1 Absorbents This invention relates to absorbents and in particular to metal sulphide absorbents
suitable for capturing mercury and/or arsenic and antimony from fluid streams. 5 Mercury is found in
small quantNv€s20v9ladd4@treams such as hydrocarbon or other gas and liquiBGre82989/858es3ic and
antimony may also me found in small quantities in hyd{ocarbon streams.Mercury, in addition to its
toxicity, can cause failure of aluminium heat exchangers and other processing equipment. Therefore
there is a needtecgilisiently remove these metals 10from fluid streams, preferably as early as possible
in the process flowsheet. Copper sulphide mercury removal materials are known usS

4094777discloses the use of a$re -sulphided absorbent coﬁ{%rlsm opper s hide for the absorption

of mercury from's RER0PAR Gaie %%Bﬁ%ﬁrﬁ% AREFEEHTT RS (?‘ﬁc?gﬁo 05 5LI0E Vepared by
forming a 15preetwitsr reeieyrisiePbasrNEsIanta i %S&Q@ﬂ%ctory cement binder, and then
contactingthe precursor with a gaseous stream containing a sulphur compound, e.g. hydrogen

sulphide, so aﬁAé?cﬁW%é'}?sﬂ%%’éﬁﬂ@Mﬂ% shagY @u%H'ﬁ‘FQ&%&?&Q{ BEGhL: HagnAssed to

remove merch/ from a natural '%as stream. 20EP 0480603 describes ?é)rocess for the removal of

mercury from 4SRRI P ABEBTBERY EEMPRR G ‘SRD L LB AHAE LSS 2 fLREe LR,
preferably by &lferiFeury MejRainih gosiienrs idexdntanniadyeedailipiant bimpbimbeRieehgnesfcomitantly
preparing the amersthity gbsesbenequshaisoThangfdhetiaersuryiesd ahdfiatbhe tonovatiossefriaefiective and

undesiregymetal QTP S SpPerRHR RUBRAIE SOl Y g&g%\,@h@@tal sulphides, is avoided.

25The Examples utilize copper and zinc sulp ide materials. Wever not all gas streams containing
mercury also contain sulphur compounds. We have found that the presence of metal sulphates, such

as zinc sulpha%@PrSieidenisly R GxIdamsebMaetalsstRes. dHRACHR ChisipepsipHigef @an cause
agglomerationped-sopia3dabsadbait asraprasiglicopissophitefa ek rbstepiasivd matmetahsalphate by

water present ig{hg éﬁﬁétﬁémnﬁuﬁuﬁeﬂ@%wn Thdise ga&&%&&&rs&#@ma&&e%&r&m%@cﬂy

through s ) feactive soRELSUIBNICE surface aiea Adglomeraion can cayse anacoeptable
increase in pressure drop, and“can ma iScharge of the a sorpen orp ion vessel

difficult and Ieﬁ@*ﬂ%ﬂ'%‘igerﬁ@fl&émé@tﬁ%&?ﬁ%‘ﬂﬂéﬁb?éﬁ‘léﬂ’?tﬁ?ﬂ@g@ ﬁHHﬁﬂE%\?RSFP%‘Péq%HeW%@Q?&rt of an
350ff-shore hydipiddehemasxtracipbidpitecesparonhpoendurtheatienuphidegdmbsbibentdt s sékeeldms such

as regeneratiqRgasesdran fehyhatien suuits-esivet carbon dioxide streams. 2 copper compound,
30-90% by weight of a particulate support material, and the remainder one or more binders, wherein

the metal sulphide content of the absorbent, other than copper sulphide, is = 5% by weight. 5The
inventiorffurthe? Bf‘@@ﬁ?ééj%S%'E%WBFWWHB%F%“QB@%EWP%Mﬂﬂﬁ RYARHE YRS

absorbent comprising copper sulphide is prepared in situ, preferably by a mercury-containing

stream also containing a sulphur compound thereby concomitantly preparing the mercury

absorbent and absorbing the mercury, such that the formation of ineffective and undesired

metal compounds e.g. metal sulphates, formed by oxidation of metal sulphides, is avoided.
25 The Examples utilize copper and zinc sulphide materials. However, not all gas streams

containing mercury also contain sulphur compounds.

We have found that the presence of metal sulphates, such as zinc sulphate, formed by the
oxidation of metal sulphides other than copper sulphide, can cause agglomeration of the

30 absorbent as a result of dissolution and re-deposition of metal sulphate by water present in the
fluid stream. Re-deposition in use can cause a reduction in mercury capacity through loss in
reactive copper sulphide surface area. Agglomeration can cause an unacceptable increase in
pressure drop, and can make discharge of the absorbent from the absorption vessel difficult
and lengthy. This may cause a particular problem where purification is required as part of an

35 off-shore hydrocarbon extraction process or where purification is required in wet gas streams

such as regeneration gases from dehydration units or wet carbon dioxide streams.

Accordingly, the invention provides an absorbent composition suitable for removing mercury,

arsenic or antimony from a fluid stream comprising 5-50% by weight of a particulate sulphided



i) forming a composition comprising a particulate copper compound capable of forming copper
sulphide, a particulate support material, and one or more binders, ii) shaping the composition to form
an absorbenNYQR900i3#24li) drying the absorbent precursor material, and 10MJESHBRIGIMES 885 precursor
to form the absorbent. The invention further provides g mercury, arsenic or antimony removal process
comprising contacting a mercury-, arsenic- or antimony-containing process fluid with the absorbent.
15The absorbesipesaepiiesad 5086% pywaight sfoppaiticitadepsulphiiedchcappefecomyadsndnd he

sulphided coppef,GRBRALANRGEHIGRE FREINIRFREBRSHUPRIGSFBSIEANY RA0MLOf the copper is
sulphided, prefelrig% >95% wt.. Absorbents used in the present invention preferably comprise copper
(]

in an amount T R %%VSVE' tas the oxide, Cu0), preferably, more preferably 15-30% wt Cu (as
oxide) in the sulphided composition. 20 The copper compound suitable for use in the absorbent is one
that may be rerdily\sutiahi dethsyebyvaieco prefodXalendkidy 0w dbsardiarcbasitiogtheraiss Ane or more
sulphidable coppey COmRAMALSBANEHSE orfoRaFIGH I SHILARIS S PRRESARRRIBR I basic copper
carbonate (i.e. a coppe:{h d.roxgocarbon%ea. Prefetr.a ly the copper c_o[ng%und used to fogm the
absorbent 25is pre-drie ° HEQCOBB%rrS&Pm'p%’uan Lare ﬁa%%ﬂateaa%r@ derélr%rfﬁf arein ?Weﬁ‘rgrm of
powders, preferafily withSBRPRgLRGGaMPaSIHBGO fiRiFf SR SE HAMRECRARPE 10-100Rm. Unlike the
aforesaid US4094ii77, thieymbsiosladnigbefitheresemnbienadien comprise 30-90% by weight of a
particulatg suppogfynategighnibitg SHeReELRRBHahPifRrsadmeans to adapt the 30physical properties of
the absorbent to the duty. Thus the surface area, porosity and crush strength of the absorbent may
suitably be tailored to its use. Furthermore, the presence of support particles can increase the strength
and durability &ReHY eBOBYEREERYISISSIA Gy MR BNECARIMIMERY, 'MeVZbRBASEHERBRABSItion is then
better able to retastity pmysiaalirdegrity duamigting-surzimthe grprecsaBad withichecissegs@. volumetric
change in the copper compound as 35the copper sulphide is formed. Support materials are desirably

ias, silicas and aluminosilicates, or mixtures of two or
,o? a partlculg"% S qp%rlge% Q?R/edrcompougdx lIlr1e.

oxide majerials,such 3 glumings, fiatigs, oy
more of these. pr%ra?e(f OoxXI eg may a S(g B US% or exampie alumina tri ate'or boehmite.

