;e3e(\R6T(x R17 August 2004 NO 01162870 PCTI|11S01104738 +7 Augdg0206% FOR
REMOVI NG MERCURY FROM HYDROCARBONS BACKGROUND OF | NVENTI ON s Th|s i nvention
rel ates g a to nmethods of renoving nercury fromliquid hydrocarbons
and is particularly concerned with methods for renoving mer EGTSPVYRSCr ude
oi | and natural gas condensates using sy furcontaining organi c and/or

i norgani ¢ conpounds. 1o Natural gas and crude oils produced in certain
geographic areas of the world contain nmercury in sufficient quantities to
meke them undesirabbgoag ée%bﬁeﬁﬁ ) e diekerks. For
exanpl e, hydrocar bom condernsa ' TTat ur Tuced in 15
regi ons of I ndonesia and Thail and often contain over 1000 parts per billion
by wei ght (ppbw? of nercury, while crude oils fromthe Austral Basin region

of Argentina gaeroroUlky oentiafamweldy over 2D00 ppbw nercury. |f these
condensat es and crudes are distiftred wthout first re%io noVvi n% t he

. mercury, Pt will pass |ﬁ'ﬂ'lésd|1§7cvelnrta‘t%’ W%E%@W%F? ¥s EOsBERPESShapht ha

and gas oil s,ocHerbmedihgometliess, faaeds Bisupei spdrbydebbheakhagiand ot her
catal ysts used to,furth refine these distillate treams zs In the
adsorbents, gaATEirH ﬁi‘ﬁé’ SNEETEH %?e‘B‘?tH?‘? W ﬂrnﬁ?ﬂ‘aﬁ%nﬁa{?@rﬁ@ used
to renove rrerf:mm o‘:rOGEdede$rﬁhdaaﬁtheﬂ hysls ocandenshtgei dsipgi eulfartheir
processi ng |rhg£ gr tg avoi d _cat al ojsoni%%.groblegs The use of fixed
bed adsor bentEoPsTAET 25 IR ABY VartROF S 2 TP WL Ees, et al

oxi de- based adsor bent s Haduaatli vaedrad wiude ¢0ls eppoéuckd Wer caryaig a
potenti al | y (o] ut van F npl e,
solids in th % egfé?f" ?%%3% (?é;;f%l %):{g%s%l?%% g &gﬂ@gﬁg ?ﬁegé st of the
adsor bent rrany@%eteﬂuemii\té.amm meEliryherevahdeaisableaasr refanetgo to

300 ppbw. Al b be re n
treating hyd?cg%aégggsfﬂ gsl |a%t ﬁﬂ&ﬁ:ﬁss%g U'?iéog E’If:#h?g% Eq¥§?8 17
August 2004 WHTRPB2820 ep@ﬂ/ﬁ@as@ex:pomsfr@veu%tmahe%ar9r0dn@¢ébynnak| ng
it inpergki verd9i BhACEES ITHRSeREY AAF oMt &LrRNe-aHE5RedvaRr cury

before either_recycle or disposal of the adsorbent. Gas stri pping, although
sinpl e, al so HAROSPAFERLRERS Pitd ivm &% vgight t HePRY} | Phi HRTRUZY - bwhile

conducted at di-glet8RREr Brbne v Mudthall ielyih aF @ﬂ%ﬂtﬁrgénﬁiﬁappl ng
gas. Since cr%gjes cog_tlal n a sybstantial amunt of t h drocaig t hat

I
are stripped WrTH'tH XeFE’EPF?“‘cI‘P’ Wcﬁ’bc%q(bcbr%p% CBEYES- co ﬁeand
recovered to mﬁdnsabebaahdalcrmrduﬁﬂﬁré @sti\mmv@ithé\he Sirspprag gas

stri pped Hor doVHHE Y, Brstliavir oh i LTt G ol SELL PRge) fidikee e
precipitati orﬂamudesrehasussu@ﬂn lasd rapht il dridlegas eblsundsuivede to
convert ”Erc%ﬁ‘ozhntﬁgg QQBQ E%%%ﬁocar (}J'cﬂ]‘& % dsﬁmﬁéﬁ&%%ﬁékf'de

whi ch ‘i s then separat e rom t t aught

prior art, tIFatabysba negdi fes fuatdengakbi Qﬁe a4irbbblabli um sul fide
solutions -0 Herddaed With the liquid hydrocarbons. The draw of this

requi rement include the neceSS|ty to :_!in large volunes_ of . two liquid

phases irf”an agitated st8t& ?opﬁﬁ(?no@él%ﬁeélﬁs'b&%eﬁ’lt¥¥ﬁpﬁﬁﬂeﬁﬁg sodi um

sul fide 25 soim:nmaanﬁrébephxdrtqw Rt Hddplittere Weeh wsfeduts tamotead to
the formati on of an tnawa er .enul sion Eha ehs difficult.to s&garat It is

obvi ous fr om THeSAbBVET A ERULESH 3k © YAGGAr o LR hES (Bt 5

effective prdoessksitoprocessing in order to avoid catalyst peisoning

problems. The use of fixed bed adsorbents, such as

30 activated carbon, molecular sieves, metal oxide-based
adsorbents and activated alumina, to remove the mercury
is a potentially simple approach but has several dis-
advantages. For example, solids in the crude oil tend to
rlug the adsorbent bed, and the cost of the adsorbent may

35 be excessive when mercury levels are greater than 100 to
300 ppbw. Also, large quantities of spent adsorbent are
produced when treating hydrocarbon liquids having high

SUBSTITUTE SHEET (RULE 26}



30 efficiently renove relatively large quantities of nmeriquAuglisb2004ude
oils and other liquid hydrocarbons w thout the di sadvantages of . '
convent i omab digsesgmi ques. SUVMARY OF THE | NVENTI ON 35 | n accor@@nsdosrgh t he
invention, it has now been found that certain sulfur-containing organic
and/ or SUBSTTTUTE SHEET (RULE 26) 17 August 2004 wo ov6zs~0 - 3
rcrnsovoa~3s i norgani ¢ conpounds can be used, either directly or supported
on carrier solids) to efficiently and effectively renove nmercury from crude
oi I's and ot her1éigukdJFy he@eHRPNSthd FeldPemeRDRG BN mpl rlfta v 0ggss s of

t he invention, articulﬁég sol i'ds, . such as diatonite égiat maceous earth)
and zeolites RGEFChENE, SERRithi3FE PR pb? t BRMEY Bhef serPesh ME k&R FYor

al kal i ne earthbaBbak sulthede ricolyset fdilepos2d) abf ahkabhidswiraint .
trithiocarbonate, or (3) .an organi c. conmpound cont ai ni at_.l east i o one

sul fur ato.a reactive w @ﬁ%&%ﬁ%ﬁ“&% MD ’Z’\b?‘?i[%éd av!n'stc’n%ﬁﬁé

mer cur y- cont ai dragbaygdisocaloobd iefif eist i Fdetisel s dsippdngnynusar tbeul at es
formed during LXi.ng . are.the fr t Lxt une, t,0. produce
hydr ocar bons o%gﬁcei%ég r?tir glt}rg;/i‘ &o%?@%ﬁ‘?ge I%Pgﬂ?lo?ﬁérgkét‘rf%&gf r%ban%)g%f t he

i nvention, theamewntipyofostaiimpigd igps d hyiroearbedssacendiaiectdy ni xed or
"agitated with isG1C RN n f atom
reactive with %J&%E??Elgl}cﬁﬁggfﬂ}dﬁ%%% [)}g%g%%%ggﬁggrg g(r)}% [ tallitr)%s that the
or gani ¢ conpouhtriBPRdarishyithe mexersyi nthege Wyrdobegabbenseam st pe oduce
er cury- cqpt ai dbideR8eH aRHALRToVEIRSE PRrivSik AL 85s fhALERQN ;Jz%my{{i from

the mxture to ﬁéoduce mer cury-depl et ed, hydrocarbon |1 quids. "I'n yet anot her
enbodi nent of 1PESt nvERERENETrhd e oA R G5 MUBECaARS®T &8 i s ni xed
with sufficiendispogeds off otl)redyAREOUSCEP! ¢ | WRish 8ptaldfdl irdfifteOr

al kal i ne earth netat sul fide or polysulfide, or ézg an al kali netal
trithi ocar bonat’® sBERPREA FR§QJ%¥H§QNRerﬁ§WQﬁ% cbh?Ri h8Sa SFAIRRLAGt i 0 of

t he aqueous sojasion 30 to the |iquid hydrocarbon feed | ess than about
0. 003. The_mercury-cont aj [N ng are_then

ing particulates fornmed d i Xi
separated?Pron1the nixtukge gﬁélxﬂﬁ%?*ﬂ&ﬁ?ﬁ%ﬁ%ohgc ?d?gdgbgﬂ &k y
concent rat i on.hBinegeonbylsidel owlaorkisumfswhfide stsotahvens areradryi zed,
. it is easier t i ' ' d es. .
CrrrerLTTTTE cr o geie bya A St LS MBI YliTiae,
PCTI US01/ 04738 ¥R nheetbont sepasatinsitffan iy hipdrocenban daguidms and
cont ami nat i ng Afiec GhecEnbeRS WilieHAsS i d UretkU! Pobba@uantdLdde

i quid hydrocarbons To he treated 1 n _the process o e I nvention w
contai n s2Par tYRUFRES RAt pERCENSWHAH U potklisie SRMELIRBE ovebeammisiedo

wei ght percentwiti the TEgGHHY hiykRloH@iE hatHse tdheadt qui ds Jdfs wafhsor bed.
In such cases it is nornEILé Eecess§#¥ to rempve the nercutﬁ-ﬁpntaninated
particles, usdfFYVBEERFt FEELYASRHOSREPHE R W dr ocycHdfle 135%

volumes of two liguid phases in an agitated state to

promote contact between the agueous sodium sulfide

25 solution and the hydrocarbon liquids, which in turn can
lead to the formation of an oil-water emulsion that is
difficult to separate.

It is obvious from the above discussion that

there exists a need for more effective processes to

30 efficiently remove relatively large quantities of mercury
from crude oils and other liquid hydrocarbons without the
disadvantages of conventiocnal techniques.

