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I NVENTI ON Hydrocar bon feedstreans, including petroleumcrude oils, natural
gas, and natural gas condensates, can contain various anounts of nercury.
Even in trace anounts, nercury is an undesirable conmponent. The rel ease of
mercury by the conmbustion of nercury-contam nated hydrocarbons pose
environmental risks and the accidental release and spill of accunmul ated
nercury can,gregfly REVGVATERNPEFRA SR CHUBRERNE SuLrUKRORPYRIDSs ANBADRSRITIN  Of
mercury-contani nated feedstreanms with certain types of petroleum

processi ng equi pnent presents additional problens of equi pnent
deterioration and damage. This results when nmercury accunul ates in

equi prent F{BhBtOETHEH INVENTIONUS netal s, such as alum num by form ng an
amal gamwith the netal. Repair and replacenent of the deteriorated
processing equi pnent may be extrenely costly. Nunerous nethods have been

devel oped for renovirgg LLguid hydr rbon fee reans,
i ncl udi ng petrol eum crgﬁérg%os(mfgﬁg%a % 'ﬂé 328&5'515%‘55( Pother gavy as
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di scl oses a process for separating a natural gas wellstreaminto gaseous
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and liquid fractions and m xi ng the hydrogen sul fide containing gaseous
fracti on BA@KG @JND’DF*TFIEQNVE{W‘?ON action to formfilterable nmercury
sul fide. However, renova erenental nercury fromgas streans and

condensates is r eI atively f aci |l e when conpared to the renoval of the great
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and natural gas condensates, can contain various amounts of mercury. Even in trace

amounts, mercury is an undesirable component. The release of mercury by the

~ combustion of mercury-contaminated hydrocarbons pose environmental risks and the

accidental release and spill of accumulated mercury can lead to numerous safety hazards,

Moreover, the contact of mercury-contaminated feedstreams with certain types of

petroleum processing equipment presents additional problems of equipment deterioration

and damage. This results when mercury accumulates in equipment constructed of

various meta.lls, such as aluminum, by forming an amalgam with the metal. Repair and

replacement of the deteriorated processing equipment may be extremely costly.

Numerous methods have been developed for removing mercury from
tiquid hydrocarbon feedstreams, including petroleum crude oils and natural gas
condensates, as well as from hydrocarbon gas streams. For example, U.S. Pat. No.
4,981,577 discloses a process for separating a natural gas wellstream into gaseous and
liquid fractions and mixing the hydrogen sulfide containing gaseous fraction (sour gas)
with the liquid fraction to form filterable mercury sulfide. However, removal of
elemental mercury from gas streams and condensates is relatively facile when compared
to the removal of the great variety of mercury compounds, e.g. elemental mercury,

inorganic compounds. and organic (alkylated) compounds, often encountered in a far
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petrol eum crude. For exanple, the particul ates and waxy conponents of a
crude oil i kely render a filteripg method ineffecti filter
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such as nercury, are renoved fromliquid hydrocarbon feedstreans by

chem sorption processes which conprise passing the feedstream at el evated
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in many crude oil feedstreans are lcult to renove. Unlike elenental
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describes, renmoving nercury froma natural gas liquid bg@c m xi ng an aqueous
sol uti on Bfthegondensate thedsiream. Kpwevas: tie heavier hydragarbon fractiong of drudes and
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metal sites on the adsorbent, destroying the activity of the adsorbent for mercury
removal. Accordingly, these methods require higher temperatures within the adsorbent

bed or an increased concentration of the active metal component on the adsorbent.

In particular, the organic (alkylated) mercury compounds present in many
crude oil feedstreams are difficult to remove. Unlike elemental mercury and inorganic
mercury compounds, the organic mercury compounds are soluble in oil and typically far
less reactive than elemental mercury or inorganic mercury compounds. Moreover the
solubility and toxicity of the organic mercury compounds makes them dangerous to
handle.

