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Field of Invention *166]86* The present invention relates to a b uﬁnﬂAngUOS
conpressed metal oxide cQuposition 5 particle for ugg in renoving

cont am nanw@,022#r2b udi ng sul fur conpounds, from fluids, and@Eydveiaed for

maki ng such comresse%@ﬁ!ﬁﬁ ( 05|t o. Nbre rferably, t he

present invention re TS 2 < oxl)fle
conposition, with the binder preferably bei ng a vvater i nsol u ﬁwmmm"“ll”I"I""“"I
conposi tion. 0 Background of | nveBieldolInventionvel | known to use

oxi des, particularly iron oxide (Fe,( Oy) in a reactor bed to renDwwesisse
cont ani nant s, Thypreseitlipventior relatestopdonabor @apeasel mytahygae sqfpdsilohi de

(H2S), from fluids, typically gas streans. Sul fur corrpounds are rem)vEd
from$l umdﬁmhaetbauseentrdsmtywﬁg éontdbfiauis, GMERS AARE Som %ﬂdﬁ rraI fe r
gas streams or other fluids unsalable. Gas that 5 cont al ns too C su u

i s known nmhcﬁﬂqafnﬁm sth & sséﬁ@ﬁ?oﬂ@écdn@%%iﬁgﬁg Mcﬁ \rAe? %@f}ﬁégle?

i ndustri es, i's COI’]SI dere necessary to

se fl |ds are devoi d of

]el(;lgcej?\ I(nlwt% hﬂ|1l(gsH é%ﬁg@ﬂ@%e@sgg%% 58% 888??%‘?#8@%%%‘“3“%& al oxide

i t am nant For thJS reason, there is a need for
S(r)ggﬁilt ;b%za?ﬂgg%@%ﬁ?rflﬂﬁo% HoRy om f | Ui ds efficientl y and cost
effectively. It is further deS|red to have a nethod or conposition that
does not require the inclusion of activating agents, such as oxygen.
Unfortunately, nobst comrerciall y avail able iron oxide conpositions (the
nost Qrequently used netal oxi d af Inventi@iovi ng sul fur) that operate
at anbient conditions and are gener all'y non-activated, hold an anount of

sul fur equal Itds well knewn 208 metabokighd, Flﬁxlftlctll‘ﬂﬁ h@h%hdb@é} (93 | nr{aﬂgpﬁ)éﬁ i tion.

More typically, iron oxide naterial ke t at corrpresse e present

process) twv'binbyéloérdamm,ﬁfrﬁwl édﬂ:ﬂm%dé" © 19118?1%&%8&1 su‘fﬁ(ci d(glrzS)( £8W oxi de

percent held is dependent in part, on the partic ecl es

used.) fluidsapsiesliyias chﬁ%@lﬁﬁé are fré%novcd%%n? ﬁm%s beca e :3); altrgns

above 20% typical I y r equi re
known contaminants, which potentially make gas streams or other fluids unsalable. Gas that

5 contains too much sulfur is known as sour gas. As such, in the gas industry, as well as related
industries, it is considered necessary to remove sulfur compounds from fluids, including gas.
Note that these fluids are typically devoid of oxygen. (It is known oxygen can increase
reactivity between a metal oxide composition and contaminants.) For this reason, there is a
need for products that remove sulfur compounds from fluids efficiently and cost effectively.
It is further desired to have a method or composition that does not require the inclusion of
activating agents, such as oxygen. Unfortunately, most commercially available iron oxide
compositions (the most frequently used metal oxide material in removing sulfur) that operate
at ambient conditions and are generally non-activated, hold an amount of sulfur equal to at
most 20% by-weight of the tota1- iron oxide composition. Mere typically; iron oxide materiel
(like that compressed in the present process) will hold on average 0.12 Ibs of H,S/Ib of iron
oxide. (The percent held is dependent, in part, on the particular species of iron oxide used.)

Increased HS absorption capacity for iron oxide compositions, above 20%, typically requires
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caustic or oxygen to the feed gas, which is dangerous and potentially

difficult, especially at high pressures. This is problematic becqubsm R 2005
appr oxi mat el ywgQ¥mehet he total netal oxide product is unused. For tﬁls
reason, fre uenciﬂj(epl acenent of the nmetal oxide s required.pdgofggayrst!y,
it is desir éde ddlitiorcofmanastider GEQLUhD Lght.of. sulfur held by the 5
total metal oxide product. Sulﬁg renov%Fa\gLrll"’g&%fcg‘\}%aa”cgﬁ’é’ﬂlSﬂn‘épmtsntiqﬂyto

mllions of diffioule, cspRialgfat YQf .O0n an industrial scale typically
requires the use of Iargea rg%glcr{l] %s{su%gd’gﬁf 1 Preblempiinbaecheseiapproxinitely 8ODE6H e OF

product. Ty pitglahétN) o dd La 1S nprised of iron oxide and a carrier
such as rmontnori Ill%%%@‘)%r?&\ﬂ)‘gﬂ'si‘ﬁ&ﬁ% thip eagery Srequant edplagbnah FKEANE Uxide

change- out siSIIeE\ﬁ}edi & the 10 repl acement of spent netal oxide nedia (nmedra
that no |onger has sUlTHYFRY dle fesited yo inictease &Hbéﬁéﬁtbwﬁé?gﬂ?%‘f"sﬁg}rgﬂ ) (ﬁ}(i e
medi a, I5arg§)tacir nyner pus reactor beds are used. These reactor eds w 're
ei t her be verynfeézf [OXICEProdust. or hi gher, or multiple reactors will be lined
up in successio‘{lag that a plurality of reactor beds will be used. If the

reactor beds are remeval opm levieb that trivgs fo%ﬂﬁ%g .l L_be_spent too fast.
This is because when treating | arge vol uﬁrgs of q’gﬁ@‘éfeeg%&ﬁgpﬂﬂﬁm@,om he

netal oxi de¥ipdstrialiscale eypioalig! legl | ill be rapidly reacted. In
order to have a sufficient bgée ifeeﬁlggﬁgghgltﬂéerrgacfggrheggh&%‘ﬂ%Qledrontdxéaderret al

or iron oximediaerprddudts THRicaliy Gl ...large. anmounts of netal oxide nust be
used. This is di sadvant ageoﬁsﬁ?%i%'h%glaé%ﬁ %“%H%fga%eﬁdc’aaﬂasmieﬁuehaﬂount

of sul fur heddimbMIbhe £ i ron oxide conposition is lowrelative to
the total weight of thdeﬁ%fdga%&s' Re .°rﬁoﬁ%ﬁlﬂ@?ﬁ?@dnhdraagseuﬁjmbﬁh,%y, i t

is 20 de@si k&slade roduct .that holds a greater percentage of reacted
sul fur per %gﬁnglegf&tesgg %ﬁomet Fidrmedis@nedia that ne lragertas siitabie REGRH, SAH] T ed

to renove Eﬁ%{rz(vé an increase costs. It is desired to have the option to
decrease the total SPdactaleride madie.darge vouembidts rehstobdde y, el S Thegh Yedeot:
de_si red to hcf)lvgill%it%rel?ter amount of sulfur with a decreased amount "&r*%et al
oxi de €r be very tall, 10 feet or higher, or multiple reactors will be lined up in

succession so that a plurality of reactor beds will be used. If the reactor beds are too small or

few, the metal oxide will be spent too fast. This is because when treating large volumes of
15. gas or other fluids, the metal oxide found in the metal oxide media will be rapidly reacted. In
order to have a sufficient bed life so that frequent changings of the metal or iron oxide media
is not required, large amounts of metal oxide must be used. This is disadvantageous for a
couple of reasons. First, the amount of sulfur held by the metal or iron oxide composition is
low relative to the total weight of the product used. In order to increase efficiency, it is

