; vive3e_L\|.6TL>E. DESCRI PTI ON PROCESS F
. HYDROCARBON 5 Technical Field The pre
for removing nercury froma mer cur ntaining |iquid hydrocarbon.
Background Art Natural gas |iquids (N

d.e., liquid hydrocarbons such as |liqu@i ggt gietnregl LL?nmgmm‘ummmm‘mwsglt gs

contain nercury in an anount of 2 pg EON housands ppb ah;lgpugh it
_varies dependi ng upon the production afea. Therefore, |ight hydrocarbons

obtained by distilling NGL tend to still contain mercury Wien a liquid
hydr ocarbon containing nercury is used as a raw chem cal nmaterial, the

mer cury coﬂ’rfb@@ESﬁ)E&}g&ﬁE\/I NENLEGR CLoBY gavOM. LA QATIIERNIPR @G ARBON
.constitutes the apparatus, or reduces the activity of a reform ng catal yst.
Therefore, it has been strongly denmanded to devel op a techni que for

renmovi ng r.cur [ the liquid hydrocarbon. To neet such a denmand,
3
Japanese cation Lai d-Open No. 10 251667 proposes a nethod of
renoving a tr nt . of rCURY, i ocarhbaon fraction b
combi nati on omﬁ%g%%bqwgﬁ%éln%lé@ggf)%t$%6§',ESS| %r\fgfncoﬁnggﬁlfé?%%%ﬁrﬁglna
fraction Wall VA : jected to hydrogenation, and then
Mﬁk%cﬁgﬁgﬁggﬁi@g&f&%\rw

t he hydr ogenat ed ctionis contacted with a porous

MOVI NG MERCURY FROM LI QUI D
invention relates to a process

carbonaceous material. In this method, however, the hydrogenation nust be
performed under 30 high-tenperature and hi gh-pressure conditions, i.e., at
| 00 to 40BaEckpreded Aty 250 to 350C under 1 to 5 MPa, preferably 2.5 to 3.5

MPa. Therefore, the nethod is _energy-intensive because a |ot of energy is
requi¥ed for INaturahganbiqpids@NGLY phigined fromenatured gasdiedd dte. ohawidocess of
t he porougaﬁgr bonaceous, -1 . terial used as an adsorbent is extrenely

conpl i cat SydEeearhens sHeh agdisr pedrolenin gasane chmdensates, coR{aiBont r ol | ed

500 to. 1. Stiy 3 iy amoers b2 b ee Rt tmos i sfbRue R & Vot ume
f 0.2t i . ; - L BEQ 1~
oral for . GrREp bt Baé BIREGLPRRAL CTHUNE, Rt faroch Attbortainad 10 0"

to provi d%yadiBfiHﬁ?éNGBfteﬁaftb‘é’biﬂ%h)(aih?ﬂ@i‘édtg. mercury froma
mer cury-containing liquid hydrocarbon in a 10 conti nuous and si npl e nmanner

or ini®m sem - §¥hén nllbgs ddngd®carion ¢comtariinginercury is used as a raw chemical

material, the mercury corrodes apparatus by forming amalgam with aluminum
which constitutes the apparatus, or reduces the 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

1. MBI
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prdi nary pressure. As a result of
ject, the inventors have found

around ordi nary tenperature under arou
_extensive research in view of the abov,
.that mercury is'effectively renoved fr @aa nmercury-containing liquid
hydrocarbon in a continuous and sinple nner by continuously 15

i ntroducing the nercury-containing liquid hydrocarbon into a nercury

i oni zat i g aZaisl askl h9an RlsdHbditlis eafomslg-coigdicarsd baciiee theadsommmitor s
_have further found that nercury is effectively renmoved froma

mer cur y- dgreguivedgtol hapue strivylyrconsrdiled propartiessucioas ampecificrsmurfrme drga
continuously feeding the nercury-containing liquid hydrocarbon into a 20
ner cur y- i afniGatd 2,00 ah#/gnprefexhbin 640 te ddi0gmPig enzaveuagapore radius of 5 to
.conpound-treatnment tank to copvert the nmercury to a solid rcury conpound
in a bat c3 Aarndra peprsolume af 0.21t9t1.2 splig with nepReqdte Pokes having 4 BALe t here

is prqvided.a p ess for .renoving nercury froma |iquid hydrocarbon,
conpr Psi %hﬁﬂf%gﬁﬁfpﬁﬁ & feeding a mercury-containing liquid

hydr ocarbon into an 25 ionization zone where the |iquid hydrocarbon is
contacted with an ionizing substance capable of ionizing elenentary

mercury, W&gﬂ@%he el ementary nmercury in the liquid hydrocarbon
(B) conti'nuously Teeding e resultant liquid hydrocarbon containing the

i oni zed ner cUrsiait shjactset! thepressmOmvdntiofab Prolvideanprodss fortdfficlehdlyi d 30
hydrocarbon is contacted with a sul fur conmpound represented by the general
-2 f or mdmoviliy iBerduaydiromM aredcity-contahenglansd iy doocatbbhenent and are
each independently a hydrogen atom an alkali netal or an ammoni um group, 5
or cdft acteedimiaus and siyuple mannar ok iy atsemisegntinuonsrgslisinple meaensr at
converting the io(ﬁi zed nmercury intq a sol i(ﬂ Ercury con?ound and (O