EP-A-352,420 describes removing mercury from a natural gas liquid by
mixing an aqueous solution of an ammonium or alkaii metal sulfide with the liquid
hydrocarbon to form insoluble mercury sulfide that can be transferred to the agueous
phase and subsequently separated and removed. In order to remove the organic mercury
compounds, the feedstream must be contacted with an adsorbent comprising a heavy
metal sulfide. Such a process invotves the processing of two relatively immiscible
phases, aqueous and oil. and the retention of organic mercury compounds in an adsorbent

bed and/or aqueous fraction.
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organi c nercury conpounds, the feedstream nust be contacted with an

. adsor bent hsing a heavy netal sulsfide. Such a proces | ves t he
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retention of organic nercury conpounds in an adsorbent bed and/or aqueous
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f eedstrearn-sol ubl e sul fur conmpound and an adsorbent. As used herein,
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the hydradtMARY OFJEHFANWENERONal | y, the sul fur species is contacted
wi th the hydrocarbon feedstream and both are subsequently passed through
an adsorbent bed, which is preferably activated carbon. Typically, the
sol ubl e sul fur conpri¢itention tdlates tftemowhs M rctu.li‘§e N8R Y yn the
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herein, “feedstream-soluble” refers to a compound that is soluble or miscible in the

hydrocarbon feedstream. Generally, the sulfur species is contacted with the hydrocarbon
feedstream and both are subsequently passed through an adsorbent bed, which is

preferably activated carbon. Typically, the soluble sulfur compounds react readily with

the mercury compounds in the feedstream, including the organic (alkylated) mercury
compounds found in petroleum crudes, to form mercury sulfide prior to contacting with

the adsorbent. The mercury sulfide is readily adsorbed and may be easily recovered
from the spent carbon adsorbent.

Accordingly, the process is able to remove mercury from a wide variety
of hydrocarbon feedstreams. In particular, it has been discovered that contacting a
mercury-contaminated petroleum crude oil feedstream with hydrogen sulfide and then
passing that feedstream over activated carbon can effectively remove greater than 99%
of the mercury entities in the petroleum crude oil under moderate adsorption

temperatures for prolonged periods of time.



fromthe spent carbon aflsorbent. Accordingly, the process is able toifr:rﬂy_emm
mercury froma wi de variety of hydrocarbon feedstreans. In particularf "
has been ‘%ﬁ@ﬁed that contacting a nercury-contan nated petrol eum crude
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activated carbon can effectively renove greater than 99% of the nercury
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feedstreans to be processed in accordance wth the present invention may

I ncl ude any hydrocarbon feedstream containing nercury and/or other heavy
netal s, and in partThehgrocipbsn fHe@itreabisid Be Prdcessedas aE&J?@%%%ingt’heand
gases. Th So#her heav%ymsiual s that may be present in these hydrocarbon

f eedst r eaE I hEiVEROn BRY ineindenny hydrocgrbondfeedstreasron@iningmerSey afi@or Co, | n,
and Ti. Tofdrgahiy I : ' 0 | se organic. inorganic, and

el enmental__forms 'o:‘ne%% gﬁéri ;?I;P 15'3&9 E‘gg[eglg1rélse{l enccrir-":')‘ﬁeoOI Savésq%°"6‘F8%H°So?'9C§$%§E$< col or
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and an AR | 0 ss,. t han, about , nore typically, less than
about 45.F%T§B’|I@%ﬁg%‘*@oﬁﬂeﬁ%%e?‘&ﬁﬂﬁ Ge InggngbRl-c and el emental forns of
mercury. Generally, a gas condensate is a liquid hydrocarbon produced from
natural gas and separated fromthe gas by cooling or various other neans
of separation. CondbYeallyspejeriewmicrydeanits cortpeise vhgani, irirgale, 268 bl uei sh in