Particularly suftd4piIisIediFRRARE PEPRATSSIRIATIRI FRTABIS eSLAARRSS Y4rhifa, RFfdeP Bl d Hehyalifna, and
hydrated alumenpssrihsupbigpdrprefeiable Ye%erit. i bsodamtvrc80~308/pres e piraterdioly 8%y WO
2009/101429RGHARR209OBANER3uE {baseshuponesstaeswphided conypostiamly Thgesupport

materials are desirably J _I{dg fo o{ owﬁ rs with ticle size.of <100pm, preferably 5-65pm. In
the present in%ﬁﬁgﬁ%ége o(&lwr%@tja {‘gu%' %énc\gé%%éjr# %;efﬁceog g%ﬁgg'nt, other than other than 5copper
sulphide2%s below 5% by weight. This is so that the corresponding water-soluble metal sulphates are
formed in suffitherddppenctovelsndcutetaimedhe trdesivdise ivode fetiten zenc iy kinkidedon problem.

Preferably thesiabe@lsis eatidayarnientreibeihanaepary sipkidgeis &lSkiabiarapadreferably 5

0.5% wt, ' % wi. Th inapt. metal ' ' Iphide,
o Smph‘?g'gf’ﬁﬂ eol%gﬁgri@g’é uhec?. Cﬁ%ﬂ%%? SIRSER! S4BV ASPaNnE% BAS L iNe baia Sulphide

, cnrom
(i.e. a copper hydroxycarbonate). Preferably the copper compound used to form the absorbent

25 is pre-dried. The copper compounds are particulate and desirably are in the form of powders,

preferably with an average, i.e. Ds, particle size in the range 10-100um.

Unlike the aforesaid US4094777, the absorbents of the present invention comprise 30-90% by
weight of a particulate support material. The support material offers a means to adapt the

30 physical properties of the absorbent to the duty. Thus the surface area, porosity and crush
strength of the absorbent may suitably be tailored to its use. Furthermore, the presence of
support particles can increase the strength and durability of the absorbent composition by
acting as a diluent. The absorbent composition is then better able to retain its physical integrity
during the sulphiding process, which causes a volumetric change in the copper compound as

35 the copper sulphide is formed. Support materials are desirably oxide materials such as
aluminas, titanias, zirconias, silicas and aluminosilicates, or mixtures of two or more of these.
Hydrated oxides may also be used, for example alumina trihydrate or boehmite. Particularly
suitable supports are transition aluminas, such as gamma, theta and delta alumina, and

hydrated aluminas. The support may be present in an amount 30-90% wt, preferably 50-80%



10sulphide and manganese sulphide. They may be introduced by contamination of the copper
compound, support material or binders. Accordingly the low contaminant metal sulphide level required
by the presénOidt@ndd#2may be achieved by the selection of high purity coppdr@hinNie8support
and binder material, and by the exclusion of contamingnt metal compounds from the composition.
Copper compounds, e.g. copper hydroxycarbonates, often contain small 15amounts of zinc. Hence, it
is preferable thatihsit zisg canteruishi@b8onposirightTiexprpssethas e DxidkeirdinQ), merferpreferably
< 0.2% by weighi{asRXid8)a Behauld, berunagisianddhaliBgsspiphided copper compound may be
susceptible to the formation of copper sulphate, but we have found that this is less important that the
formation 20and presence of the other metal sulphates, in particular zinc sulphate, which has a
considerably HigiHePrssiemiinyemnictates ialmes pelpkidstrnent AtGe frsApsitaPtshHigd Ao Maercury
removal. The abgaeiiheripositeFLEanpeEsas AR Brsobee thincerss poalitggvalertbeugenasning part of
25the absorbenji,flieleiali g IoRHRBAMNNER IS HReO LA GHRIBHRIS B I LG FRREsH 2120 %0 by
weight (based onlthe S}J(l})hld%g corBP?sng?n?h Tth? Ipre[gjrrelolhb nder |r}cllﬁget%ement materials,
including calcitti allininate CemEnts Ana refated materials Such as cirnent fondue 1he cement
binders react #WHeH@daeathmeseraE Rh-tabtevhyrirsedixi binwthEhpapncamirent sisyr
compound andulqorigyari olescrogethefr Ziocdfeuiphaistiong wahipositiens Béhithecadoganlent materials
can undqn@o Cé?ﬂb‘ﬂfd'%ré‘rm%QW&Q@%@E@EP%@Q%WP&M%@M c‘!&HQrﬁWﬁ@r\%@i}@@Q&Ms to form
the active coppsr sUiphide phizse kngwn,ia.e, ellective I meteury, atseie o a1tmony coval. The
physiochemica%ﬁangé, even where support materials dre e uded, canresultinr liced Crush
strength and dRAHETS A% S AREIH IR YRE AL SARCTIRPR/S/ERD RiIERRLAY SORR%Ide containing
materials. It isdtrepefore dpsindblel tordsreaseidh ercrbgkhsreigtionviitshiaraimniai meg attritponndssistance.
We have foungdhakaeaiphinatiossbindrisoand LIPRpAIaRIIsL B FhehalRsosRaNt MG RS this
problem.1gurtherm0{e usirilé%%]e §W0 Pig%(sj%ﬁ we, n1ae\|/rezifnocucr(1)g1ttem?ltstg§é}%ouv%iogtstje;))( ort g1daterial
may WO 0097T8ﬂ§§ 1GB256910506: be iIncreased compared" o°pr¥or At mateniais without
sacrificing ratdiNheFdn 2B apitoie ST Sroartitieahdaresides.  Thus in a preferred

embodiment, the absorbent composition comprises a first binder and a 5second binder, wherein the

first binder is a gaRIRMNDINGSERBE tH’é@tﬁ@@QIBﬂiJ&&‘@@ﬁdér%dﬂ@Btﬂapﬁ‘&} batigseimlsE hswigg an aspect
ratio >2. The first bindet s preferbly a.ement hinder, Inparisular.a calclimalyminate gement. By
the term calcium aﬂuminat cemeﬂt we chJde suc% calcium a'umlnaté) compounds as calcium

10monodRimiRatEP[Es5erAPE §18) O REANGGhT WIS alfePestcHiey ArST)P b s R &rialuminate
(5Ca0.3AI203pomscEcEbmhjgbata@lbiinateaf80hensalRe 8 yuthh decadsl e tydrep taralitionmiate
(12Ga0.7AI203)and, Mgtb@limina cements which may contain alumina in admixture with, dissolved in,
or combined with such calcium aluminate compounds. For example, a well-known commercial cement

has a composition corresponding to about 18% wt calcium oxide, 79% wt o
The absorbent composition comprises one or more binders, making up the remaining part of

25  the absorbent. Preferably the total amount of the one or more binders is in the range 2-20% by
weight (based on the sulphided composition). The preferred binders include cement materials,
including calcium aluminate cements and related materials such as ciment fondue. The cement
binders react when treated with water to form stable hydrates that bind the particulate copper
compound and support particles together to form a strong composition.

30
The absorbent materials can undergo considerable physiochemical changes upon treatment
with sulphur compounds to form the active copper sulphide phase known to be effective for
mercury, arsenic or antimony removal. The physiochemical change, even where support
materials are included, can result in reduced crush strength and an increased susceptibility to

35  attrition, particularly with high metal sulphide containing materials. It is therefore desirable to
increase the crush strength whilst maintaining attrition resistance. We have found that a
combination of binders and support material in the absorbent overcomes this problem.