SUMMARY OF THE INVENTION
35 In accordance with the invention, it has now

been found that certain sulfur-containing organic and/or

SUBSTITUTE SHEET (RULE 26)



3.0 the hydrocarbons before treating the renaining |iquitfsAuguse2004 .

di ssol ved mercury: In a preferred enmbodi nent of the invention, ‘a crude. oil
or natural as condensate containing dissolved nmercury, colloidal nercury
and rrercu‘P’? A6t 7Ami nated is particulate matter is first treAEUSHO4TIRBMOVE
particul ates and colloidal nmercury and ghen m xed with a nmononeric or

pol yneric al kyl dithiocarbamate) which reacts with the dissolved nercury to
form mercurycontaining particulate solids. These resultant solids zo are

then separal othd¥amidecdhubiihfs | 1A' B0UGSER, CEULB g ronRiyral gas

condensat e havi ng reduced nercury content THE
DRAW NG 25 Trﬁelm%m@ B8 aa§§h%¥ra$©blﬁ$owt§| gffdmiemulyrasdss for

removi ng mer C‘éﬁﬂ’eéi%?ﬁ”?@m@be s&efat]y{fakreas cERRLeRSA £52 8% Phber | quid
hydr ocarbons jn which the three nmain enbodi nents of the_invention can be

enpl oyed. It SH8Y Bedroranbena: the 'EIFS\AFFFBOFl1§1e£1tS|%I‘F1P?eHr%@e%$ ocess

flow di agsamcamotﬂaé]eiﬁ@ﬁelaaespaehé‘bwcea@mhmees RicleQus PABAMEomBLiEh as
heat exchange(i val ves, tors, _heat conpressors, etc., not

essential for HEPIISHARRGCRRER| ndaht FORLBE SonaTORY [UPEFS ( 1 rehicant
I?’rCEI'/ I '?'EOfggi?g% Al LEDd( S 2'?'11 o ?ﬂgu%i Eeoflé\il@Tmﬁzggﬂth Igetal

r ng depicts a
process for tsﬁ‘glaﬁ% %r%ﬁf&gﬂoﬁ’f i ng)edagrﬁ[gl\gagrr{-l n&E c'b’r'ﬁ'}gl?'ﬁc‘gcﬁ't h the
process of tHenatentoon(ih md@rgammemmponhd gentariningnat Medkest he oi |
nore suitabl r wil | od. that, alitho crude oil
i's descr:’;lgl %I{é)t%&f%%]gdgg%‘ék %%‘F%’g"?r ?g %68}1%\,&1}%%& g?‘ﬁe process
can be used t&glttréetadMhyﬂh@mbmmsy%mntalalhgqhmﬂmcmﬂmmMKPmuhI| ons
and contain I h |iguid

%@%éf?@é% E Fhrtf cOEEEULVro Emaapd%&ﬂi la Y ndnG

hydr ocar bons 1 nclu erosene
at nospheri ¢ 388 dien mwaﬁe@a%r@nn@msmnsuranm mmiu@,&i hhaimargas

The process ®oddes I"Q/@&Iﬁé&gl rﬁ@fbt?@g‘&?@ﬂ%éﬂtt reat any |iquid hydrocarbon

feedstock cont ai ni ng nore than w rrercuh% and is effective for
treatinglPeeds containitg #ﬁﬁ@%%aﬁi“@é%@n%p@ﬁ/ £ iy enie ¢ H:ehef eedst ock

is a natural ngaas*cwzqndameéﬁam 13 £ hyd S804 2HBA s akee &1 ahqu
‘about 3000 ppbw ner.c ur¥ "”z y. bet ween about 5Q and about 1D03, ppbw

Typi cal crud®%oidEk t% PIRRLS FPPHINR GRRtAINING &t iy
| evel s rangi ra:gzef reari BDo L t I Ord e tw 25k 0RO GRBY, Metel Yasard diWH R -

frequently cQy et ween about 00. and about 500 rcur n the
process shown |naf Hr A ?P%s% ’ﬁd’é Bi P* g% Cr‘?a[lpé%"\fd
mer cury, 2¥sudleactsa ve:nﬁl'emqmtat}urm b:eharvelwdndmalrbéﬁ ﬁaédaltwtpr;’ﬂﬁuf@ and a

pressure from ere |t qﬁéﬁ% té§ dl.f.ﬁ %@tﬁ% neJJQ into

heat exchange 12 nin |rec’t he Th pUI’IfI ed
crude oil or tQSRereRTEs yfmﬂd#m ﬂwmrma@b@@utﬁqwmﬁ%@mﬂ heat
exchanger thwﬁbdd%r@ﬁldﬁﬁgr eheated crude oil ‘is then passed through
line 16 into a second heat exchanger 18 to_raise the tenperature of the
crude oi |l above its waxTtI¥Rid 3gher jerbodingnt cpbekBeuABVERSIOWNIEI® no

wax crysesl s cdmtfamtindued hﬁrdﬂdcaﬁﬂﬁ'ﬁéﬁ@h@&ﬁﬁxém Wi thNGurgGleilkeat

exonange Wt Lo A RPN DA Bl Tl i SIUP b LR TPRILLY TGS EET

(RULE 25)
alkaline earth metal sulfide or polysulfide, or (2) an
alkali metal trithiocarbonate such that the resultant
mixture contains a volume ratio of the agueous solution

30 to the liquid hydrocarbon feed less than about 0.003. The

mercury-containing particulates formed during mixing are
then separated from the mixture to produce hydrocarbons
of reduced mercury concentration. Since only small
volumes of aqueous solutions are utilized, it is easier

35 to maintain the aqueous and hydrocarbon phases in
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17 August 2004 WO 01162870 - 6 PCTILIS01104738 draw ng.171 Augbst 2884 cl oud
point is below the anbient tenperature, one or nore of the heat exchangers
may be el WP pEE28T from t he process flow schene. Normal |y, theTardsgesag! is
contam nated with s dissol ved el enent al rrgr cury, nercury-containing

coll oidal particles and/or droplets, and Solids on which nmercury has been
adsorbed. The latter solids are typically conprised of reservoir solids,
such as sand aqcljltcl ays, anr%'r{ar bonai_le Earti cyl ates that precipitate as the
crude io oil i PrTEECTRE hePLERYUE AP S ot TRt 2h =Tl § Hrpal

mer cury Earéi claelml mémqmefreatai‘khgf thaoiedrptagbdn® F{fﬁﬂi | X dfe ﬁmllﬂﬁécgo
renmove the dissolved nergury. erring.again taq the draw ng, .the crude

oi |, after being heated %%tee FEEE@SBglﬁoghﬁ tlf@‘ldr% If?%#ﬁl?gﬂ%e%?
exchanger 18 t leotgiedtar 120 tloe hydooeys! ofieth2 \dherentsidn dei Ehdcewt 4 Dhds
cont ai ni ng r : omthe.crude_t hr h un | ow. | ine 24 and
passed throﬂgh%\%g%\}?@é%ae‘gt\a% eg}go{}ﬁﬁgﬁagcgﬁﬁt Lé’l%o'n %cgﬁ{é]ﬁe.s NOY SRl | Y,
all solids havitR@W 5 tWeightsipergesti eoft hhe fershont theitn crmreiinates
preferabl y greaher ban AP 2agbreas; FAJSTRE RILILrAD! ¥, ahoue, PRt
3.0 microns, are renoved Iin this step of e process. Although a

hydr ocycl one i §SRERRLN Ghe ¢y nghasmersurnyasontamizainad mprticles,

mer cur y- cont anmieabed oy ds AFLPACAT Gl Bhe 8SeBICY sy diidifcl il desghT ds
separation techg ques, such as filtration anc centnfu&i ng, ‘nay be

enpl oyed. Ebr & &nginr'éi,rq%q%‘tﬁ drefare nyueatjadosbe ramaiming e ¥quids to
enpl oyi ng di at geinbgeadidddil et @éﬂcm_ be used. For sone crude oils, such
as those fromthe Austral_Basin in so ‘Argentina that usually contain over
about 2000 ppbw mercury) Tt hRrperrred embedarenti o iiydnvapiiam stap of
the process canrndduedlt @iranaRiEr y%£9rk§§1ﬁaéﬁéiae& corithA e 1 fdgmwasg

hi gh as about 00 bw.t.0 .bel.ow about 200 bw. 35 Crude o0il containin
i Sootved nor cHETORAY HemLaRaat T, Tar ety ahn: BERERE Yo san e RAsed o k

di schar gedi¥ r opahfdrodptieomat22wiss | f esP 8t pedt stixed Werdbvee TRITGI-

SUBSTI TUTE SH L 6 17 ust_2004 WD,01/6187Q_ PCT/.USO1/ 04738
precipitant i ﬁgﬁtéégg Eﬁt%o)clqlr}eo%@fhr?%{ﬂfﬁiﬁﬁd3é$e’|‘h5u?(§&|lvf %ixture is
passed thr oughm@BQmEC‘i_m Rar P8 ymleariec tabcynerdit i pracbprazet, iwhitdior oughl'y
i xed with thezeapge gsbnObral baisdWas dhbon I ALIgo AN GREGYLY S
precipitant is a sulfur-containing organi C_and/or norgani ¢ cofmpound t hat
reacts with di $SBF32B1Rer Pary ionkate aldelsi | Theser mesudsentr yodddsai ni ng
precipi tat®, waiehthan bBpArke JELTGH dHOME féqebdgfbauw@ A Rd Of

reduced nercury.content. ro_In a preferred enbodi nent t he process of the
i nvention, the“herBhr JRpHERL pBESH Candanpaig R ELRNBoTREUEEH: HEFICHT Yat

| east one sul fosnwéav that is reactive with nercury. Exanples of such

or gapi ¢ -conpounds include, but are not limted to, dithiocarbanates, either
in the nmono 15 neric or polymeric form sulfurized ol efins, nercaptans,

t hi ophenes, tHBRPBENOESCREDTTIONNGFITHE GRAKWENG C aci ds, and nono and

di t hi t . No Iy, . ici.ent . t .of th I Ge
Sul Tur - comai ni g comout®: S-paipl, AR BortnatEe CE9BH 3agrem 88 <o
t hat the resulREPres® xfoD remeviogt aiensurat vibeom atoude 1001 and naboera 113G
PP pr ef et abkendelueens 20AH! oBnd:PRTMAH 1AARIKCJDR-REBM, ghiLhe e

I"t hi na

conpound. Al though any_ liquid or soli car ba € can be ‘used as the
or gani c nercur%’fﬁ%ﬁpﬂl{iaﬁmpodﬁ@ents of the invention can be employed.

It should be noted that the drawing is a simplified
30 process flow diagram and therefore does not show many

types of equipment, such as heat exchangers, valves,
separators, heaters, compressors, etc., not essential

for understanding the invention by one skilled in the
relevant art.
35
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25 preferred species have the follow ng formula: R RzN- 17-A@gut 2004here R1
and Rz are the sane or different.and are independently selected fromthe
group consyghi/egef hydrogen atons and unsubstituted or sub Eﬁfﬁhﬁﬁj
hydr ocar byl radicals having froml| to 20, preferably 35 1 to Bh
atonms, and. R3 is selected fromthe group500n5| sting of hydrogen, and
cations of the alkali or alkaline earth netals. The dithiocarbamates may be
used SUBSTITUTE SHEET (RULE 2%2 17 Auoust 2004 MD 011 62870 PCT/ USO1/ 04738
g _either i 2 rasgyie 5. A Jus and/ or organic

_car rier solvent. Pr eferr qdléjldlku@p@g Q@é@i@@sf@rpﬂsgeg@ fhe RTRERSHOf the
i nvention are al kg di t hi ocar bamatéa ajz et h% di t.hi ocar bamat és and
s ﬁ%‘é‘# ¢t the

sodi um s di net RGF SHFYRCOEATHRR BREaNGENg1th

di t hi ocar bamat pscdiessobifed Han imneait it ﬁoldmvérth@t rembvke thethercury
successf ul Isy i n_t.he R ss af, the inve e _avail.able fr

Bet z- Dear bor n 2898 aHent™ Cé’iﬁ:ll??*%%bo%ét P at SRR 7G4 a(r){& WRidade o
The sul furi zedundletshsods &t ,aa]ttﬁmmglgazmndmrluryspdescmlmmt aisn(th-llsbde

sul furized iso i o t i ct I rmul as:
5" 0 Tord eRER PR ARl o Sdhe M RErShEYS | hE Pt i
pure form or dfaBobgedsed &ccdmdady aswmroéla:da@nﬁgthgsnas‘%dngwlm ag a
sul furized iso e i ot r e

avai | abl o f o PR PeCoPRMiRd. e la Tkt fin AEREL Sull UEbRES 82250
zs | n anot¥er BHPBHr¥ent E‘éﬁﬁfﬂﬂl@spr@c@sylbflltmd YArPearbens dnediadel,
precipitant i Sa@AngdyeadssSOohuiHihLf, 3 f}?‘%é' 8ing,l Qgﬁ&%%ﬁrﬁ.c

conmpound chosen frogmthe group_ of al kall ides, alk
pol ysul fi des, BERAFYRE: eBALHTREL Qasslﬂcff?%bsatzﬁ%alﬁ‘% Biqugfigrdneasural

ltool %/f]ulfi dgs ?aﬂ(al 9:1Y B‘Btc@'sst rdft :Hr@alr%?éle&lnbé%ﬁhbétsu%@ﬁ; EEE‘ rreat .