color w Ll oi,nt of [ess than about 315C and an A . P.1I.
gravity tg}!le n?%rt%lg? 121?5 ?ﬂgﬁgggc)u@%gg9‘l?§ﬁﬂd(,talh31‘ﬁ/ﬂp%‘éﬂ Fohlagacoler andaeaviuch as

nat ural gad vathr 2empper efOBFIlihS BoRk 82 Reatc? hnShEREHAE 410 1B 811, PEVRLY -
Gener al | . t he ﬂ)as streanms conprise
¢ss than about 50, more typically, less than about 45. Typical gas condensates comprise
organic and elemental forms of mercury. Generally, a gas condensate is 2 liquid
hydrocarbon produced from naturai gas and separated from the gas by cooling or various
other means of separation. Condensates generally are water-white, straw, or blueish in

color with an upper end boiling point of less than about 315°C and an A.P.1. gravity of

greater than about 45. Typical hydrocarbon gas streams, such as natural gas streams,
comprise organic and elemental forms of mercury. Generally, the gas streams comprise
low molecuiar weight hydrocarbons such as methane, ethane, propane, and other
paraffinic hydrocarbons that are typically gases at room temperature. In preferred

embodiments, the process of the present invention may be used to remove mercury from
crude oil hydrocarbon feedstreams.

Typically, the feedstreams may comprise about 40 to about 5000 ppb
mercury. Some feedstreams may contain from about 2000 to about 100.000 ppb
mercury. The mercury content may be measured by various conventional analytical
techniques known in the art. For example. cold vapor atomic absorption spectroscopy
(CV-AAS), inductively coupled plasma atomic emission spectroscopy (ICP-AES), X-ray

fluorescence, or neutron activation may be used to measure mercury content.
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other paraffinic hydrocarbons that are typically gases at room
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particular, oil soluble or mscible, and may erefore be added to the
feedstream as gases, liquids, or an oil soluble solid. Preferred

f eedstream sol ubl e conpounds whi ch ¢a gﬁgerrpl oyed in the present invention
i ncl ude conpounds or m xtures of cgfgﬁ nds having the formula: Rt-(S)x-R2
wherein x is | or greater, preferably fromabout 1 to about 8, and R and
R2 are ea‘lé{n . i ndependent |y, hydraogen or an organi c noi er;% §uch as al kyl,

al keny! . YIKSHy1S | OF SERaiAT, Prefrably fromeghous | toabouwsSannd Br amdtReareactuycl i ¢

hydr ocar t;ﬁm:rpgﬁ&gﬁg AR f - Okt 13 rbon _atons. .nore
preferably from agbu‘t ?é?loora%‘%@(g&éoér %‘%ha%tagﬁrr\g’. Qk%ﬁ"ll‘eagﬂy)fwtl’i% a%. al kyl
group contai ning a carbon-carbon double bond having fromabout 2 to about
15 carbon atons, eferably fromabout 2 to about 10 carbon atons.
m'r.-ﬁkyplr' refgrs to ll¥|ear, branc eduor cycltic hydrocl:Jarbon groups having

from about 1 to about 30 carbon atoms, more preferably from about 1 to about 10 carbon

atoms,

“Alkenyl” is an alky} group containing a carbon-carbon double bond
having from about 2 to about 15 carbon atoms, more preferably from about 2 to about 10

carbon atoms.

“Alkynyl” is an alkyl group containing a carbon-carbon triple bond
having from about 2 to about 16 carbon atoms, more preferably from about 2 to about 10

carbon atoms.

“Aryl” is an aromatic group containing about 6 to about 18 carbon atoms,

more preferably from about 6 to about 14 carbon atoms.