Furthermore, by using the two binders we have found that the amount of support material may



15alumina and 3% wt water and other oxides. Another suitable commercially available calcium
aluminate cement has a composition corresponding to about 40% wt calcium oxide, about 37% wt
alumina, ab®(} 8RNIt a and about 20% other oxides. The second bindetGF/61828008508high
aspect ratio binder having an aspect ratio >2. By the 2pterm high aspect ratio we mean that the ratio
between the maximum dimension and the minimum dimension of the particles is >2. The particles may
thus be plate-likansteasedtbenipagtht@pibbsaankifeaie attheasédwifztnthatthit kiveasy Atiespasively, and
preferably, the,pailigles anqiaricuigs,wherein the average length is at least twice, preferably at least
2.5 times, the breadth, e.g. having a "rod" configuration wherein the cross sectional dimensions, i.e.
breadth 25and thickness are approximately equal, or a "lath” configuration, wherein the thickness is
significantly leS8Uhiar thiefeired et imeisi& pigtsASpricoratrRs BafdrersniRas ddrel rsIs iR s
aluminosibcateaiaysbiptefevaehgiaalitsn Binder-magaesht hing dicaie thtagscoaamastysrefegred to as an
Attapulgite clays Withoutrsiing igy e bgidad- b theory, we believe that the acicular nature of this
binder comprising elongate particles with an aspect ratio >2 contributes to the 30improved physical
properties obtained. We have found surprisingly that the combination of these two types of binder in
combination witte fHet SimsHieicisppliep CSMpB hIdna RUPPHH ardlcap-MEbris 6%itiAY BYdttbent
materials of higincrasivstedngjtiatarvdien atnitididcandhvhiciradumates tolepanbdaswveltasmproviding a
suitably Righ rafehediRGRSH YCABSRIBD RicARTREAMR @tihs Airgl, pindesdiaybridutheatange 1 to

10% by weigh e _un- sulphided absaqrbent precursor compaosition. The amaount of the
second binden KAy BT S DL 00 A oot BB APSLiNP ced
absorbent pre€l#&a?: Brefel aBR Mg HEMRR e BRIBRINTECOMAR 5rfaie R WEa i adMix iU 4iths second
binder. 5 A patitisaNar ynpeetermbdiiabsitiisectt campositinimate rprigesndn dor exanelgar tieliiatevsulphided
copper composyatiacaisl seRRHIGE PSR RBrkdhataf Al BHDG $ERRATEARRIRRID FYndjogether
with the fiest and second binders,yelelp the e conienl of e absarbienh s, 5016 b eioh
(expressed as oxm_Pe%. e absorﬁen(% may use?ully Be_ prepareg n}rgrmlnd’a composition comprising
a particulate cBBFERPEFRFE0HEEA5aMRESHP0TRTTRIRABAIE IS ARHIHE /v P SRR R I<e AREH A{dterial, and
one or more bwicdrsjrshapionytiievteiiepesitiavoto F0¥oiheralbdesbent precursor, drying the absorbent
precursor material, and sulphiding the absorbent precursor to form the absorbent. Hence the
Loinvention alsp fngludes an, ARSOLRCHLPLGHQLEMRIAGL ACORRSH CAmPPURd cARgRIE.of forming
copper sulphide, a particulate support rﬁ/ater?al, a%_ one or more Y)l_ ers, ()Nhe_reln the su p?ﬂdable
metal cofifent BFTHESRIFSBASEIRID T RS 5B HAlPERssatnR PRIBW B A BRPHRAIGHE (58 oxide). 15The
absorbent conpniging tireessiphad d@ pepioles ¢ordpdbadariaeoman thus tsuiatehikp wysicahform, e.g. as a
granule, extrugatin ahdapiabitratbat INRIMAEE WY BRRRING IRIRATIMNaNRRSaaRc BE Mvitiasbed of

solid absorbe%@%étéﬁ\%ﬁwﬁ@%ﬂ?ﬁ'&%@&% %g&ﬂ@ﬂ?ﬁ%‘%ﬁb%?&ﬁirc%?Dée@r%bﬁ’%%?fé%fgﬁé%ﬁn‘éﬁmg the range

1-15 mm, more preferably 1-10 mm. 20The absorbent precursor may be in the form of tablets or
pellets formedPHifbGding A e Gt FOIMIEEBHpTEING, GetfetatiP e ARG s falkaiuch as
graphite gr maddickrestene AerasinateddiRy aid, Iatsuitabiy siied wheidshethickre$a isonventional
tbabletting or pelipiRarapealing éhléemaaa'melsuttam&h@ﬁ%drjéeﬂt@tmammsjm&h@efwépscguextégdef formed
y forcing a suj ositi ini C : teri ittle water
and/or 25 a m%mﬁogg%h%%%%ra_ﬁag _o%v@ﬁﬁmﬁﬁﬁ?l § péﬁﬁ?r%%%?%a??m%%%hﬁgﬁg&eg g)le into
shortlengths. TR EALARIJRS KB BLTRHd S EIPA R e AR P S ERRDNP SPRL B e 8 P peleting
animal feedstuktirevpidhésiipitiderreiripnieins denpafatetideschitirgodsoeat retiathirpeirivratstelimder through
the perfagationsgbvéaighyBreinpissereeiscinsird byé ke el larwigythebindabitagoresulting
extruded mixtyig e Gl A S TREG bR FOIRRR SUlHR b A dQBRRSRHP BR5IERTRE © oive

extruded pellets of the desired length. Alternatlvel?/ and preferably, the - _
capable of providing absorbent materials of high crush strength’and low attrition, and which are

water tolerant, as well as providing a suitably high rate of mercury absorption.

35  The amount of the first binder may be in the range 1 to 10% by weight based on the un-
sulphided absorbent precursor composition. The amount of the second binder may be in the
range 1 to 10%, preferably 2 to 5% by weight on the un-sulphided absorbent precursor.

Preferably, the relative amounts of the binders are 1:1 to 3:1 first to second binder.



absorbent or absorbent precursor may be in the form of agglomerates formed by mixing the absorbent
precursor material with a little water, insufficient to form a slurry, and then causing the composition to
agglomeratdviatpediigi3fspherical, but generally irregular, granules. GranUPSTEGBRHIH™ASS with a
particle size range of 2 to 5mm are especially preferred. 35 6 The different shaping methods have an
effect on the surface area, porosity and pore structure within the shaped articles and in turn this often

has a significanbefiiecndfee adsaspiibart Bafgoktiisticsprices priberbhdkedansgityatd Sinphaigyphiding

agent used to UPBIdE e ARSHE S HLRIGRUESI IR P Ry P AT SU I8RO YEER Such as
hydrogen sulphide, carborﬂyl sulphide, merc_agtans and. %Ig/sulé)hldes or Enleures of _thesg?d Hydrogen
. . together with the first and second ll)lrhe s wherein the zin¢ content of the a sor(tientg <0.1%.
sulphide is pre?@rrea.\wsmg d'Ry rogen sufphide-containing ‘gas mixture is-considérably gasier and
faster than usiPWRE{awResssd@s addvlutions of sulphur or sulphur compounds such as
polysulph&les. The gas mixture may, if desired, contain other 10sulphur compounds such as carbonyl
sulphide or voigfle &G HeAPiS1O6H) Ba3RDAEDAR MR HIRIMITh QbARRJIDARISRRE Present.
The sulphldln%f%as mixture |gé)refera ly free of redump%igases sucp as rl?{}édar?%ep and cgrbon

monoxide, but ggécr%%‘?/oﬂré pra §'é)lr?t?/v Oérpe'nﬁ]c_eog%?{)ﬁ'i'd)lngestae airé'cﬁear or rat_?e?ﬂ%'é?g utes below
150C, particulfp¥5e RindarsotbapRaitrermeaniian & f1prerraNPprbRiBRHSRs fuins & fkenritas
streams at comeemnitati ormseaaiDahdosbiphidih yhec bsnbe Bulpikidsog tiempeatataves berih eHegng ¢hd - 100C,
preferablyy5-50Ce MY RsousadiciRa §&BMP&§&@@JP&%B%P@@Q%BSQ eshihsuRlieshahisefbent
precursor ex-sfjtp in a suiI)phidiln%/essel Egﬂ%lfleqh Whi(fh atsulpgg%irg ea(ge#grgsd?%sesg V\,/h%?etlhqhseulphiding

orming copper s e, a.par suppor erl
step may be p&HOMEd I SitU, I Which Case an abSorbent precursor is mstalled and undergoes

sulphidation irP#RRigaeaNSiBl SARSTEIPTTHS BROIPRIMSBHS M etber{ad ApBRInELIRYSRY SUlseIThg may
be achieved ugngxitsulphiding agent stream or where the stream containing mercury also contains
sulphur compounds, the mercury-containing stream. Where such concomitant sulphiding and mercury
absorptign occurs, the amount of sulphur compound that is present depends on the type of sulphur
compound and o2 o TR L e SR e B S A AR, i o
sulphur compdRIAt §ExPrEsE@AURs XIEIGIRIPSaRIPaR ShabREREFSHIIF VISR HERDINZdMcentration
(v/v), of at leasbaiaetedmdttpadietabbplaf atislrhsit@iEkesediscatisattine arepostion igefeffidiembasulphided.

