hr. residual nercury concentration in the

5
centrations
drochloric acid
mer cury conpounds,
the total nercury
active carbon 10 g
stirring and after 2
napht ha and nercury

10

"adsorption by the a

ctive carbon were nea- sured. The nercury
adsor ption performhce was al uat ed by nea surl%g mer cyry
adsor bed by ‘'t he act v@@j %bn at napht ha r@r- ur
concentrations: 100} 202 1§ wl;g Cpantltat ve deter- mi{nati on of
mercury was made by |lalc alva C 5is —Tall e 1 shows
description of the »c%;ﬁhted carbon cap{ylng A A A hydrochlorifc acid and
result of mercury afls@ |ou§ Under the&E20 condi ti 6n Which s t hought
to be at nearly equil @@ ymEt he ndsor bed ,merqury is: G 95, 0.38
m g for nercury concE & iSn: 1005 1 3] dbkyd. Thig result
shows that the subj¢CT, Q¢Uivated car pon_nas superlor mer cury
adsorption. Further,| & Ddrgafli c ner- O Cugy (ya (P aond in fthe
subj ect naphtha aftqr & Iz &dRorption, 25 that™ is, | "organijc mercury
was adsorbed by the |s@bj®db Hcti - |vated carbon.
Note: In the Table, lorganic frercury adsoQRtlon I's ranked: O
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- 20- I's good, X i
is superior, [err]
-21- [err]
Exanples 2 to 5

10

15

20

25

s fail, and overall nercury adsorption is ranked: [err]

Is good, [err] - is enployable, x 1is fail
-22-

-26-

Rurther, the mercury adsorption amount in Bxample 7 is
ranked good, and the same in Bxample 6 is superior, wherein in

either example no organic mercury was found in naphtha after

the adsorption.

Bxamples 8-10

As carbonaceous material leading to the activated cirbon.
carbonized particle of phenol resin (Examples 8 and 9) and car-
bonized fiber of phenol resin (BExample 10) were employed to
prepare the activated carbon base and the steps of carrying
hydrochloric acid, washing, drying were carried out to finish
the activated carbon carrying hydrochloric acid and then the
mercury adsorption tesl was conducted in the same way as in Bx-
ample 1.

Table 2 shows description of the activated carbon carrying
hydrochloric acid and result of the mercury adsorption test. The
adsorbent prepared in Example 10 from fibrous phenol resin had
very large micropore volume having radii less than 8 angstroms
at 148 nl/g, and the mercury'adsorption amounts were 1.53, 0.82

mg/g for mercury concentrations in light naphtha at 100, 1 /]
g/kg. So superior result.

Examples 11-13

Sulfuric acid (Examples 11, 12) and phosphoric acid
(Bxample 13) were employed as acid carried by the activated
carbon obtained in Example 1 and the mercury adsorption test
was carried out in the same way as in Bxample 1. Table 3 shows
deécription of such adsorbents carrying such inorganic acids

and result of the mercury adsorption test.



The activation process herein enployed activation gases
,different water vapor contents: 30 % (Exanple 2), 45 %
55 % (Exanmple 4), 65 % (Exanple 5). Qherwise all 5
kept to be the same as those enpl oyed in Exanple
activated carbon was prepared and subj2dct ed
hydrochl oric acid and washed with dis-

napht ha. Thus the adsorbent, wherein
hydrochl oric acid, was obtalned and 10

havi ng
(Exanpl e 3),
conditions were
1, and thereby the
to the step of carrying
tilled water and | i ght
activated carbon carrying
these were applied to the

