2 7 APR 2005 DESCRI PTI ON PROCESS FOR REMOVI NG MERCURY FROM LI QUI D

HYDROCARBON 5 Technical Field The present invention relates to a 2@0& Ugor
renoving nercury froma nmercury-containing |iquid hydrocarbon. Background
Art 10 Natural gas |iquids (NG.) obtained fromnatural gas field, i.e.,
liquid hydrocarbons such as |iquefied petrol eum gas and condensat es,
contain nmercury in an amunt of 2pfpasSRYET housands ppb al t hough it

vari es dependi ng upon the production area. erefore, |ight hydrocarbons
obtained by distilling NGL tend to still contain mercury. 15 When a liquid

hydr ocar bon containing nercury is used as a raw chemcal material, the

nercury copRUEESPFIRRBEMOVINGTVERQUHWER OM DI1GUID AIVDRUTCSABON
constitutes the apparatus, or reduces the activity of a reform ng catal yst.

Therefore, it has been strongly demanded to devel op a techni que for renoving
mercury fromthe liquid hydrocarbon. 20 To neet such a demand, Japanese

Pat ent5 ApedloaichbRidldi d- Open No. 10- 251667 proposes a nethod of renoving a
trace anount of nercury in a hydrocarbon fraction by a conbination of

hydr ogenat i onThed mzdent ptiemntjon relatgsi tora arogedisdoarbaovingureronrconaani ng
mercury is first subjected to__hydrogenation, and then the hydrogenated

hydr ocar bererenaccpripingng bavid hadromrbprh a por ous carbonaceous material. In
this met hod, however, the hydrogenation nust be perfornmed under

hi gh-t enperature and hi gh-pressure conditions, i.e., at 100 to 400C,

pr ef er abl é ESO t og éSgC under 1 to 5 MPa, preferably 2.5 to 3.5 Mra.

Ther ef or e; 0 . i s energy-intensive because a |ot of energy is
S |0 SRR RSB ol PO B AR 2 T oess
hydrocarbons such as liquefied petroleum gas and condensates, contain
mercury in an amount of 2 to several thousands ppb although it varies

depending upon the production area. Therefore, light hydrocarbons obtained
by distilling NGL tend to still contain mercury.

15 When a liquid hydrocarbon containing mercury is used as a raw chemical
material, the mercury corrodes apparatus by forming amalgam with aluminum
which constitutes the apparatus, or reduces th e activity of a reforming catalyst.
Therefore, it has been strongly demanded to develop a technique for removing
mercury from the liquid hydrocarbon.

20 To meet such a demand, Japanese Patent Application Laid-Open No. 10-
251667 proposes a method of removing a trace amount of mercury in a
hydrocarbon fraction by a combination of hydrogenation and adsorption, in
which a hydrocarbon fraction containing mercury is first subjected to
hydrogenation, and then the hydrogenated hydrocarbon fraction is contacted

25  with a porous carbonaceous material.

In this method, however, the hydrogenation must be performed under
high-temperature and high-pressure conditions, i.e., at 100 to 400°C, preferably
250 to 350°C under 1 to 5 MPa, preferably 2.5 to 3.5 MPa. Therefore, the

method is energy-intensive because a lot of energy is required for heating and

30 pressurizing. Further, the preparation process of the porous carbonaceous
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material used as an adsorbent is extrenely conplicated because the adsorbent
is required to have strictly controlled properties such as a speci f7i £PR 2005

surface area of 100 to 2,500 n2/g, preferably 500 to 1,500 nR/g; "an aver age
pore radius of 5to 30 A and a pore volunme of 0.2 to 1.2 nL/g with respect
to pores having a pore 5 radius of 50 A or smaller. Disclosure of Invention

It is an rﬁgit@x‘iél gfed 08 RY §§§ﬁb$hf‘i’seé§tiré’xﬂeI)Pcd?ﬁBMEQ&d%é%%FS@%Eefa%orbent

ef ficient renoving nercury froma nercdry-containing |iquid hydrocarbon

in a 10 GeikiyoudstAnsy s Eidtsy FRNRENe ®hrofbrdics @MchCAM kPHAHS sarthcsiaphe
manner at around ordinary tenperature under around ordinary pressure. As a

resul t ofofepdoefis? bOONRSRapesler ablyi 500 tof 1,500 neigven abietle pdrbeativedtdts
have found that nercury is effectively renoved froma nercury-contai ning
| i qui d hyalr &¢ amlloa pore &olvant iofi0dut ABdnéigrplieh respreet thporssitaviaguspgrels
i ntroduci ng the nergury-containing liquid hydrocarbon into a nmercury-

i oni z&t i oradzenef 8AA ohemalleyul f ur conpound-treatnent zone. The inventors
have further found that nercury is effectively renoved from a
mercury-containing liquid hydrocarbon in a sem -conti nuous manner by

conti nuougzl y. feedi t}g t he nmercury-containing liquid hydrocarbon into a 20

Mer cur y- i gkt I ! Oand then feeding into a sul fur conpound-treat nent
tank to convert. the ,nmercu to a solid rcury compound in bat ch nner .
Ths, in a fijes SPOEEt b e e BLBIeItIRR it Repecr B oficieatla
process f V] r L1 g d. i sing: (A

ont 1 nuoarsS FEED RS Eia WA b SR BRSED SR Lea PRI 1, 09 e

ioni 7@t %ﬁ%%@%@shﬂﬁlé i rwqﬁ%%ﬁp&ﬂén&wiaﬁa%@nlw&é Hlﬁfhéroé;ci zing

substance ca ronizing el ementary mercury, thereby ionizing the

el ement ar yrol@IdCeFdin by télﬁglefﬁhhiré Uik @& a6 R B dinRryGebéueousl y feeding the
resultant |iquid hydrocarbon containing the ionized nercury into a sulfur