Should the initigheengentiatinthetdhgesuliphHmcRIB RISt dBIFhe teqeh stream be below the level
necessary to establish the desired ratio of sulphur compound to mercury compound concentration then

it is preferred that the concentration of the sulphur 30compound is increased by any suitable method.

In contra@ to tH BREOIBERL RISSHIINE M8y By dedurarpiiabish MeeirdamaE Hagenes teiBsorbent
according to tirevprersentrositmtiganisrghefertdining rersuipihidech 8rgrapiijihittimggnesias piesiodems caused
by the changeaaviabimmaad, Hiranasly ezl raieeridhay ifanRerrsnaamdifgr pRAKYNg step. The
mercury capa%&rgﬁgn_e/ﬂ@%%ﬂ}htﬁe% PATionR i '%&H'E%@‘#}&%ﬁ@g&ﬂu %‘%‘?M%E \Szrf}ér*c‘i COPPEr

sulphide absorbents often do not'have the necessary strength and durability. Furthermore copper is an

expensive mefl BRI EpIRISEATHRAERRGAH RSGRYES R Ye) and often a little water and/or
2009/102429RCTYGHRRODVDB0088 Fiedjptivniet bycuittitdribei oratefiadplgingoimerthads ity sical properties
compared to QehRRY. GRNERERHRIM ARG MmateiialSsinga@slet daIRraMdgReeRTsrelice materials

that allow for Wi?ﬁg'fe%&?%é?%r‘é%s&%' #6R {b BiSRIEIEEANBLING SRRSR RLHRARSARBENT.
expressed as the su P ur density, Is In the range . o . _
through the perforations of which the mixture is forced by a bar or roller within the cylinder: the

resulting extruded mixture is cut from the surface of the rotating cylinder by a doctor knife

30 positioned to give extruded pellets of the desired length. Alternatively, and preferably, the
absorbent or absorbent precursor may be in the form of agglomerates formed by mixing the
absorbent precursor material with a little water, insufficient to form a slurry, and then causing
the composition to agglomerate into roughly spherical, but generally irregular, granules.
Granulated absorbents with a particle size range of 2 to 5mm are especially preferred.

35
If desired the absorbent or absorbent precursors may be heated or treated in another way to

accelerate the setting of the cement binder.



50 to 200 kg S1m3. The present invention may be used to treat both liquid and gaseous fluids
containing mercury, arsenic or antimony. In one embodiment, the fluid is a hydrocarbon stream. The
hydrocarboAvVIDi9&am4afay be a refinery hydrocarbon stream such as napHaa/ (8300061 t8kHNng
hydrocarbons having 5 or more carbon atoms and a fipal atmospheric pressure boiling point of up to
204C), middle distillate or atmospheric gas oil (e.g. having an atmospheric pressure boiling point range
of 177C to 34363, difagemtishgpisitdibaisatane spletict prasssuefdael hing: Noiftsitapge @43 6rtetbecC), or
residuum (atmpspheG eSS R ROLINPRIRtALOHERRAC)s Qhif HUrRCAtAqR. Lhstigam produced from
such a feedsto%k b(\,/ten glcs%ﬁytrc rgLor[pl rc1rS|Ref|nery hydrocarbon steams also include carrier streams
such as cycIe o as rSed iR F processes Yand hydrocarbons used in solvent extraction. The
hydrocarbon stream may also be a crude oil stream, particularly when the crude oll is relatively light, or
a synthetig crurtte stipiohgadeiadidee tbisaiphitar tod assoamineteacisonrhay exanpie nlGeseqhsr
hydrocarbons 68@}53&%&%%%@3@%%@4%|;£}¥B‘ée§a’$t52>fn9‘§u'|BNi9@t\ﬁq@rcg;ﬂar{%%%%a&ﬁdg'%?d paraffins

or olefins, for exam Ie e crude offs tura %y?sr stream in particular may be

il a
treated with the_a S t édr?%%”e% PVENRS ontarﬁfﬂ%?e e gs? C%"Etr%' o dfEsel may
also be treatecﬂ?"ﬂ'i'f@r‘ﬁ&ﬁ()@ﬁﬁrﬂ'?é’ ﬁ%%éﬁ?ﬁ@ﬂ%ﬁ?‘b@'ﬁ%ﬁﬂ@%&%@‘s@d‘? é@'ﬁ@ﬁﬁ&ii}%‘%ﬁrd (NGL)
or liquefied petupbumogas (bRGlcbrgasipsuiniieasThcgad beduraetharit]dsirgfitgesontirogas. 25
Non- hydr@car@mraﬁmﬁn\ermﬁ@sw Q@%ﬁﬁ%ﬁ&%@@&&%ﬁf&%@%@ﬂ%ﬂ@ 'ﬂ{é'Hggs@@%@ﬁ' ghioxide, which
may be used in enhann ed oil recovergg)rlcs)g SSes or.in arb ﬁ)ture an storagéer a[8|y§nts or

e

decaffeination ofogoﬂe 'Hgv%ruarr%\ond? rahce Bt r“ea?(t:tlone E% Vent exfraction of ﬁu(?s, such as

alcohols (inclUgfy @@ﬂﬁﬁ%") el e%ﬁwéoegeanﬁ GRS Sﬁﬁ?éﬁés%'été"tﬁsﬂWd’%m%%@ﬁﬁriethylene
glycol, monoetwiedagbyaols RefttiseTalicRrpesolidd mtovmeit@mallicotaly beldre s@e6tChHildegaventive
process. MerCsUMHB@YSEH%Pe%IWV)%g f5am BIRUDR SRRt iRt é&i@eﬂﬁl&&@ﬂ&\(ﬁl wnig, Natural

oils and fats s as vege | d fish oils may be tre 6 the roc &fher ventlo , optionally
after furtr?‘elr pr%d/cesls%eg such Hgn crfr %rgﬁjé?lsolﬂ Or trans saf tgr&éé I|rce)fr$ %Ss orm’ %Yg) iesel. 35 8 Feed

streams which are susceptrble to berng treated by the absorbents may also include those which
inherently contéien duidiiding stepynarbe pryfomaattion dimeydgind @b suheintipreonrso erdit. . cevtebivinatural gas
streams, or a Ué%é@”ﬂﬁfw@ﬁﬁﬂﬁl&rﬁlﬁmmﬂ@%ﬁﬁ@@&@@ §T=f@raf§hﬁ9ﬂér‘h§3gtéb %Aphagrp@%rrﬁwm has
been added to effect mereury, a%rgéasrglr en{ antlr%%ppé mSF eqtlora mer §<>r<ees5§ tlnv (I;]tIO is of sga]rtlcular
utility where the fluid contains water, pre els in the range %5 ﬁ’/nvo? ng%er levels