2 . .
0  desired to have a product that holds a greater percentage of reacted sulfur per pound of total

product. Secondly, the amount of area required to remove sulfur can increase costs. Itis

desired to have the option to decrease the total area required to remove H,S. In other words
- - £
1t is desired to hold a greater amount of sulfur with a decreased amount of metal oxide
composition.
One way to increase the amount of sulfur held in a reactor vessel is to pelletize or

compress the metal oxide. The amount of sulfur held by the metal oxide composition is
2



conposition. 5 One way,to increase the anount of sulfur held in a reactor

vessel is to pelletizZgjor conpress the netal oxf . The anount of pgiMAR 2005
hel d byWPH&24%¢ al oxi de conposition is 2 WD 02/ 24326 q’C’l’QUré?/ MQ\(E; 2005
e A xide in

PCT/ U 7..dngreased bec e there is nore avail abl

t he vggs%ée"%‘?@ﬁ%’?‘ﬁ%ﬁqﬁﬁf? 1578018 a"_&ﬁ#@f’emﬁ@ oxfe indbe yessel. MNormialy, metalidxideie carrier
corrprilzai n aggroxi mately 80% by weight of the netal oxide conposition.
Convel 8?‘8?“ HEPY &ith the egrpreamprisingappioximatelly 890 byrweipht effthdmsger equal

to fromabout 1 %to about 20% by wei ght of the pelletized m xture. As can
be se®Hde corapositinnrifonykrsaty; apelbet iimpijcsn}smgirfs'waﬂﬁ dndiif bEGREL-eqddle bi nders
that have been used to formthe pelletized iron oxide partic eg I ncl ude

cenento, frérembauntilte to dodt M%ibb&feigtﬁap%ipgn&%gdﬁtgﬁgiﬁ@ éa}ék?eiﬁg%{’ %ni c
romt Hesé bl ,

conpositions. The pelletized particles made however,

have amoiiritof a@td]l oRide I | ears. i hat the efficiencies have
been | owered and tha’?s ?%‘ghkﬁgwclﬁ?r%%g {1/ g#e ?‘ﬁgerﬁé{ﬂgfla"&ihe%gseﬁég fosmicthe

decr gsdiR 1 3y o amount. of sulfuyr_held is not significantly

i ncr eas egzeéivlgornq?ﬁgé g#%@%‘ef H%P'%g ﬁ??ﬂﬂ’ W@I"d‘“ [famidar cemppitionss especially al  oxi de
partis; Lier..oFor thig reason, prior attenpts to pelletize netal
oxi deﬁh%agﬂﬁ’g’é‘ﬁ’%@éﬁssigberpél}e‘?ﬁ?a@e%’é fmade fioasihese h;nngars; Adwevet lmveul f ur

react tv..in particuylar, holdin capacity. Thus, it is necessary to find
a bi néefﬁer%%qm aﬁr i thak it ppparsethat the efficiegeied havedeemlonterddtanki e fpxi de
particles without |owering the reactivity or efficiency with which the

sul f JPactiyiy of hgametaloxidasiae ticenMerieagedr T pattioulhsy thei dmdusit HEGEESAIY L © find a
bi nder that permts the ietal oxide to hold a greater anount of sulfur, in.

par t inotsignifick®ly; ineieatedwivet e afioREITEEIAR! heftl ' ddi £i.9n of
oxygen in sonme form As stated, it has beenb}iﬁg\%\#\lﬁ?%seﬁgeepﬁgﬁe%o’f@?al oxi des

f or umetidleon £ oavien F \hik Yéason, BRBHAS jds. In.particular, U.S.
Patent No. 4,732,888, invente by J%’gtge@rpaep.g&se%‘%gle@ Vf"\@"‘ffnerrite pel | et

for usfsidétedRhsucORkfinf furjzation. The .patent discloses a Inposition
conprised of zinc andg‘fsc?g‘%s%ﬁéagieeh%a %ﬂ"gﬁfﬁe@ﬁ?‘ﬁ& mparficylaroheldwec and or gani c
ader sgnaad. ‘Thﬁ%“ﬂ' t.of activator. |norganic binders include
bent oni t ;et,g kaoli nl,h n%&?}(ﬁoﬁ# "c@ﬁ%‘?ﬂmt?ﬂ%wwgahiﬁ@mm biading of theimetal st ar ch,
nmet hy I se.. and .nol asses. The [l ets have a very specific product
desi g'Jrr\ f@é 8?6% gg?ﬁgeﬁ Vﬂﬂ\guﬁ’z’&&m&%éﬁr@tmw prefficiengyewith which thasulfueast 650 C.
Becaugl% of the high éel\r]iperatures, the organi c binders dissipate |eaving

. Mo

pounds are remove re particularly, it is necessary to find a binder that permits the

1etal oxide to hold a greater amount of sulfur, in particular, H,S, without the presence of a
austic or the addition of oxygen in some form.

As stated, it has been known to pelletize metal oxides for use in removing sulfur
»mpounds from fluids. In particular, U.S. Patent No. 4,732,888, invented by Jha et al.
scloses a zinc ferrite pellet for use in hot coal gas desulfurization. The patent discloses a
'mposition comprised of zinc and iron oxide bound together with inorganic and organic
nders, and a small amount of activator. Inorganic binders include bentonite, kaolin, and
rtland Cement. The organic binders include starch, methyicellulose, and molasses. The
llets have a very specific product design because they are used in beds having temperatures
at least 650° C. Because of the high temperatures, the organic binders dissipate leaving

lets that are fragmented and porous. Thus, the organic binders are included for the
3



Jets that are fragnented and porous. Thus, the organic binders are included
for the 3 16 MAR 2005 WD 02/ 24326 PCT/ US01/ 29267 specific purpose of 2005
hol ding the pellets together, initially, and then dissipating so as § HAR
Ccreate greatwwq@eungity. Wiile this design is outstanding for use in high
tenperature coal. desulfurization processes, it does not proveciBuU§nf29267
suffici ent rS@ﬁﬂgﬁl’“’é’PSf‘amoéhngtl:mmdllétis&ig@ther,%ﬁmlq}plfa{]@ﬂgnidgssha been observed
t hat i nor gani ngbi nders decrease the amount of s ’fur rensy Wstocreate
pel | etized rBPHST noxestirs Wik thisidesiph is outdbsidlild &) g0t semoval of sul fur will

li kely ocmarwat anbi ent or near anbi ent cor‘gdflakﬁ%ﬂg Ifmpsratgsnat bi nder s
are used t o dskwifirizhtion |etdsedsSit HORG I lovidelrShoul.d al so be noted that it has
previ ously been believed that organi Efovbdenfare?&wtée@ﬂ%éb@nﬁbm@oﬁditions.

form ng pel lAstismplis®at s | ndi ti ons, because the organic binders
generally do not provide %oér’b%g’t"s‘gﬁag{mf%&tc ¥adersdacrgage thetanmounsst salfaengt h,

or 10 thererdfoveddviLiiGhent reactivity, or the use of the binders creates a
pel l et that isocos pgirlig)tiﬁ%gﬂqté@“d%nﬁﬁﬁwsbﬂ, Insnfficitntaemdied o EQ&E I IAYENL T ON
relates to B&#ﬁ’%it ar ‘cotﬁr essed nmetal oxide conposition particles used in
the removal "of eLTRRIFR AEZ ambicat eonditigns seliehuiorg IPBIMALS ard 50 dilh s, and
15 net hodsn%%kezsétggﬁghe&éa%lgﬁume conpressed netal oxide conposition rticle
will be co €Ig sodfe nokddethatQiha3SrEToal Least 80% by

wei ght of tgigecorrpr essed netal oxide corrpos?tion B'aée?flgklé‘%"eiﬁlffﬂgaﬂlg||y,

t he conpr esSEHerfiers unagéaptableoiop AsininOpbIBAN sk & saye a..crush strength
equal to at least 1 kg and, nore pregf)%brably, éit%%nrbgs cglfdr'té?'fl'jt'i’fwé’{f&éllleto at