rithi ocarbonaie en enpl oy i s enbodi pent o e invention,
it has been sufP¥i &%F‘? hydr &W&’P%rﬁ%ﬁ%ét\%ﬁ? CORFPLAHDENTOSE £haRadleous
sol uti on( th:c @phgtmrm?ftuwgaha GRS mb x%‘SzfgheL&réaﬂlﬁgdfaéabt céht¥ehght
percent (prefey rom abo t 0, about wei ergen

sul f ur cont ai ni M gbr‘gc??? PEPY eREY 1 OEJ‘E‘E‘ﬁ’i[2 éﬁe %éﬁaﬁFPFgaﬁ?
renoval of thea dnsmakdgahenanﬁehsmrequuy: foypiddiel g rodetai hsobebvben

SUBSTTTUTE SH 4
PCTI USO11 04738 Oﬁﬁ%ghglgéogg% on?g%éalp%%?’ ac orcgljxrji'r %%‘/&r g%be}:wegn
obt ai ned when Qb@ﬁfﬁ%n%ndaabgu@f 1086 zpirous Tvmina bnexredeheids| fedntbi ne

28 is lesggth 03fapd.e W e
Che. vol i’ arehe orbe e R0 NRReC A oRE oL % o M P O gve R ok 2R gbhy
such smal | vol:FRE ¥Ppophel @8uEBuabeytuRSeR ORaPPe mRKEN dgane hakitRere is

little water m@.@éﬁ@l*océﬂ‘éhihf Yekekhe abidut 2t tdnd sBohit! PsoBkssbihe
subsequent separ e ation t he agueous phase fromthe oil unnecessary.

Preferred

In the process shown in the drawing, produced
25 crude oil contaminated with mercury, usually at a tem-

perature between about 15 and about 30 °C. and a pressure
from about 15 to about 50 psig., is directed through line
10 into heat exchanger 12 where it passes in indirect
heat exchange with a purified crude oil or other mercury-
30 depleted hydrocarbon liquid entering the heat exchanger
through line 14. The preheated crude oil is then passed
through line 16 into a second heat exchanger 18 to raise
the temperature of the crude oil above its wax cloud
peoint, i.e., the temperature above which no wax crystals
35 form in the oil, usually by passing in indirect heat

exchange with steam produced in a boiler not shown in the
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io chemical precipitants for use in this enbodi nent of tifeAugush2004 are
the alkali netal sulfides, preferably sodiumand potassiumsulfide. In yet
anot her enwediireesm of the process of the invention, the chenpepiisorndrs
precipitant is supported on is parti cul at g carrier solids, which are then
m xed with the oil containing the dissolved nercury. The carrier solids are
preferably diatomte and are normally conprised entirely of particles
ranging in size fraomabout_3 to about.60.m cronps. i Gh rticles have a
medi an di amet eAT2Y 58 weelf SHvutYa® %%auﬁbBB%“Eoiﬁ;,\gFéﬁgP Te ratdhite or
other carrier sempds=supgor tohdeonancueyopr ehephkant exchangerge msayr fkace

area nmaking it re easily.available for re 1.0 ] t he di ssol ved
mercury and al ?(T%?é‘rnvaese%sfléor?iﬁ]?%rpra?%e%eﬁfé{é’pgrcgeb%g t he resul tant

mercury zs containi ng solNatsndklym t tlee octuddheidi asomong aguinattiest wWidvr i er
solids used. areg,. I Y. ti t -0+ i

nmet al pol yssul f ﬁ&?ﬂlg%cé}ge];é%—bg%]f n@%g%%g?o' @Q%F hﬁgsgggggé}fgﬁgﬂdﬁ %t%]%%f
di atom te or opkertickes eandidy ddrepbesabsandt Falidst P8 WHR CboHFaIcusy on,

3o nickel, zing,and cadmymyJhe MBREUT Y PEECLRILEABL aS¥PRYRG 1O, t he

carrier solids may be an 1 norganic sulfur-containing conmpound chqgsen from
the group of alkeaEibrigadiokweserceoinl Ralife. e8HFR ABt SRNEUIPNUES3YEE kal i

netal pol ysul fizges ca3bMd@ iperepsdapBatngel peeblipdesranasaldal icreial
trithiocarbonates, or an organic sul fur-containing ¢conmpound flav n%r%% | east
one sul f ur *&t oitthdts iRFeBYRF ve Tre hm%FB'SifYTFﬁEt%FqEE‘? F%Ufl? 2‘6%5

August 2004 WOLNGAG) -mdf-uRCTpa0idD4938raepeufprably petictfad®brior

i norgani ¢ sul fur-cont ai ni ngL_r co ou&ds are the a&gal i,.met al | fides, such
as pot assi um at® SFRUALIFHUSTAN tReTPIRTEr FBF SP§ES gegjl‘rﬁﬁc&}W'ai ni ng
conmpounds are dithiocar bareiesrang sghinrtzedhe drebing, $heh asiduldil| zed
i sobutyl enes. The carrier solids.contain.a suffici . _amoynt _Qf

o &0 onf e ot i SRS v,

of sul fur om d arsy ina o r&ent
‘calculated as g, aseth sl Ned 04311 31 8o VELARL s i feSelidS o b ualohre

sufficient solids carrying t ‘ur-contarnrng_conpoun re mxed wt
the oil or othdrdm quiel daiocahbowsh sendeanf leWe liasuRtasndiPaSHaE cont ai ns

bet ween about %%ﬂa%ﬁmvé% PRy Qhst Bess9l hds ackamBabeidma izt
the draw ng, the mxXture of oll_and mercury precipitant exiting static

mxer 32 is padeatalibught} isrlbdshavingadt PARTESAR S84 2R EATRF FildTre

i's stirredzdor sddutT d angidshd f %&@E@ﬂ&bigogi-@a&bQUthﬁ(ﬁ Ebite 5,
pref erably between about

2.0 and aboklt 2}2 0 Eiméf,ﬁ?' Here the mercury ..
preci pi tant reHACEIHF ¢ RNAIRH PBFLET FPLEI2BBY SwRPR e Pe r JAE*SEHT ved T
the oil to forHetndWIC Uty -9 H astheoo Pr eRepptatessThi altéackitorz i s normal |y
sufficient to rempve all but, abgut a fe undr ed .ppbw, a tpeen
about 100 and %océ’ o p]p%vf%%‘fnth%m%ﬁgsgﬁ?‘e”é%%e\rggu#?l%f Hg\r% e oil. The
t enper at ur e i n rerewisss Mearcugnkcost aninategd selids ped pexwdevlafout 25
and about ~ ile ggt]g r | t W ahoute %%nq%ga ussgbhy
in the ranéi frggrﬁ about 3 lgsff&?%)&a %ﬁ%‘g%osgg’%g. 3\%en tehe me cusr
preci pi tant 3oassdd litrauporandl eentni fugingoel Mgy, bsosEPlioyeasot thRF vast
majority, of thGaMAd piiReIRE Wie hkhra89RIbRAES W darkha o riFTter
solids. The effluent fromreaction tank 36 ich contains crude oil_ or
other liquid hpardearimshslirdetter 35 2nfdises| ¢ad ReYchey v For
Mer cury-cont ai o RIAMAPIdEEL faidRdasNchbger Eacki ehet Astal, Basisonkn
embodi ment go of A?‘%%%EIiL%T%hSaQE%TS a'aQH.'}IrE gc@xtain over about 2000 ppbw
mercury, it has been found that this solids removal step
of the process can reduce total mercury concentration in
the crude from as high as about 22,000 ppbw to below
about 2000 ppbw.
35 Crude o0il containing dissolved mercury but
depleted in mercury-containing particulates is discharged

from hydrocyclone 22 via line 28 and mixed witir a mercury
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17 August 2004 WO 01162870 - 11 PCT/US01/ 04738 the invelTt August B804arri er
solids used to support the nmercury precipitant) is passed overhead through
conduit 38 via gunp 37 to separator 40 where particulate matter is renoved
from the YO8 Wydr ocarbons. Al though the s separator can MBI §T3pe of
devi ce capable of renmoving small particulates fromliquids, it is normally
a filter system preferably a clarifyi h'g"pr"ecoat pressure filter that uses
cartridges precoated with diatomte to filter particulates fromthe oil. In
t he enbodi nent of the io invention where diatqgnte is used. as carrjer for
the nercury pPEE&PIREFAL| tn)echBrnAPLy H’d’t“enércgestg‘&?‘ipgﬁbejg’r%%og?‘th hei | ter
cartridges W te i Bt it tiRi RGutBeigaphaiseeds ahrdaighi |dtsetwanset hg2 coat i ng.
As the effluent fromthe reaction_tank.is is.forced t C d
Cartr1dges of MHRFY (TREmEEEREN BE=RIos s d & s it bapRSA HEERY
and about 50 pgieg,ctinde neituoy- obheai hiynyoganrbicoulldtasidor nethe nmebeury
reaction tank e ifed_i yer f. di ] ugde _oil or
ot her quwéd Iﬁ%‘r r%%gﬁg%]rlé ggsg %H?Shgh%lett lé_lq'é%ﬁ g}':gtda%eﬂfsi&fl?%/r(gfaﬁ% are
removed from oirgdnic eromyeundh tha@;ugl&a@c\;ﬁdMLttMZilsﬁﬂ ved MBeRFerYolh is
substantial | y 1gfplehgde | aiﬂﬁésuwrangt ﬁt‘é&%r’#d&ﬁﬁﬁ!ﬁﬁ@%ﬁ@@ﬂpﬁ@@k‘é 3%09

I
and about 300 ppbw total nercury. As e effl'uent fromreaction tank IS

passed zs thr #igieh igarrthentbm zonaNedufaorysds deBdurfotPHR, 2nasesd
containing snyd AMudS RErABEGUEYntB@TRlI |y from about 20 to about 100

mlligrans per- cubic neter, are forned. These gases are renoved fromthe
filter system through | iﬁ% '24?‘?@5?6& PB’?’P&'}'B'\%é‘tt eﬁf"? RECHBUNES Bheso
mercury, and veridtkien hehatgesplieyepraeipitaeAsa s ampresgan e dtGfp6ahasS
the filter systerrtltajs%tlo't abgui) 50 psiyépi:n ilpg't eg th%t thei cartri dggﬁf’ﬂigﬁrs
are beconi ng” SWEYAHIIAT 1§51 08PRE RPth i feSit hhgHareich Bt ¥ atd
further filtratemruwyl| BraBsldsfbifcshch Wrganiilu sompursds timclade ;| bges
are back flushe | : sych ol b 0gen, car b, _
SUBSTI TUTE SHEé% wgﬂgﬁéedlggmgaé‘ﬁ%’%&%fngg}o?r?éﬁzﬂ te mono
PCTI US011084 7 38ertt ioxiale, po hymediicedormy; o snid ufrilizest oshyssfiars + metghptane, 46
to force the fiy4 Qé‘”‘:ﬁ%ﬁhgﬁ#ﬁ?sﬂ)bog%ﬁ%tcﬁ Aithid & rgad1é dgesqand out

the filter systém'through I ne 4 l.ushing al so” forces a portion
of the hyro sasyt ieAne i 3pdgdibhicestens -f i Noamadistredt FUFEIREeRB| 2BQUNTHe

m xture of |i s %@@r%@ﬁié‘s 581 pagsedntiad iy hpdurtighs | imerdduted
hydr ocycl one 52 where t

£ e_sol i ds ari,sep%rat edr’l_:hrom he i ujods. The
separat ed |i qdiftk® abins of &r HREORER: LEPEr 39y SCerPAT (T U LURYRF (5%
whil e ~0 the aiddsconth bescbeenedtahbouguild® ane Edssed M@0 pppmpw 56

t hrough conduit_ 58 int st e_accupul ati.on tank 28 '
nmer cury- cont aiprﬁer%%%f%\é@%&‘éeﬁ?xgggw%t ﬁ't%hg%%r %%rdy!gg)n %Pﬁ?ﬁgpgmo‘rf ds
renoved from fe theuialiyemdcar bon feed i n hydrocycl one 22, and the

resul tant mixture is is peengdifabhy [HRIGM oL UBIRP dAk; Jarsongbl 60
for disposal, typically by injectron into disposal wells. The purified
crude oil or c@erbe iuisd aydebecargand cr BRFFCEIN PFRAGIRA NGy sERM 40
through ljde 43 d¥dridd Ys50R1 85 NhE¢8MAROY¥L110Winy amiuiBd9 ppbw ao
mercury. If environmental regul ations and other consideration are such that
this anount of nercury is tolerable, the renpoved |iquids can be passed
through val ve 62, adsorbent by-paggr,iH-Rs—&k; conduit 14, heat exchanger 12,
and line 66 tc storage tank 68 to awaifljas further processing or sale.