sanme nercury adsorp For—test—as—hoted— A ExarH!e =
Tabl e 1 shows descr| pti @1 oféthe activated bons I ng
hydrochloric acid apdf esul €2 ab nercury ads tiom e esul t
. . QD O S
indi cates that the yageR \agg)rscontent in the activatijon gas| 15
i ncreases W th decr ¢gasegmthe mnicropore ore—of —thenicro
pores having radii leg ®han 8 angstrorg anf Tts & oport&®on in t he
total mcropore vol *Erré.gks tBr the mer&ry hdsorpgign,| each
adsor bent perforns g:@)gaﬁlsorptlon ereig thes %soﬂged anmount
decreases with decr¢ade& i the vol une of ni ¢rOporés 20| @ Ravi ng radi
| ess than 8 angstronfsy, « ., .~ Conparative|Exanple | The
adsor bent conposed qf ®he gcglvat ed carbon pr@ar&@ @n| O Exanpl e |
and with no carrier {we @l 8yed to test the nercury adsorption
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25 when the subject activated carbon was immersed in distilled

wat er was 8. 8. Further, adsorbed nercury anmount is
exceedingly | ow as com -23-

pared with Exanple 1. The adsorbents enpl oyed in Exanples 2-5 have
smal l er vol une of the nicropores havin@&-adii |ess than 8 angstrons
as conpared with the adsorbent enployed in Conparative Exanple 1,
but the nmercury adsorption perfornmed by Conparative 5 Exanple 1 is

| ower than that by Exa 2-5. Thi s S h : i ng
hydrochl ori c acid has I.?gér ggté?&gc aril|"(?1hst Eh@%n%eﬁdcﬁégxamples i taggslgfv%{rl on.

Exanples 6.and 7  provided with (g #icPoddid %mﬁe%ﬁl?ﬂ"%@ﬂ‘l%ﬁ% i gl as in

Exanple 1 was 10 enpl oyed to prepare the activated car ase,

wherein in the angstrafs iatal 07081 /Y e per firhbe R0l MeadtiomnsuyRse
enpl oyed. That is, Exampl e 7 was subjected to mlder or |ower

activation to compgredpwith theeadsorbemdt eak ryand hydinmhbonicoadideckhei t h t he
m cropor e vol ume having radii less than 8 angstrons at 82 nl/g. And
Exam 15  9ple aefemrysadspentden amepndt isofiaialy olecreagrdr Fudhey aissar to
prepare lution of acidic ions is increased. The activated carbon em-

ployed in Bxample 12 was provided with fairly small micropore

voluhe having radii less-than 8 angstroms at 42 ml/g, and ex-

hibited fairly decrease in the mercury adsorption.

10 Comparative Example 2
Adsorbent carrying sulfur was compared. Particle activated
carbon obtained in Example 1 at 100 g was mixed with powder sul-
fur 1 g and heated to prepare the adsorbent carrying sulfur at
1% in amount, which was subjected to the mercury adsorption test
15 in the same way .in Bxample 1. Table 3 shows description of the
adsorbent carrying sulfur and result of mercury adsorption test.
This adsorbent carrying sulfur exhibits considerably good
mercury adsorption, but exhibits a large dissolution of sulfur

into naphtha as shown in Table 3. Accordingly, in view of such

20 possible trouble or damage to catalysis used in oil process,
this adsorbent is out of the consideration as mercury eliminator
for naphtha.

Example 14
This illustraies a prototype field operation. A quantity of
25

particle activated carbon carrying hydrochloric acid in the
form of 10-32 mesh as prepared in Example 1 was packed in a

adsorption tower (diameter: 25.4 cm, height 1 m) and light



the'activated-carbon base provided with the m cropore vol une

‘having radii less than 8 angstrons at 108 m/g. The steps taken
subsequently were carrying hydrochloric acid and washi ng, drying
to finish the activated carbon carrying hydrochloric 20 acid, and the
mercury adsorption test was carried in the same way as in
Exanpl e 1. Description of the activated carbons carrying
hydr ochl ori c acid and result of the nercury adsorption are shown
in Table 2. Then, Exanpl e 7 enployed | owey activation than Exanple
1 T35 2 wher oi REHEE OIAIRIRE BeEeah Y i kMRSl o 20 DoEHE Bodal m -
(r:ragipiore vacuum 11¢; {'%'reoﬁ;.;vopﬂrua!ﬁrilne%fr Jeggyg'yg{)%mgﬁ.uﬁe result  aving