|l east 3.5 ¢aganiThindesgena@alirab ARRbviexk ition.will also retain an
aver agg@glrmunt of sul fur 20 equalﬁ%‘g atogﬁgggwag%soﬁ}‘r}%f“&msbfﬂr@mh, or
conpre d thededs ineufifdiRneR Lt article and, nore preferably, an
amount of sul fur equal to at P’eéfs e@%?ﬂ%ﬁ‘i’%%&ﬁﬁﬁre@tpsendlqt&mptmstqﬂommb.
oxi de conposition particle. Inportantly, the conpressed netal oxide
conposition particle wll hold a greater anount of sulfur than if the
particular nmetal oxide species used to formthe conpressed netal oxide
conposition particle was used in Mﬂmﬁuﬂm a carrier. |15 Generally,

t he conpressed (r}rglt al oxide conposition particle will be able to hold an

amount of  hydr OJERISEHiRvsation-wyesiqibaling e @impreas mBtaPdiBE Lo 0"

conpr essed 2%1 iall oxi de 4
particles used in the removal of contaminants, preferably sulfur compounds, from fluids, and

15
methods related thereto. The compressed metal oxide composition particle will be comprised

of an amount of metal oxide equal to at least 80% by weight of the compressed metal oxide

composition particle. Additionally, the compressed metal oxide composition particles have a

crush strength equal to at least 1 kg and, more preferably, a crush strength equal to at least 3.5

kg. The compressed metal oxide composition will also retain an average amount of sulfur

20  equal to at least 10% by weight of the compressed metal oxide composition particle and,

more preferably, an amount of sulfur equal to at least 30% by weight of the compressed metal

oxide composition particle, Importantly, the compressed metal oxide composition particle

will hold a greater amount of sulfur than if the particular metal oxide species used to.form the

compressed metal oxide composition particle was used in association with a carrier

)
5 Generally, the compressed meta] oxide composition particle will be able to hold an amount of

hydrogen sulfide (H,S) equal to at least 0.27 per pound of compressed metal oxide
4



16 MAR 2005 WD 02/24326 PCT/US01/ 29267 conposition particles. The
conpressed netal oxide cofiposition particle is furt h{e¥ advant age?lésW;‘R 2005
because it wlphsffici entty renove sul fur at terrper-alzhres of | ess™than
2000 C and, even nore advantageously, at anbient conditi orCT/ARIE29267

conpr esse§ompositionpartieles CHpsnipreePRbial §lie Vi conpri sed of an anount
of 5 netal oxide, preferably ipn powder orem%éirlﬁ%g&nf CI"Swheﬁarticl e

bet wben about G 1 m et ons NS iove s\ ek Rabiieansien tan 200t 65
met al  oxi ghed, Wl mBR Rivig us | sg. known as fines. Any of a variety
of netal oxides ?Alhi ch %%%oggtﬁw%mw@m%r conpounds nmay be used to

form the conp et al i de conposition particles. Mst preferably,
the nmetal oxi o5 Eqep fé‘#ﬁlegﬁmecwepmﬂ@m«nywimm bolvprisedlof & Sdofiidm t he

group g£onsisting of row4, 5 6, and 7 nmetals, with x equal to between 1
and 3 ,5Can§1w€/élﬁ 8ﬁ'§5flpr?%mg5’tlﬂé’éwdir farmd onhaviitg & smalbpartiple@iR] £f0h bihder! 1§ ML 2!
oxide is an irqn, zi nc, or manganese oxi de conposition, as these vef al

oxi des HE®! pednwilhbie anarticasiié sangiag Gbtviteh Bbdi 0f i EIRAY

particular, iron oxide of the fornula FeaCb will be preferre -tvlmb{i'h a equal

to bet Weetﬁlqo%myhighmaﬂsthaEngctd]gxﬂgng ] . . such, .conpositions
that include iron oxide of the fornula FeSEéllgf?%g’talso W@PF@H"SA(N)V of a

vari ety off aoragaty of nixtal dRides WRchRSe A3 the netal oxide particles
together to thereby formthe ccorrpres‘g&et %ﬁﬁ]ﬁ‘i@ﬁ&’%@mﬂsa@m@ deim i on

parti cl e.thdbsmpreésed & t pernit the metal oxide to be reactive
With the sulfur comglﬁgg@%%ﬁ%pgﬁ%ﬁ%wﬁ- pYiestiperferably, thetmetaldxidetveill bexi de

partiigl e ' I en ush strength. Crush strength will be equal to
at | east %ﬂfgﬁaggglyye%ﬂ’gﬁl&%S&tfa Sqmthe graypeopsisting afby 406, 63bknd P at

| east 3. 5 such, it has been determ ned that suitable binders, which
provide for & ConprEdoRetweand andd, aed x cappdti bitwoerphaid 41 B ic@BRIpHRGe t h
the pr escfﬁ% i né«int,i on are starch conpositions, carboxynethylcel'lul ose, and
mi xt ur es t AGPEH OXEe fran ‘S‘Eﬂaﬁﬁm@@Wsoﬁiﬂeboﬁposiﬁ@i,laym@mg@{@g@st i ons.
Wat er inﬁ%lﬁgple bi nders are preferred, with water insoluble cellulose

conposi t 958 KAGVR knreadidy repctefith subfiir & . Y ! Lianin,
bem)oni te, and 5 ??I\/AR 2005m;t usbangs Iﬁqﬂhﬁd"%ﬁ’}‘l&/‘mae%e

formula Fe,0Oy, will be preferred with a equal to between 1 and 3, and b equal to between 1

> and4. As such, compositions that include iron oxide of the formula Fe;0, are most

preferred.

Any of a variety of organic binders may be used to hold the metal oxide particles
together to thereby form the compressed or bound metal oxide composition particle. The
binder selected must permit the metal oxide to be reactive with the sulfur compounds, and

must also provide for a bound metal oxide particle having sufficient crush strength. Crush

strength will be equal to at least 1 kg, as mentioned above, and is more preferably equal to at

least 3.5 kg. As such, it has been determined that suitable binders, which provide for a
compressed metal oxide composition particle complying w1th the present invention are starch |
compositions, carboxymethylcellulose, and mixtures thereof. Other suitable binders include
cellulose compositions. Water insoluble binders are preferred, with water insoluble cellulose

compositions being the most preferred binders. Additionally,
5

lignin, bentonite, and



WO 02/ 24326 PCT/US01/ 29267 1ignosul fonate may al so be used as binders. The
bi nder can be added to the netal oxide in an anount equal to between 0.5%
and 20% by wei ght of the netal oxide, and, nore preferably, in )
equal to between2£26% and 5% by wei ght of the netal oxide. The nethod of
t he present, i nv fr(}}l%gn [ tr;\l;glh\;glss conmbi ning the cellul ose, whi ACTVEShe2675
preferred b , ey ed asbindies. PPHd Hi ughly, m.xi ng the
two constituents. Once the two constituent slﬁ%??wmﬁé;gdéfeﬁﬁéﬁegnﬁéég‘é ALt o

conpress t ABoRRbequaldo Setwasn 05% aEd20% By i tal oxjde composition
particles. The techni ques used to corrp?esggﬂtehgﬁ%glg%%f‘ﬁgn@’wr?B‘ieﬁﬁfr@lmz,

corrpressedinMahoméqiﬁ]mmggéﬁé. rdo) 0l €S. %e any of a variety of
t echni ques or devices, includi nggoéx@rﬂuss/gfg%w&ggg aretabaxidany conpr essi on

device or 10 nmeftrhofetd as |ong as the conpressed netal oxide
conposi tion parti cl es gro g&s‘? #%‘%Bﬁ ?VGH*‘BPﬁ%V@?%ﬁ&&omhmmgshe télhilese which $éithe

strengtd. ¢ l.aventi on uses extrusion or conpaction to conpress
the matal Braet et it GRn ot paginis, mdibirongiis siring BAMG AR

ext ruder t@ cfzoth a conpressed netal oxide conposition. Conversely, the
const it uent 8% ﬁhb%c" BERt aramixed gt sactassary Go barpred m@m@s?}b% xi de
conposition. A conpactor is a 15 device having at |east two synmmetrica ©

wheel s, wHiCBIPrEs§Fhinpil ofide sompositiomeitidess TheGdhaRies &Q&VP@S%%&%%&EE met al
:

oxi de conposition between them The use of either an extru

conpact or GPashtpenintofform thet compresdedBepbtiiis ' aye sutficient crush
strength and reactivity with cont am nant s%‘ﬁﬁe%ap@gg)?%aﬁyye&ﬂ@ P AR Al Vidripty