S

30
where R; and R; are the same or different and are in-~
dependently selected from the group consisting of
hydrogen atoms and unsubstituted or substituted
hydrocarbyl radicals having from 1 to 20, preferably

as 1 to 4, carbon atoms, and R; is selected from the group
consisting of hydrogen, and cations of the alkali or
alkaline earth metals. The dithiocarbamates may be used
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|f, on the other hand, the mercury concentration in the 17 Auigist 260dved
fromthe filter system40 is considered too high, it can be further .reduced
by treating tfa@std quids with a conventional nercury adsor be%r@ﬁub%é hi s
is the case, the liquids exiting the filter system40 in |ine are” passed
via valve 70 into adsorbent colum 72 whese-the |iquids are passed upward
through a fixed bed of nercury adsorbent solids. As the |iquids pass

t hrough the bed, residual nercury is as adsorbed on the adsorbent solids,
and a purifiedeltheird iof ar etieed o e Ydrosmb Enedi $nr empaepidausm e/ ol um

SUBSTTTUTE SHEET (RULE 2 17 ust 2 6
PCT/ U501104738°Fﬁ§’8&§h FF%?é'eﬂ Oﬁh"% Sﬁ|qgﬁoﬂe r?%énagﬁgéeﬁ%r%%a Thes®
exchanger 12 andel inetGé pwo&@&magéttha‘ﬁ@vemmyonoﬁvenﬁhﬁﬁﬂ Gigrtoigry
adsorbent can b i_n caql u de
P- 5157 fron1Syﬁ§FHg%gt fp%ngpo t§§255|d|a?éc%¥BngQ%%{?ﬁ?%gﬁﬁgﬁhH
Chenical s, 3VR- GlfneblmwaE,ltdm@ctatIéaammm-ry Boeadt begt 39684Er RT3 ning,
ratent No. S 3§¢pRilcatRanad %%Jé&mécgelﬁ'étéarﬂé&e@tﬁ%ﬂprm& Yean

passed through sorbent col um at out anbient tepperature (e.
about 15 C to bBbBousedospecepsiidly pireddhin OFBREBFEaBSUENES %Yﬂ‘t’t%‘ha?ﬁ/

bet ween about évglﬁmea@%ﬂxb@éttz' Desisbrd Nes puastbed rbwtneaar hatit tw 8's
exiting adsorbent colum 72 in line 14 E&ylcally have a nercury
concentration Me§sleranMBoad04 @psbr®ed40%onetimes less is than about 5
percent, ofg the concent r ahieOBAfEuTaIAdd M@ﬂmg ubefnuoca@xrsé diffanic

|nvent|on inline 10. Quite frequently the ntratlon rcury in this
liquid will beMEESYIYhRFSLIBICANY mug% § FEds g’ﬁl%ﬂ ppbw.

Thus, it shoul Habéngl eae LiFatHeh&Edqesessg Z@tﬂfxcthfatl.n\f@nmﬂras):r ovi des an
efficient and effective route to renoving nmercury from hydrocarbon |iquids.

The nature and objects of the invention are further illustrated by the
foll owi ng exanples, which are grovided for illustragive purposes only and
not tolint 2s the invention/aﬂ defined by the clainms] The exanpl es show

rom crude oil or
i ds produced with

that (1) a substantial apount rcury can be
natural gas condensates E?Hgﬁﬁaﬁag?ng out_partlgh ate
t hese hydrocarbon liquids, and (2) the residual nergury re 30 maining in
the resultant filtrate can b&®urther reduced by tr ing the filtrate with
certain organic or inorganic sulfur-containing conpounds. EXAMPLE 1 as Two

rel ati vel yz2d r evhesatiferiz8dnples ihsambt?)beofused0iAPpureud®mi lgr wiigh

o1t ogon_ SUBSTPRUTEISARER FREER 3oL vy g  EFEBG A T g3 4o

PCTI USO1/ 04738a sulfurized isobutylene having one or more of the above
structures are available from Ethyl Corporation as gear
0il additives Hitec 312 and 350.

25 In another embodiment of the process of the
invention, the chemical precipitant is an agueous solu-
tion of a sulfur-containing inorganic compound chosen
from the group of alkali metal sulfides, alkali metal
polysulfides, alkaline earth metal sulfides, alkaline

30 earth metal polysulfides, and alkali metal trithio-
carbonates, such as sodium trithiocarbonate (Na;CSi).
When employing this embodiment of the invention, it has
been surprisingly found that only a very small amount of
the aqueous solution, which normally contains between

35 about 1.0 and about 25 weight percent (preferably from
about 5.0 to about 20 weight percent) of the sulfur-
containing compound, is required in order to achieve a
significant removal of the dissolved elemental mercury

from the crude oil or other
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- 14 s io 15 pressure through filter paper of various slZzAsigust200dugh a
bed of diatonite (Cel atom FW 12) having a nedian particle size of about 24

m crons. qi§?0n1te was supported on an approximtely 18 g%ﬁgon
stainl ess steel filter screen contained in a stainless steel Hep738

housing. The oils exiting the filters and the bed of diatomte were

anal yzed for nercury. Simlarly, three relatively fresh sanples (Sanples 3)
4 and 5) of 55~ APl natural gas condensdte fromoffshore wells in the Qulf
of Thailand were passed through filter paper of various sizes or a bed of
diatomte, and the concentration of nercury in the filtrate was anal yzed.
The results olithedehydsbsaabenset fSattisimttoywry mdablhiey2rembyadi nsall of

the data presspi &dnaheyAORT OXETRLIONG: /YRS G Ve 9PesiRSoA0aLYS B s bdLcat ed

that |ess than out 10 wei g perce e nmercury i n each Sanple P oil
and condensat&h@agiiniphéineniké fisr hass Hhamwe akowt ndeP0Bernd ENenhss

clemental Tormey TABLERdud b 5awR!.c Bf@éé?amﬁarmh@sv@ﬁﬂsnﬁw oSagpl es No.
1 No. 2 No.3 No. 4 . 5 Startin concent ration 2200 1750 1294 642 588

(PPbw) Hg %onfe%'hw%&lu shoutt 8r 09@%7@91%&6}% f3199%t i oRhEpBER) OFgsuch

concentrat i onsra&mrvélﬁméeooélghél INH1QE fddh thaé | ERe( aabwhth!ge
concentratlon after. 1. - 1100 2 mcron filtration

concent r at i ontB#% ef P @rq 153%6‘:'319 3’@7:9(%1 Ae ks e o‘ﬁ‘“‘t’i?bgghlﬂl ERénite

(ppbw) SUBSTIANE &hEETh{ RULE 206)n rrﬂaicewg_uﬁ AWM M2 | 628840atidh of
PCT/ US01/ 0473 The data in, the tabl e how that, in all caseé ]Ehe sgal | er
the filter MenfIregus Phashy éoma &0 H-Eiﬂﬁi%‘%fs??%th rgferog

condensatm, td:haerhmasl npreuipltbatsr@ml nee: iim tdieid idiibad tmeAB8 €68nthe seen,

fil ' th I d
's:Jbts{ gnfl 21: IO; DT € ?%rénag ggﬁro llggr& %le’%# ﬁ\‘g&ﬁe‘# cher P%P%B?ﬁfgg\r/rgl es of
crude oil andsodiwvnaedspoeasSaipie shl fikie.data for Sanples 1, 2, 4 and 5
illustrate that nercuryexqgg%te)gnggh%%rt |n§:# %r{@téfrtﬂé'cépgcg%{; ko and

removi ng the particul at reroves or bed
post ul at ed t Hete tirveRttomy tbﬁcehemtcladnpmqmwmm%@pp@r&dpdm 3 was

- reduced I,8ss dhan; abpatte @ani&E”%oﬁﬁ%us%t%@?h%‘}@% emgﬁj%aw%sor%hel <

concentratlon Of partl culate matter on e nercury ¢
It is clear fQbmertappbngntirapdéssolysd mes@nyant iEhe sspuniesi sedbidsry

can be renovegd F;Q:E&ﬁé\fhls’l @ﬂgtéﬂ'ﬂﬂ@néﬁHeaQ)é RIPRNE 16, Redhp EUs88 CeBE L OT .
EXAMPLE 2 20 Ar h sa e of .a 50~ APl cru ol | _was passed
under ni t r ogert ?ﬁ/ %’Fﬁb FSabt 1?3‘901??1 ST f rqnéraqb%‘b'érB’ EAd about
100 cc of theabsulg@@ntididnsAtehien gﬁhx-edcﬂ.esgrgﬂmsa omt:?lzbarmedham@keéra
‘ni trogen 3t t_0.02 cc of .an.about 5 20 bercent
unbuffereg (p greg} wlﬁtabfgb%ﬁ? TB)’u&qEQO & LR owﬁbefg é’o%l‘f?fﬁi‘%%l??de
(Nai S). The vadihere canyienfssbildsnsapbbrdet kel merontyo grddcipboant ute @i |
was about t [ e S [ h passed
%??ga%out fse[(gé &2 lln?ftﬁ.?g] &b mg!r% 2aGNLATAR s 1851 & NEGr

t hr ough anot h m Ccron
reaction with the dissolved mercury and alsc serves as a

filter aid when separating the resultant mercury-

25 containing solids from the oil. The diatomite or other
carrier solids used are typically free of metal cations
that form water insoluble metal polysulfides having a Ksp
of about 10°® or less. Preferably, the diatomite or other
carrier solids are substantially free of copper, iron,

30 nickel, zine, and cadmium.