renovi ng AAMINLEFHNARY e eraiHpd Ynder AENRherdngyy Brespti®car bon. In a

SO D O RS PR Y BBA R YIS B PRV et RE R
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 ionization 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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10" (A) feeding the liquid hydrocarbon into an ionization colum where the
~liquid hydrocarbon is contacted with a substance capabl e of ionizing

el ementary mercury, thereby ionizing the elenmentary nmercury contained in
the |iquid hydrocarbon (B) feeding the resultant |iquid hydrocarbon
containing the ionized 15 nercury to a sul fur conpound-treatnent tank where
the |iqui ghypydizecarbon is contacted with a sul fur conpound represented by
_the general forrmula: MM S wherein Mand M may be the sane or different,
and are each jwMidgpendently a hydrogen atom an alkali netal or an anmoni um
group, 20 or contacted with a liquid containing the sul fur conpound,

t her eby ceoherein Npahd i maydedhessane gr differend hind are reach yindepgolendlysamd ( C)
renoving the solid nmercury conpound fromthe |iquid hydrocarbon. Best Mdde
for Carryhndra@en atom, awabedlbmetsl qhan gepmonipre 5e@p.ni ng | i qui d

pArtT dul 2t SoRGsted Brhn et Ry e REVE B SO ORBRE bORET R CHREREOR qui o
at ordinary te e(iature. Exanpl es, of t he quIl)Jid ydrpcar bons incl ude crude
oi 1, strabuhiomerd Rarihn i oet sl Merguy cantoondr AR ai st i1 & at es, t opped

o are o0 02 lel A Oan e G dhTicomurdd Y5 ¢ 1idn i B dRECRARAE DOnS:

preferred is gas condensat ¢ ) _nercury to be
removed by then BrQe6ad aQpebthdt theg R8ént irﬁw%ﬁﬁbﬁntm]g i®prévided ahfocads for

el ementary formor ionic form The concentration of nercury in the liquid
hydr ocar b@emboidiemiere@tyeftonsa hiejuiddiydireddrboh yeongafisingt ed, and is usually 2
to 1,000 WV ppb, preferably 5 to 100 WV ppb. 5 The crude oil to be
treatBd in t héApfeedong thelignid bpdrccanben peotancionigdtion edumncwhere theanpl es
of the crude oil are those produced in Saudi Arabﬁi}&; Uni.ted, Arab Emrates,
Ni geria, Mayédbydrecarhem is pendasted witdna spbsfgncerapable b denigingval aysi a,
Venezuel a, . Anerica, Austral.ia,, Russia, Libya, Philippines, |ndonesi

Norway. TRIGTEREY regicuey, BHEhY fomoitie et iaineniary api v oenlanEg 15 thge
oils may be used.n c ination of two or nore. The straight run naphtha,
ker osene, ?‘zﬁé‘é&gﬁyﬂ?o‘{%ﬁgﬁm distillate and topped crude are obtained by

processing th i ﬂﬁ#]j hgﬂﬁm i : i ; cess In
the first enbgg?:fé%(ag?%géesgy%#t e rtgs nt f%@gﬁtqogﬁélnﬁ%ﬂ%gdg}lg&gS

hydr oggr b@ferictiry 86 hi sullistomFoiid -t G tin@nt henk Wleratthe ligdd by dvoRirbby is
bringing the elenentary nmercury in the liquid hydrocarbon into contact with
t he subst sontactedahtle achulfuorriompunm ssyresarted byrthergeneEalafopimedaof t he
substance capable of ionizing elenmentary nercury (hereinafter occasionally
referred to adMM¥®rcury-ionizing substance") include 20 an iron conpound

such as irqn sulfate, iron chlqgride, iraon.,sulfide, iron_oxide, i,roq nitrate

aﬁd ironI rgijré, Bpgfl\lggﬁﬂy&’q aEFInWPPI)OI' 5 ﬁ’:j%n%a%%ﬁﬁ‘g} HXE‘%PSI Blf}ﬁlﬂia¥@lch as
f at I i itrat d

coPT e a Myt ARy 5 AR, Hetaf 8P BE ol R RmatBREL 01 o'y “ranganece

di oxi 4 aowcsi&ﬁéoft&mgﬂg 3di @i d! QRESRIE RE sQIGABIAD P @ISy Eshvertiag

hydr ogen per oxi de an eracetic acl a sludge 1n crude oIl tank. These

Mer cury- i @Rk jbiided WRGican§ €6 anRYiddgebEia§ cdliptRand: ahd conbi nation of two or
nore. Elenental analysis of a typical crude oil tank sludge are shown

bel ow. Fe: 36 (@) rémoSing the3solid fertNary @ndiddut fropnthelliquizl ipdrosarhppm  P:
2,200 wt ppm Zn: 2, 100 wt ppm Cu: 950 wt ppm Ca: 720 wt ppm My: 550 wt
ppm V: 30 350 wt ppm K: 350 wt ppm Cr: 290 wt ppm M 230 wt ppm Ni:

120 wt pprﬂ . ) l .