Any of a wditechhiques orateRias; ifyl Bx¥dsiansd devi ceg may be used. .0 The
conpressed netal oxide corrposliu??%ﬁ pagoé&is&éggg’pmnbéwﬁfb%@sﬁlﬁﬂdGYlheonlesi red

parti d0e shétBoddantbR®istd f formation or may be formed and then broken
into the desired size. ,qg%&ﬁgeag emr‘fﬁse‘{lﬁétal%*\‘ﬁ?mltmtmttiabesimiesuitably

conposi ti gl S auld have a final particle size equal to between
about .1 %’n to égg%\% sﬁ'g%mf?i’ﬁc strengtht Theeuwrrapt inveatidnanses &AAfGeafort he

conpr essed g%&%m?xi de conposition particles within this range because the
smal | er en Hep finetal oxide mistuen reasssituemt @i Wa8Rd IHEROS it | ON
parti cl esf’%i fh are powder or fines, and sonme of these fines will €nter

Tt o the ° 15} I9t @tcompressest mblal oxiddeonipostiond Wohi AhiR
02/ 24326 PCT/ USO1/ 29267 oSty okl G §°

placed in a compactor to form a compressed metal oxide composition. A comi)actor isa

15 device having at least two symmetrical wheels, which turn in opposite directions, thereby
compacting the metal oxide composition between them. The use of either an extruder or a
compactor has been found to produce particles which have sufficient crush strength and
reactivity with contaminants, especially sulfur compounds. Any of a variety of compactor or
extrusion devices may be used.

0

The compressed metal oxide composition particles may be formed into the desired

particle size at the time of formation or may be formed and then broken into the desired size

At least 90% of the compressed metal oxide composition particles should have a final particle

s1ze equal to between about .1 mm to about 200 mm, It is not possible to have 100% of the |
compressed metal oxide composition particles within this range because the smaller end of
the range will include compressed metal oxide composition particles which are powder or

fines, and some of these fines will enter into the final product. Preferably, the final particle
6



size is equal to between about .1 nm and about 20 mm Mre preferably, the
final panicle size is equal to between about .5 mmto about 5 mm
Preferably, once the nmetal oxide m xture has been conpressed, it ii b*&g%hs
apart so as to form conpressed netal oxide conposition particles 6 WA
desired size. The smaller final particle size increases the anmount of

hydrogen suMP&/22@h the conpressed netal oxide cBRBOSSAVEROFarticles

are able to absorb. The broken apart conpressed netal oxide conposition
particles are then processed through a screener for granul ar

cl assi fi catizois efjoaleademecatbdieab nndid afout De nparNbed peefetublsg thidnat or r ect
particle S|zq s are dlscharged into a hammer ml |,

AnY oversize |cI
and then sRBHEC'HICK St%lua]{tﬂé"eg ﬁl?e T’HB"? PR S MBanwhi | e, are recycl ed
back into a batghfefnl, hﬁc&ﬁféﬁﬁ&%ﬁ&gde Akt X bHES W&%b& '19i'§brcﬁ&H?P§r?hsed

met al oxi de conposition particles for renoving s conpounds
fluids, the® asdmﬁwmsscenlpmélmemadloateimmsmbnpmﬁpbﬂstouf dieek:stmmizd ghag: (a) a

wd t hat t d t f t al i de,
Ponbi nat | oI BpaRr 876 Merdants e ebousitdaciogen Sufds wiich B¢ ne, Cov o '
with Me b%dﬁgx@gwﬁwﬂ okfd@rabh}&sesl%ﬁﬁm&&eafesémm a‘BEorBeThm'oEeﬁ 5@6 row

4,5,6, and metal s, x being between 1 and 3, and y being bet n 1 and 4,
and wher ei wmmesseqbaw@bé oxigle nrpmpssgoapaﬂtlebs aregben mcmc@thtromn atsheeeucmﬁpr essed

t al id t f th
powder 1 n SASIREAREHe A RB R oGl 1ab02R B e I3RisTes oo Ble o P BT ) et
(c) a partiigd. %@@%rsﬁhe%iaﬁid?ébtdr@ﬂlswmg&l itoPd harRmst mﬂbcaua ﬂféﬂ%eﬁxfbabiaﬁ)

conpressed mnetal oxide_ conposition particles have particle sizes that are
bet ween athesereener. The fiivs, mpyurhilzperesagycleddackiintan batsh of the compressed n an
average anpunt )%e 5(%%&9&1 qual to at least 10%of their weight. A method
for form ng conpreésse oxi de conposition particles for renoving
sul fur conpounds from fl ui ds that are able to retain an average anount of
sul fur equal to at |least 10% of their weight, the nethod conprising: 7 16
MAR 2005 Compressed metal oxide composition particles for removing sulfur compounds
from fluids, the compressed metal oxide composition particles comprising:
(a) a powder that comprises a metal oxide, hydrated forms of the metal
oxide, or combinations thereof, wherein the metal oxide has a formula of Me,Oy,
with Me being selected from the group consisting of periodic table row 4,5,6, and
7 metals, x being between 1 and 3, and y being between 1 and 4, and wherein the
powder comprises at least 80% by weight of the compressed metal oxide
composition particles;
(b) an organic binder for binding the powder in the form of the compressed
metal oxide composition particles;
(c) a particle size distribution wherein at least about 90% of the
compressed metal oxide composition particles have particle sizes that are between
about 0.1 mm and about 200 mm; and

(d) an ability to retain an average amount of sulfur equal to at least 10% of

their weight.

A method for forming compressed metal oxide composition particles for
removing sulfur compounds from fluids that are able to retain an average amount of

sulfur equal to at least 10% of their weight, the method comprising:



WO 02/ 24326 PCT/ US01/29267 (a) m xing an amount of a powder with an anount
of a binder to forma mxture, wherein the powder conprises a netal OXL;‘EJ&’
hydrated fornms of the netal oxide, or conbinations thereof, wherdifh

netal oxide has a formula of Me,,Oy, wth Me being sel ected fromthe group
consi sting of erlodlc table row 4,5,6, and 7 netals, x being between 1
and 3, and WOR/#326et veen 1 and 4. wherein the poRSarURAY29%%icle sizes
that are between about 0.1 micronmeters and about 100 mcroneters, and
wherein the anount of the powder is at |east 80% by weight of the m xture;
(b) conpressing tha) nﬁmhgaﬁaﬁmumrdqumdarwﬁtmheﬁﬁﬁﬂt(BIE}ilﬂhd@Xd)&ﬁ‘ma

conposi ti Onnp‘&‘@é bre apart the conpressed netal oxjde conpole onto
produce grgdw BR?W@“&BW@’%?S& Brtabaxide.divdeatedsfogms g the mpetadni ng
the corrpresse@!n&@to%oﬂmnq?orfsqnaeéf WneriP e mh&thieki qlatsfa%maga okﬁ% ,, 20% of
the particles have a final particl e5|zethat IS etwee out mnm and
about 200 mnwiIthmes@sﬁleqteM/Eomnhmgnoup adtmmgg)épasodlotabbe rowd) 8,6, arfd

reasons. In particular, th ese t al. oxide co t|o particles
allow for a p 8’&%’3 et’r‘?H’t 1{?2‘?4 & g%“‘rgé’&&‘?’?ﬁnlb@&l g’et he product
reacts with &@hﬁpﬁﬁﬂ@@fze@fhaﬁ%fbeﬁw&:ﬁ ab&@10. Pmikr8ALREs anﬂ%Uﬁ‘ttlU@f sul fur
is found in the reactor bed. This is desirable because a | esser anmount of
overal | spacemmmderSu@ehthdlmtbwoummﬁhﬂpmseil at dénan@3% by tvesight of

requi red. The hSI ze, _of the particles is advantageous because it allows for
i ncreased use S ¥W% otal material. The present invention is also

advant ageous becaygpcdrhprdiiytht hik@se fobdrelal B eCRBRI &586d netal oxide

conposi tion particles can be formed that have sufficient reactivity with
sul fur. This aeamesitiohat t he particles are suitable for commrerci al use