The mercury precipitant supported on the
carrier solids may be an inorganic sulfur-containing
compound chosen from the group of alkali metal sulfides,

| alkaline earth metal sulfides, alkali metal polysulfides,

35  alkaline earth metal polysulfides and alkali metal tri-
thiocarbonates, or an organic sulfur-containing compound
having at least one sulfur atom that is reactive with
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30 the filtrate was anal yzed for nercury. This proceduhawmaagusp2004d'using_
about 0.2 cc of an about 0.5 weight percent buffered agueous sol ution of

sodi um sulpd8cR#¥i N9 a pH of about 8.5. The vol une ratio ofpSOF | fide
solution to filtered crude oil was about 0.002. 3s In each case ?ﬁ@b??eat

rate of sodium sul fide was about 10 ppmw. The results of these tests are
set forth belowin Table 2, wherein all afg the data presented are

appr oxi mati ons. SUBSTI TUTE SHEET ( RULE 26) 17 August 2004 WO 011 62870 -
16 TABLE 2 Sanple Treatnent Starting oil G| subjected to 3.0 mcron

filtration Filtrate treated with 10 %fmw NazS in u gﬁfgéedtsolution and
subj ected to 3IMBTRIEYon fPPt PARIGTIEd it a8y W RC18 B/ RasS§™n
buf fered sol ut pennasdagabrpet ad Kdad id met@ lMisarldiddd f rabchnabepoungsium

Concentrati on ~PPbw) 2190 573,470 340, PCTI US01104738 Percent Nercur

Rormoval | 74 70 B0 PRATHoSRITA0R A} 6T RARECERSR ATYARTE JORAUR t hat an
initial particobateingngyvabmpoapdsbateantiitdiocasvhnasesabodt sudfrtized
Further refovar SF-BFss S e ey Y CHORITA TS canTBe SBFEised
usi ng very snasdlidsugestafiinan aqfddus ssudiammuwnt fofietBel inpoaanrepar abl y
a buffered sol ution. I &ﬁﬁ“ﬁp I d i in
Exanple 1 was é%?%ﬁ%aE?@ngg-%gﬁtgﬁgﬁfﬁhq%% iths. &ﬁﬁe?%%?ygg%egﬁggggﬁgﬁysis
showed that appioni afit eu}f80 por ddet soflidse imhahkween aheubi I agd ARpoUe
lonic form Theo sgiphic/Ba-Reated & Allated b s AMbhEaSEH HRECEORRNT Ogen

pressure through cron ter paper. The_flltrate was anal yzed
for mercurdp t hveigdbinef &he spdidssul Usugddy avieheeienheSebheenFREEYoN of

mercury in the;ggudReOkl ¢S EeRESEHRY (difdddrid aFémmixed abent £8200 japbw
to about 1312 ppbw. About 200 cc of thé filtered oil was m xed at ahout 50
C. in a nitrogehfPtBREJLaAHAE RyKiTRcsEans B Fhith Shal TRFULERRE PUXE

SHEET (RULE 26}ure! doAbgint BER4cWR QHARS8ADd and about 1000 ppmw of the
solids. _

15 Referring again to the drawing, the mixture of
oil and mercury precipitant exiting static mixer 32 is
passed through line 34 into reaction tank 36 where the
mixture is stirred for a time ranging from about 1.0 to
about 60 minutes, preferably between about 2.0 and about

20 30 minutes. Here the mercury precipitant reacts in the
absence of a fixed bed with mercury dissolved in the oil
to form a mercury-containing precipitate. This reaction
is normally sufficient to remove all but about a few
hundred ppbw, usually between about 100 and about 300

25 ppbw, of the dissolved mercury from the oil. The '
temperature in the reaction tank is normally maintained

between about 25 and about 75 °C., while the pressure is
kept below about 15 psig, usually in the range from about
3.0 psig to about 10 psig. When the mercury precipitant
30 used is supported on carrier solids, some, if not the
vast majority, of the precipitated mercury will associate
with the carrier solids.
The effluent from reaction tank 36, which
| contains crude oil or other liquid hydrocarbons depleted
35 in digsolved mercury, the mercury-containing precipitate
formed in the reaction tank and, in some embodiments of
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amount (about 0.1 cc) of two different treating agents tffaAugasp2004d an
organi ¢ conpound containing a sulfur atomthat is reactive with nercury.
The resul Q@QEU%%(& ure was stirred for about 10 minutes in the /ﬂl ass

cont ai ner 'a én passed through an approxi mately 3 nm t hi tkI/Hegt/473s
diatomte (Celatom FW12) to filter out particul ates having dianeters of
about 0.7 mcrons and above. The di atomtf was supported on an
approximately 18 mcron stainless steel Tter screen contained in a
stainless steel filter housing. The resultant filtrate was anal yzed for
residual nmercury. The results of these tests are reported below in Table 3,
wherein all of thiee idatemtpgreesenttes e bgaproxd s i osed tolFuppPCTLUSAE 04738

TABLE 3 Treati . t ce 0 n uryl
Concentration ﬁ%t%&r%q% t’[a}’%)%]l onrg (ﬁ%o%h é\% %ﬁg%%agggrgﬁghwgg?%‘i%
Bet z- Dear bor n' 38R V240 usign m&d%pmt@on&mhﬂe opaot inudebey rat teid
prior to treat q%”&e%e@ﬁ ot Hife PPRW 14 %BérﬂaﬂgﬁerhﬁtgﬁEI%&mthe

di met hyl - di t hi ocar bamat e sol ved i'n"a solvent Contains p ric
di t hi ocar ba¥rat segiagsdiare¢am be suIw anpe Af e bee seapabheTasb) @eslovmg

treatment of thgaqil ﬁﬂﬂtﬁéﬁ%eé%&@mcﬁhﬁe%aw REPRhANNLNY TN i C

sodi um di net hyl - di t hi ocar bamat e and pol ynerijc di t hi ocar banat e” was ef fecti ve

in reduci ng t hEY®&ESur Préfarahly r%rﬁ]eﬁﬁﬂﬁYlfy_?%‘EW’fopﬁﬁﬁﬁPr§s§lﬂ-§@ﬁ The
dat a } ][1 T?bl e %h&ltsgxs@sOWatﬂt&tlddw éa&e@qmi@mnaﬂ&mggelt ﬁotcfiEFQ@ldS t
are effective in redu Mercury .concentra ubst anti al anoun
of the-nercuryP “jﬁ'(}'?ﬂs 0 Wi st ‘b‘glrte 5 §he; %'%P‘Pl@ BHFCOEOF%E
SUBSTTTUTE: éSHEE]iV‘éRldh.EIQ Oherel AiAltnsit 200 NP 12628 70aPET&USEDF04038 - 18

EXAMPLE 4 A fresh S%’{P APl .nat.ur al ga s_g ondensate cont ai ni N9 about

I f, §
588 ppbw ner cuFyr<H P%e?cﬁ'@%aé}ﬁynt ¥R $aRe P RreRRBEEnt©
tenperat ure t hpeegdazn taeo i 13 evndar ki dupss orflmaﬁmtduersepperthé on an

about 18 m cron a3 a| nl es teeI filter scr co i in a stainless
steel filter h8u5| rjféar é‘ &r%]t ese(%reef aafseﬁtﬁr}ﬁ/\l"?é%%g sized to filter out
particles having di anet efs (thealﬁﬁftltmrm Mimmisherreacyben Tankf ikt ered oil
was anal yzgd a@@&%ﬁg%h&%@nwé Rl ?tﬁa?mtro Dpratiry eTEE}EéL:t% !

was then m xed at anbi ent rrperature |n ass cont al ner
with very snal BOappumt Pressure snap afedratneany fisedand @@Hﬁl 8§03, The

resul tant m xt gs§guaghat hre&%rfyarccﬁﬁ%ﬂm?r% rﬂa&tﬁﬁéuh&éélef@i—ﬂéa gankdener
and then, passed throu h a_fresh about mm t hi ck E Fé’f% %# éomte Cel at om

FW12) to agai ﬁ'ePFIttlé’P §80%p 26 &ﬂp&t&&t%m hg LaEPmgte as

m crons and abeue. chindeddallowht @ty JURpOd eqummdawtpaas NMthtengh
stainl ess stee

| ter scree ntalnedlnastalnl te
nousi ng. THo. 1 EBEI CARETARE, Sid CRIE AT ys THI TR SR HRPCEHY EoFhe
filtrate from sietsecahtcght canidmi twas? thdrhmmbamt@f amlhbmat 1 inch ID
gl ass colum p i Eg_rgt;; o 33d Y
avai |l abl e ner C%ﬁgﬁgﬁgg&% ? Hltspéf%dp so?'Len ﬁog}ﬁgyne r%%?‘%tgu glng (a
subsi di ary of Ppetrweenf ébmﬁcéﬂ@h@ﬁlﬁc@bﬂlt O fpphvw aﬁ%t%smﬁéﬁvrhfn cont act

with the adsorbent for ahgufthéoerﬁfwe?& FHr it {SIPEAR USE. iENBassed
condensate was then drained fromthe colunn and anal yzed for nmercury. The

resul ts of2% hekBreaghs féﬂﬁeifeﬁé'lstt@ﬂ‘ B8 @Rd MnAagoes JRRFRPFURLFALAOM,
data present edgagesapBhexkfRhgoRfhalIUBMBURYEE cHikelr ¥k F #étmally from

about 20 to about 100 milligrams per cubic meter, are

formed. These gases are removed from the filter system

through line 44, treated to remove these trace amounts of
30 mercury, and vented to the atmosphere.

An increase in pressure drop across the filter
system 40 to about 50 psig indicates that the cartridge
filters are becoming substantially fouled with mercury-

. containing particulates and further filtration will be
35 difficult. When this occurs, the cartridges are back
flushed with a gas, such as methane, nitrogen, or carbon
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17 August 2004 WO 01/62870 PCT/US01104738 - 19 TABLE 17 August 2004 _
- 4Mer cur yConcentra- Mercuryl Concentra-tion of Concentrationati onTreati ngAfter
SecondAf t evdoredstegAgent Fi | trati onAdsor bent Run No. A ent ( ppraghidapmifrrbw) 1
Bet z- Dear bor n2100l 187VR 24042 Bet z- Dear bor n31002204MR 24053

Bet z- Dear bor n' 101046MR 240S | Concentration of mercury in oil prior to

treat nent was about 367 ppbw. ZCont ai ns- monoseri ¢ sodi um :

di net hyl - di t hi ocar banmat e di ssolved in a solvent. 'Contains _

pol yneri c. di t hi ocarbamate di ssolved in a solvent. The data in Table 4 show

that use of the,arganic.sulfur-containi co nds _in.the treating agents
reduced the rregéﬁﬁg%&jnégﬁtrf’ét C(?ﬁ{]c}fmi%quk%nggggg es?'rsg%mag‘t&ﬁo to
about 220 ppbwaér tbelfowceSiher ifsilng ned tprer useudat esl pnabdita thinigEmef t he
treati ng agent nt.al ni I i ithi I iR T i

the nercury co%ﬁ%nt glcl)—? 'r?gig% %o%’g‘?nsogitg ’{ﬂc])é g‘ﬁbﬁf?é%g%%%%@u gg&g)c‘)j arlgL 04159_
about 220 ppbwIbbeaback filushdmautalion frpraewsfat hersass ofedtiendiyaent .