| ess than 8 angs was i hcrease
- 24- m i ' s bk I ed hi gher
(i vat PoeaRLY BhouRY iy Bhe Tighh ndyBEfh REGHD Fol GEHRECT,
Exanpl e _ GwhadearllPecohledt | yT fee® TR0F méFdurFEindiuding bfkanfy g L1 on of
t he m cropore volume having radii less than 8 angstrons was de- 5

creased to 33 % wiose Rirtherpctilerioe! 10m® dissollQ8d MhioOthed haphShd faddPess
noticed that this value is |ower than that in Exanple 1

than 0.1 mg/kg or at a trace level. That is, dissolution of

'chlorine ion was hardly found.



[er}] - 26- : Furt her.

the nmercury adsorption anount in Exanple 7 is . ranked good, and the
sane in Exanple 6 is superior, wherein in - either'exanple no organlc
mercury was found in naphtha after t he adsorptl | es
8-10 As carbonaceous nat erd0a |eadi ng F |vated carbo
carboni zed particle of phenol resin (Exanples 8 and 9) 'a @mm”"'”"m”a"u
boni zed fi ber of phenol resin (Exanple 10) were enployéd re
the activated carbpgytbaseland id1e steps of carrying 10 hy dr ochl 6ri &
acid, washing, drying were carried out to finish the activated .
car bon carryi ng hyds achivatedccarbord baved ddbexbei@arrying acid N@T #dsbybviagisor ption
test was conducted in the sane way as in Ex- anple 1

Tabl e 2 shows descméneuivonr eercuty canppundstcodtainedodm 1équid \hiydupcarbdns.
hydrochl oric acid and result of the mercury adsorption test. The
adsor bent prepar ed2i dckivakgs earbon basedh adsorbeuts cprremﬂ aeidsfor adsarbing

very large mcropore volume having radii | ess . trons
y 9 §: P mercury or mercury compounds contalneé qlqulﬁr“%ﬁrocarbons as

claimed in claim 1, wherein the activated carbon has more than

80 ml/g of micropore volume having radii less than 8 angstroms.

3. Activated carbon based adsorbent carrying acid for adsorbing
10 mercury or mercury compounds contained in liquid hydrocarbons as

| claimed in claim 1, wherein an acid is one or more than one

selected from the group consisting of hydrochloric acid, sul-

furic acid, and phosphoric acid. |

4, Activated carbon based adsorbent carrying acid for adsorbing
15 mercury or mercury compounds contained in liquid hydrocarbons as

claimed in claim 1, wherein an acid is hydrochloric acid.

5. Activated carbon based adsorbent carrying acid for adsorbing

mercury or mercury compounds contained in liquid hydrocarbons as

claimed in claim 1, wherein the activated carbon is manu-.

20 factured by activating a carbonaceous material in condition
containing water vapor at less than 30 vol.¥ and then cooling
in the same atmosphere to Tess than 300°C. or wherein the ac-
tivated carbon is manufactured by heat treating én activated
carbon normally prepared, at a temperature over 500 °C in a gas

25

composition comprised of nitrogen gas and/or carbon dioxide gas
with no substantial presence of oxygen or water vapor, and then

cooling in the same atmosphere to less than 300 °C.

. This Sheet Has Been Re'i
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at 148 nm /g, and the nercury adsorption anounts were 1.53, 0.82
ng/ g for nmercury concentrations in light naphtha at 100, 1 [err] 20

g/ kg. So superior result. Exanples 11-13 = —————SuuricC
acid (Exanples 11, 12) and phosphoric acid

enpl oyed as acid carried by the activaled Emml ﬂﬂmﬂpﬁuﬂm
Exanple 1 and the nercury adsorption test 25 wds carried oul st 't he
same way as in Exanple 1. Table 3 shows description of such

adsorbent s carryi 83 bfagfo:ﬂ] (i)ln%sg?bnhf fgfie?ﬁnination of me?mvro?slwrhur‘?f the nmercury