conpound- t r eaAsmntesabng estensiveheséaghiid \36wyfdhecdobenbjs:t cdrd askadorsi t h a
sul fur compound represented by the general -2
have found that mercury is effectively removed from a mercury-containing
liquid hydrocarbon in a continuous and simple manner by continuously
15 introducing the mercury-containing liquid hydrocarbon into a mercury-
ionization zone and then a sulfur compound-treatment zone.
The inventors have further found that mercury is effectively removed from
a mercury-containing liquid hydrocarbon in a semi-continuous manner by
continuously feeding the mercury-containing liquid hydrocarbon into a
20  mercury-ionization column, and then feeding into a sulfur compound-treatment
tank to convert the mercury to a solid mercury compound in a batch manner.
Thus, in a first aspect of the present invention, there is provided a process
for removing mercury from a liquid hydrocarbon, comprising:
(A) continuously feeding a mercury-containing liquid hydrocarbon into an
25  1onization zone where the liquid hydrocarbon is contacted with an ionizing
substance capable of ionizing elementary mercury, thereby ionizing the
elementary mercury in the liquid hydrocarbon;
(B) continuously feeding the resultant liquid hydrocarbon containing the

ionized mercury into a sulfur compound-treatment zone where the liquid

30  hydrocarbon is contacted with a sulfur compound represented by the general
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2 7 APR 2005 fornula: MVS wherein Mand M nmay be the sanme or different and
are each independently a hydrogen atom an alkali netal or an arrgqn;\mggf,
group, 5 or contacted with a liquid containing the sulfur conpound, thereby
converting the ionized nmercury into a solid nercury conmpound; and (C)
removing the solid nmercury conpound fromthe |iquid hydrocarbon. 1In a
second asfigehulf the present invention, there is provided a process for
renoving nercury froma |iquid hydrocarbon, conprising: 10 (A) feeding the
i quid hydrocAdlth i nto an ionization colum where the |iquid hydrocarbon
is contacted with a substance capable of ionizing elenentary nercury,

t her eby i odiezengM haddVieément be yhersamer ¢ differean hand iame teheh ihidgoénidently a

hydr ocar bon;. (B) feeding the resultant |iquid hydrocarbon containing the

i oni zed 1byAsegdn gtam, anakkakimelwdes@dammeemivEhereHhk where the |iquid
hydr ocarbon is cg&t acted with a sulfur_co und repre(fg[ﬂgeoxO by the general
formuld: RVcentaghed anph @ g dgontaynipg thees OB QG diherehy Genveati@Leach

i ndependently a & dro en.a% om al kal i nmetal or an ammoni um group, 20 or
cont act ed%f@%@ i\YI’EfEFiC TER Oaiar?ioﬁa TPRECUS Y SO O 8%4d, thereby converting
t he ionized t | iy e : Q). ' t h lid
e e Rk uR kS AU SRR o s e SR o e

| ion 25 - ' igui h
nvention Egea @oﬁ‘dré’sp%%fﬂ% B&éghﬁgftﬁ?%ﬂ;&rl’ %@&Q?é;ﬁr&ﬂdgﬁ atﬁlg)%gsﬁféﬁ?’m; €

process of t present rnvention ar I'cul ar restricted,

i ncl ude apym Ryl REAER ﬁo%!a%ﬁﬁ%ﬁdﬂ@hﬂacﬁﬂ c@ﬂﬁir{@ﬁgl tenperature. Exanples
of the 1liquid hydrocarbons include crude oil, straight run naphtha,

ker oseme, gas (Q) feedingeho i & hyldrat adontiappead ionizdeionadsluna Wihdlre glas
condensate (NG.). O these 30 liquid hydrocarbons, preferred is the natural
gas condehsati@ hyNGh)arbon is contacted with a substance capable of ionizing
elementary mercury, thereby ionizing the elementary mercury contained in the
liquid hydrocarbon;
(B) feeding the resultant liquid hydrocarbon containing the ionized
15 mercury to a sulfur compound-treatment tank where the liquid hydrocarbon is
contacted with a sulfur compound represented by the general formula:
MM'S
wherein M and M' may be the same or different, and are each independently a
hydrogen atom, an alkali metal or an ammonium group,
20  or contacted with a liquid containing the sulfur compound, thereby converting

the 1onized mercury to a solid mercury compound; and

(C) removing the solid mercury compound from the liquid hydrocarbon.

Best Mode for Carryving Out the Invention

25 The mercury-containing liquid hydrocarbons to be treated by the process
of the present invention are not particularly réstricted, and may include any
hydrocarbons which are liquid at ordinary temperature. Examples of the
liquid hydrocarbons include crude oil, straight run naphtha, kerosene, gas oil,
vacuum distillates, topped crude, and natural gas condensate (NGL). Of these

30 liquid hydrocarbons, preferred is the natural gas condensate (NGL).
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-3 2 7 APR 2005 The mercury to be renoved by the process of the present
invention may be in either of elementary formor ionic form The 97 APR 2005
concentration of mercury in the liquid hydrocarbon to be treated is not
particularly restricted, and is wusually 2 to 1,000 WYV ppb, preferably 5 to
100 WYV ppb. 5 The crude oil to be treated in the present invention is not
particul arly Thesherahgco exssmbasl by thdpredegsef thé pagent iosenfionaugebe i n
Saudi Arabia, United Arab Emirates, N geria, Al geria, Canada, Mexico, Iran,
I raq, Chimageithi€uwhietemdtedaay Somn ovenamuerm,. After camenfumsiorabf merRussim,