Thus) it appeaps Hbat mg;hggisswt' i W’%ﬁl@értgﬁs%gﬁ%@.h the solids. -
sul fur-containing conpound may result 1n better nercury renoval. It 1s al so
seen from Tabl Bhg fMHatureesfi g IH AR ERt B8 bfh PRESSEC Hii® MYMR &t on

with a conventtgpahghengwey 4303 hgRir&AR-faé hep LRdwee thike Jasidialre
mercury concentrati on to bel ow about 10 ppbw. Thus, this add L

ed process step
can be used i fSeBAZENEFAETEHs the e R UirdF el TR aBBERT 26697 i r ed

in the condensgkeuehedt ReY £lingeid Q¢ af D OF 8 oYBSEDRUBE £ SSEET WHULE 26)
17 August 2004 WO 01#6%870 -. 20 PC1'/USO 04738,EXA|\/PLE 5 For, caonpari son
pur poses, ¥ safBPfeS6f165e aghc SOMe: Hait ehtQPLIP BHPERARSISE ¥ 1 AuRWTP

cont ai ned abouss3Ghrppbly ebnd@uicums Wno Wased sotamadatden asrdeyJ bed s

in Exanple 4 wth th i al_ner. bent used jn . le 4
bt i hout 11 PEESbEPRgCe 6 SUEdd g AT G PN R Aol g, vt ERe

sul f ur - cont ai nmagcucypoondaifiegrecdirds aemewed of rome thesdlitpnitd hygirak was
found to be ab . | ..t h th ' '
fromthe aver a%%EPég‘oﬁg \é\g. '}%p;%@vc# %ggciiuorﬁse ii-%' [ %ﬁgxghpgﬁge%gﬁga%%e%%ﬁg
commer ci aliscosisoperhiedierdlyy retoyesefirdns tivwutagksviangengdugiters & Hov
that of the tr i e ; ' =X:aW : S & . dk [ e
econom cal to ﬁg%‘b? gqg_hgk?églaggfqa%ﬁg{m%ﬁlt%e??ﬁér d?tﬁpﬁgrgﬁig%lgg'usi ng
the adsorbent or, if verfhenduriddedemmuds onsl oPr neEbery ldmatige Sividse-

prior to usingchPpoadseehened Ehem ailtePrHeeesmCODT LEFOAGHON (Wl st
significantly reducmt he anounts of the adsorbent tgat m%ﬁ'odp% herw se
achi‘e

(i.e., if no tPREPRAJYaGEREARE &I6H AROWo FAGuF?eaPPYE milar

- reducti onse n w@reuky.coiceniigbnfRrntaAl thaghat hbasi andnbictierhas been
descri bed by refereace go sever al enbg:g_{rp.e t.s. of _the 'n\égnHe(%réu i§ ]._is

" evident that nﬁﬁ?sé FER t"f’Bn?,rer’rﬁéﬁch Ao Hhd* PR Er Pat MEAs Wi 1M e

apparent to thosdéeshbleedthe thecasid ilnduiglt odnthe pesegdi mdgirdexgiy i pti on.

Accordingly, it.tS.iRLen e W h he,in I 1

al ternatives, %r%%??l (E:gt’i gﬁgogﬁgg\g?}g |a\ognstsmﬁq<}i% %;éf I ¥§\Aﬂth ?% t%%é Z}&%ﬁ t and

scope of the appehavger| dRnsand0lSUBSHSTWIE SHEEISERUREK26B to awalt

2s further processing or sale.

If, on the other hand, the mercury concentra-
tion in the ligquids removed from the filter system 40 is
considered too high, it can be further reduced by treat-
ing the liquids with a conventicnal mercury adsorbent.

30 If this is the case, the liquids exiting the filter
system 40 in line 42 are passed via valve 70 into ad-
sorbent column 72 where the liquids are passed upward
through a fixed bed of mercufy adsorbent solids. As
the liquids pass through the bed, residual mercury is

35 adsorbed on the adsorbent solids, and a purified liguid

of reduced mercury content is removed from the column
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17 August.-2004 CLAI'MS 1. A nethod for renoving nercury frAugust@004

hydr ocar bon feed conprising: (a) mxing said l'iquid hydrocarbon feed with
parti cul ayyy §Ghi .ﬁgs to yield an effluent m xture, wherein the articul ate
sol ids conprisé a sul fur-containing conpound supported on dFatGafyu73s
wherein said sul furcontaining conmpound is selected fromthe group
consisting of alkali nmetal sulfides, alka ine earth netal sulfides, alkali
nmet al pol ysul fides) alkaline earth netal polysulfides, alkali netal
trithiocarbonates, and an organi c conpound containing at |east one sul fur
atomthat is reactive wwth nercury, and wherein said diatonte is free of

metal cati onstRPREAEIR of HRatl &r - |ﬁ§él5u8I1§W%Q dis ghers pasaed hBYrrghahrsp of
10-6 or |ess; eﬁﬁﬂalﬁ@érsepaaﬁal NgnsAicd RY tdreidarie. ta&ﬂkl&ig fapgp tba-ef f1 uent

m xture of ste é % g roduce |I%UI dr ocar bons Vi ng a reduced nercury

concentration” g@ oD ‘EEIFBré’alaﬁl PF%% fHRJCOSUMR fét hod f or
Irem)vijnﬁ rrercmzm;fal}ﬂm c(ﬁjtfl sqghdahﬁdﬂr@@aﬂt@rlrfcaeﬂia:mls'r gﬁroma??’f’ﬂexmg said
i qui ydrocarbon_feed with _an or.ganic ungd t eld ap . efflu

mi xt ure, \%her PRPTHRE brganfcS E%ﬁﬁégﬁ‘ﬂcc?&fﬁ r%%trﬁ)eég‘?n%ﬁeagﬁWﬁﬁ? gt om

that is reactike’l wtdmnBOEuUr gndantewherennys aidscorbgenti £ despoibddi snnot
Support ed on waI1 ek aeLifS: 2N9phPhadEPanald Ag ARG ¥ GRNLALERS .

particul ates fTorhmed rn step a reactiono 1d organic corrpouﬁd th
mercury from $}h%t@tflfM@n!tlonmaﬁ.@lyepefssgdemhtr@)lgﬂb t[ina)ondﬁorbqut dcolumn

hyd b 7 t
Comar o0 L0 et o1 b 4Ry o b e B PEahe 4 R HotRo T of® r evourne REF Ut y

froma |ilgui Rhytbcairdon PredsusapPedomwgabeaf rh5><|9ﬁglgs.a| wsywaglyd

hydrocar bon fgedsait halgosuf §i §I§Q§L agpntyefiran cageeys sol ution of a
sul furcontaining conpound to yield7an effluent mxture, wherein the

sul fur - cont ai ni ng conpotAg P%réglléét B&dePGﬁFPﬁ’él disipidHrR¥3Eing 88-al kal |

metal sul fi desorisékal ¢SBuRAr 19 IRt 2insUhki 4994 callkal indws ab metyawfi des,
al kaline earth net al kali nmetal trithi ocarbonates such

| poly-sylfides, an
that the of f1CRA=TESA A CHRPSI RE2R GBPHe 10aPRd S5 toa SPICLBES LBFSL | on
to said hisquithdrydilosar bornpéeeent pssft bae ab@uten(&:morandf (e rsepar fédng
mer cury- cant i rticul ates orned |n step (a) f the.effluent
m xt ure of sfge@p{}g? rocef%%lucg Ht‘ Bvﬁ %gca%‘o%l \?lerng ¥ blGiced mer cury
concent r at i ont e&sTwRIHplar e@he occsm:elntrqundnhpdr eeachgry figedchis liquid

will be less than about 10 ppbw, sometimes less than

about 5 ppbw. Thus, it should be clear that the process
20 of the invention provides an efficient and effective

route to removing mercury from hydrocarbon liguids.

The nature and objects of the invention are
further illustrated by the following examples, which are
provided for illustrative purposes only and not to limit

25 the invention as defined by the claims. The examples
show that (1) a substantial amount of mercury can be
removed from crude oil or natural gas condensates by
separating out particulate solids produced with these
hydrocarbon liquids, and (2) the residual mercury re-

30 maining in the resultant filtrate can be further reduced
by treating the filtrate with certain organic or inor-

ganic sulfur-containing compounds.

EXAMPLE 1 _
35 Two relatively fresh samples (Samples 1 and 2)

of a 50° API crude oil, which samples contained different

concentrations of mercury were passed under nitrogen
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4. A method for renoving nmercury froma Iiquid hydrocarbighAtigagt 2008ri si ng.
(a) mxing said |iquid hydrocarbon feed with an aqueous sol ution of an

al kal i metyah oik2gylpi ocarbonate to yield an effluent; and (b) Pctfl?lﬁgo &i,ﬁg
mercury-containing particulates forned in step (a) fromthe e ent ot
step .(a) to produce |iquid hydrocarbons having a reduced nercury
concentration as conpared to said Iiqyid_hydrocarbon feed. 22 17 August
2004 S. A nethod for renoving nmercury froma liquiid hydrocarbon feed
conprising: (a) mxing said liquid hydrocarbon feed with an aqueous

sol ution of a sul fur-contai ni n% conpound to yield an effluent, wherein the
sul f ur - contHTFHES compousd filserepaperf pénmvalrd owsowi e sisttimgafh al kal |
metal sul fiadesd adkadi h ukf,l , i . nol ysul fi des,
and al kal i ne earth, mtﬂ%ﬁ%?%s&??iiggg@ gﬁd#%éh\?ﬁ&ﬂlyutan?eegdaﬁag} iﬁ/‘?gr't he
aqueous sol'dtSh 4% theabgdk o24r wbareesd, FhRoWilAgomitcumaont ai ni ng
par ti cul at euppowed idh d@Pagsoki AILERS €57 hUERbnOG3LEA ) & iy oduce

liquid g1ydro rbons having a reduced nefcury concentration as comnpared to
sai d |iqui 5’-@3&%&%&% f‘g%t.avef?eé\ Bt AodtpsrlesrpotgIndriddreyr from a

l'iquid hydhoeasrion fefte GOIE | Sk 148 nd 2t hé €APYEBYsMBABU et WHRILH N

parti cul at 8?' EB{Ptsa'\\g | i qui d1 h%/%inogar bon feed to yield a first effluent;
(b) nixing the Trrst &Y :}’g?ﬂ ¥ PEPMRETUIW t h A1BELRIAYeoktEER ng
conpound t geYiaelitred ys eGiuh &f{dhdBal . %‘Qrﬁﬁféé‘ g'he,;SHJﬁ&th)cgr%t %i50i$?£C0WOUHd

has the fornula RIR2~-C-SR3 S where and RZ are the sane or ~di rent and
are i ndepefBEHER) S&%Qanfenanha Harem ouhf Thors svehlsofinhytieoged fabgns and

unsubstd t UThdi08nBukRlid Wathet? thrldudlopipt e &0 audlr geallyl f,adi cal s

having from 1l to 20 carhon atons, a_nu , 1S sel®ec rom the "group
consi st i ngSbFeRy BFoGeRedaiafaldiatamit eatanshsthadconeent natdant hfnet al

cations, wnereumysadind thel frun+eHAIWE N GhkoRPad iﬁenof:'e§HE99rB?d on
i nmer cury--cont ai ning particul ates forned

carrier so#f,ldS'é gnd %c) separ at |c£rg:| g !
in step (by BYSr&5ELPoRTEr Sk Fanhily helIhiid e ohpovhareinhabdr cury
fromthe sefohbeefibtuepirealenteep arld) dppihadunsicnd hi ral qbikbyspt conprising
l'i qui dghyd n ing a_reduced rcury concentration as conpared to
sai d |iqui%‘gﬁ‘gﬁiggcg‘?gg&sﬁ%e&.ndfca%ﬁé‘ @%&%ﬁe‘-’fi'ﬁ&f‘ Peyh; # ewakghei n RL
and percent of the mercury in each sample of oil and

condensate was in the ionic form with the remainder being

in the elemental form.