25 The mercury-containing liquid hydrocarbons to be treated by the process
of the present invention are not particularly restricted, 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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-4 C 32. Onmt %-H: 3. Ot %-N: 0. 9t %-S: 3. Om % and C1: 0.4 wt % The manganese
_conmpounds such as nmanganese oxide may be of any shape such as powdery form
.pul verized forny columar form spherical form fibrous formand honeyconb
form In addition, the manganese conpounds may be 5 supported on a carrier
such as silica, alumna, silica-alumna, zeolite, ceramc, glass, resin and
activated carppgmeifr H@Bé’rrbhﬁbge&’ﬁg%"e 13cd¥atof RRE ir6sdrdlihVeri 86k msf B, and
is preferably 0.1 to 30% by wei ght based on the weight of the carrier. In

t he procejgseithet bfelpfireRaiy forve ot ictic forne. eThoeohemtraiog of yndroufyhin 10

| i qui d hydrocarbon is brought into contact with the nmercury-ionizing

subst ancethenlitghil hpdiorathomtebe treatéd ishyt paricdatlpgestricted.camhisary nercury
toionic mercurg. The contact tenperature is usually -50 to 100C,

pr ef er abl yswally 2tod, 00th ¥/ Yopparrefrrablup do ) WEV ppbo 2 MPa. Basically, the
pressure is specifjcally limted.as far as the li.quid hydracarbon is
i nt 3 ned i nithe FRadh 6178 het APRted o e RSATHARveBRABSROL 8aEOPIg Ioed.  The

| i quid hydroca n Jhavi ng. p ed. t h t i oni i i l'iquid
Space. vel BTGy orsnBEsRRIREer e M R ARG REH IR R AR it i
conpound- e 1 heat . g 0 I with a
sul fur co%gﬁen rebp%]ggg%e\ggggge%%’eggggg%f ga%g%@%)&&;éf%qgg%ag@ﬁ M and
M may beghRenis Rl fsisl Vdiizehla, Anerias SA@aeHlih ReDSAIENyaY PRiliysinegen
atom an alkali” netal or an ammoni um group, or contacted wth a liquid

cont ai ni ntnddisestall N oifw &g M Tchn doQtak,Argentinze England, aotrpapsmds These
represented by the general fornmula of MM S include hydrogen sul fide, sodium
25 hyidr osctuidieqilpotayds usedindcasbirfatibm ofstyei ammouef i de, pot assi um sul fi de,

and anmoni um sul fide.. O these sulfur conpounds, preferred is hydroge
sul fide. Hydrdhesteight men paphsha; kerosens easiopl, yag%%&ﬁaﬂﬁ%mﬁﬁOPPﬁﬂi d

For m of SOrS F PiiaieLPy pxhésSPing e GHR0 o b kGO ¢ Sol vent -

30 The copgen .'ERHI . fur conpound in the liquid, especially an -5
aqueous sgﬁut?‘él%? 'S %érlg&g%gg yS 0.1 to 100,000 WWppm nore preferably 1

to 1,000 WW ppim, ﬁ&ﬁh&ﬁ% pRRELd GUR Irksdrfisinvbhtied, tlehghm The
suppl i ed anount o? t he sultur ‘compound 1s 1 to 10,000 nol, preferably 100
to 510 Kplraerbenes 6 tiwhoddlp sﬁppﬁédi!o chaicnifgion Rohd)ehleraby brihging

hydr ocarbon. The contact of the sulfur conmpound with the |iquid hydrocarbon
i s perf or tieselehoen texpmpdrenrpin theligpad hydedcarbon igstoontasdyitbythai xi ng in a
m xer or a line mxer. The tenperature of contact treatnment is usually -50
to 100C, pvkstangsicgpablepisomzing olempntgregarearbf contact treatnent is 0 to

2 MPa. The reEi dence ttgl}a in the sulfuth Cﬂénq*%gu.nd-tlreat ment_zone is usually
0.1 to 24 hr.lxgmplegotihe substapes carqing o FAP SIEMER Y, MEEYTY ¢ he sol i d
mercury c i.oni i QR wOf . O\ f the
Toni zed mOTRHpPY hRHROnbS e AR ) AR el AR BN AT,

r ermvzgﬂ f Bﬁrﬁ&? %ollnlquuha SO¥HTRGR6R R1AYe, Frdi @WIBride! irdn!uliidél isPakel ON

met hod such ‘as filtration and sedi mentation. 15 (2) Second Enbodi ed Process
I n the segenthirdedflirghesedstephréforalily ¢e@illl) sompoands; d dpperqui d

hydr ocarbon is supplied to the 1onization colum, where the liquid

hydr ocar boompsuhdasughtasi coppec sntfatd, coppér ¢hlerides copper ioaitdez icogpemisratace.