Li bya, Philippines, Indonesia, Norway, Thai Land, Qatar, Argentina,

Engl and, thelligapdhydrensgbon do beddeatsidiis nagypasticukealy resteished.rand oh of two or
nore. The straight run naphtha, kerosene, gas oil, vacuumdistillate and
topped CcHEH 8t oob 080 18V W%ppb@:fég%ﬁmd? th&0QW/Yepeh1 by known nethods. (1)

First Enbodi ed,Process.In the first enbodi ed process of the presen
| nventt on, t hd e HAA OltoyRIFiSEs BB (& DEGHDL ABBRRRG Suppt PREITY aF e

i oni [ ! by, bringi he, el in.the, liquid

hyar ocar DB PRTES conF AR IGh photaie e degiL e D e apANE O Fahts AHGP M amont ar y
_ | et EapaBl e of _

(her of nat PETCRLEaR GbitRysy FEBRACATERRE Crlbal MeRoRPL s TR nlEE

i nclude  0,\aMt1 $001aFAIPIURE, S5 A AR ORUSHIARL Rudsl i60hOPhAGypilken
é era 1)

. a
sul fide, Tron oXxide,”iron nitrate and ifon oxal ate, pre bly iron

conpoundsTn @ow€sPREN orw aFPINALSME NQ atarC ARPEN ti 8 4] EAERN IC QRIIET 164 Of THEse
copper oxide, copper nitrate and copper sulfide; a vanadi umconpound; a

mangaries ecxaodgoilf ehaypbetieedh yomiangane o€ t @b oxindlere. a ni ckel conpound; an
i norgani c or organic Eer oxi de such 25 as hydrogen peroxide and peracetic
acid; and a slThegdraight ruderazilithbakkrosthesgas orcanuwnm cnstzilate suddopredes nay
be used alone or in conbination of two or. nore. Elenental analysis of a
typi cal cfYRiE arg ohlankred byidgecessens Homprusts ghvby fmovgemgthodssi . " 1.3 wt %

Na: 3, 600(1vyt RIS EAImi:)o&i’eEOIQro\@tes?pm P 2,200 wt
In the first embodied process of the present invention, the liquid
15  hydrocarbon is continuously supplied to the ionization zone, thereby bringing
the elementary mercury in the liquid hydrocarbon into contact with the
substance capable of ionizing elementary mercury.
Examples of the substance capable of ionizing elementary mercury
(hereinafter occasionally referred to as "mercury-ionizing substance") include
20  an iron compound such as iron sulfate, iron chloride, iron sulfide, iron oxide,
iron nitrate and iron oxalate, preferably iron(III) compounds; a copper
compound such as copper sulfate, copper chloride, copper oxide, copper nitrate
and copper sulfide; a vanadium compound; a manganese compound, preferably
manganese dioxide; a nickel compound; an inorganic or organic peroxide such
25  as hydrogen peroxide and peracetic acid; and a sludge in crude oil tank. These
mercury-ionizing substances may be used alone or in combination of two or
more. Elemental analysis of a typical crude oil tank sludge are shown below.
Fe: 36 wt %; Sit 1.3 wt %; Na: 3,600 wt ppm; Al: 2,700 wt ppm; P: 2,200 wt
ppm; Zn: 2,100 wt ppm; Cu: 950 wt ppm; Ca: 720 wt ppm; Mg: 550 wt ppm; V-
30 350 wt ppm; K: 350 wt ppm: Cr: 290 wt ppm; Mn: 230 wt ppm; Ni: 120 wt ppm;
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ppm Zn: 2,100 wt ppm Cu: 950 wt ppm Ca: 720 wt ppm My: 550 wt ppnm V.
30 350 wt ppm K: 350 wt ppm Cr: 290 wt ppm M 230 wt -ppm Ni: 912@pRw(05
ppm -4 2 7 APR 2005 C 32.0w % H 3.0wm % N 0.9 w/o; S 3.0 wt %
and d: 0.4 w % The manganese conpounds such as manganese oxi de may be of
any shape such as powdery form pulverized form columar form spherical
form fibO32.0wer v &hid3. deneye dird. 9 artrio; Sn3 8ddt 24;emd Ched gang@nese conpounds
maybe 5 supported on a carrier such as silica, alumna, silica-alun na,

zeol i te, cerafflo malgsese cempouadd sach iagah enlg maedeorxidd meas bp pd aniyreh agrount
is not particularly restricted, and is preferably 0.1 to 30% by wei ght
based on shehwesinwdery fomm, pedyerized form, dabupnet degn osphérecalfesmnfibrous

i nvention, the e|enentary rcu(r)if} i H the 10 liquid hydrocarbopn is hrought
into cont &M anchbepeysesrl ienmi ot 2RAE QuBEE AmeRSaN¢Fe ¢EnH G Faliay e one,
t herely converti gg the el enmentary nﬂgar cury to ianic .nmercury. .The contact

t enperat uFBPPETGS o RyParser s§ch g5 ¢ ‘@ﬂém%ys caglupara, 74ndite o¢fFaRIc,
be Oto 2,Mra. i [ly, h i t ifi N
Pl oo alTas Teuin il Pt DshLr DoR S B PR R HE A E  h nST G AR at e
t th Y . i o i ChUj i d
o e OB STRAAR YaPANG. ¥FdoThe gk H 0urt 0Bt Seu YR passe

t hen cont Egﬂ%ﬁsl y supplied to the sulfur conpound-treatnment zone, where the
| i quid hydrocarbon is contacted with a sulfur conpound represented by the

general formifa:th2Gifvess mqareqjx@s%ﬁﬁﬁbeMtio@iar'hmletrH@nﬁa&y&n@fc@&fiﬁ%@nt, and
(0]

are each independently a hydrogen atom an alkali neta r an anmoni um
groupl0 or Ligond &stdedcanbioh i3 brbughi thtoanhéaadtiwigh tthe mekdury -i0niving sdbstanaapl es
of the sul fur conpounds represented by the general formula of AIMS include
hydr ogen sulthe denizatidnumones thenebysohiextang ploe ekegnemtahry dnesulrfitdéonisodi um

sul fide, potassiumsulfide, and amonium sulfide. O these sulfur

conpounds MeICBEEr r dd €iconhgiriegmeratiye 1gaisually 50 to 100°C, preferably 0 to

60°C. The contact pressure may be 0 to 2 MPa. Basically, the pressure is not
specifically limited as far as the liquid hydrocarbon is maintained in a liquid
15  state at the contact temperature being used.