adsorption test. - 28-
The activated carbo L%ﬁﬂ.mgﬁg@m'e% o%h}oﬂi‘ﬁti& ¥&ifated carbonPr OVi ded
a

with the m cropore volunme having r | ess angstrons at 107
m /g and perfor neghygaP ddsdibent Pdair B¥ing Didbrébnic acid wibp GpRoetibvas Bod-he
adsorbent carrying hydrochloric acid, the 5 mercury adsor ption anount
is fairly decreasetdmﬁarndteurydonsmemury compoundsufia diquifl phaseli saidohg i s

i ncreased. The activated carbon em ployed in Exanple 12 was

provi ded with fairdrpcanbass indlediggoraghtha and mtemdmhesm\fvph prodects | ess t han
8 angstroms at 42 m/ and_ ex- hibited fairly decrease in the
mercury adsor ptiorRf B rochemu'@b,%gq,ugﬁ -ve Exanple 2 Adsor bent
carrying sul fur was conpared. Particle activated carbon obtained in
Exanple 1 at 100 g was m xed with powder sul -

_—
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fur 1 g and heated to prepare the adsorbent carrying sul fur at 1%
.in anobunt, which was subjected to the nercury adsorption test 15

in
the sane way in Exanple 1. Table 3 shows description of the
adsorbent -carrying sulfur and result of mercury adsorption test.
Thi s adsorbent carrying sul fur exhibits considerably good mer cury
adsorption, but exhibits a |large di ssold&-ion of sul fur

I nt o napht ha
as shown in Table 3. Accordingly, in view of such 20 possi bl e troubl e

or danage to catal ysts used in oil process, this adsorbent is out
of the consideration as nmercMERCGURY' ADSGRBENT f or napht ha

Exanpl e 14 This illustrates a prototype field operation. A
gquantity of 25 particle activated carbon carrying hydrochloric acid in
the f or mAbptraot 95 the Pisclesuseepared in Exanple 1 was packed in a
adsorption tower (diameter: 25.4 cm height 1 n) and |ight

- 29- napht ha containing nercury at 7 [err]g/kg was flown or passed'

A2 ysis bhowrate [RYiudhy'Sulub iR KEREMY dar OugSadTb bRl otidle Tesul ¢

Be "t oner
nearly conpletely fﬁzﬂ‘?? anPJﬁ‘rWr%UrHut‘y”S&dﬁ%ﬂlﬁ %ﬂﬁmeﬂ {tEhydrodarbons cury
Further chlorine ions dissolved into the naphtha was | ess than 0.1

ggﬁ glgyO][ Oﬁf’lda g r aceaddeppdferaftthesactivaled!carbonbade is providedwith mire i on was
cro@ore volume having radii less than 8 angstroms at more than
80 ml/g and preferably the acid carried on ihe activated carbon
is hydrochloric acid, sulfuric acid, or phosphoric acid., and
hydrochloric acid is the most preferable. The active carbon
10 base is preferably manufactured by activating a carbonaceous ma
terial in condition comprising water vapor at less than 30 vol.
% The subject adsorbent is applicable to eliminate mercury or
mercury compounds contained in hydrocarbons by contacting in
liquid phase. The hydrocarbons are naphtha and intermediates of
15 oil products or petrochemical products. This method features

scarce desorption of carried acid and is useful to treat such

hydrocarbons to prevent possible harmful amalgamation due to

mercury in oil industry.

+-This Sheet Has Been Reilaced




-30: TLAI VST T Activated—car bon based adsor bent carryin hvdrochlorlc

0
acid for nercury compounds cont ai neflRip T gw
hydrocar boniﬂnmmﬁmmmwm# carbon based adsorbent carryJt it W ?'**HEET
o
[ €
t h

for ‘adgorbi ng nercury or nercury npounds cont ai ne
hydrocaLbons as clained in claimi, mhéﬁkln the acti- va éa@ﬁaﬁ1ﬂﬂ%
nore than 80 MGEAIMSm cropore volune having radii |ess n 8 angstro
3. Activated carbon based adsorbent carrying hydrochlorlc cid for