The type and anmount of use of the nmercury-ionizing substance are as

descri bed andeepper sulite: pemnadivmecanpoynd 4 mapgapICERpeRRS, Prefrablyui d

hydr ocar bon supplied tq the.ionization.colum is.contacted with.the
Mercury- i mﬂ%aﬁge% Lilg%’f‘aﬁt% nickel coppoundnan dReLganic ox ptganie PeTRade sighyer t ed

L0, b TESH YT DE R A PRSI o A 50 ARS. T
25 pr essuﬁ%ﬁgﬁ?&niﬁ?@%&ﬂﬁ%&é’s ﬁmhg‘ﬂeeu?seﬂsalf)ﬁé o $n tORbliALSS o W6 gear bon i's

mai nt ai ne Iqu state at t contact tenperature belng used. The

liquid hydfpear HBmaavalneh A9ssad o (Ypecd et 8 oil @Ah Kk 3ludde £ shown Bekow.i qui d
space velocity of 1 to 20 h-1 is then supplied to the sulfur

conpoundt r eat FenB6 tvak; Biter.8 wih%; Nagdi80thwd ppasAlon, 709 wapphy H: 2200 wt
contacted with 30 the sul fur con‘gound for 0.1 to 72 h represented by the
general fppmilZn: 2,800 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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wherein Mand M are as defined above, or contacted with a |iquid,
_especially an aqueous sol ution, containing the sulfur conpound. The liquid
.hydrocarbon - fed-to the sul fur conpound-treatnent tank may contain water.

Al so, an 5 appropriate anount of water nmay be added to the liquid
‘hydrocarbon supplied into the sul fur conpound-treatnent tank. The sul fur

conpoundsCoB2 MUy e%;tHIE3 QoRE e IN 2. Dt %t St B wHb4;umcommure %n the 1iquid,
t he amount of use of the sulfur conpound and the contacting nmethod of the

sul fur conpouTHe wh&hgdiesel dosp chintsduehardmangagestsoxids aiaypbd of Bnpkhape Li ke
the first enbodi ed process, the contact tenperature is usually -50 to 100C,
pr ef er abl such ae p6@Qerwfiakm heulverized fonm exnduma ar foxdn} spleerided forh sibroust he
second enbodi ed process of the present invention, the nmercury is converted
into the fasm anddrongygombripennd [n mddigen. the mangangsegonanounyls may ber cury
.and the subseque&t contact with the sulfur., conpound. The Sooh,ii d nercur

ury
conpond FEPRAISY 8 peAMELPch 3 silisn; Jumiga; BFAMELRBZGOMEGHETRMAG " t ank
as used in the sul fur, c und-tireatngnt . More specifically, the ligquid
nyar ocar bEISForaith g AL fatehls R PSR bp  Rdfndrtglanty
pr ef er abl . r I bl i1 @ sl fter the
cont act tir(%%%r?ggndf’ %?(Si f\/gm&tgﬁﬁf%rﬁgh}sgllfﬂﬁ@gﬁg%ﬁggpgﬁaﬁﬂgr?hter%élg{l;?%x h%er cury
conmpound ggerigmoved fromthe |iquid hydrocarbon by a known solid-liquid
separation such as filtration and sedinentation. The present invention wl|l
now be descri bhethé proese of éi@plredent ied@arttns ehe @léthenfalyl mercungy éxahpl es.
However, it should be noted that the follow ng 25 exanples are illustrative
and ridt i hgeidibsgidrazarboen is bromghtvnta cantacthwitht the mExevRyHODIZANE SYbstance
hydr ocar bon conpgosed of a condensate A (depsity: 0.7363 g/cnB at 150
havi ng a HetReigpisapen sonestheyely conyenting thpettmentary maercpry daienifer cury

of the folTBARRG repeargtachiepREs Banet Hrcely ap o O0; Grieelnably sy 7 -
mercury ""@§°(‘§.°”%H8tc‘89téﬁ%$%s§lﬂ% x];lgir Ibgvﬁ {92 M’f”"aqi thQEi%élly, 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™1 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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Reaction tenperature: 25C Reaction pressure: 0.1 MPa (absol ute pressure)
_Liquid hourly space velocity: 10 hr-1 5 Mercury-ionizing substance:
.manganese dioxide As a result, a condensate B having a nercury content of
37 WV ppb (elenmentary nercury:ionic mercury = 0% 100% was obtai ned. Then,
the condensate B and hydrogen sul fide were continuously fed into a 3-L

reactor eﬂ#ﬂe‘&%ﬁ%o‘lﬁtﬁ&hﬂssﬁrhfe&ﬁmy 0.18,0 51901 (U0 Woat %)ﬁﬂl, Rhorefrerfeably Y tyas 10
out u e foll

carried nder t ow ng conditions to obtain a condensate C

cont ai ni ngoe WIWh ! althyugle mae patkicilaslst teetritteditbesdtar e: 25C Reacti on
pressure: 0.1 MPa (absolute pressure) Residence tine: 1 hr 15 Hydrogen

sul fi de/ mer cUllye sipphiéd amoumilof thiasulfundempatnd @s wae 19,00 Cmobdreterably
.continuous solid-liquid separation by passing through a filter with 5 pm
pore si zel@btobi0f0rmal pehera sl of the Mexcwes eantpinashidethe lgwign of the