The liquid hydrocarbon having passed through the ionization zone in a
liquid space velocity of 1 to 20 h~!is then continuously supplied to the sulfur
compound-treatment zone, where the liquid hydrocarbon is contacted with a
sulfur compound represented by the general formula:

20 MM'S
wherein M and M' may be the same or different, and are each independently a
hydrogen atom, an alkali metal or an ammonium group, or contacted with a
liquid containing the sulfur compound. Examples of the sulfur compounds
represented by the general formula of MM'S include hydrogen sulfide, sodium

25  hydrosulfide, potassium hydrosulfide, sodium sulfide, potassium sulfide, and
ammonium sulfide. Of these sulfur compounds, preferred is hydrogen sulfide.
Hydrogen sulfide may be introduced in gaseous form or in liquid form under
pressure. In addition, hydrogen sulfide may be supplied in the form of
solution in water, an organic solvent or a water—-organic solvent.

30 " The concentration of the sulfur compound in the liquid, especially an
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Hydrogen sul fide may be introduced in gaseous formor in liquid formunder
pressure. In addition, hydrogen sulfide nmay be supplied in the forpm APR 2005
solution in water, an organic solvent or a water-organic solvent. 30 The
concentration of the sulfur compound in the liquid, especially an -5 2 7 APR
2005 aqueous solution, is preferably 0.1 to 100,000 WRY ppm nore preferably

1to 1,0 -al t: At Parntiipal 7 j , -
Subpl o1 SHARHEGPL 31 LEPHGR-A0h BHAUOUGI MAPSEIhheS BT TR o

to 5,000 modo@EEY/ VWA HAPAItRbuFBolBA ¢ aslgtedt fiREed thdileeo.| i quid 5

hydr ocarbon. The contact of the sulfur conmpound with the |iquid hydrocarbon
i s perforned, To swpsligd amobut ofidlie palftui compolydrigst td td 800 rhyl, preferghlyn a
mxer or a line mxer. The tenperature of contact treatnment is usually -50
to 100C, 1p0ebes@60ymal per GOOnohnlitlhmepcegscunetohed omthetiquiéat ment is 0 to
2 MPa. The residence tinme in the sulfur conpound-treatnent zone is usually
0.1 tdb 24hydrocabons ddwcedrect efiidesulfireconepeung wish gbaeruiddtdyoedebaspl i d
mercury compound t hrqugh the ionization of mercury and the contact of the

i oni zed MePethoymgid; fox eramspler bint detpPaiiierdariye reyiricie drant TR BT s

d f .the liquigd hyd b K |id-Iiqui i
TS ket FPISESCELRn P8 KNSR S0 LI SREC SO ..
In th i f th f i ti -t i id
o o RSB S SER P DS PoR R IR R bP?

hydr ocar bopg 4:5. LLANOR ¢hDLALERRLABb A el HEe RELEHE Vs LOALRL B0 sybshance.

The type anou usé e mercury-ioni Zing SubStante are”as

descriped aboves WeddihedPalb RePEEE ni@chRBisf donSkr B QRIS PeRSSury e |i quid
hydr ocarbon supplied to the ionization colum is contacted wth the

mer cury- i edingiont dtihsughtbe ianidatiog Elreerul ara dreli € usitdcbef ehdidzedonverted
to ionic nmercury. The contact tenperature is usually -50 to 100C,
pr ef er abl ynécuay 6Gith thkeutrtcantp quneas s e sayd ee@ury camféan dBasievadted t he
from the liquid hydrocarbon by a known solid-laquid separation method such as
filtration and sedimentation.
15 (2) Second Embodied Process
In the second embodied process of the present invention, the liquid
hydxocarbon is supplied to the ionization colum n, where the liquid hydrocarbon
1s brought into contact with the mercury-ionizirag substance. The type and
amount of use of the mercury-ionizing substance are as described above with
20  respect to the first embodied process.
The liquid hydrocarbon supplied to the iomization column is contacted
with the mercury-ionizing substance, and the elementary mercury therein is
converted to ionic mercury. The contact temperature is usually =50 to 100°C,
preferably 0 to 60°C. The contact pressure may be 0 to 2 MPa. Basically, the
25 pressureis not specifically limited as far as the liquid hydrocarbon is
maintained in a liquid state at the contact temp erature being used.
The liquid hydrocarbon having passed through the ionization column in a
liquid space velocity of 1 to 20 h™!is then supplied to the sulfur compound-

treatment tank where the liquid hydrocarbon is batch-wisely contacted with

30 the sulfur compound for 0.1 to 72 h represented by the general formula:
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25 pressure is not specifically limted as far as the liquid hydrocarbon is
maintained in a liquid state at the contact temperature being used] APRE00S

| i qui d hydrocarbon havi ng passed through the ionization colum in a liquid
space velocity of 1 to 20 h-1 is then supplied to the sulfur conpound-
treatnment tank where the liquid hydrocarbon is batch-w sely contacted with
30 the sul furpgopgound for 0.1 to 72 h represented by the general formla:
-6 2 7 APR 2005 ALAI'S wherein Mand AT are as defined above, or contacted

with a |iqdidenfiPaatia! yrefls d8EHERED oSO o icbRBacte@RtRhH Rguid)@spedihll an
conpound. The |iquid hydrocarbon fed to the sulfur conpound-treatnent tank