up to 5%%ol kY tb\%\‘é?@dofaP%cﬁBr‘f“fférfdc?@m?ﬂ\é“%smﬁ@hfs'6*? ﬂ'{@ H@é@%t”‘?ﬁ{%ﬁﬁdﬁ"}ﬁéy be
regenerated saviphjdaigergpnbiinegecbexpersuhe strematersanply hyrpuygilsg ewitkriasdyingas, preferably a

dry inert gas syshoasnailreaaneRiRREARIMHe ARFAIIIAR Of BeEsHEYIRAARUBRIGRRIA HERpRrature
below 150 C, preferably at or helow 120 %ﬂrﬁ'ﬂﬁ‘} &W&%J?ﬁnp‘ér& %Een?c}gb ? eralleapacily for mercury

absorptlon IS mcreased Temperatures as low as 4C may be used to goo ect In the present

invention. A prAfBiHE GIBRYPELAITEER TR AT I B VEuAnG ﬁ?@F@UF&?‘fﬂ’éﬁPB‘é g ﬂ’?@’ﬁﬂm’ e
element@&meratieyefsriphyaremperod riexwessegeasoirnoarotrbomponeriv aldre(yve semeipwgntion is

particularly effestiptiaeneving slemeskal merﬂwra&heﬂﬁheeyﬂeo foums b mer aid yreapsdiesremoved
for short periodgaT, XH\&%UMQ%"%&?&%?E\ua co% Q&% FVo’ﬂh 9&8@&%%&%%9@%?%%&%&"0”“ 0.01to

1100 pg/Nm3, and more usu between n use, the absorbent material may be

placed in an aﬂ%?ﬂ’ﬂtP&rP@'@%’s@Fé‘?Y&'tﬂ%c?ﬁﬂ%%i?eeéfﬁbeﬂhgé?rﬂﬁ@rﬁqé?eﬂRf RYIBBYSE IR it. Desirably,
the absorbentiteigtednimahedrosseitationibeny insoreefixed thedbacumatimgion kiibevsulpiathods. More
than onesbed Bampbiemplensaskd by any suitable method.

In contrast to the previous absorbents, e.g. as described in the aforesaid EP 0480603, the
absorbent according to the present invention is preferably pre-sulphided. Pre-sulphiding avoids
problems caused by the change in volume and strength of the sorbent that can accompany the

35  sulphiding step.

The mercury capacity of the absorbent is proportional to its sulphur content. However very
high copper sulphide absorbents often do not have the necessary strength and durability.

Furthermore copper is an expensive metal component. The present invention provides an



25and the beds may be the same or different in composition. The gas hourly space velocity through
the absorbent may be in the range normally employed. The invention is further described by reference
to the followN¥ig FeRaepid8 and Figures in which: Figure 1 is a graph deprétkiGBREOMGI8Sorption
profiles of a wet and a dry pre-sulphided 30comparative Cu/Zn/alumina absorbent not according to the
invention, Figure 2 is a is a graph depicting the Hg absorption profiles of two dry pre-sulphided
Cu/alumina ahgaithiesds@asiastiongbicdibaunseidiannt sioRipapegpeisthcangmner cialgntavailable
pre-sulphided Q4w Gt\(@s-0xiieh sALggnated alumina absorbent not according to the invention, and
35Figure 3 is a graph depicting the Hg absorption profiles of a wet pre-sulphided Cu/Alumina
absorbent according to the invention in comparison with a wet commercially available presulphided 9%
wt Cu (as oxid8)Ifpredgitids RrasHirafties malstiagthahndey i atiphieahsamtcnpessdéireprécursor
particles wereippegfaned thaingealgisitydaiheaiectaituspdreeeiashe sobtcaszonents teramgombined
with a little wakgrapghm€shto form granules in a Hobart mixer. The precursors were sulphided using
a dilute hydrogen sulphide stream using known methods. The precursor materials were taken to a fully
sulphided state 5using 1% H2S in an inert carrier gas, (typically N2) at ambient temperature and
pressure. ExamiSI@raserbmsatiRmmegy e dRgetedreriReds gt suhisnes Yslindsramang aRe i oresent, 25
ml of a 1-2mmesiadd pariicwlage pramutateddabsorberflucbinphgingablphstteshcoppeyanatainun
compou_q@s, %H@H&%Q@b’é%ﬁﬁ%@ﬂ@cﬁm@&%ﬂ% QU&H%WQ&GBgEQf%&MH@H%H@Qb%‘%@e .
absorption vessg) {1,186 m), Jhe. oppet.copient o6 e sulghided absarbent a5 453, (as oxide)
and the zinc contentwas 2296 W r(]as oxm?e?. he Iower 25 witdh y VO ume of the bé)ci was n?éde up
from a pre-sodRediapsdiae At AmesRmiaesn gl \Wa$ IArnerdeatireripicerais e iR rePEeNginutes at
ambient tempefdni€, tha4sthe watenyas de@antacthafplenid pespactisidisd puichranged3ditt absorbent
paper. The rem@intyhrRBRIR YatRBHRRHIB-SSse RsthyvashERssnasab) Nihexans.sabHated with

elemental_mercury to cg. 1 w/V) was passed upwards through.the at ambient temperature
(about 208 st T R T S S, e AR, 2t o

Liquid 20HourReSPaas/BIBER ATISSYEBM? BT A0CYED HobPISELiP E4HPssRRE%ken from the
reactor exit lineyerdearaly seet dmsalRSPexradified THewetb farkested 800G stobmanitaiemiercury levels.
At tflle 630][ of taeelaﬁﬁtpéh%lbﬁq/ W%SM@&G%%‘ iwiga%\%wiyﬁ}l%?ta@ﬁq@% §H1aebﬁhﬂsa:ﬁ/\d%ich \f/vleref )
analysed for total. mercury content by, ICP-Optical Emission. Spectroscopy, 25The bed profile of the
boorbent chab e R b SRl o Sy AR AR BB e test

is showrdfh Fidal ihenpsreten R fiametiany walettabets @ einaheralieto Qaliistréd s auniky the 750
hours in whichCifreherstorvds cibare dibshorsdhealast sireganegressaad)aa wayitee sekittwaighadbserved to form

at the 30interfasg-hrMerRdBR{RIiaHEHRhIEHRGRR thasiyca EAIERS. SAeBlammRlir vas also
observed at tm%]ée@g.rf%eerhmv%mﬁgH?&Qc\glrggntpn%)y\{)eet MNAHALIDE A RRERIRPUAIQIE e harp. with

the majority of the _ _
or liquefied petroleum gas (LPG), or gases such as a coal bed methane, landfill gas or biogas.

25
Non-hydrocarbon fluids which may be treated according to the invention include carbon
dioxide, which may be used in enhanced oil recovery processes or in carbon capture and
storage, solvents for decaffeination of coffee, flavour and fragrance extraction, solvent
extraction of coal etc. Fluids, such as alcohols (including glycols) and ethers used in wash

30 processes or drying processes (e.g. triethylene glycol, monoethylene glycol, Rectisol™,
Purisol™ and methanol), may be treated by the inventive process. Mercury may also be
removed from amine streams used in acid gas removal units. Natural oils and fats such as
vegetable and fish oils may be treated by the process of the invention, optionally after further
processing such as hydrogenation or transesterification e.g. to form biodiesel.