. d t 1.2 V ppb. MPLE 2 20 A d A d h
ot cuby- |IGFAPERTAST. IS SHRFACHEH 1S B GLCOEHRY B LG LaHd BEORRTS o
i 1 .th bt ai nj. te C2. L ai_ni h
o110, oy Sy B RGO i e 2R e FRCRPARAR By oRBRILp P o
|1 dt : ' |
Concont r &8 iR fer” CHER oG drRofEict o FRAR 3L Wepally“B0FP NG on

was 1.0 Vﬁ!ﬁéﬁf&pibly BPNUE, AndnBeiRBLAAE FRoNBRt RESS AR s OtotdRIFRR METHENNer

as in Exanple 1 except that the ionization tenperature was changed to 2C,

t her eby okistdétideaimedanthensdfia dhjrmditeatmentzone ondwedly ©fl t3 244V ppb
(elementary 30 nmercury:ionic nmercury = 1% 99% . Then, the condensate B3 was

treatl®@d with A8-desctilyell abeve, she mereuinis ¢tonveated toebhecolidsnercu@®yanpl e 1, and
subj ected to solidliquid separation using a fiJter with 5 pm pore _size to
obt ai n a Gwmpewrdthresh thrslonigation ofopar@nyand tie Wt@ﬁfeofc‘&‘?d%ﬂle D3 was

L PR A, ST nbagh by SRS el AR S
R T A e O
LLg?ég?eﬁtgaﬂmra(?ﬂegb(ﬁmefnitgﬁ()ﬁ'n t he same manner as in Exanple 1, and
15 (2) Second Embodied Process
In the second embodied process of the present invention, the liquid
hydrocarbon is supplied to the ionization column, where the liquid hydrocarbon
is brought into contact with the mercury-ionizing 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 ionization 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  pressure is not specifically limited as far as the liquid hydrocarbon is
maintained in a liquid state at the contact temperature 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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10 solid-liquid separation using a alter wwith 5 pmpore size to obtain a
_condensate D4. The nercury concentration of the condensate D4 was 0.9 WV
ppb. - EXAMPLE 5 The procedures of Exanple 1 were repeated except for

changi ng the hydrogen sul fide/nercury nolar ratio to 100 to obtain a
condensate, which was 15 then subjected to solid-liquid separation using a
filter with Sympgore size to obtain a condensate D5. The nercury
_concentration of the condensate D5 was 1.8 WV ppb. EXAMPLE G The

pr ocedur egrhefrein®Iph@ M arerae defipedtshidvexeragin thctedohiah gi lignidhespiidldawgen
sulfide/nmercury nolar ratio to 10,000 to obtain a condensate, which was

t hen subj agtiesus solstibndedritginingdhpasuifur compoung. a Thietlbquidittylrbcauipopded si ze
to obtain a _condensate DG The nercury _ concentration of the condensate D6
was 0.9 Wosthpsulfexenmppundiseatmeniiisaknpay sentapivaisrpodts, 8 a condensat e

A (density: 0.7363 g/cnB aj 15C) havin mercury cqntent ot 37 WV gpb
(el embnt abpDHRRRhAMONRE OhEPEGH os bersldesblp Bedlaid hoglpeatbiag suppliel”
mercury- i Onr,'leh% bst ance v&_re fe% i% a]FSOO-m_ I oni zation contal ner

equi pped WP rQOPR QPR EeALMERL TARK.c v under the fol | owi ng
conditions: 3 j ANRi's2 t . MPa
(absijl :Jt e pr e?gﬁ%ﬁﬁ%ﬁﬁﬁﬁ)ﬁ ZI ngséﬁ%s%eg}ﬁgg?ﬁgg& W&%ﬁ%ﬁoﬁ%&ﬁ fate
aqueous s yhé BguidalezhSul oic%wmtseuﬁr clan’léaddﬂ?l afr@ €6l eaitactihgi ron(111)

sul fate aqueous solution: 1.5 L/hr 5 As a result, a condensate B7 having a
mercury cafdthot offthd dulfhy cpplp oueldewithtthe i qued hydyodarbon atre s degcrib&d 100%)
was obt ai ned. Then, the condensate B7 and hydrogen sulfide were fed into a
3-L rHhct aboegui pped with a stirrer to convert the nmercury to the solid

conpound under the faqll ow ng_caonditions, thereby obtaining a copndensate C7
cont ai ni ng t h&iketheifirst embedied nronewsuble cavtast tesmperatpes s yyually 5t to

a0 BEGRGsbaly A SRS  e BR b  L
cont ruous Y S4B SR o5tk obl ok AERE0RS DAY 1AGRRNA A Guhod

concentratd t R E&i iqui d
hydr ocar b%én%&ﬁ%‘gés&egltg? Hg%ggﬁdlgﬁggtrgﬁi ggﬁgft‘%{;&ﬁ)%l %363 g%%rlr(gn Q{mZeg 150

havi ngs a Wedrediy agdrtherfubsbqiden tWovitagwlthl thessul firycomfyorindy | Ty solider cury =
77% 23% was fed to an ionization colum filled with 0.3 L of the follow ng
mer cur y- i emérziing cemipstindde remosed beefevally diyi soh ddiquidrsepayatiers inc tnelsamed
under the followi ng conditions: Reactjon tenperature: 25C 25 Reaction
pressur e: tank agpsedipsbesudiyrreospound-tegtmantouMoye spelically, ghe diguido hr- 1
Mer cury-ioni.zi ng. suhst ance:, manganese, di.gxide As a result, a copdensate B8
havi ng a RYAEGFArbERis éﬂf’w(‘?fl tgftgv@pﬁﬁfﬁrf@Vé%ﬁMrv loagey F’;ﬁ’ﬁed?ﬁegerﬁ’gfycur y =
0% 100% i ) T i wer e
021000 3B R s m Ry KO RMSCPRPOPLE BP0 UCLBRRR el
the gy CuRyitNRfe Salfur @8mPdund, and then the solid mercury compound is removed
from the liquid hydrocarbon by a known solid-liquid 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 limit the invention thereto.
EXAMPLE 1
Aliquid 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%) was continuously fed to an ionization column filled with