Boser ot on of e hdSIEARARE bbaif 18 SomBE R R SafO oGS orflibg | ¢,

conmpounds fr QnresePRsel bxlqblb&npﬁéiﬂi@ﬁparﬁabﬂgn@el | etized iron oxide with
measurenents taken, initially, at 6 hours, 14 hours, and 22 hours; 7a
(d) screening the compressed metal oxide composition particles so that at

least 90% of the particles have a final particle size that is between about 0.1 mm

and about 200 mm.

The present invention is advantageous for a number of reasons. In particular, the
compressed metal oxide composition particles allow for a product that can be used in a
reactor bed, whereby the product reacts with a greater amount of sulfur so that a greater
amount of sulfur is found in the reactor bed. This is desirable because a lesser amount
of overall space can be used and fewer reactor vessel change-outs are required. The size
of the particles is advantageous because it allows for increased use of the total material.
The present invention is also advantageous because it demonstrates that pelletized
compressed metal oxide composition particles can be formed that have sufficient
reactivity with sulfur. This means that the particles are suitable for commercial use,

unlike many other known pelletized metal oxide compositions.

Brief Description of the Drawings

Fig. 1 describes removal of various sulfur compounds from a propane liquid
stream using pelletized iron oxide with measurements taken, initially, at 6 hours, 14

hours, and 22 hours;

7a



WO 02/ 24326 16 MAR 2005 spaying 2 ng the Fig. 2 shows the results of a
standard | aboratory performance test displaying the effects of particle
size of the conpressed netal oxide conposition on renoval of H28,1-3)MARW@05
conposition; Frgpo?ﬁﬂéécri bes the sanme thing as Fig. 1, except a zinc oxide
conposition was us 0, 5 renove the sul fur conpounds; Fig. 4 RE/esgnrsgh
whi ch rel ates thregg%}zos\glvow&{l@sre%"étsaf R staBdard Tabprater) peaBtmMEE ?eg?d"é§5~ of o 28
on an oxi de bec(}' ig. b describes the sanme thing as in Fig. 3, ! E%Bgthet
conpares three %‘ft%:?%?aé‘ﬁ‘ileWﬁ@ﬁthetompressedoﬁétdﬁdxié@coﬁl sitign Q5 3SL L Des Lhe sane
thing as Fig. 3, except it relates to a different type o PF?SHO‘ﬁ*iP&H;S,hyghe
7 di scl oses a°8’BH‘£§§PF;son bet ween non-pelletized iron oxide and two types of
pelletized iron oxide, whereby outlet H2S is related to the pounds of H2S

on the oxide bed; Figndidesthbés the sfingd £5:59 the same thing as in Fig. 6,
except it conpares three different ty%ess%%'ol’ﬁé‘f?é‘l‘?‘?&&’“ﬂ?@mm&iﬁmwasusedto
Det ai | ed E@scrdmédiesihﬁrwngﬁﬁﬁas.i nvention relates to a bound or conpressed
met al oxi de conposition 20 partiéle, a nethod for nmaking such a particle,

and a nethod of uspipy 8 rticle to remove contam nants, preferably
sul fur conpounds, fgom TlA %ﬂ?@s‘gﬁﬁ’é&@m@%’mMﬂahmm&e@ csﬂémﬁ%ltshﬂg)s of
particle is pHﬁf&lreﬂlchdee% (aprrpressed iron oxide conposition particle at™i s
wel |l suited for renovi nge sul fur compounds, such as H2S, from fluids. The

conpressed netal osition particle advantageously retains a

%xi ge CO _ :
greater ampunt of 'the ETIGs thesrme tirids as REFik 5 RxbPRY oxi
conposi tions.. The. conpressed netal oxide conposi ?%)oncglgﬁ&‘rg%a%?%‘gﬁﬁwnbww%@é
anount of sullfoﬂroxtdﬁual to at |least 10% and preferably 30% by wei ght of
the 8 16 1B/AR 2004 WD 02/ 24326 PCT/ US01/ 29267

ig. 6 descri i i
8- 6 describes the same thing as Fig. 3, except it relates to a different type of iron
oxide;

Fig. 7 discloses a comparison between non-pelletized iron oxide and two types of
pelle@zed iron oxide, whereby outlet H,S is related to the pounds of H,S on the oxide bed:

and,

15 F- . . » .
1g. 8 relates to the same thing as in Fig. 6, except it compares three different types of

pelletized iron oxide.

Detailed Description

The present invention relates to a bound or compressed metal oxide composition

20 articl i i
parucle, a method for making such a particle, and a method of using such a particle to remove

contaminants, preferably sulfur compounds, from fluids, The compressed metal oxide

compositi .
position particle is preferably a compressed iron oxide composition particle that is well
ted for removing sulfur compounds, such as H,S, from fluids, The compressed metal

oxide composition particle advantageously retains a greater amount of the sulfur compound
s

25  than i iti
other metal oxide compositions. The compressed metal oxide composition can retain an

average amount of sulfur equal to at least 10%,

8

and preferably 30%, by weight of the



conpressed netal oxide conposition particle. The conpressed netal oxide
conposition wll sufficiently renove sulfur at tenperatures of |ess than
200C and under any pressure. Mre preferably, the conpressed netal oxi'n&e
conposition will sufficiently renove sulfur at anmbient conditi ch§MAR
conpactor or extruder is used to formthe conpressed netal oxide

conposi ti onWA#24#6 s conprised of at |east one netal oxi dePahySO@%¥nder .
The bi nder can be a starch conposition, carboxynethylcellul ose, and

conmbi nations thereof. Suitable binders also include cellul ose conpositions.
Water insoluble cellulose conpositions are the preferred binder. The
conpr essed i ki A7l L : ol icle
si ze equal C({%ﬁl‘%éeste %ﬁedﬁﬁ%%ﬁg H%b%ggﬁ egbgﬁglccg‘g%&%rﬁg%%g #%(%aciaﬁ{[l;gg? F%I e

si ze i s preilbsufBtignidyremiovesulfet atdempaitores of lesprthan280°Ghadundz0arym  Mor e

preferably, the final ryjcle size is.e | _.t.o between ahout.. .. and
bout | 5 mybreasice: MR G ably, e B R wgtS somhie R R ae i« n
an amount RnoveisHEEN at lafbici BdRIIHGHID ARRPACIIEbA¢x bR usdddoUben iy net hod
of mxing the two constituents can be used, as long as the constituents

ar e t hor ougihyressies satalwgide compesitienoviichismeerised af atdsastienameielexdg and
formed. It |s preferred to.,add the binder to the talaxide {n an anount
equal to f?h‘rﬁdgrbg’_ftl}?%Hl%g%%bea%%fﬁcﬁfﬁ%’%ﬁ’{l%icﬁﬁ&???%m%ﬁgel}r@?%’gndoxi de. More
pr ef er abl yeohbifatibiddBéred S SaibAsbinaers ARo iflade RNUSe EdnpasitisieUWateequal to

bet ween 0. 5% and 5% by wei ght of the netal oxide. Any of a variety of netal
oxi des caninselubleeglinlese erampnsitinns are the prefere bingernThegomprassed msial ggidedef i ned
by the forpul a , i . i.sting of
per i odi o 1 Singost i Y S1 b5 Aol LG LEE AT bR Bh M, CARRARE B9

and y equahbdup 20@ e Thel firmh parficleliveds prefdrablgioljyal té hetweed aboun Xl men arsl
sel ected fromthe roup consistjn f Fe?Cb and conhi nati ons
eraby, oo