may cont akgueatesoluAl B0 coathibiep phi©pilfat eorapound. ofTheali gui dieydieadsisieded o
the liquid hydrocarbon supplied into the sulfur conpound-treatnent tank.
The sul f uto thesalfiadsoofp indStrehmend neek i @t contah whatersulAlsm, agonpound i n
the liquid, the anount of use of the sulfur conpound and the contactin

met hod of aphaopuhteiamoum ofi vertek mhay he addgditd thedrpoidrinotrogah assweslded bed
10 above. Like the first enbodi ed process, the contact tenperature is

usual |y - 5ota e sWba cgppeepddirgaonest Bok and the contact pressure is 0 to

2 MPa. A [ h d enbqdi f th [ i on,
rercury s cOMFeRUB FHEBOTRES SoNP Srahe Py eBHIHILL eCUIHL HETPBHPdat  on
f the 15. : th tact with th I d. Th
colid mertars oot PesPEREYSE BT ShERt oChiptetie ot thEicaS CERE L f on 1 n
th ' . / hfically,
e sare. diaplsqax MBSIAN A AU WinP RPANDI Y BRLIRAL, RS SaBG Al Y

the Iiqui rocarbon 1s alfowed to s preferably hr ~or 1 onger,
nmore gy efepabky 12 hr or longer, still nore preferably 24 hr or |onger
after the contact treatnent 20 with the sul fur conpound, and then the solid

nercury conpodfiHeithe ﬁ&@pyﬁmodié@médags,lﬂllgtebﬂtﬁyﬁf@@dpélmar@ys askAWA50 to
solid-liquid separation such as filtration and sedi nentation.
100°C, preferably 0 to 60°C, and the contact pressure is 0 to 2 MPa.
Also in the second embodied process of the present invention, the mercury
is converted into the solid mercury compound through the ionization of the
15 mercury and the subsequent contact with the sulfur compound. The solid
mercury compound is removed preferably by solid-liquid separation in the same
tank as used in the sulfur compound-treatment. More specifically, the liquid
hydrocarbon is allowed to stand preferably for 6 hr or longer, more preferably
12 hr or longer, still more preferably 24 hr or longer after the contact treatment
20  with the sulfur compound, and then the solid mercury compound is removed
from the liquid hydrocarbon by a known solid-1aquid separation such as
filtration and sedimentation.
The present invention will now be described in more detail by reference to
the following examples. However, it should be noted that the following
25 examples are illustrative and not intended to li mit the invention thereto.
EXAMPLE 1
Aliquid hydrocarbon composed of a condenisate A (density: 0.7363 g/cm?3 at
15°C) having a mercury content of 37 W/V ppb €elementary mercury:ionic

mercury = 77%:23%) was continuously fed to an ionization column filled with

30 0.3 L of the following mercury-ionizing substance, and the ionization of



The present invention will now be described in nore detail by reference to
the foll owi ng exanpl es. However, it should be noted that the fol | phitAg 15
exanples are illustrative and not intended to limt the invention thereto.
EXAMPLE | A liquid hydrocarbon conposed of a condensate A (density: 0.7363
g/cnB8 at 15C) having a nercury content of 37 WV ppb 'el enentary

mercury: i oni N1 =T S . | UEliynfed to an ionization
colum fi ﬁ@%@uﬁ% ﬁyg%j%u%z% 0 étiﬁlg@?%l?ﬁ%%:g ma#%‘ﬂ%y-i oni zi ng subst ance,
and the ioni zgtd Q9 R terdn v AFR: 2008 nercury was conducted under the

foll ow ng conditions: eaction tenperature: 25C Reaction pressure: 0.1 MPa

(absol ute pregsad@lon piedvirge: MOUNPaspasRumehaGistys) 10 hr-1 5
Mer cury-ioni zi ng substance: manganese di oxide As a result, a condensate B

havi ng a mer cdriyuedhbenty gfacd eWctypal hiCél enentary nercury:ionic mercury =
09400% was obtai ned. Then, the condensate B and hydrogen sulfide were
conti naousl y fMdréuryaoniziBglsubstetcer mequgiappeeel dvaxitte a stirrer. The
solidification of the mercury was 10 carried out under the follow ng

condi ti ons to Ashaaesuls, s cadeersate Hhevhitan merguracentand ofs/cWY mdnpound.
Reaction tenperature: 25C Reaction pressure: 0.1 IVP% (absol ute pressure)
Resi dence (giementarymarsuny dowiganexayyiub7nkiet yas phvawedoy mol) The

condensate C s, SUDLeck i, Lo oS LINOUS, SO LLou G acarall on B,
Ter A COPESTLLAY b SEERTBIER, 1 SR ALY D p BEL R 20 A
10 carried out under the following conditions to obtain a condensate C containing
a solid mercury compound.

Reaction temperature: 25°C

Reaction pressure: 0.1 MPa (absolute pressure)

Residence time: 1 hr

15 Hydrogen sulfide/mercury: 1,000 (by mol)

The condensate C was subjected to a continuous solid-liquid separation by
passing through a filter with 5 um pore size to obtain a condensate D. The
mercury concentration of the condensate D was 1.2 W/V ppb.