Examples of sulfur compounds include, but are not limited to, hydrogen
sulfide, dimethylsulfide. dimethyldisulfide, thiols, polysulfides, and sulfanes. Preferably,
the sulfur compound is hydrogen sulfide. In addition. in the case of gaseous sulfur

compounds, carrier gases such as hydrogen or methane may be used.
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fromabout 2 to about 16 carbon atons, nore preferably fromabout 2 to

about 10 atons. "Aryl" is an argnmatic group containing about 6 to
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pol ysul fides, and s Lfalﬂ?s. Preferably, the sulfur conpound is hydrogen
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Due to the solubility of the sulfur compounds of the present invention,
minimal mechanical mixing of the suifur compounds with the hydrocarbon feedstream is
necessary. In particular, hydrogen sulfide wiil readily permeate the hydrocarbon
feedstream and react with the mercury therein. Preferably, the contacting of the sulfur
compound with the feedstream is made at a sufficient distance upstream of the adsorbent
bed to provide adequate time to sufficiently contact and react the sulfur compound with
the mercury in the feedstream before contact with the adsorbent. If the sulfur
compounds are contacted with the feedstream at the adsorbent bed, the flowrate of the
sulfur compound through the bed may affect the effectiveness of the contacting, and thus
the completeness of the reaction between the mercury in the feedstream and the sulfur
compounds. However, to ensure sufficient contact between the sulfur compounds and
the mercury in the feedstream. the sulfur compounds may be blended with the
feedstream prior to contact with the adsorbent bed by conventional methods known in
the art.

In preferred embodiments utilizing hvdrogen sulfide, the sulfur compound

is fed into the feedstream prior to contacting the feedstream with the adsorption bed
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The feedstream is also contacted with an adsorbent, and as mentioned
above, this preferably occurs after the feedstream is contacted with the sulfur compound.
Typically, an adsorbent will comprise a2 metal on a support of mgh surface area such as
Si03, AL, silica-alumina or carbon. However, the adsorbent may also be the support
itself. According to the present invention, the adsorbent may be activated carbon,
alumina, gold on alumina, or silver on alumina. Preferably, the adsorbent comprises
activated carbon. In addition, the adsorbent may be in a moving or fixed bed form, and

is preferably in a fixed bed form.

The contact of the mercury-contaminated hydrocarbon feedstream with
the absorbent is carried out at temperatures from about 65 to about 232°C, more
preferably the temperature is from about 76 to about 148°C. As noted above, in the
present invention, the reaction of sulfur compounds with the mercury compounds in the
feedstream to form mercury sulfide preferably occurs prior to the adsorbent bed, and as a
result, adsorbent bed temperatures are moderate when compared to temperatures used in

the prior art. . The hydrocarbon feedstream is passed through the adsorbent bed at a rate
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of about 0.2 to about 80 |iquid~hourly space velocity (LHSV), nore

preferably at a rate abou to about 15 LHSV. Contacting the
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(H;S) according to the formula:
Hg + H,S > HgS + H,

The role of activated carbon is less clear. Although the relative ineffectiveness of
activated carbon alone to remove mercury is well established (see U.S. Pat. No.
5,202,301), the carbon appears 1o enhance the effectiveness of mercury removal when
used with hydrogen sulfide. As demonstrated in the examples that follow, the combined
use of hydrogen sulfide and activated carbon has unexpectedly proven to be extremely
effective in treating mercury-contaminated hydrocarbon feedstreams, and in particular,

crude oil feedstreams.

The present method may also be combined with other methods known in
the art for removing mercury from hydrocarbon feedstreams, such as the process
disclosed in U.S. Pat. No. 4,915,8 18, incorporated herein by reference. In addition, the
mercury can ultimately be recovered from the spent carbon prior to disposal or
regeneration of the carbon by employing several techniques known in the art. For

example, such techniques include known industrial processes of producing mercury from

A2 JuL 2004
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- Thé adsorbed nmercury is‘substantially in the formef -nercury sulfide ai;?thUL 2004
may be safely and easily handl ed and recovered fromthe spent adsorbent:
In prefegﬁng enbodi ments, contacting a Jrercury cont am nat ed petrol eum