30 0.3 L of the following mercury-ionizing substance, and the ionization of
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under the follow ng conditions: Reaction tenperature: 25C Reaction
_pressure: 0.1 MPa (absolute pressure) 5 Residence time: 12 hr Hydrogen
sul fide/mercury: 1,000 (by nol) After the treatnment with hydrogen sulfide,
the condensate was allowed to stand for 20 hr. The nmercury concentration of
the supernatant which was sanpled after standing was 1.8 WYV ppb. 10

EXAVPLE 94, c0RAGRS oA dfctiSur & th@ foll6wites Eotidktibass zati on col um and then

‘treated wt drogen sulfide 1n the same manner as in Exanple 8, thereby

obtai ni ng a cRedefiertempBersirea23Ag the solid nmercury conpound. After the
treatment with hydrogen sulfiide, the resulting condensate was allowed to
stand. The 15Remction pressurenhd dd¥iiPar(absolese presspeenat ant whi ch was sanpl ed
after 24-hr standing or 48-hr standing was 1.1 WYV ppb. In accordance wth
the present i higuidilomrlyrepace velpeity'elbbed from a 20 nercury- contai ni ng

liquid hydrocarbon with ease . in a continuous Qr .sem continuous manner at
ar ound or di naMercERFHEREsUhaRce MoaREAnAsaiREAde or essure, t her eby

L0 U I B M SR
Feedi ng© Ra-enufy meBb - DY ARt 0RTR0%T W e, "D oni 2t on zone

where the i ayidnhyrs esaddiate B £a0haabdnidlide wirbsbAflaf oGRS e a
ionizing elementary nercury, thereby ionizing the elenentary nmercury in the

li qui d hydrioeaadien eqBipedniithupsdierf edtierglidificatraudftthetm broyry dvas
hydr ocarbon containing the 10 ionized nmercury into a sul fur
conpolhd- tamaedrent undee théslbbwing donditichstocohdatn beandensdatGeoddimingh a
sul fur compound represented by the general
a solid mercury compoun(i{

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 ionization 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 mercuryionic mercury = 1%:99%). Then, the condensate B3 was treated with
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formula: MMS wherein Mand M may be the sane or different and are each
_independently a 15 hydrogen atom an alkali netal or an ammoni um group, or
contacted with a liquid containing the sulfur conpound, thereby converting
t'he ionized mercury into a solid nercury conpound and (C) renoving the
solid mercury compound fromthe |iquid hydrocarbon. 2. The process

accor di Ny {@rdgedti Hlfide W EHEsAmcNAafHBS ha s Exaaislbl1e aall Abjécsd 26 velid-
~elementary” mercury is an aqueous solution containing iron(lll) ions. 3. The

process agg§aididitaragionhaing 4 filthewtihns phepsrdstane shapabtandehsatnD3i ng

el ementary nmercury i s manganese di oxi de and/or a supported manganese

di oxi de. ZheTthercurpcescerdcationiofighe corvdensate D3was i W/Neordul f ur conpound
is 25 hydrogen sulfide. 5. The process according to claim1, wherein the
i oni zat i oBX &M drmed at -50 to 100C under 0 to 2 MPa. 6. The process

250716 1 60C ulberionizaion wREbeBmed 1 dhp SRR SRR AT I G R R
wherein t nt . of . th | f -1 ot I: h | f
Compound- Hrateir e fertiorelnc ol shafRCR Y 28, YePlr BBaiib® A 10 221 1ot
in the Iigqui ( tdpvl, wh inth
col i o mer S PIUE B AARe Ime R AERPRIL W BIR (deleRD g —

separ at i Ofyereufy'idMiE REQESry 210% A0V NI THeACtHe/ cndeRkatdBL Gidytreatydai ni ng
l'i quid hydrocarbon, conpri'sing: (A) feeding the mercury-containing |iquid

hydr ocar besth hiydrégen @ulfidstin ¢he cahemanher as tih &Exanplied, ydr adgedted to s
contacted with a substance capable of ionizing el enentary nercury, thereby
i oni zZLhg solked dpud sepasatimer using a flteowith Agum ipore a:@enpqxbrc@nhwwi@s@w (B)
feeding the resultant liquid hydroca tglon C(()int ai n:ﬁlg t he éwi@ﬁed mercury to
a sul fur &shpolieimereuyheoncentiationel thegoadensatedd ymsdtaMOAPPY: cont act ed
wth a su rﬂggund represented by the general fornmula: MM S 15 wherein
M and M sanme or different, and are each i ndependently a

it d-cont af M BrERules R Easfbletl wRTFRER UL O 60 (BF EARRGHRE, TLy" °
mercury t ?ilygﬁ]égéhﬂe QTlm%frgé cus 9 TRA4Radiddo (100 toRIHRNinS chih@erfudite SwHRhOWAY

conpound i qu ydfocarbon. 20 10. The process according to claim
9, whes ei Rhéheubpdctéll tRsclid-Uqaidpepnation ustn®udiltdywithl § dnl pord size épar at i on
in the sane tank as used in the sul fur conpound-treatnent. 11. The process
accor di ng obtaitl acondensabe DS, n Biremeutdny consemiatidniof the ¢endemsaia}d was 25
12. The process according to claim9, wherein the sul fur conpound-treatnent
i s perfornie® V&V pBb t o 100C under 0 to 2 Mra.