EXAMPLE 2
20 A condensate A was fed to the mercury-ionization zone and then treated
with hydrogen sulfide in the same manner as in Example 1, thereby obtaining a
condensate C2 containing the solid mercury compound. The condensate C2
was placed in a container and allowed to stand to sediment the solid mercury
compound. The mercury concentration of the supernatant which was sampled
25  after sedimentation was 1.0 W/V ppb.
EXAMPLE 3

The ioniza‘pion was performed in the same manner as in Example 1 except

that the ionization temperature was changed to 2°C, thereby obtaining a

condensate B3 having a mercury content of 37 W/V ppb (elementary

30 mercury‘ionic mercury = 1%:99%). Then, the condensate B3 was treated with
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wi th hydrogen sulfide in the sane manner as in Exanple 1, thereby obtaining
~a condensate C2 containing the solid mercury conpound. The condensgap®r ©85

was placed in a container and allowed to stand to sedinment the solid nmercury
conpound. The nercury concentration of the supernatant which was sanpled 25
after sedinentation was 1.0 WV ppb. EXAMPLE 3 The ionization was perforned

in the sappmEILEudRld b AL e 1da®X&eRs in Ehahf1ba el 4a)baRdltgBERAt Ur e
was changed to 2C, thereby obtaining a condensate B3 having a nercury

cont-ent 0fiqa7d ¥byaitthor ek@igentidtey RhMERASUS e 9Pé €0 BBIEHTY con deéfs@B9D3. Then,
t he condensate B3 was treated with -8 2 7 APR 1005 hydrogen sulfide in the

sane mannéheas ei¢curixanebatrhticand thebjoecteedateoD3obadl 4 Wilighlsepar ati on usi ng
afilter wwith 5 mpore size to obtain a condensate D3. The nercury
concent r atXOAMHLEHe condensate D3 was 1.4 WV ppb. EXAWPLE 4 5 The
ionization was_perforned in the same manner as in Exanple_ 1 except that the
i oni zdt i on t effperianinagionayas pertmedbimMde sahemedyn ebaaimEagnanlechextensat e
B4 having a nercury content of 37 WV ppb (el enent arig mercury:ionic mercury
= 0% 1009¢hatrHemioraratien heppRent BV amehanges: Wyt 0% ttherslur oldinmg 4 de in
the sanme manner as _jn Exanple 1, and subjected.to 1 lid-1iquid separation
using a fFP% ‘T'n%t?iﬁ‘gh B ILGZUrY SOBW%ME%&(X%Q&’@%S@?@RB@&We mer cury
concentration of..the condensate.xhowas 4, 9 \ . LE 5 Th
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ppb. EXAMPLE 6

was 1.8 WV
D4. The mercury concentration of the condensate D4 was 0.9 W/V ppb.
EXAMPLE 5
The procedures of Example 1 were repeated except for changing the
hydrogen sulfide/mercury molar ratio to 100 to obtain a condensate, which was
15  then subjected to solid-liquid separation using a filter with 5 pm pore size to
obtain a condensate D5. The mercury concentration of the condensate D5 was
1.8 W/V ppb.
EXAMPLE 6
The procedures of Example 1 were repeated except for changing the
20  hydrogen sulfide/mercury molar ratio to 10,000 to obtain a condensate, which
was then subjected to solid-liquid separation using a filter with 5 pm pore size
to obtain a condensate D6. The mercury concentration of the condensate D6
was 0.9 W/V ppb.
EXAMPLE 7
25 A liquid hydrocarbon composed of a condensate A (density: 0.7363 g/cm3 at
15°C) having a mercury content of 37 W/V ppb (elementary mercury:ionic
mercury = 77%:23%) and the following mercury-ionizing substance were fed to
a 300-mL ionization container equipped with a stirrer to ionize the mercury

under the following conditions:

30 Reaction temperature: 25°C



The procedures of Exanple 1 were repeated except for changing the 20

hydr ogen sulfide/nmercury nolar ratio to 10,000 to obtain a conden§§t;q>,R W% ch
was then subjected to solid-liquid separation using a filter with m por e
size to obtain a condensate DG The nmercury concentration of the condensate
D6 was 0.9 WV ppb. EXAMPLE 7 25 A liquid hydrocarbon conposed of a

condensate A GdaRgibhYreQsdd69. DAPB (Asold@PreBayid)g a mercury content of 37
WYV ppb (elenentary nercury:ionic mercury = 77% 23% and the foll ow ng

mer cury-i oni zid@rcauPsbainees Webhetahed: 0.9 wa%30en ()i anizetd @ieot@ofither

equi pped with a stirrer to ionize the mercury under the follow ng
conditions: 30eRdacte oficthedperaat a5 RAG -9 2 7 APR 2005 Reaction pressure:
0.1 MPa (absol ute pressure) Mercury-ionizing substance: 0.9 wt %iron(lIl)
sul fat e aqueolfsedalatit obivonkdedsulfste axfuevondehstate 185 1vhs L/ hr Feed rate of
iron(lll) sulfate aqueous solution: 1.5 L/hr 5 As a result, a condensate B7
havi ng a mer cédsya cesitlerm cofdamane B phavinge wesne i sontent of yiloN/ ¥ pvdr cury =
0% 100% ms obt ai ned. Then, the condensate B7 and E{dro en sulfide were fed
into a 3- (elpmeatary mayGHppEnigimercyry & 0%a000%) wanobtanefe nercury to the

col 1 COMROUNG L, Lhe 1oL a B4 SOTLL Lonre LNCEeb) PILALINNG, & i
e 8 5 220 RACL PO MG, Dl RS AR e S,
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10 “mercury compound.

Reaction temperature: 25°C

Reaction pressure: 0.1 MPa (absolute pressure)
Residence time: 1 hr

Hydrogen sulfide/mercury: 1,000 (by mol)

15 The condensate C7 was continuously subjected to solid-liquid separation
by passing through a filter with 5 um pore size to obtain a condensate D7. The
mercury concentration of the condensate D7 was 1.3 W/V ppb.