- crude oi WRPYHMdr ogen sul fide and then subsequent!|y passPEHUSNE3R4yde
over an activated carbon bed has proven to be extrenely effective in the
removal cinnabarciifgh). SeeGrédnercetUNEN. IEmitawial | ChkRawm. Dase E‘%ﬁégw (Hg) will

react wt dr ul fide (H2S) according to the formula:
+HZS—-~Hdggr%aﬁ'ﬁg§£8$-e of activated carbon is less clear. Al though the

relative ineffectiveness of activated carbon alone to renove nercury is
wel | established (see U S. Pat. No. 5,202,301), the carbon appears to
enhance the effectiveness of mercury renoval when wused with hydrogen

sul fide. m_mﬁgtrat ed in the exanples that follow, the conmbined use of
hydr ogen nd activated carbon has unexpectedly proven to be
extrenely effective in treating nmercury-contam nated hydrocarbon
feedstreans, and in particular, crude oil feedstreans. The present nethod
may al so be conbi nebhegenhrabptogedures Hesdabidiname wiere folloevedné 1dsotheengyl ng

nercury f ocarhon feed e such as th rocess disclosed in
U.S. P;t .eh%gg.sJ%,g%ﬁl%?ﬂwogeﬁc%ﬁﬁ{ﬁ(ggharﬂjg?cé'ivﬁteﬁ§ar$’8$é-‘r’%?fﬁé‘? ITHOVEddi ti on, the
mer cury eaturallyt oovhirglgymeRufeEMRhRIENds TR &bﬂré&?ﬁ%ﬁnpﬁétm&xﬂﬁﬁﬁ{a e di sposal

or regeneration of the carbon by enploying several techniques known in the
art. For ac@xatedarbonyused wasahesmymersiallycivadebl& asivatedrdttsiny iPrbpgticodsses of

duci U 4 00469991 9, PCT/ 1 TS 0 424
0 et NanBig kil o U SR PP BT TR
El ement s Table984) at 1398-99. EXAMPLES :

Table 1: Properties of the Argentinian Crude

Initial Boiling Point ~ <36°C
T50 227°C
End Point 635°C
API Gravity  46.9
Mercury Content 5.5t ppm
Sulfur Content 0.095%



The general procedures “déscribed here were followed to test the gener JUL 2004
ef fecti veness of a hydrogen sulfide (H2S) and activated carbon systemTo
renove occurring nmercury conpam nants froman Argentinean

petr ol eu%%@gwﬁe activated carbon used was a comrer ci%ﬁ@s%“é"i‘?“abl e
activated carbon. Properties of the crude are provided in Table I and
properties of the activated carbon are provided in Table 2: Table 1:

Properties of the Argqpbl PR3Beld Il | Jng Point<36C T50227C End
Poi nt 635C APl Gravity46. 9 Ne%ﬁ?éy* th?%‘%@#%@@ﬁr‘ﬁqsm fur ContentO.095% E -

- WD 00/69991 1 0 PCT/USQO 13424 Table 2: Properties of the Carbon Sorbent
Density 0.64 g/m Elenental Anagl gs.i s: Ash 3.8% N trogen 0.18% 1| odine
Nunber, nmg/g >825 Peroxi de Nunb&fhsiys \Bidt&id W 9% <3% Abrasi on Nunmber

>75 EXAMPLE | "1 2 JUL 28@nAaiah WahRdiscar bon (25/40 mesh) was charged to a
fixed bed reactor to i
Ash 3.8%

Nitrogen 0.18%
lIodine Number, mg/g >B825
Peroxide Number <14
Moisture, Wt% <3%

Abrasion Number >75

EXAMPLE 1

Activated carbon (25/40 mesh) was charged to a fixed bed reactor to
produce an absorbent bed with a length to diameter ratio of 3:1. The reactor was sealed,
and the bed was heated to a temperature of 77°C. The high mercury Argentinian Crude
with the propénies given in Table 1 was fed downflow to the reactor at a rate of 10 liquid
hourly space velocity (LHSV). A gas stream containing 2 wt% hydrogen sulfide in
hydrogen was cofed to the reactor along with the crude at a rate of 12 gas hourly space
velocity (GHSV). Both streams passed downflow through the activated bed at
atmospheric pressure. Samples of the treated crude were collected at various times and

submitted for mercury analysis. Table 3 summarizes the results.