, ZnO, MO,
t her eof , waRat 20 Bam MOERIS rtie t‘aﬂ%filg,%qgﬂ(ﬁogef&&%fibq%- en 1

&d
and 4. A SQnd%\%ﬁ'E forms of the netal oxide may be used. Iron oxide
conposi tions ea are the nost preferred netal oxides for use in the
present inventi @he nftieidds alitisted b mikiagad ametiatl ofenétaleoxpder witle e ampint afncl ude

gg?(z)j.gzghi %in%%m)ot%i'rh ia%rc])rniosger?&mer%a!ﬂyox%)el rgix unrg.elgn)tl rm%th%a%?rrgxi%g tl'l\épil\?VOZOOS VO
constituents can be used, as long as the constituents are thoroughly mixed and a
homogenous binder/metal oxide mixture is formed. It is preferred to add the binder to the
metal oxide in an amount equal to from about 0.5% to about 20% by weight of the metal
oxide. More preferably, the binder is added to the metal oxide in an amount equal to

between 0.5% and 5% by weight of the metal oxide.

Any of a variety of metal oxides can be used in the present invention, with the
metal oxides defined by the formula Me,Oy, whereby Me is selected from the group
consisting of periodic table row 4, 5, 6, and 7 metals, with x equal to between 1 and 3,
and y equal to between 1 and 4. More preferably, the metal oxide is selected from the
group consisting of Fe,Op, ZnO, MnO, and combinations thereof, with a being equal to
between 1 and 3, and b equal to between 1 and 4. Also, hydrated forms of the metal
oxide may be used. Iron oxide compositions (Fe,Op) are the most preferred metal oxides
for use in the present invention. Preferably, the bound metal oxide particle wil'l inqlude

Fe104. This composition is commonly sold under the name



PCT/ US01/ 29267 "bl ack iron oxide" and as such, black iron oxides are
preferred for use in the present invention. The netal oxide wll havg %
particle size rangi ng between about 0.1 microns and about 100 m B %l
nmore pref er BPY22432¢ ween about 1.5 nmicrons and 50 microns. %?;%&zwg?%at he
unprocesseepRkk in a i d ed.to formthe bound netal uct
will be fines, gerlvo%aﬁé p%nvd?w%rsugbr’iﬂ&ﬂ?ﬂ@ﬂdﬁs angiprefemredbfod ysoin thepregenpar ticl e
will be fom .froma granular or fine mterial. Al so, the particles are
preferably por%?Ps so that they are believed to have at |least 25 tinmes nore
surface area thgn other non-porous particles such as solid particles of

t he sane si ze. H%%%P@dbmllhmpmxﬁesﬂe%@ﬁ%(f%ggéegﬁbgﬁtlos#|cs. 10 The

bi nder that is mxed with the nmetal oxide shou sut FIEPRAR; nai ng

strength sabe 100migom adymiosd proferasy, Bafid i1l h a crush
strength of at l|least 1 kg, an%l prgfyerablel;?l‘lg?‘éq%l?wéosnsr‘?ﬁ%ﬁ%&mﬁ? AsKohl

har dnes%s t sshethe ubfnocasstd/orsa@ thelalt sBAES fohmpart a sufficient crush
strength, but it should be such %kﬁgsdﬂsgg%e@nﬂﬁe%wgﬁetﬁlI‘?élqeé’&l‘iuictlﬁlybe of

the netal Bidsger iBPpoivided LsmW r..lt is hypothesized that the binder
shoul d be sucsh thg’t 15 i?m mgs\ﬁg%t#mt’R%‘syc‘lfﬁp;?Pé‘gggﬂCWé’{lﬂlbedﬁmmmM’position

particles osht or .transfer capability, which allows

r easonabl eérggltelg%? ftﬁlr%erﬁ? a}tﬁrfiel.r %ﬁ"}/@f’ p&mﬁi‘?sta? ehreferghdyypordhessthat they arbibBE/ed to
shoul d al lkﬁWe%x?@ gg ressed netal oxide conposition particle to retain an
amount of sulfur o8 {Rpre gurfaca grea 1w diberwon pbtous paitidfs BaEH dsGhfq and,
preferably, at |east 30% by weight of the particle. The binder can be
added to P odhe wene siea Thesmarabelinyodito BeoidaRbd\GfRactRise5% and 20% by
wei ght _of the netal oxide, and, nore preferably, in an anount equal to

bet wedR 0. 5% aﬂale@iadqythaeisgiﬁkedﬁvithlﬂfbrﬁ&h?&xi&%hgﬁ}db-gb?a%&%‘?%ﬂléh uld be such

that it is relatively water insoluble. It I's necessary
subst ant i &irenfth swasitoiforin @ metd) @xide DARIC] t because the particles are
typically used in a noist envi ron%entc.é}}‘?t%gth%&e %’é‘éaﬁ'aﬁf tIgaglel kg.nder ,

the parti eh@prefaiblp 0l e RE A the binder will no | onger work.
Thus, a > water ingol uble &%ﬁ%?gtgﬂg?%&ggasmﬂ?fteﬁ@@r%’ﬂ@‘dlﬁéhqltklthhé)hmeesence
of water, irhgarPj i of a variety of binders fitting this
descriptio nﬁ c anﬁibtg&ﬁ?ejcd? éﬁ{%\f(@%@’r butt ShP‘éldry?ﬁ stchpthatribdeesdiot mprsethi GeacGit)AR
2005 WO O PCI{ USQ1/ 29267 )

81 thid a1 OXJ‘{C particles with sulfur. It is hypothesized that the binder should be such that

15 it allows for the compressed metal oxide composition particles to have some porosity, or

transfer capability, which allows reasonable use of the interior of a particle. Regardless, the
binder should allow the compressed metal oxide composition particle to retain an amount of
sulfur equal to at least 10% by weight of the particle and, preferably, at least 30% by weight

of the particle. The binder can be added to a metal oxide in an amount equal to between

0 0.5% and 20% by weight of the metal oxide, and, more preferably, in an amount equal to

between 0.5% and 5% by weight of the metal oxide. The binder should be such that it is
relatively water insoluble, It is necessary o prevent substantial dissolution of the binder by
water because the particles are typically used in a moist environment. If water does dissolve
the binder, the particles can potentially degrade, as the binder will no longer work. Thus, a
water insoluble binder that does not degrade due to the presence of water, is preferred. Any

of a variety of binders fitting this description can be used; however, it is most preferred to use
10



an organic binder that is nore preferably a water insoluble cellulose
conposition. It is eferred if the cellulose present in the netal oxide . :
particle conpositiomi/s equal to, or less thany/15% The referred &)Mﬁ%gpﬂd
i s a wapar2ixisol ubl e cel lul ose, or a mineral nodified RMAVINEE®? A bi nder