adsor bi ng nercyry,q C t #é—gggpggaLbons_aﬁ
clainmed in claqnl w&gﬁéﬁﬁxyﬁgggg$?$§"8§p g i?ﬂ%ﬁyq%mﬁﬁﬁﬁ? bred by
activating a cq@bogggﬁqu Rarcdrd’ bl n o] ni ng water vapor
at less than 30 vol. %argld t%enﬁcoolllnéntrbqu ?hﬁéﬂ@@ﬁ% g{)ﬁoaslﬂﬁgré"to | ess
than 300 [err] Qiquiar hvdrocg&ibans.ne activated carbon i s manufactured by heat
treating an activated carbon normally prepared, at a tem perature over
500 [err]C in a gas conposition conprised of ni- trogen gas and/or carbon

di oxi de gas with no substanti al
2. Activated carbon based adsorbent carrying hydrochloric acid

for adsorbing mercury or mercur9 compounds contained in
liquid hydrocarbons as claimed in claim 1, wherein the acti-
vated carbon has more than 80 ml/g of micropore volume having

radii less than 8 angstroms.

3. Activated carbon based adsorbent carrying hydrochloric acid
for adsorbing mercury or mercury compounds contained in
liquid hydrocarbons as claimed in claim I, whereiﬁ the acti-
vated carbon is manufactured by activating a carbonaceous ma-
terial in condition containing water vapor at less than 30 vol.
% and then cboling in the ﬁame atmosphere to less than 300 C,
or wherein the activated carbon is manufactured by heat
treating an activated carbon normally prepared, at a tem-
perature over 500 °C in a gas composition comprised of ni-
trogen gas and/or carhon dioxide gas with no substantial
presence of oxygen or water vapor, and then cooling in the

same atmosphere to less than 300 °C.

4 .Method of adsorbing for elimination of mercury or mércury

compounds comprising the steps of contacting activated carbon
based adsorbent carrying hydrochloric acid with hydrocarbons
conlaining mercury or mercury compounds in liquid phase, said
hydrocarbons including naphtha and intermediates of oil

products or petrochemical products.”



presence of.oxygen or water vapor, and then cooling in the sane atnDsphere'

to less than 300 [err]C

4. Met hod of adsorbing for-elimnation of nercury

or nercury conpounds conprising the steps of contacting activated carbon .

based adsorbent carrying hydrochloric acid with hydrocarbo qﬁﬁgﬁgyggrﬁT
mercury_or mercury compounds in |iquid phase, said hydroc e ) HH
napht ha and internedi.ates of oil prodygts or petrochem cal jproducts.”

6. Method of adsorbing for elimination of nercury or nmercuryf 14 AUG 1998

conpounds conprising the steps of contacting activated carfbqn base
adsorbent carrying |norgan|cM§§CﬁR§ngﬁsa gERgar bons con- tarnrng
mercury or mercury conpounds 1n ['rquid ase, said hy- 5 drocarbons

i ncl udi ng napht ha and i nternedi at es of 0|I products . or

petrochem ca

10

15

pr odAbetaact of the Disclosure

Activated carbon based adsorbent carrying acid for elimi-
nating mercury or mercury coﬁpounds contained in hydrocarbons
and préferably the activated carbon base is provided with mi-
cropore volume having radii less than 8 angstroms at more than
80 ml/g and preferably the acid carried on the activated carbon
is hydrochioric acid, sulfuric acid, or phosphoric acid, and
hydrochloric acid is the most preferable. The active carbon
base is preferably manufactured by activating a carbonaceous ma
terial in condition comprising water'Vapor at less than 30 vol.
%. The subject adsorbent is applicable to eliminate mercury or
mercury compounds contained in hydrocarbons by contacting in
{iquid phase. The hydrocarbons are naphtha and intermediates of
oil products or petrochemical products. This method features
scarce desorption of carried acid and is useful to treat such

hydrocarbons to prevent possibie harmful amalgamation due to

mercury in oil industry.