35
Other fluid streams that may be treated include the regeneration gases from dehydration units,

such as molecular sieve off-gases, or gases from the regeneration of glycol driers.



mercury pickup confined to the first 6-10m1 of the bed volume. However, with water present in 35the
inlet 25% of the bed volume, the mercury pickup slides down the bed and results in a much lazier
profile with W@ R8ERBH2bne being extended. This would result eventually iPKI1aB280398e8hrough of
mercury from the vessel. A second reaction front is algo observed, where the mercury pickup of the
bed increases at about 48% along the bed after a minimum. The minimum point at about 30% down
the bed corregpadséanibevser e sk tbgtible dothahyviasatsl Oy 200M3H 4R RaY AsBin0094aba2s5 10

white in colougapd Radaagosheiaith ASANE RIEKESPERHEH)RQNNIIRG REHpLIRAgICUTY pickup

increases. It mar}/ be c?ncluded from this data that the area_that was whijte in colour and had

rtaln natural gas streams. ar a mercury-, arsenic- or antimony- containing stream to which a
agglomerated 5had a reGLeRY capaB’lll y 10 FEMOVE mercury from the ﬂquﬁ IrF%/otrocar on stream. When

water is presefitiPiie coppenanasAaensisifttde sad mervBasedis IpHERIWIRFRIREARiShing to be
bound by @mny theory, It is thought that the reduced mercury absorption is due to a combination of zinc

sulphate’s highROBQILEY iR MASRHAHD LHRHRSRRY SHROMENRIQ LHRR AOMRR! LsSKIBBIF RMlphate rich

granules further down the bed resulting iy adecias in ine gapablibyof e ag o remove mercury.
Example 2 (dry\festlngr) 3Bsori)enf precu%or compasitions were’prepared 1h a granulator with the
following 15coPfifisiitidRs 2PePEIent PHAR BgSRARiMEIOR MAKIPRIIFEENCE prepmplBXg/oAlSINate, 80 or 70
parts by weighixpbaltenmiveatsityapitey bdrgiagtaibyaneigiat ofrbievd Bsecomipeisieg dpastsivdgercalcium
aluminatggcement having a Ca0 content of about 40% wt, plus 4 parts Attapulgite clay). 20 The

granules were_dried at 105C in air for 16 hours after erioq?cn)jl‘Zhour t amhient te ature (ca
200). The srE AR GoL T R s T o 8 e DT L T ARRRBIT R e

in the laboratd?y/ @ ¥ataPatio hrlghsuaisipeaHxmte Ps el serRdbalos SeTerR averalitpiided

absorbents werereasedn feentesttaseslesernbaldfCExanplestd althonigiftheihibd piecseatchveattem were run
dry and not pra-seaked. [dhslativianderertessarc commercially available pre-sulphided 9% wt Cu
(as oxide).impregnated alumina absorbent. The results are 30depicted in Figure 2. The results show

that both (5:om ositions according to the invention were effective in removing Hg from the fluid, with the

higher Cu conféRtPREREM A PrBY ARG g’@hﬁ‘?ﬁ@ﬁﬁ@@'ﬁl’@'ﬁ@y THEEBRPISSHIBRLEVEEMIME THAHE present
invention also qropededs. shiz persbeidrpeofite thaartibdaciyrifvaiciatyeanaitabdésmepi@ greated Cu on
alumina materigho3gk SR ONRLIESNEy be removed for short periods. Typically the concentration

of mercury in a gaseous feed stream is from 0.01 to 1100 ug/Nm3, and more usually between

20 10 to 600ug/Nm3.

In use, the absorbent material may be placed in an absorption vessel and the fluid stream

containing mercury is passed through it. Desirably, the absorbent is placed in the vessel as

one or more fixed beds according to known methods. More than one bed may be employed
25  and the beds may be the same or different in composition. The gas hourly space velocity

through the absorbent may be in the range normally employed.

The invention is further described by reference to the following Examples and Figures in which:
Figure 1 is a graph depicting the Hg absorption profiles of a wet and a dry pre-sulphided

30 comparative Cu/Zn/alumina absorbent not according to the invention,
Figure 2 is a is a graph depicting the Hg absorption profiles of two dry pre-sulphided
Cu/alumina absorbents according to the invention in comparison with a commercially available
pre-sulphided 9% wt Cu (as oxide) impregnated alumina absorbent not according to the
invention, and

35 Figure 3 is a graph depicting the Hg absorption profiles of a wet pre-sulphided Cu/Alumina
absorbent according to the invention in comparison with a wet commercially available pre-

sulphided 9% wt Cu (as oxide) impregnated alumina absorbent,.



An absorbent precursor composition was prepared in a granulator with the following composition; 25
parts by weight of a flash-dried copper hydroxycarbonate, 75 parts by weight of alumina trihydrate,
WO 2009/18MQA29PCT14282009/050085 11 14 parts by weight of binders coP¢JiieBRYPDPWRS of a
calcium aluminate cement having a Ca content of abopt 40% wt, plus 4 parts Attapulgite clay). The
granules were dried at 105C in air for 16 hours after a period of 2 hours at ambient 5temperature (ca
2000). The sizentesgehefwgsanties cibkaimedt wasulstr paticiéd @ gesnabated usiaierigianuiatiensulphided in

the laboratory {Q.satyrafiondn ﬂn%b%r%@&%ﬂ%@@%&fﬁ%é@mﬁ#ﬂ@m@%tépé[me%%%absomem
was run as tested |p ExarngLe 1 witht irst 25% vol of tlmeﬂ%e(g dL)r_e- soaked in demlner%!hsed water.

1 L te hyd |
The test was répeated oh & commercially Avaifabiz prestlf 898 MECU (AS"0RidE) iMbrégnated

alumina absorBEash agamkRAMtREtfiPes 28bs BrrfwSPRHaiREasoMKe dakrPRdre &illYSUlpbidRbAtEd in Figure
3. 15The absarkiegt #aes dirg toctheapraszn! (iypalioN,showeitnasigeantagy preesaton or colour
change at the wet/dry interface. The comparative 9% wt Cu impregnated alumina material, although

being c:opper-gnélaynh ﬁgf{grg% f‘[;?rg the presence of water, with mercury pickup continuing into about

72% of the thi —20A series of tests was performed to establish the physical properties
of the sulphide® FERCARSIES IhERARRISIBS cRUasd BhethalseiorsettiPesitPha by &iFaiable material. In
respect of the adidatograpositedradddeainple otis Hyesplpyisiea b puppeantie sivwerengdetesnialeciion a 2-5 mm
granulatq dor ReHEs CHARRMIROR et JM%&H%&@%E%&E}:}Q&&QT@%&Eﬁ‘ﬂéﬁ%@é&?l@.nlﬂes (size
cut 2-5mm) wege Weished into.8 T00ML Rlastic measyring cipder g density was gaigulated by
dividing the mass bny'the voltime: The cylinder Was manua?yttappea fo'achieve a constant volume. The
density was c&RUERMRDYANUYIIRS Béthass by the tapped volume (TBD). 30 ii) Mean Crush Strength
An Engineering Systems CT-5 was used to measure the mean crush strength (MCS) of the absorbent

granules. Theigtiyaesy wasditiermatbr sekadard fallandicaiibraiad.okbe Hamias salected for
testing wgre sized 3-4.mm, in org% éoe redqu the qffefctIr 9%) gnranule ize on (‘trush 3§str§p tfghél'wenty
u

maternal was inimerse ineralised water inytes. at ambient te rature, .
granules of eacﬁ absor em were crushne and a s?a Istical analysis per ormegfpiﬁ m phur AnaIyS|s

Analysis for sOIBlIVEd AESAP AR MBRtFSH &P YD Eted diB 63BN EBARBU St EARTRE subsequent

infrared measupem@atofysulpime dithritied was dry material. N-hexane saturated with elemental mercury
to ca. 1ppm (w/v) was passed upwards through the bed at ambient temperature (about 20°C)
such that the fluid contacted the water-soaked material and then the dry material, at a Liquid
20  Hourly Space Velocity (LHSV) of 7.0hr™ for 750 hours. Exit samples were taken from the
reactor exit line and analysed on a PSA modified Hewlett Packard 6890 GC to monitor mercury
levels. Atthe end of the test, the bed was discharged into 9 equivalent discrete sub-beds,

which were analysed for total mercury content by ICP-Optical Emission Spectroscopy.