TABLE 1

0il
Sample Treatment Samples Condensate Samples
No. 1 No. 2 No.3 No. 4 No. 5

Starting Hg concentration 2200 1750 1294 642 588
(ppbw)

Hg concegtration after 18 1700 - - -
micron filtration (ppbw)

Hg concegtration after 3.0 800 410 1172 1739
micron filtration {ppbw)

Hg concegtration after 1.2 700 - 1100 132
micron filtration (ppbw)

Hg concentration after 0.7 - 310 - - 367
micron filtration through
diatomite (ppbw}
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R~ are, alkyl groups having from1 to 4 carbon atons andl7RAuigust2004kal i

net al catlon 8: The nethod defined by claim6 or 7 wherein sald
sul fur- gh conmpound i s sodium di met hyl dithiocarbamat e,
met hod de é % any one of claims 6-E further conprising &Té‘t@ﬁ“"(’é? of

contactlng the third effluent fromstep (c) with a nmercury sorbent to yield
a fourth effluent. 10. The method defingd by claim9 wherein said |iquid
hydr ocarbon feed has a nmercury concentration greater than 100 ppbw, and
wherein the fourth. effluent from step (d) has a mercury concentration Iess

t han about 10 ppbw. 11._The t hod I ned.b ai m.1 whereln
August 2004 diatonite i §h§u6‘g?§ntllnal ?Y? ftrag’&%f q'topprgerll'at’12m T‘-hl gﬁ
defi ned by claha1émEEQEE|mh&afdldeatmmmn@nlsJsub&taﬂnaam¢@efpammxmleson,

niokel: (COPPeLenzlng: (304 SRdMum 13 Thedmidiad dafd nekbinctaby L 11

or 12 mhere I n”Sard sulfar-contarni ng I Ses an organi ¢ conpound
havi ng at Ieashabneemahhad amoﬁh@héulmea¢ﬁlveAﬂtQﬁnnbﬁnﬁ%en&4flﬁheaﬁethod

defi ned by ol gl L nugh2erdr B3 MRV SIS 6] ot PErTE eyl Slgosol ds are

m xed with sald i qui drocar hthat the efflue m xt ure of
step (a) contB&mEVHEdt ﬁeeﬁtaneeﬁlie’ amfea BOO0 oy RAT SR <61 FBs. 15.

The method defspedrhyigl %l&h%%@&%%% %ﬁ&dél&rm DU él‘f‘vnéé‘lhga@égan' c
conmpound is mxed with said qui d hydrocar bon feed suc? the ef fl uent

m xture of st%%m??a? éon?éﬁnéaﬁét woEn Sapedes1 o o WABE said
or gani ¢ _conpounal MErchie EPLBGSIeH tﬁ}tLﬁJﬁénn?awMeirm Db o1 pre
rati o of said aqueous solution to saidq liquid é%drocarbon f.eed $ agﬁﬁ
0.001 or Pess?Pd7XeFRYIRG: B8 BaEtASH B CMAGHhaE HMoVeS Yie AdSeuPGHer i n
sai d partlCu!méfcﬁﬁyldSIQOﬂbapas@uﬂ@EBduuﬂﬂtiﬁhﬂﬂﬁeﬁﬁuﬁ#ﬂ¢bncentrat10n
sul fur-containing, conpound so_ ¢ Sample 3 was reduced less than about
10 percent because the condensate had a low concentration
of particulate matter on which the mercury could adsorb.
1s It is clear from the data in Table‘l that a substantial
amount of mercury can be removed from the oil and con-

densate by removing particulate matter.

EXAMPLE 2

20 A relatively fresh sample of a 50° API crude oil
was passed under nitrogen pressure through about 3.0
micron filter paper, and about 100 cc of the resultant
filtrate was mixed in a glass container under a nitrogen
atmosphere with about 0.02 cc of an about 5 weight

25 percent unbuffered (pH greater than about 10) agueous
solution of sodium sulfide (Na,S). The volume ratio of
sodium sulfide solution to filtered crude oil was about
0.0002. The treated oil from the glass container was
then passed through another about 3.0 micron filter, and

30 the filtrate was analyzed for mercury. This procedure
was repeated using about 0.2 cc of an about 0.5 weight
percent buffered aqueous solution of sodium sulfide
having a pH of about 8.5. The volume ratio of sodium
sulfide solution to filtered crude oil was about 0.002.

35 In each case the treat rate of sodium sulfide was about
10 ppmw. The results of these tests are set forth below
in Table 2, wherein all of the data presented are

approximations.
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that sul fur concentration in said solids is between about7 Augusdt 2004t 20
wei ght percent, calculated as S, based on 25 17 August 2004 a total

wei ght of weiggemobi ds. 18. The nethod defined by any one of gl Hﬁ?

11-19) and 17) wherein substantially all of said particulate so |d§ range
in size between about 3 and about 60 microns. 19. The nethod defined by any
one of clains 7, 2) 11-15, 17, and 1B wheng n said organi c conpound is

sel ected fromthe group consisting of sulfurized isobutyl enes and

di t hi ocarbamates. 20. The nethod defined by any one of clains 1, 2, 11-.15,
17, and 18 wherein said organi c conpoungagespri ses an al kyl

di t hi ocarbamate. 21. The nethod defi ned by any one of clainms 1, 2, 11-15,
17, and 18 wherein said organi c conpound conprmeggugypol ynerigercent

di t hi ocarbamate. 22. The nethod defined by asmyceneratiekai N8 Mer@hr}l- 15,
17, and 18 wherein sgaglpDegapesr@enpound is sel(ggied) from t heRgmeURl
consisting of sulfurized ol efins, thiophenes, thiophenols, nono and dithio
organi ¢ aci ds. godraeng add dithioesters. 23. Tl aret hod defined-by any one
of claims 1, 2, 11-15, 17-22 wherein said organic conpound is a liquid. 24.
The net hod defiaédl bybdkaited3tor 316 wherei n sai dS@agueous sol uti % cont ai ns
bet ween about Il1mandoabddfit2@tioh7 August 2004 25 wei ght percent of said

sul fur-cont ai ni ng compound. 25. The nethod defined by any one of clains 1,
3, 5, 11-14, 16Fi3trane 2temmedeimntdaild sul f ur- céAbai ni ng conpold®d is

sel ect ed fron1tpsmgrBapSCDnsquuﬁQenedalkaI| met al sul fides and al kal i ne
earth metal sul 8pdesionsanghsubdelssedddid ned by any one of clains 1) 3, 5,
11- 14, 16-18, abdo2mighencifdl&ziadiom f ur - cont ai ni ng conpound conprises
sodi um sul fide or_potassium sul fide. 27. The nethod defined by any one of
claims |and 11-Béltuptretresrpd wit§ e step of 3#Bnoving’

mercury- contalnpﬁ?ﬁggﬁ?$ch$ab%§f¢¥% said |liquid hydrocarbon feed prior to
step (a). 28..TRelnetRHdaads sybdesyed &Om 27 wherein said

mer cur y- cont ai n#nd- faPEFEBRated ta2E1PBoved by a hydrocycl one. 29. The

met hod defined by any one of clains 1-5 and 11-28 wherein step (b) is
carried out in a clarify preco essyre_filter The, defi ned
by any one of clains 1- gﬁdtﬁﬁ %gtahépeﬁﬁ%gﬁélweﬁeﬂ?yd%%ﬁc%ﬂtiﬁgg8nsln
said Iiquid hydshoar bhas haviagtdalegaced cudrane yrenaceaht saeposubs thess

t han about 10 pet Leur ac ratlon hy.dr r bon
Foed. (31, The hELASHYaBrAERShy BRI Tond By i G367 LhArkis8E SRl
nercury concentcaudenonm saﬂheldquadlz7Table 2 also illustrate that

further removal of dissolved mercury from the filtrate

can be obtained using very small volumes of an aqueous

sodium sulfide solution, preferably a buffered solution.

EXAMPLE 3

A sample of the 50° API crude oil used in
Example 1 was allowed to age for about 4 months. A
mercury species analysis showed that approximately 50
percent of the mercury in the oil was in the icnic form.
The sample was heated to about 50 °C. and passed under
nitrogen pressure through about 3.0 micron filter paper.
The filtrate was analyzed for mercury three times and
the results were averaged. The concentration of mercury
in the crude oil was reduced by the filtration from about
2200 ppbw to about 1312 ppbw. About 200 cc of the
filtered 0il was mixed at about 50 °C. in a nitrogen-

flushed glass container with a much smaller
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17 August 2004 hydrocarbon feed ranges from about 10 to tpAwigust 200a PPbw.
32. The nethod defined by any one of clains 131 wherein said liquid-

hydr ocar is selected fromthe group consisting of al gas
condensa?géogn g'ﬂcrude oils. 33. The nethod defined by any %ﬁ@H@W§F%@ 1--31

wherein said |iquid hydrocarbon feed is a natural gas condensate having a
nmercury concentration between about 1,0 g ppbw and 3, D00 about ppbw. 34.
The net hod defined by any one of clains 131 wherein said |iquid hydrocarbon
feed is a crude oil having a nercury concentrati on between about 2,500 ppbw
and about 25’gggug€mQébbu%80{¥ chN;f éug'aif%gﬁedg“kéeééﬁﬁb é&tﬁtéN<

that comprised an organic compound containing a sulfur

atom that is reactive with mercury. The resultant mix-

ture was stirred for about 10 minutes in the glass

container and then passed through an approximately 3 mm

thick bed of diatomite (Celatom FW-12) to filter out

particulates having diameters of about 0.7 microns and

above. The diatomite was supported on an approximately

18 micron staiilless steel filter screen contained in a

stainless steel filter housing. The resultant filtrate

was analyzed for residual mercury. The results of these

tests are reported below in Table 3, wherein all of the

data presented are approximations.

TABLE 3 _
Mexrcury*
‘ Concentration
Concentration of After Segond
Treating Treating Agent Filtration
Run No. Agent (ppmw) ‘ (ppbw)
1 Betz-Dearborn?® 500 155
MR 2404
2 Betz-Dearborn® 500 155
MR 2405

'Concentration of mercury in oil prior to treatment
was about -1312 ppbw. i .
*Contains monomeric sodium dimethyl-dithiocarbamate dissolved

in a solvent. .
*Contains polymeric dithiocarbamate dissclved in a solvent.

As can be seen in Table 3, treatment of the oil
with about 500 ppmw of chemicals containing monomeric
sodium dimethyl-dithiocarbamate and polymeric
dithiocarbamate was effective in reducing the mercury
content from about 1312 ppbw to about 155 ppbw. The data
in Table 3 also show that these sulfur-containing organic
compounds are effective in reducing mercury
concentrations when a substantial amount of the- mercury
(over about 50 weight percent) is in the ionic form.
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IN  /N3-< /N /N3 /N< /N [ING INP< /N I NP - /9% Augut 2004
I'N<I'N<I Nsj </ NA<W N4 t/ N9 /NP<t/NA<+1'x~L g j y o
WO 01/62870 PCT/US01/04738

EXAMPLE 4

A fresh sample of 55° API natural gas condensate
containing about 588 ppbw mercury, all in the elemental
form, was passed at amblent temperature through an about
3 mm thick bed of diatomite supported on an about 18
micron stainless steel filter screen contained in a
stainless steel filter housing. The diatomite {(Celatom
FW-12) was sized to filter out particles having diameters
of about 0.7 microns or larger. The filtered oil was
analyzed and found to contain about 367 ppbw mercury.
The filtered oil was then mixed at ambient teméerature in
a nitrogen-flushed glass container with very small
amounts of the same treating agents used in Example 3.
The resultant mixture was stirred for about 30 minutes in
‘the glass container and then:passed through a fresh about
3 mm thick bed of diatomite (Celatom FW-12) to again
filter out particulates having diameters of about 0.7
microns and above. The diatomite was supported on an
about 1B micron stainless steel filter screen contained
in a stainless steel filter housing. The resultant
filtrate was analyzed for residual mercury. The filtrate
from the second filtration was then passed into an about
1 inch ID glass column packed with about 1/8 inch
diameter beads of a commercially available mercury
adsorbent, P-SlST adsorbent from Synetix Corporation {(a
subsidiary of ICI Performance Chemicals). The filtrate
was kept in contact with the adsorbent for about 30
minutes at ambient temperature. The condensate was then
drained from the column and analyzed for mercury. The
results of these tests are reported below in Table 4,
wherein all of the data presented are approximations.
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ca] ca] ca] ca 3 0. 10%= \ 109 094 &'. & 109 &
.)-]v 1/ 1%)%&]C 5 é E’%ﬁ ’0%8%‘(‘%“) A’@F‘%&l@ﬁé ngaus‘i %’tt&(%) \4 (
yH u' 109%&' () - \ rH u 10%e& ()-\ r,Hu 10%"& ()-\L g hi |
Nflo%Q&()-l‘loqﬁx_@peodaggowa_@;ble 4 show that use of the

organic sulfur-containing compounds in the treating
agents reduced the mercury concentration of the conden-
sate from about 367 ppbw to about 220 ppbw cr below.
Surprisingly, the use of only about 10 ppmw of the
treating agent containing polymeric dithiccarbamate
resulted in reducing the mercury content of the
condensate to about 104 ppbw as compared to about 220
ppbw obtained with about 100 ppmw of the same treating
agent. Thus, it appears that using smaller amounts of
the organic sulfur-containing compound may result in
better mercury removal.

it is also seen from Table 4 that treating the
condensate from the second filtration with a conventional
mercury adsorbent can further reduce the residual mercury
concentration to below about 10 ppbw. Thus, this added
process step can be used if concentrations of mercury
below about 100 ppbw are required in the condensate or

other ligquid hydrocarbons.