' - . 9 | I | ef d.
pr of apppyi PRIt SRBH ORI FRRLH BB s O e RS Sehect
ti bet 6.and 7 i f d Ad | t f t t 70 gmL is
or of drisaes i prbloee pesseptu Bsndianie aeicie Gmptiolion 684l OB 32 1 o one

and 200 m crons. An exanple of a suitable commercially available binder is
TECHWBEELF¥4- 202, nanufactured by the Cellulose Filler Factory Corp.,
Chestertown, Maryland. In addition to the nmetal oxide used to formthe
conpr ess edlheatreferrek bideris myusr tihsotubiragellintoise or amingrakmedified eeltulesst &  of

metal oxi de can be added to the m xture. The addition of the activator is
i nt ergigdbricomprissdad aeartih £00% aiter wisblablfcellhlescis mustpeferrede Padferalilycithe
conposition particle and, in particular, will cause the particle to nore

" eadidiyad GRGIbfold InBHbON bYGRIER YIS AnMPRIrAI0RIBERckBlaad Ags T vators are
copper oxide, silver oxidé, gold oxide, platinumoxide, cadm um oxide,

ni ckel pxi de, .. | | . QX] L oenind 1 | de, cobalt
oxi d el:,oregerreg. A (Pegsgb{i(? E#Egt%ﬂ?’l 0 %{ﬁg.glrs gi‘éf&?ed e 191465 ths%]bi'ﬁdéix

um hum o manganes e, and conbl nations thereof. It is

nost preferred, . however, to a.coppey._ oxid S i.s h known to
nost @QH@I rf’?g‘ﬁd‘?‘?ﬁ‘?’ ‘PWE“F@Q@?&Q/W?OI%O c g‘? °%x5|"%t‘§bl\9vic?'%§lt?? cq@#e r eady
formati on of hazardous conpounds, as_specjfied t he . Enyi ronnent al

Pr ot cselighlo hipoaiy TECHNCHLE B2 mARoRel by e oMo Bller Yok ot | <
manganese oxi de, the activator will be any avail abl e activator other than
mangathssteropingdMarylaie acti vator shoul d be added in an anount equal to from
about 0.5%to about 5% by weight of the netal oxide conposition used to
form t he binudditioatiatheanétaicoxide used tocformDilmeconipresset metaboxidecompasitio® has been
m xed, the netal oxide mxture is conpressed to formthe conpressed netal
oXi dep&aRROM dnhdtibt of ENRAIRS 6f BBtaFéMidd@ndeidasd themixtar Thé ydditibn wflys, as.

| ong as conpressed particles are fornmed. It is preferred to pass the

COMPOg, tal:%é&%s W24 7 &aéeﬁh%@@%f%éd&ﬁ@%ds@@&% 0#illé SotEPosttichonpact or

or an extruder so as to rorma conpréssed netal oxide conposition.
particle and, in particular, will cause the particle to more readily react with sulfur compounds.

Among the available activators are copper oxide, silver oxide, gold oxide, platinum oxide,
cadmium oxide, nickel oxide, palladium oxide, lead oxide, mercury oxide, tin oxide, cobalt
oxide, aluminum oxide, manganese oxide, and combinations thereof. It is most preferred,
however, to use a copper oxide, as this has been known to most readily increase the reactivity
of a metal oxide without the ready formation of hazardous compounds, as specified by the
Environmental Protection Agency. It should be noted that when the metal oxide used is
manganese oxide, the activator will be any available activator other than manganese oxide. -
The activator should be added in an amount equal to from about 0.5% 'to about 5% by weight
of the metal oxide composition used to form the bound metal oxide particle.

Once the metal oxide mixture has been mixed, the metal oxide mixture is compressed
to form the compressed metal oxide composition. Compression can be achieved in a variety

of ways, as long as compressed particles are formed. It is preferred to pass the composition
11



Any of a variety of devices and nethods can be used for formng the
conpressed netal oxide conposition, as long as sufficient reactivity with
sul fur is maintained, and the particles produced therefrom havd &MARi Bent
crush strenﬁ'ﬂﬂmwﬁpressed nmet al oxi de conposition 5 particles having the
desired fi rtl.cle size can be produced directly by theP@ExUsuigess70r
corrpactor.ml%kéﬂggéﬁhﬁ%’gorfqrﬁapxmmeﬂo&bﬂ@a%m?fk'é&hnge lbet%%emn about "1 m
and about %&Oof mm. Preferably, the final particle siz aliox gitialbout .1
mm and 20 Mo B od eviats and nidtinals cRapL J&%' & Irs};ze. i s equal to between
about .5 mm and about 5 nm At |east ‘%8 TREE theermuersssed menil akidexi de
conposi ti %ﬂmB%ﬁ‘ﬁ*QU@F%bngﬁak buffiiehtted iSRG wiANYES. . | t 1S not possible to 10
have 100% of the particles be in th‘gﬁgppr&gf‘ﬁﬁﬁ@%ﬁ@edmawa& smal |
end of théfoﬂawjdhmbﬁd)mﬂamglggae QR rticles sized to the level of powder,
or fi nsgs, soge of which will enrg ups iSFrength Cpﬂmrmmdmetmbbiﬁdecokﬂpog gRr essed
met al Joxi pPhaticlesinvsict the l.cd es.having the desired final particle size
are produced by thegt deefs?gahlhglqagh %fm%%@é@slabwmddbé&%}ltﬂgpitﬂfﬁ%“ or
screen tdomipaciol, T]%&%lré&‘#&aﬁ thaf these conditions will result In &
particle having sufficlent 4 Badiclesizeys equall tcbet®BerSabosN Ity a&gﬁgﬁggram Y,

e

however , e sge tal oxide conpositionis in larg nce it
passes t%Ugggﬁ{éﬁt@ﬁ%ng@ﬂlmismwmabbutiffﬁpﬁﬁld okeQMapart into
corrpress%ieﬁagal 'l%Xi' de conposition particles of the . OFerelerdbly, si ze.
St andar d met HOH&4f $139ds pqvdlitheiwdenraboktos Hif pgllets out. of extruded

mat eri al can be used. As such, the corrpressegnngqof Pnqat leegRo06otthen Wil |
have a CF%WegsfeﬂmeﬁeﬁmﬁoﬁﬁonfﬁéclgTMlpﬁﬂ .glptﬁrticl e size equal to between
aboufo .1, nm and about 200 mm Preferably, th& P¢SGangss, kishe pessitdewi | | be
equa toh%}’é‘rtl\%&(rpfth@pmﬁcleﬂbmtﬁ@%, ?(\g})g.p?‘ 20 nun. More preferably, the final
particle size will be equal to ST AL 1P 13B8e Pecauserthe small abmmhémﬁggwg\iﬂe
snal | er lyaluﬂbstbmeﬁéxﬁaeé)iizéd%téélnal rodyct allows the netal oxideé, which
is present in the particles, OGYGAQEPOWthOBﬁDdSmM%@{WH[@nﬁCH ’15@?64? H2S,
t hus, i rfinadpidag. tm@ofgg%g%f O{Q] H2S removed. Note that the crush stPeffgth of
the 12 r WD 02/ 243 PR 2006 CcmuysiRolp292& having the desired final

them. 1t is beli iti
is believed that these conditions will result in a particle having sufficient reactivi
| c
> and crush strength, "

and a final particle size equal to between

about .1 mm and
and about 200 mm, Preferably, the fina] particle size will be equal to between

about .1 mm
and about 20 mm. More preferably, the final particle size will be equal to
between about .
ut .5 mm and about 5 mm, The smaller particle size of the final product allows
the met i ich i i
etal oxide, which ig present in the particles, to react with an increased amount of th
e

H S’ . . .
23, thus, Increasing the amount of H,S removed. Note that the crush strength of the

12



particles will be dependent upon a variety of factors, including noisture
contenf, starch concenthation, and particle size. \?i des conpacti ng1 r

ext rudi ng %828 oxi de and the binder, other conp essed%?{/ﬂgmzag%y gMAR 2005
used. AnDpgtiEIBEWAVEY ressed forms are pellets, tablefs, tilles,

ri bbed, ribbed ri }r%s‘,ie?’rmi‘%é‘g‘?ﬁgsﬁp%e%g’f Ogﬁﬁfo’{?xmﬁl!%@lsmmb@&mhan be

used for S . metal oxide together so that a carrier is not

r equi red,@%@?gfé’%ﬁdkgﬁ?@é@qn a reaction bed. It is further desired to
formparticl e} icgstead of sinply adding netal oxide powder to a reaction
vessel because; *16F “¥HPaotBg enextrudingthe metal okide @66 the bitdag 'y eg‘déﬁnt%? pace