25  The bed profile of the absorbent charged with the inlet 25% wet in comparison with an entirely

dry bed used in the same test is shown in Figure 1.

No elemental mercury was detected from the reactor exit stream during the 750 hours in which
the test was carried out. As the test run progressed, a white solid was observed to form at the
30 interface between the initially wet granules and the dry granules. Agglomeration was also

observed at this interface.

In comparison with the wet material, the dry absorbent profile is sharp, with the majority of the
mercury pickup confined to the first 6-10ml of the bed volume. However, with water present in
35 the inlet 25% of the bed volume, the mercury pickup slides down the bed and results in a much
lazier profile with the reaction zone being extended. This would result eventually in a faster
breakthrough of mercury from the vessel. A second reaction front is also observed, where the
mercury pickup of the bed increases at about 48% along the bed after a minimum. The

minimum point at about 30% down the bed corresponds to the section of the bed that was



5iv) Pore Structure Analysis The samples were outgassed at 140C for 1 hour with a nitrogen purge
prior to BET surface area! isotherm measurements. v) X-Ray Fluorescence (XRF) 10Semi-quantitative
XRF analysW2tptitd2hed using a Philips Magix-Pro/Bruker SR53400. TRET/§2208%:¥04%ate the
relative abundance of each element in the absorbent @mples by comparison of their relative peak
intensities. The results are given in Table 1. The compositions for the materials of Examples 1 and 3
have 15been ealiculatetbiremdthabagioalsiaess Aatmagesyradtessashielaompositmhehibeumpregnated
material was deteiminged,Qy XRF analysis. 20 25 30 WO 2009/101429PCT/GB2009/050085 13 Table
1 Description Example 1 Comparative Cu/Zn on alumina granulated with cement binder Example 3
Cu on alumina granulated with mixed binders Comparative 9% wt Cu impregnated alumina support
Precursor Cli r(ru;qym ggn@%ﬁ}ﬁ@)fmn this data that the area that was white in colour and had agglomerated

5 had a reduced capability to remove mercury from the liquid hydrocarbon stream.

When water is present, the copper and zinc sulphides are converted to sulphates. Without

wishing to be bound by any theory, It is thought that the reduced mercury absorption is due to a

combination of zinc sulphate’s high solubility in water and its subsequent coating of the copper
10  sulphide-sulphate rich granules further down the bed, resulting in a decrease in the capability of

the bed to remove mercury.

Example 2 (dry testing)

Absorbent precursor compositions were prepared in a granulator with the following
15 compositions;
20 or 30 parts by weight of a flash-dried copper hydroxycarbonate,
80 or 70 parts by weight of alumina trihydrate,
14 parts by weight of binders comprising 10 parts of a calcium aluminate cement having a CaO
content of about 40% wt, plus 4 parts Attapulgite clay).
20
The granules were dried at 105°C in air for 16 hours after a period of 2 hours at ambient

temperature (ca 20°C). The size range of granules obtained was 1-5 mm.

The granulated materials were sulphided in the laboratory to saturation in 1% H,S to generate

25 the active absorbent.

The sulphided absorbents were run in the test as described in Example 1, although the beds in
each case were run dry and not pre-soaked. The test was repeated on a commercially
available pre-sulphided 9% wt Cu (as oxide) impregnated alumina absorbent. The results are
30  depicted in Figure 2. The results show that both compositions according to the invention were
effective in removing Hg from the fluid, with the higher Cu content material providing a sharper
bed profile. The compositions according to the present invention also provide a sharper bed

profile than the commercially available impregnated Cu on alumina material.

35 Example 3 (wet testing)

An absorbent precursor composition was prepared in a granulator with the following
composition;

25 parts by weight of a flash-dried copper hydroxycarbonate,

75 parts by weight of alumina trihydrate,



21.75 - Zn (/0O wt as oxide) 27 0.06 - Al (% wt as oxide) 14 72 - Ca (% wt as oxide) 3 4 - Mg (/0O wt as
oxide) 0.00 0.43 - Na (% wt as oxide) 0.07 0.07 -  Sulphided

10

15

20

25

30

35
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14 parts by weight of binders comprising 10 parts of a calcium aluminate cement having a CaO

content of about 40% wt, plus 4 parts Attapulgite clay).

The granules were dried at 105°C in air for 16 hours after a period of 2 hours at ambient

temperature (ca 20°C). The size range of granules obtained was 1-5 mm.

The granulated materials were sulphided in the laboratory to saturation in 1% H,S to generate

the active absorbent.

The sulphided absorbent was run as tested in Example 1 with the first 25% vol of the bed pre-
soaked in demineralised water. The test was repeated on a commercially available
presulphided 9% wt Cu (as oxide) impregnated alumina absorbent, again with the first 25% of

the bed pre-soaked. The results are depicted in Figure 3.

The absorbent according to the present invention showed no signs of agglomeration or colour
change at the wet/dry interface. The comparative 9% wt Cu impregnated alumina material,
although being copper-only, suffered from the presence of water, with mercury pickup

continuing into about 72% of the thickness of the bed.

A series of tests was performed to establish the physical properties of the sulphided absorbents
in Examples 1 and 3, and the 9%wt Cu commercially available material. In respect of the
Cu/Zn composition of Example 1, the physical properties were determined on a 2-5 mm

granulate for better comparison.

i) Tapped Bulk Densities (TBD)

60ml of absorbent granules (size cut 2-5mm) were weighed into a 100ml plastic measuring
cylinder. The density was calculated by dividing the mass by the volume. The cylinder was
manually tapped to achieve a constant volume. The density was calculated by dividing the

mass by the tapped volume (TBD).

ii) Mean Crush Strength

An Engineering Systems CT-5 was used to measure the mean crush strength (MCS) of the
absorbent granules. The instrument was fitted with a S5kg load cell and calibrated. The granules
selected for testing were sized 3-4.mm, in order to reduce the effect of granule size on crush
strength. Twenty granules of each absorbent were crushed and a statistical analysis

performed.



Cu (% wt as oxide) 47 20 11.1 Zn (/O wt as oxide) 23 0.05 0.00 Al (% wt as oxide) 12 64 83 Ca (% wt

as oxide) 2 3 0.04 Mg (/0 wt as oxide) 0.00 0.40 0.00 Na (% wt as oxide) 0.05 0.06 0.19
WO 2009/101429 PCT/GB2009/050085

12
iii) Sulphur Analysis
Analysis for sulphur content was performed using a LECO SC632, by combustion and the

subsequent infrared measurement of sulphur dioxide.
5  iv) Pore Structure Analysis
The samples were outgassed at 140°C for 1 hour with a nitrogen purge prior to BET surface
area / isotherm measurements.
v) X-Ray Fluorescence (XRF)

10  Semi-quantitative XRF analysis was performed using a Philips Magix-Pro/Bruker SRS3400.
The results estimate the relative abundance of each element in the absorbent samples by
comparison of their relative peak intensities.

The results are given in Table 1. The compositions for the materials of Examples 1 and 3 have

15 been calculated from theoretical mass balances, whereas the composition of the impregnated

material was determined by XRF analysis.