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 um 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/cm? at
15°C) having a mercury content of 37 W/V ppb (elementary mercuryionic
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




13. The process according to claim9, wherein the anount of the sul fur
~conpound fed into the sul fur conpound-treatnment tank is 1 to | 0,000 nol per
.one nol of mercury contained in the liquid hydrocarbon. 30 14. The process
according to claim9, wherein the liquid hydrocarbon is - 13 allowed to
stand for 6 hr or nore in the sul fur conmpound-treatnent tank after the

sul fur conpouRdattiGfpiBiureand MPﬁr(ab&ﬂuﬁ@btéésﬁFé)Cury conpound is renoved
by solid-liquid separation in the step (O

AY AYh&9. AAL et ti&9 1ot &ith g Akt AdeY 00 wwm&nW/s\AﬂmAa@%nAA&elmﬁmsm x DGz

H{ vqkf a\ W ca] Fa¢d ahtadfcroaldenbatz]) Aal.6d)/ba] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ¢
.a] c™a] ca] ca] ca] ca] caljcalc &hga ca}cTaI a8 s _J3oM
X_hnes=, } xsni Heed entegfoape@lle spifafe atteequsagadution] L&) leRrca) ca] ca] ca] ca] ca] ca

~!3/6?0/51 ?( ig%gglﬁ@] C’Oésh‘i']c’a\/%ﬂ“%c %ﬁ]era:é?gé C%é‘}%&]‘k&f‘&%ﬁeﬁ]‘%g}%\yﬂQpba] ca]ca]c
?]7;’?]7%%]85@@1@8@9@%%3@; B Ry D UPEL SRR ca ca) cal cal cal
a] 2g]<F2]<§2]>f2@§ @{%{ﬁ%ﬁﬁt{%kmm %ﬁ%‘ﬁﬁc (]ﬁdﬁfcczf] cg a] ca] cal ca

] ca] ca Cabge@g@h%tﬁad §@heal6 @bavdigahe ﬂ&@hg@l&ﬁl@@dmmﬁ gahdalk¢abcal N
NHNNNs OO0, Q QRQR+RSRRR( SsS| SSSTRTTTUdUU} xsnid_Z]|] ca] cal ca]ca] ca]c

a] ca] ca] Cﬁi]mh@g]m]dmd)@@]thaiel@] cehisihgal emjdeabat] Cdlcontaiajmpilenddal ca] ca] c
a] ca] ca! UUEVZV?WAWN | "V Q+RSRRR( SsS| SSSTRTTTUdUU} xsni d_Z]]] ca] ca] ca]ca] c
a] ca] ] ceerahiciatemponnda] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] cal ca] ca ASfH* (109%& ()-109%& ()-10%& ()-9 10%& ()- 10%& ()- 10%& () -

Y&10% ' & () - #ﬁﬁial?\tlmz temperature 49 g ()-s!109%& ()-9109%& () -

109%&' () -, S10%&' () -110%& & 1L00&: 52" 10%& ()-t;
10%& ()-L3' 10 g(? on pre e(&%l@&]l&)(e Pg%PS%r K&so%%& ()-Y 1((32/«& ()-
y! 109%& () - 33" RO%& e (] OYERE) - & 10%& () - 101010

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 a result, 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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Hai K- K @ 109& () - S109%& () - 109%& () -1 #109%& ()- &L0% ()- 310% ()- ,3
109%&: ()-8 s Ji K-KY($109%& ()- ' 109%& ()-3940%& ()- f#

109& () -1 109%& ()-1" ! 109%& () - 109%&: () -

3oMzi K- K5@L0%&' () - 310%&' () -1 1" 10%& () - &010%&' ()- F.yl0%& () -

&y, 109%& ()-*110%& ()- z X\]”_h}si K5@O0%& ()-L10%m& ()-101010S=10% ()-1;

#109%&' () - ') - 09 . i: : ,
L0 () o RATAAAREA  FUECLOMIG holidWieaiibn KRUROMRrbicy Wk QHiied bt

81098 () qirdel Hrd IBBLARER conditidme () - FLO%TE ()-f " 10%m& ()- z10%: () -
@10%1& ()- 10%m& ()-UTTK-K y, 10%1& () -

*y10%1& () - ( SAA0Y (dmBerataerR5CL- F9% 10%ms () -

L#10%& ()- ! 10%r& ()- T}AEFGH _UK y, 10%& () - 10rlOmionF10%r&’ () - ;
ﬁpiﬁ"é"/é ) ( 5% 3 Relaméqggp@ssg%qm/@g’y-(ab@‘lutmm8§9rq>+b_>_ur<‘ y, 10%