EXAMPLE 8
Aliquid hydrocarbon composed of a condensate A (density: 0.7363 g/cm3 at

20 15°C) having a mercury content of 37 W/V ppb (elementary mercury:ionic
mercury = 77%:23%) was fed to an ionization column filled with 0.3 L of the
following mercury-ionizing substance, and the ionization of mercury was
conducted under the following conditions:

Reaction temperature: 25°C
25 Reaction pressure: 0.1 MPa (absolute pressure)
Liquid hourly space velocity: 10 hr-!
Mercury-ionizing substance: manganese dioxide
As aresult, a condensate B8 having a mercury content of 37 W/V ppb

(elementary mercury-ionic mercury = 0%:100%) was obtained.

30 Then, the condensate B8 and hydrogen sulfide were fed into a 50-L tank
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mercury concentration of the condensate D7 was 1.3 WYV ppb. EXAVWPLE 8 A

| i qui d hydrocarbon conposed of a condensate A (density: 0.7363 g/ czlnﬁApR 70080
15C) having a nmercury content of 37 WVppb (elenmentary nercury:ionic

mercury = 77% 23% was fed to an ionization colum filled with 0.3 L of the
foll owi ng nercury-ionizing substance, and the ionization of nmercury was
conduct edequigeedtvwiehfzobti o ngThendlitdifacisionRefadiel mpréeypenaturged 25€ 25
Reaction pressure: 0.1 MPa (absolute pressure) Liquid hourly space

vel oci t y:ud@eithd foldMrnagropnidaméizé:ng subst ance: nanganese di oxi de As a
result, a condensate B8 having a nmercury content of 37 WV ppb (elenentary
mercury: i oni cReecteenm yempevstuoevg5ikas obt ai ned. 30 Then, the condensate B8
and hydrogen sulfide were fed into 50-L tank -10 2 7 APR 2005 equi pped
with a stirreReaqaen psessirei atMda @bselwée REPLWAEY) was carried out under the
foll ow ng conditions: Reaction tenperature: 25C Reaction pressure: 0.1 MPa
(absoPute pr gg%itd@}lceﬁmﬁ%sﬁd]éﬁce time: 12 hr Hydrogen sul fide/ mercury: 1,000

(bynol) After e treat t wth h n _suhfide, the condensate was
allowed to sjfltéfﬁﬁ%%}s %rlmewyhigf@&?@y%ﬂ entration of the supernatant
whi ch was sa f .00, N

condensat e A‘&n?ése?g }égt%gd’tp ﬁ%ﬁﬁ@g}%}ﬁ %8%?%3%% t@%?&%ﬁggg%%yﬁé%agé’ g’g eta wth

hydrogen suliife Jomhi herisanR NG R tidtida Gl Esdher ;a%mw?&{ #ali ng a
condensate B9 contalning the sol'id nmercury conpound. After the treatnent
wi th hydroggplebftedigtatdifg vesdl BiWwgvgpmdensate was al l owed to stand. The
10 EXAMPLE 9
A condensate A was fed to the mercury-ionization column and then treated

with hydrogen sulfide in the same manner as in Example 8, thereby obtaining a

condensate B9 containing the solid mercury compound. After the treatment

with hydrogen sulfide, the resulting condensate was allowed to stand. The

15 mercury concentration of each supernatant which was sampled after 24-hr

standing or 48-hr standing was 1.1 W/V ppb.

Industrial Applicability

In accordance with the present invention, mercury is removed from a
20 mercury-containing hiquid hydrocarbon with ease in a continuous or semi-
continuous manner at around ordinary temperature under around ordinary
pressure, thereby reducing the mercury concentration of the liquid hydrocarbon

to 2 W/V ppb or lower.
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15 nmercury concentration of each supernatant which was sanpl ed after 24-hr
standing or 48-hr standing was 1.1 WV ppb. Industrial Applicabilj 7tAPRIN05
accordance with the present invention, nercury is renoved froma 20
mercury-containing liquid hydrocarbon with ease in a continuous or sem -
continuous manner at around ordi nary tenperature under around ordinary
pressure, thereby reducing the merCLmyﬁgq centration of the liquid
hydrocarbon to 2 V//V ppb or |ower. PR 2005 CLAIMS 1. In a process for
removing nercury froma mercury-containing |iquid hydrocarbon, conprising
the steps of: (A) continuously feeding the nercury- containing |iquid

hydr ocarbpn in contact, w LON.Z] | ary
mercury, thereby i oﬁfﬁzﬁ ﬁ%@ﬁ%@ﬁ%ﬁ‘%‘ﬁ?ggﬁ%@uﬁ?ﬁ{% f%ﬁ*)?gﬁﬁgﬁﬁ?g ocar bon;
(B) cont ilwdshydfoeadiong comerisasgithastensicdui d hydr ocarbon containing the
ioni zed mercyny d A foMdh L : NERLE S8 H:6EhPYntile
general for ﬁ%:@%&g&hﬁréﬁdaﬁﬁﬂ%gﬁgﬁ%g %g@gﬂgﬁg lggfr%g or 1di ffelr] 1nt and are
each i ndei@hentith 2asHylpagRIcaReble ohiprarikgl ¢lemeniryomearamtBeialn gr oup,
or in conbaphnithb eferhbAthrd mefdaynhnle 1fiRié wyirdcaepemound; and (C) renoving
the solid rrerg)lr%/ co oqu fromthe |i (i]]gl d dr.gcgrq?on, . the inprovenent
conpri sing t B qomdd sly Age vt iRt euignhy drogashan 6ePtagH@8nher e t he
| i qui d hyttieooaixhniescepnimebathctiwizh 4 belfat epmpBundirepessedted bg thiet o a
sul fur co ouggfotrr ela%msnt zone where the liquid hydrocarbon is contacted,
oni

and that THe mercury is converted into a solid nmercury conpound
after the stédM'8). 2. The process according to claim1, wherein the

subst anc I F QR Zi I i ution
Sontamn ﬁzﬁlé::?égﬁ (llﬁl | d M)gigéy’r 'b'%.@th% s%'ﬁ?é‘&ﬁﬂiffé?@ﬁf%& ar® e8Bh 3G R
a hydrogen atom, an alkali metal or an ammonium group,

or in contact with a liquid containing the sulfur compound; and
(C) removing the solid mercury compound from the liquid hydrocarbon,
the improvement comprising that the step (A) is conducted into an
ionization zone where the liquid hydrocarbon is contacted, that the step (B)
18 conducted into a sulfur compound-treatment zone where the liquid
hydrocarbon is contacted, and that the ionized mercury is converted into a
solid mercury compound after the step (B).