«produce an absorbent bed‘with a Iength to dianmeter ratio of 3:1. The 12 jyL 2004
reactor was sealed, and the bed was heated to a tenperature of 77C. The

.high nmerc tinian Ctude wth the properties given in Table 1 wa

‘fed downf Il{g%/‘vo@égg?ﬂe reactor at a rate of 10 liquid hourly 5‘55!@@0%’é|4%’c| ty
(LHSV). A gas streamcontaining 2 wt % hydrogen sulfide in hydrogen was

cofed to the reactor along with the crude at a rate of 12 gas hourly space

velocity (GHSV). Bot#h | ow t hr ou he activated bed at
at nospheri c pressure. @fe ﬁggs“gtF‘??'ﬁQ’gmeéﬁ“@? a'éw&élr%“?ﬁ??sl'ect ed at
various tinmes and submtted for nmercury analysis. Table 3 sunmarizes the
results. 4&_}2_9_5._&.3994_\@ 00/690001 .11 PCT/1JS00/ 13424 _Table 3. Results for
H2S/ C Mer|cUMf Renpval Process| Meresnyeeangentrationent rMermecmuvgdbReaned
Tinme = 0. bng,gu.ré; o979 T 24—hour-s35—ppbop He—=—48—hots42
ppb99. 6%iT1 e %? ﬁ'gurs 24 p)E%@p._tB%Z Mer cury conc%gn?lﬁ’ tion determ ned by:

cold vaporTmt@#ﬂ-’chMor ption 1§f\pgs ytical Consultipgp ggr Vi ces (Houstom,
TX)). Based—en—5510-ppb-initipl nercury concentratjon of the untreated

cr ude. ASQWGWQIPP“T’%BI e 3, thepehative mercury re#esl efficiency of the

hydr ogen actTvatetrarbofr—system+s W@F—(—h@—@%—#&é—éf 72
hours in SI'?lhl S _€expe ,‘E? nment, no ‘s%@?hfl cant changes | rcury concentrati on
vere observed. TRiefcur condelitor AeierRThedBYCa01d VapdISnails B-BAKLT OUTtT O the

mercury. (Analytlcal Consulting Services (Houston, TX)).
®Based on 5510 ppb initial mercury concentration of the untreated crude.

As shown in Table 3, the relative mercury removal efficiency of the
hydrogen sulfide and activated carbon system is >99%. Over the course of 72 hours in
this experiment, no significant changes in mercury concentration were observed. That is,

there did not appear to be any breakthrough of the mercury.

EXAMPLE 2

The same reactor was charged with gamma-alumina to produce an
adsorbent bed with a length to diameter ratio of 3:1. Gamma-alumina is a well known
sorbent that is commonly used as a guard bed in petroleum processing. Properties of the
alumina sorbent are given in Table 4. The gamma alumina was prepared by caicining a
commercially available pseudoboehmite at 550°C for three hours and tableting and
sizing the resulting gamma alumina to 25/40 mesh. The same high mercury Argentinian
crude, used in Example 1, was charged to the reactor at 10 LHSV and atmospheric
pressure. The bed temperature was held constant at 79.4°C. Samples of the treated
crude were collected at various times and submitted for mercury analysis in the same

manner as in Example 1. Table 5 summarizes the results.