SUBSTITUTE SHEET (RULE 26)



10] 10] 10] @109 & ()- ! NH *6#10%(Y& ()- 59 17 August 2004
AEZX6~ @ YyHv$109%&' ()-3! v$109%k& ()-3!yH3S"10%00& ()-! H3S"109%*& ()-!3S"10%0
Q& () - #| 1Q0E Wt 6287/ RmxV7, @ 1006<@ 10%0&' () - W yH7p#10%&' () - CT/USO1/04738
7p#100CE (). )1 KFvS10% Or O () - 3! HVS10%NE () - 31 yHvS109%&: () - 310p! NS
1006<@ 10% Lp#10%uu& ()-1")10%& ()-10%& ()-10%& ()-0! 10%& ()- 100
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z !#?$rg§2§%8%%gF bﬂbe mercury, was placed into contact as described
' -1 ' -1 o -10 oL -1 E R -1 ' -
7@&%"y'zX§.C:in E amgigyguaﬁ%é)théﬁggﬁgoégh&%rct§§#%gé%u§& aéggyg@%é) 5%
used in Example 4 but without first being subjected to
treatment with an organic sulfur-containing compound.
The mercury content of the resultant liguid was found to
be about 19 ppbw, a value more than three times that
10 obtained from the average (about 5.7 ppbw} of Runs 1-3 in
Example 4. Since the commercial cost of the mercury
adsorbent is about 3.5 times higher than that of the
treating agents used in Examples 3 and 4, it remains more
~ economical to use the chemical treating agents either in
15 lieu of using the adsorbent or, if very small
' concentrations of mercury are desired, prior to using the
adsorbent. The latter process configuration would
significantly reduce the amounts of the adsorbent that
would otherwise {(i.e., if no treating agent is used) be
20 required to achieve similar reductions in mercury
concentrations.
Although this invention has been described by
reference to several embodiments of the invention, it
is evident that many alterations, modifications and
25 variations will be apparent to those skilled in the art
in light of the foregoing description. Accordingly, it
is intended to embrace within the invention all such
alternatives, modifications and variations that fall
within the spirit and scope of the appended claims.
30
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@<dY7 10!!! HR#rroelate) sphids| to yield an effluent mixture, wherein
the particulate solids comprise a sulfur-containing

compound supported on diatomite, wherein said sulfur-
containing compound is selected from the group consisting
of alkali metal sulfides, alkaline earth metal sulfides,
alkali metal polysulfides, alkaline earth metal
polysulfides, alkali metal trithiocarbonates, and an
organic compound containing at least one sulfur atom that
is reqctivé with mercury, and wherein said diatomite is
free of metal cations that form water-insoluble metal
polysulfides having a Ksp of 10°° or less; and

{b} separating said particulate soclids from
the effluent mixture of step (a) to produce liquid
hydrocarbons having a reduced mercury'concentratioﬁ as

compared to said liguid hydrocarbon feed.

2. A method for removing mercury from a liquid

hydrocarbon feed comprising:
{a) mixing said liquid hydrocarbon feed with

an organic compound to yield an effluent mixture, wherein
the organic compound contains at least one sulfur atom
that is reactive with mercury, and wherein said organic
compound is not supported on carrier solids; and

(b) separating mercury-containing particulates
formed in step (a) by a reaction of said organic compound
with mercury from the effluent mixture of step (a) to

produce liquid hydrocarbons having a reduced mercury
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3. A method for removing mercury from a liquid
hydrocarbon feed comprising:

{a) mixing said liquid hydrocarbon feed with
a sufficient amount of an aqueous solution of a sulfur-
containing compound to yield an effluent mixture, wherein
the sulfur-containing compound is selected from the group
consisting of alkali metal sulfides, alkaline earth metal
sulfides, alkali metal polysulfides, alkaline earth metal
poly-sulfides, and alkali wmetal trithiocarbonates such
that the effluent mixture contains a volume ratio of said
aqueous solution to said liquid hydrocarbon feed less

than about 0.003; and
(b) separating mercury-containing particulates

formed in step {a) from the effluent mixture of step (a)
to produce liquid hydrocarbons having a reduced mercury

concentration as compared to said liquid hydrocarbén

feed.

4. A method for removing mercury from a liquid

hydrocarbon feed comprising:
(a) mixing said liquid hydrocarbon feed with an

aqueous solution of an alkali metal trithiocarbonate to

yield an effluent; and
(b) separating mercury-containing particulates

formed in step (a) from the effluent of step .(a) to
produce liquid hydrocarbons having a reduced mercury
concentration as compared to said liquid hydrocarbon

feed.
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U&'()'tlo%)U&l(Lhcﬁgggég%(gdfdgﬂé .gkjéAggf¥H£?%g% %ﬁning compound to
yield an effluent, wherein the sulfur-containing. compound
is selected from the group consisting of alkali metal
sulfides, alkaline earth metal sulfides, alkali metal
polysulfides, and alkaline earth metal polysulfides; and

(b) without separating the aqueous solution
from the hydrocarbon feed, removing mercury-containing
particulates formed in step {a) from the effluent of step
(a) to produce liquid hydrocarbons having a reduced
mercury concentration as compared to said liquid

hydracarbon feed.

€. A method for removing mercury from a liquid
hydrocarbon feed comprising: |

(a) removing mercury-containing particulates
from said liquid hydrocarbon feed to yield a first
effluent;

(b) mixing the first effluent from step (a)
with a sulfur-containing compound to yield a second
effluent, wherein the sulfur-containing compound has the

formula

R;R;N—C—8R;
S
where R; and R, are the same or different and are

independently selected from the group consisting

of hydrogen atoms and unsubstituted or substituted
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J10%/ () - Y hydrocarbyl radicals having from 1 to 20 carbon atoms,
and R; is selected from the group consisting of hydrogen,
alkali metal cations and alkaline earth metal cations,
wherein said sulfur-containing compound is not supporied
on carrier solids; and

(c) separating mercury-containing particulates
formed in step (b) by reaction of said sulfur-containing
compounid with mercury from the second effluent of step
(b} to produce a third effluent comprising liquid
hydrocarbons having a reduced mercury concentration as

compared to said liquid hydrocarbon feed.

7. The method defined by claim 6 wherein R; and
R: are, alkyl groups having from 1 to 4 carbon atoms and R.

is an alkali metal cation.

8. The method defined by claim 6 or 7 wherein
said sulfur-containing compound is sodium dimethyl-

dithiocarbamate.

9. The method defined by any one of claims €-8
further comprising a step (d) of contacting the third
effluent from step (c) with a mercury sorbent to yield a

fourth effluent.

10. The method defined by claim" 9 wherein said
liquid hydrocarbon feed has a mercury concentration
greater than 100 ppbw, and wherein the fourth effluent

from step (d) has a mercury concentration less than about

10 ppbw.
11. The method defined by claim 1 wherein said
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12. The method defined by claim 1 wherein said
diatomite is substantially free of iron, nickel, copper.

zinc, and cadmium.

13. The method defined by claim 1, 11, or 1z
wherein said sulfur-containing compound comprises an
organic compound having at least one sulfur atom that is

reactive with mercury.

14. The method defined by claim 1, 11, 12, or 13
wherein sufficient particulate solids are mixed with said
-liquid hydrocarbon feed such that the effluent mixture of
step {(a) contains between about 10 and about 1000 ppmw of

gaid solids.

15. The method defined by claim 2 wherein a
sufficient amount of said organic compound is mixed with

rsaid liquid hydrocarbon feed such that the effluent
mixture of step (a) contains between about 1.0 and about

1000 ppmw of said organic compound.

16. The method defined by claim 3 wherein the
volume ratio of said agueous solution to said liguid

hydrocarbon feed is about 0.001 or less.

17. The method defined by claim 1, 11, 12, 13,
or 14 wherein said particulate solids contain a
sufficient amount of said sulfur-containing compound so
that sulfur concentration in said solids is between about

1 and about 20 weight percent, calculated as S, based on
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2, 11-15, 17, and 18 wherein said organic compound

comprises an alkyl dithiocarbamate.

21. The wethod defined by any one of claims 1,
2, 11-15, 17, angd 18 wherein said organic compound

comprises a polymeric dithiocarbamate.

22. The method defined by any one of claims 1,
2, 11-15, 17, and 18 wherein said organic compound is
selected from the group consisting of sulfurized olefins,
thiophenes, thiophenols, mono and dithio organic acids,

and monc and dithioesters.

23. The method defined by any one of claims 1,
2, 11-15, 17-22 wherein said organic compound is a

liquid.

24 . The method defined by claim 3 or 16 wherein

said aqueous solution contains between about 1 and about
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3, 5, 11-14, 16-18, and 24 wherein said sulfur-containing

compound comprises sodium sulfide or potassium sulfide.

27. The method defined by any one of claims 1-%
and 11-26 further comprising the step of removing
mercury-containing particulates from said ligquid hydro-

carbon feed prior to step (a).

28. The method defined by claim 27 wherein said -
mercury-containing particulates are removed by a

hydrocjclone.

29. The method defined by any one of claims 1i-5
and 11-28 wherein step (b) is carried out in a clarifying

precoat pressure filter.

30. The method defined by any one cof claims 1-9
and 11-29 wherein the mercury concentration in said
liguid hydrocarbons having a reduced mercury
concentration is less than about 10 percent of mercury

concentration in said liquid hydrocarbon feed.

31. The method defined by any one of claims 1-%

and 11-30 wherein mercury concentration in said liquid
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hydrocarbon feed ranges from about 10 to about 50,000
ppbw.

32. The method defined by any one of claims 1-
31 wherein =said liquid hydrocarbon feed is selected from

the group consisting of natural gas condensates and crude

oils.

33. The method defined by any one claims 1-31
wherein said liquid hydrocarbon feed is a natural gas
condensate having a mercury concentration between about

1,000 ppbw and 3,000 about ppbw.

34. The method defined by any one of claims 1-
31 wherein said liquid hydrocarbon feed is a crude oil

having a mercury cohcentration between about 2,500 ppbw

and.about 25,000 ppwb.
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