» 08 ()-yly; | $10% . & ()-yl $10%& ()-y pl $10%& () - y&&$10%& ()- S
@8$109% 1 & ()ﬁsﬁmcwﬂw fo%/m ()-xl %1%%%/&' ()-11 *Q$1%% 0

& ()-11"$10%&: ()= y! [ $10%&" () - y! | $L0URRE
I "{Y7(!) ! @10?@9@%5%?‘%6%%&%%&0@% gl-#! a&$109%&' ()-# 10 10
(}/g‘f (:)1 ? #{gssgz);yo gﬁ%"{&{ﬁtg thdatineiit with ]h(groéﬂé‘gér} 51%'113%?@%@&%&%3%@%%%0@@#& @$10
& () - #! k &HLOUBE ol )208r. XU frletoury conlcbitaBibA%E the saph8rPdidlé which was
sampled after standing was 1.8 W/V ppb.

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 Applicabili

In accordance with the present invention, mercury is removed from a
20 mercury-containing liquid 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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10 10
',-1;(:;! PY$L0%E () - #Ys$10%& () - @f Ys$10% & ()- @' $10%& ()-g. +// 000000z[ PE:!! 10
10S=10% () - Y$10% & ()-#! JY$109B8& ()-#!} Y$S109BMBME () - #! EY$109B3& () - #0071
112E2dEPE: |1 10s10%&' ()- #10%& () - CIQUMAS() - F" 10%&' () -
F"10%& () -L10%r& () - E222" 3, 3W33dEPE: !'!
10f 10%r&' () - 910%1& () - - 10%1& ()-! 10%r& ()- 10%& ()- & 10%& () -
34Q445$6k6dEPE: || 10* 10%& () - (f#10%1& ()-! G 10%m& ()- " 10%m& ()- @
10%r&' () - 9310%pRiocsskidd G enmte Tz BERECHly fronba @emeuey-codtieonéng guwit 10%m&' () -
&010%r&' ()- LF. 10%& ()- , 10%n& () - 78P8888888xnbCl! 10L10%Z& ()- 10m 10m
10MF10%1ehy)lro@irh0ne@mprisOEE | 10%r&’ () - 3Y710%1& () - 88" 9HIX999JENDC! |
éolé%&( § ) 93?&)83(91%%5‘@%@7 gg &g(tilé n%r%?ﬁ;gc&)ltalgmlg O/gﬁgild(}zs;drocarbon into
an ionization zone where the liquid hydrocarbon is contacted with a substance
capable of ionizing elementary mercury, thereby ionizing the elementary
mercury in the liquid hydrocarbon;
(B) continuously feeding the resultant liquid hydrocarbon containing the
10 ionized mercury into a sulfur compound-treatment zone 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
15 hydrogen atom, an alkali metal or an ammonium group,
or contacted with a liquid containing the sulfur compound, thereby converting
the ionized mercury into a solid mercury compound; and
(C) removing the solid mercury compound from the liquid hydrocarbon.
2. The process according to claim 1, wherein the substance capable of
20 ionizing elementary mercury is an aqueous solution containing iron(ITI) 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 is
25 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.

30 7. The process according to claim 1, wherein the amount of the sulfur
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10L T109%&Z& ()- Lyl0%Z& ()-109%Z& ()-&$109%Z& ()- - 109%& ()- 9 10%Z& ()-@V;
13 <Q<[<dEnbCl ! 10 9' 10%Z& ()- Y% 109%Z& ()- y# 109%Z& ()- L!10%&Z& ()-
MOYZE ()~ L&IOYZ& () -[ <<==>I >>dEnbCl ! 1037F109Z& () - 5109%Z& ()-
3109Z& ()-210%& ()- *3"10%&Z& ()- (#10%&Z& ()- >>’>#’>$’>‘V<?&?@J@@!
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QR 11T $109& () -# t $10%/& # k31098 () -# $10%B&&' ()-#! $10%Rv&VE' () - #
$10% | & (yemtouadkdL the step) &m a sqlpd-liguid separation.

10, = 109 () 109%& () - #! 2$109&' () - #! K$10%C>

$109%638 (9- # W@l\f@ER@@Omngﬂ%i@W ?msgn{qwé}% condpipipe Navidnog: (-
109%& () - és (a% 3MVN: NHNNNDERG<! 1| 10@ " 10%& ()-

& 109 () PYBEAsaryon GRRNISINE" 100 (). 109& ()- NsOOD. PzPPAERG<! ! 10 *y

Ilgoo/f/L&( % . I(D 5 1@%%@7@ dg%#qrylﬁé}%g%ﬁgaqm&(i’lf’&r((c)arbon into an ionization

column where the liquid hydrocarbon is contacted with a substance capable of
jonizing elementary mercury, thereby ionizing the elementary mercury
10 contained in the liquid hydrocarbon;

(B) feeding the resultant liquid hydrocarbon containing the ionized
mercury to a sulfur compound-treatment tank where the liquid hydrocarbon is
contacted with a sulfur compound represented by the general formula:

MM'S

15 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, thereby converting
the ionized mercury to a solid mercury compound; and

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

20 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.

25 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.

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