Table 4: Properties of the Alumina Sorbent
Surface area, m*/g 150-220

Density, grml 0.48




EXAMPLE 2 The sane reactot was charged w th gamma-al unina to produce 1?1 UI: 00k
adsorbent bed with a length to dianeter ratio of 3:1. Gamma-al um na i :51

wel | knowyg gnpdgnt that is commonly used as a guard bed i I

processing. Properties of the alum na sorbent are given i%%#“g"lgw] L
gama al um na was prepared by calcining a commercially avail able
pseudoboehmte at 550C for three hours and tableting and sizing the

resul ting gamma al yypies! Redaité . i cury Argentinian
crude, used in Exanple 1, was{t%ﬁoaljr%@ 'Pgm{iﬁ%%?ge@et or at T THSV and
atmospheric pressure. The bed tenperature was hel d constant at 79.4C

Sanmpl es cwwwc and subpitted
for mercdry ana€is in the same md#F€RMASs i n ExahiMescury Rempeed

sunmari zgs the results. Table g(', ‘EE’EQ'W‘M es of the| Al um na Sorbent Surflace
area, n2/{g150-220 Densjty, Jni '}1 .- WD 00/6999(1 12 12 JUL 2U
PCT/ USOQ| I3me # Orabbwrs5. Resul { s 5B@pbAl unmi na Mer cur yodeppval Process.

Ti meMer cyry—hereary—Rerpved—edrcentration. Tine = 0.5 hoursS8 pphof8 9%Ti e
= 24 hour s-%@ﬁ"p%'b 806 Ti ne ={484MPbr s1202 ppb78. 2p83¥8He = 72 hours

Time = 48 hours 1202 ppb 78.2%

Time = 72 hours 1136 ppb 79.4%

_ *Mercury concentration determined by: cold vapor atomic absorption
(Analytical Consulting Services (Houston, TX)).

*Based on 5510 ppb initial mercury concentration of the untreated crude.

As shown in Table 3, the relative mercury removal efficiency of the
gamma alumina system approaches 99% only at early times. Over the course of 72
hours in this study, the mercury removal capacity of gamma alumina diminishes
cpnsiderabiy. Although there did not appear to be any breakthrough of mercury through
the sorbent bed over the course of the entire experiment, within the first 24 hours, the

mercury removal capacity approaches its steady-state value of approximately 80%.

-Comparison of the results shown in Table 3 and 5 clearly demonstrate the
superiority of the processing technique of the present invention using hydrogen sulfide

followed by contacting with an activated carbon sorbent.

Although the invention has been described in detail and with reference to
specific embodiments thereof, it will be apparent to one skilled in the art that various
changes and modifications can be made therein without departing from the scope and

spirit of the present invention.




1136 ppb79.4% a Mercury concentration determ ned by: cold vapor atomc
absorption (Analytical Consulting Services (Houston, TX)). Based on 5510
ppb initial nmercury concentration of the untreated crude. As shown ih2 Tapl 2k
5, the relative nmercury renoval efficiency of the gamma al um na system
approaches 99%only at early times. Over the course of 72 hours in this
study, the nercury renoval capacity of gamma al um na di m ni shes :

consi derably. Although there did not appear to be any breakthrough of

mercury through the sorbent bed ovéiaitmse course of the entire experinent,
within the first 24 hours, the nmercury renoval capacity approaches its

st eady-state val ue of approximately 80% Conparison of the results shown in

Table 3 and 5i1cl eap ptocteamisématadof MercuSURRA b dcrduyy-8bnthiaRaocessi ng
techni qu 8f thé'%;;;gnt invention using hydrogen sul fide followed by
contacti ﬁ'@[ TRFFTRom fredsticriathe drecstsssnsIsasssntially efhough the invention has
been described in detail and with reference to specific enbodi nents
thereof, it will be apparent to one skilled in the art that various
changes and methtadtingtstidriydwambbe favdsheamheitiea fecdsttchmesolubbpaifui ng from t he