20

25

30

35



Tests on sulphided absorbent TBD (g cm3) 0.76 1.06 0.65 MCS (kg) 1.13 2.39 1.33 Sulphur (%) 21
8 6.7 Sulphur Density kg/m3 160 85 43.6 BET Surface Area (m2g-b 53.6 12.3

WO 2009/101429 PCT/GB2009/050085
13
Table 1
Example 1 Comparative
] Example 3
Comparative ) 9% wt Cu
L ) Cu on alumina ) )
Description Cu/Zn on alumina ] impregnated alumina
] granulated with
granulated with support

mixed binders
cement binder

Precursor

Cu (% wt as oxide) 54 21.75 -

Zn (% wt as oxide) 27 0.06 -

Al (% wt as oxide) 14 72 -

Ca (% wt as oxide) 3 4 -
Mg (% wt as oxide) 0.00 0.43 -

Na (% wt as oxide) 0.07 0.07 -
Sulphided

Cu (% wt as oxide) 47 20 111
Zn (% wt as oxide) 23 0.05 0.00
Al (% wt as oxide) 12 64 83
Ca (% wt as oxide) 2 3 0.04
Mg (% wt as oxide) 0.00 0.40 0.00
Na (% wt as oxide) 0.05 0.06 0.19

Tests on sulphided

absorbent
TBD (g cm”) 0.76 1.06 0.65
MCS (kg) 1.13 2.39 1.33
Sulphur (%) 21 8 6.7
Sulphur Density kg/m> | 160 85 43.6
BET Surface Area

5 1 53.6 12.3 59.2
(m°g")
Pore Volume (cm®g™) | 0.27 0.05 0.41
Average Pore Diameter
A) 203 174 276

An increase in crush strength is observed for the absorbent of the present invention. The

sulphur density is also higher than for the impregnated material.



59.2 Pore Volume (cm3g-1) 0.27 0.05 0.41 Average Pore Diameter (A) 203 174 276 An increase in
crush strength is observed for the absorbent of the present invention. The sulphur density is also
higher than for the impregnated material. 14 Claims. 1An absorbent composition, suitable for
removing mercury, arsenic or antimony from a fluid'&tream, comprising 5-50% by weight of a
particulate Stikpmigled copper compound and 30-90% by weight of a particulate support material
selected from an alumina, hydrated alumina, titania, zirconia, silica or aluminosilicate, or a mixture of

two or more of ese, hound together by 5204 by welght ofone, or mare binders somarising a first
binder and optionally a secon irPg?er, Wherelnefhe Irst %lrﬂjer IS ’cementqoin erand the’second
binder is a high asPEEtSERRNbROEF FiBYirigah ypRis2tPaBicy Al RitrHERY eRPctal8aYrHide content

of the absorbent, othe Bha0vCoppepisubhoketds B8 sinpoveigieridl Aeicatesdrivernabooirding to claim 1

\r’th;fei”dthe SF'EE@?&#&@@B%@QA‘ TRMA IR SHIAP E!i%ﬁ%rbﬁ&m r%@mgﬁé,?@ﬁiﬂ@&?e EMWB?%I%F@F’DGF I
ydroxide, sulphided copper oxjde or mixturgs of these. 3. An absorbent according.to claim 1 or claim

> wherein the Tt BrOF IO Ta Gt Bl 20.¢bUES BT o oy on

of claims 1 to 3 wheifSHT 87 SIBRLY 5iseRN R RiprgiuMfRiBSiRatestRiRAes s LBEBYBaAR#brding to any
one of claims 1 to Zhevéeid kindeséxandbasdectisizmbAtiapidgite @lagpéct Axtiabgorbenwharegording to any

one of claims 1 to ;whetgisutpedetaie ey RisGHERE ifsd ang sesendUpinder igresy Hye range 1:1 to
3:1 (first to secondv\piﬁg r). 7 An absorbent according to any one of claims 1 to 6 wherein the total

metal sulphide content, other than copper sulphide, iswt, more preferably 0.5% wt, especially 0.1% wt.
8. An absorbent according to any one of claims 1 to 7 wherein the density of the absorbent, expressed
as the sulphur @ensitygbsihettieremdiod0 tRiR00 Wep®iniBe sulphided copper compound is

sulphided basic copper carbonate, sulphided copper hydroxide, sulphided copper
oxide or mixtures of these.

3. An absorbent according to claim 1 or claim 2 wherein the first binder is a calcium
aluminate cement binder.

4. An absorbent according to any one of claims 1 to 3 wherein the second binder is an
aluminosilicate clay.

5. An absorbent according to any one of claims 1 to 4 wherein the second binder is an
Attapulgite clay.

6. An absorbent according to any one of claims 1 to 5 wherein the relative amounts of
the first and second binder are in the range 1:1 to 3:1 (first to second binder).

7. An absorbent according to any one of claims 1 to 6 wherein the total metal sulphide
content, other than copper sulphide, is <1% wt, more preferably < 0.5% wt, especially
< 0.1% wt.

8. An absorbent according to any one of claims 1 to 7 wherein the density of the
absorbent, expressed as the sulphur density, is in the range 50 to 200 kg S/m°.



15 9 A method for making the absorbent according to any one of claims 1 to 8 comprising the steps of:
i)forming a composition comprising a particulate copper compound capable of forming copper
sulphide, a particulate support material selected from an alumina, hydrated alumina, titania, zirconia,
silica or aluminosilicate, or a mixture of two or moré*f these, and one or more binders comprising a
first binder and optionally a second binder, wherein the first binder is a cement binder and the second

binder is a highpaspestidicdindrhHMERGBHARRRESHRIPS 2nf DSDBRIREHD® e RRABHigRY to form an
absorbent precursor igdsr)éipg the absorbent precursor material, and iv)sulphiding the precursor to

form the absorbent. ?[l(% R method according to claim 9 wherein the sulphiding step is performed by
reacting a sulphur conpound ¥B1B6tR 4FPIFHG FOGEH A FHHAEICUAIH BPRASS GRIARIENG 8RR ans and
polysulphides with the metal cdmpowm mgapabiehiobfarpaiticuatmeppsuiphidialisetbeedriecthapsorbent
precursor. 11 A method accosdingdorytaimedMinslamidfavirmia, ik selridingstigRsispgrformed on

the dried absorbent precursor ex-situf ltn a sulghi%'mge\slesse throu%l which a sulr%hidir?aagent is

. . . mixture 0 Or MOor €, and,one qrmore binders co rsin .
passed, or in situ in a vessel in which the absorbent is used 10 absord mercury cgmp unds using a

sulphiding agent stream, or & FRBAR) A REIATRYY GreesAndr s W RtaIRG Bl BIRGP 8 Apounds. 12. A
process for removing mercurysaesebitder anttiheosegdndiin raigrieceggflasdecomtprisingrdemtaating said
fluid with an absorbent accorgingtecami®tglaims 1 to 8 or as prepared according to any one of claims

9to 11.13. A mercuryii;emov&la%rrg)gc%%scé\%%gg%{ig%éqoc%igﬁﬁg%m%qeigéggomercury containing fluid

contains water in an amount in the'ran % vol. 14. A mercury removal process comprising

according to claim 12 8t clairfi™ 189 iR Hsa RIFGHSY MARFGRIBBN stream. 15. A mercury removal
process according to d¥aim 18utahilmigrinedretieseiriotfenfltiid #sarbeff-shore hydrocarbon stream or a
regeneration stream from a hydrocarbon dehydration unit.

10. A method according to claim 9 wherein the sulphiding step is performed by reacting a
sulphur compound selected from hydrogen sulphide, carbonyl sulphide, mercaptans
and polysulphides with the metal compound capable of forming a metal sulphide in the
dried absorbent precursor.

11. A method according to claim 9 or claim 10 wherein the sulphiding step is performed on
the dried absorbent precursor ex-situ in a sulphiding vessel through which a sulphiding
agent is passed, or in situ in a vessel in which the absorbent is used to absorb
mercury compounds using a sulphiding agent stream, or a mercury-containing stream
that also contains sulphur compounds.

12. A process for removing mercury, arsenic or antimony from a process fluid comprising
contacting said fluid with an absorbent according to any of claims 1 to 8 or as
prepared according to any one of claims 9to 11.

13. A mercury removal process according to claim 12 wherein the mercury containing fluid
contains water in an amount in the range 0.02 to 5% vol.

14. A mercury removal process comprising according to claim 12 or claim 13 wherein the
fluid is a hydrocarbon stream.

15. A mercury removal process according to claim 13 or claim 14 wherein the fluid is an
off-shore hydrocarbon stream or a regeneration stream from a hydrocarbon
dehydration unit.