2. The process according to claim 1, wherein the substance capable of
ionizing elementary mercury is an aqueous solution containing iron(III) ions.
3. The process according to claim 1, wherein the substance capable of
ionizing elementary mercury is manganese dioxide and/or a supported
manganese dioxide.

4. The process according to claim 1, wherein the sulfur compound 1s
hydrogen sulfide.

5. The process according to claim 1, wherein the ionization is performed at
-50 to 100°C under 0 to 2 MPa.

6. The process according to claim 1, wherein the sulfur compound-treatment
is performed at -50 to 100°C under 0 to 2 MPa.

7. The process according to claim 1, wherein the amount of the sulfur

S12-
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3. The process according to claim1l1, wherein the substance capabl e of
ionizing elenmentary nercury i s manganese di oxi de and/or a supportqd7 APR 2005
manganese di oxi de. 4. The process according to claiml, wherein the sulfur
conpound is hydrogen sulfide. 5. The process according to claim1l1, wherein
the ionization is perfornmed at -50 to 100C under 0 to 2 MPa. 6. The process

2860 1 Geeeind] st B aBLS SR e SRR T FOPE R 4P B0, perer

th t of th |, f -12 2 7 ,APR 200 i nt raod dinto th

Lt o o nobher e Bl ket rfed AR EM G SRRk gICnS T O Lhe
fur cof i 018 _ e e curs

Cpor o e Rt SoHHEACRr Al 10 whEIBRCERE AERAS Bfdcfnalie! ™

sol 1011 aubysanAdeistay (©) bp B BLRUMEISRLaOVI ng, mercury from a

mercury- contai ning ur'd ‘nydrocarbon, conprising the steps of (A) feeding

the mercug.y-containi ngalyratdsd 1By d6:06 3 OMetdurgAEACE mdrbliryacortahsihgnce
enent ar.y, nmer.cur 1ereby ionizing the elenentary

capabl e qf i.Qni zi ng el , t

mer cury gb}ﬂlgi éé]o‘iaﬁ"%f)%ecqni‘% W%ﬁ’&r%é&% n; (B) feeding the resultant

li quid hydr o¢a) hdis@tli@imragt-bethimingdiuiddydusgarbon ¢orbaieict wiithaa sul f ur
conpound r esent ed the genera formula: MM S .,wher ei. may be
the same S&‘?’Fs) nch’eF@?ﬁb,tiXa?fgmdgém@a@ TP ERYERE nERT 1Y tgeh'sb&lr 6§%1nng‘té]g}ﬁw an

al kali neflahentargmmeromnicaniajnedpy the liquid hptdeatarbonh a 1i qui d contai ni ng
the sulfur c ne: _and i t Sl Y- . fLprom t he
l'iquid hydr oggé)gg%(,%hgt & i(r@x%l(':g%xgpngfﬁtrﬁg%O]%Edﬁﬁ%u&%n?‘ééﬂéﬂ%g;%@?ﬂé%“l?%zfelﬂs
conduct ednpremey aim contact with a sulfur compound represented by the general

formula:
MM'S
wherein M and M' may be the same or different, and are each independently
a hydrogen atom, an alkali metal or an ammonium group,
or in contact with a liquid containing the sulfur compound; and
(C) removing the solid mercury compound from the liquid hydrocarbon,

the improvement comprising that the step (A) is conducted into an
ionization column where the liquid hydrocarbon is contacted, that the step
(B) is conducted into a sulfur compound-treatment tank where the liquid
hydrocarbon is contacted, and that the ionized mercury is converted into a

solid mercury compound after the step (B).

10. The process according to claim 9, wherein the solid mercury compound is
removed by solid-liquid separation in the same tank as used in the sulfur
compound-treatment.

11. The process according to claim 9, wherein the sulfur compound is
hydrogen sulfide.

12. The process according to claim 9, wherein the sulfur compound-treatment
is performed at —50 to 100°C under 0 to 2 MPa.

13. The process according to claim 9, wherein the amount of the sulfur
compound fed into the sulfur compound-treatment tank is 1 to 10,000 mol per
one mol of mercury contained in the liquid hydrocarbon.

14. The process according to claim 9, wherein the liquid hydrocarbon is

-13-



ionization colum where the liquid hydrocarbon is contacted, that the step
(B) is conducted into a sulfur conpound-treatnent tank where the W(Mygnm5
hydrocarbon is contacted, and that the ionized nmercury is converteg into a
solid nmercury conpound after the step (B). 10. The process according to
claim9, wherein the solid nmercury conpound is renoved by solid-liquid

ti i h t dipth | d-t t t. 11.
Do e P Rt e OB R TR 1L
ou 1, 3l PSSR BT, e RS OB S 1 e

i : I n it t of th | d fed
process SR BBEIAN LIRS R ARCGAIRED 0 0e s T compound 1

mercury contained in the |liquid hydrocarbon. 14. The process according to
claim9, wherein the liquid hydrocarbon is -13 2 7 APR 2005 allowed to stand
for 6 hr or nore in the sulfur conpound-treatnent tank after the sulfur
conpound-treatnent, and then the solid nmercury conpound is renoved by
solid-liquid separation in the step (C).
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