scope an I rd f.the present .i.nvention. 1 2 UL%%% ai 1. A process
f or rem)\ggﬁnﬁg ndﬁ%vp grﬁlrnfﬁ? ?I(E)%ﬂ%l@ °§§?‘§H§P9®B%‘H’t%ﬁ?ﬁ‘é?i&’ ith yﬁé‘ﬁ:ﬁg’%ﬁ f eedst r eam
t he pr ocdsslsieansisSonngboass.e01 icdboyt @I wt eoat acélbmentslantulyadisoaar bon
feedstreamwi th a feedstream sol ubl e sul fur -conmpound, wherein the anount

of sul fur conpound contacted w th the hydrocarbon feedstreamis from about
0.00 1 10 aboWbnoishghid HyBcaBof EAERAA and blbiliBPSlfBr cAfithui@ Wil N9 sal d -
hydrocar bon feedstream and sol ubilized sul fur conpound w an adsor bent
sel ect ed aflyogbant krleaipdologm therg e ¢angistifig efactivaedchriooy; blominaggoldiona, gol d on
alumina, and silver on alumina, at a temperature within the range of about 65°C to about
232°C, to remove at least 85% of the mercury, on an elemental basis, from the

hydrocarbon feedstream.

2, The process of claim 1 wherein said hydrocarbon feedstream is contacted
with said sulfur compound prior to contacting said hydrocarbon feedstream with said

adsorbent.
3. ‘The process of claim 1 wherein said hydrocarbon feedstream is contacted
with said sulfur compound prior to said hydrocarbon feedstream being removed from the

ground.

4, The process of claim 1 wherein said feedstream is a petroleum crude oil

comprising a heavy end with an upper end boiling point of greater than about 537°C.

5. The process of claim 1 wherein said sulfur compound comprises

compounds or mixtures of compounds having the formula:

R'-(8)-R?
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alum na, and silver on alumna, at a tenperature within the range of about
65C to about 232C, to renove at |east 85% of the nmercury, on an el enenta
basis, fromthe hydrocarbon feedstream 2. The process of claim]l erein
sai d hydrocarbon feedstreamis contacted wth said sul fur conpound r ol 2004
to contacting said hydrocarbon feedstreamw th said adsorbent. 3. The
process of claim|l wherein said hydrocarbon feedstreamis contacted wth
said sul fur conpound prior to said hydrocarbon feedstream being renoved
fromthe growhdreintx isTien pb@g ¢3S alafut 8) aadm 1 wherein said feedstreamis a
petrol eum crude oil conprising a heavy end with an upper end boiling point
of greater than about 537C. 5. The process of claim1l wherein said sulfur
conmpound cONPR!SESR? &R ; ' [ he fornul a:
7S - R 2L P B B Rkt 6. “and R
and RZ are each, independently, hydrogen, alkyl, alkenyl, alkynyl, or aryl.

6. The procesg of I [ el .sul f Uk conpoung i elected fromthe
group consi st i%hg oﬁhﬁt} F%&ﬁa&ﬁﬁ%@%}%l ﬁlg%lcé)u P‘l“ﬁigl,s S%?%%‘iﬁ?/m isul fide,
or a t hi @rouptondiiingmfhgdwgerofulfideadinddhyMudfidy, Qinidie/1dullfide, o€ ameiund i s

hydrogen sulfide. 8. The process of claim1l wherein the adsorbent is
selected fromthe group consisting of activated carbon, alumna, gold on

al umina, or skl ver TREpRLRIRBaIng 6 wHRIPHRGESH Bhpslfl I hGarob&] ®ifle he
adsorbent is activated carbon. 10. The process o? claiml1l wherein said
contacting of said feedstreamw th said adsorbent is carried out at about

76 to about 148 C 4 process of claim 1 wherein the adsorbent is selected from the group

consisting of activated carbon, alumina, gold on alumina, or silver on alumina.
9. The process of claim 8 wherein the adsorbent is activated carbon.

10.  The process of claim 1 wherein said contacting of said feedstream with

said adsorbent is carried out at about 76 to about 148° C.
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