W thin tt}e reactor to allowthe fluid to pass. Powder wou nob Al Fow f or

a suf f i ci’8FES FRbBe Ruede Amungribe meailbibleonpRRshdiAl adShilss $QIROSI Lion is
formed by _extrusion, it may be necessary to dry. tﬁe pél%&%@ rticles
SO as ’toﬂhbé‘dsd‘d)bnd)ﬁngs,lﬁﬁgs,épnerég RESSndsfihs dr Yi ng can  be used, as long as
the particles have a total water content of |ess than 10% by wei ght and,

nor e pref er ablAny hethed ¢anbd wddd RY cifbilin, 4he Lenperature used to dry the
particles should be any tenper atcﬁ@g&{;%'%%q’?ﬁ:%‘{etf?@&b@émabaca’mier'iser ate

t he bi ndeot reqiieedVini i cP6Sys . di.ze the netal oxide. Preferably, the
tenperature wll be 1%0 C orgaineé)g?wéé?ﬁ?edng?’é%émmfmmaaperature

will be ¥tdad SFsi | s _pecessary to dry the pellets to maximze the
crush strengt ESL}'@(%%@%&%%%{]%% B@”‘i@ dqja reactiomierssel bedaasey fetsufficicag bel t

dryer. T ry dryer is referred. After drying, it is preferred to

mar uner i ghgcti\ﬁéﬁg éﬁ%”e‘sg@d“%g&w&w wibircthepasiot toodllowd@e fufd t%i)gssf PolRfde OY .
extrusion this has been found to increase the hardness a abrasron as
measur ed"B t’ﬁ&aliﬁ'\‘{%ﬁts!i@@mntﬂbv?vm. in the treated conpressed netal oxide
conposition. Any of a variety of marunerizers may be used in the present

i nventi on. Ro%@%@@mﬂ;mﬁhjdﬂid@é&nﬂo% Brunerizer. 13 WO
02/ 24326 16 MAR 2005 After the conpressed ﬁlﬂet?flﬂr%%%}g" WeBstt maybeparticl es

ar e f or.riggessyrytio dakthe pelPadRsgartidléesoGR e t al , oxi de conposition, the
particles are processed thrcgjag#\ a gcrgaé{\egﬁgef'g?l i Brpoess &erglrying gan on.

Over si zeébepmed, ias lotg a8 iR pAHRIGHIE Y tdelf Warl JAMTE of lgg.slﬂlﬁn ﬁ)r.}/g b;r rv]v(aé?ght and

more preferably, less than 3% by weight. The temperature used to dry the particles should be

any temperature that will not breakdown or incinerate the binder, and which does not oxidize
the metal oxide. Preferably, the temperature will be 150°

C or less, and, more preferably, the
temperature will be 90°

strength.

Corless. Itis nhecessary to dry the pellets to maximize the crush

Dryers that may be used include a rotary dryer or belt dryer. The rotary dryer is

preferred.

After drying, it is preferred to marumerize the compressed metal oxide composition -
particles, formed by extrusion as this has been found to increase the hardness and abrasion as
measured by the percentage of fines in the treated compressed metz'll oxide composition. Any

of a variety of marumerizers may be used in the present invention, Rotary drying may

eliminate the need for a marumerizer.

13



i he
i ecycled into a batch of th
returned to the screener. The fs: ?sznargur:e %lhe conpressed netal oxi degégtzg%
compressed metal. Orl dehgvgogggn f or med they should be pl acefjfl n 46 r
iti es ) . i ur
vessel gloogs t"lﬁlgﬂ%nt acted with flui dsl Fgm an gﬁ;egovn\%it Eaffpm@&wmm_
1 ] | S, . o) . ;

conpounds. The f|Aﬂe’i‘$he"Eo'n{rpr nsg%exlﬂgtg.‘ c?)age eanpasitivaipaftiolen aeOfRiARY BﬁPlf%Qkiﬁgﬁpan
L 1s most preferrec to ﬁd 10 hydrocarbon gases. Anong fthe su _urle are
streanms, su &&ﬁés%@ﬂgwg%ge eempRsitionethe pertieids md@b@ésségﬂbfﬁﬁgﬁ)géérle%@g r
conpounds that c r]HZS carbonyl sulfide (COS), carbon V{gsu Ian I\/ESH),

n Su ! J * . . [ rca ]
o A i e b Sl 2

|  Mercaptan, (EtSH), and Pro ! _ i,n f]uids, especially
tE Lg%/ it is ﬁeﬁﬂa‘rtytotthmcremnerhegﬁxgb a{ehrg@y%geﬁc%%pua[r‘ﬁe’as@e@ fomPressedimetrhoxide| €.
hydrocarbon gas, can be rengveren%ved under anbi ent condi tions. More
These s fﬁom??uildcs:oﬁggungs can be renpved when the terrpterat g:gt Lfe Any
articularly, sulfu ) i.ng the highest .e!’rp .
cqual 1o, or e used it st lelsl o4 o ufcnigh eararireihe A fonaenihey, ' he
ressure can be used, onpressed nmetal oxide conposi
1 d st camaa ve ?gdg ?‘?ﬁ%ﬁ%{?“e{eé;egg" PEdte onBited eﬁthuhridﬁdﬁtdﬁﬂggedc gnrrtgg'él ¥ o
particles at a vel l.qui ds. The conpressed netal oxi !
part i ol es canbrendt 14k fudonh iudocaantianta aod bénbingitignd et i GASL 10%
' X
gg(rjt :o(r:laerr%;gfg %D%ebﬁvar‘“@ﬁt of tge&cogp;]m@d”e;g g;o least 0.27 pounds
0 S

part i cl es, "and laVe"a 9qmilm’qrrugtsa:ll pglxi de compostron pareh asipsepanapad,
of H2 Opei(: Boun of conpresse
a

| ' bet ween 1.0 and
e3mosgthalsal inesstipduBi thh ohn hE G N DEL W stat
ahg rrI‘:I:‘rolm t hi ggari t iﬁ;ﬁﬁ be concl uded thzft% t he corrpré%é%‘% e theaye

: i city. 14 16 MAR
osi ti omeighexide puticlosue RO S B | e ED tfommiontride
2005 WD 02/ 24326 PCT/ USOL/ 20267 " The O e o Feordimlfide
i |1 ustrat i(@2b?xmﬂ?zs?ﬁ'(w (BRE) a8 Iﬁ%%aptans, sucﬁ as Methyl Mercaptan (MeSH), Ethyl
way. Exanpl es anp .

Mercaptan (EtSH), and Propyl Mercaptan (PrSH). It should be noted that it is likely that

other contaminants found in fluids, especially hydrocarbon gas, can be removed by the

15 compressed metal oxide particles. These sulfur compounds can be removed under ambient

conditions. More particularly, sulfur compounds can be removed when the temperature is

equal to, or less than, 70° C, with 200° C being the highest temperature. Any pressure can be

used, with ambient pressure preferred. Additionally, the fluid stream can be passed over the

compressed metal oxide composition particles at a velocity equal to at least 0.6 feet per

0 minute in gases and 0.1 feet per minute for liquids.

The compressed metal oxide composition particles can retain an average amount of

sulfur equal to at least 10%, and preferably 30%, by weight of the compressed metal oxide

composition particles, and have an H,S holding capacity equal to at least 0.27 pounds of H,S
per pound of compressed metal oxide composition particles. Also, the metal oxide particles
should have a density ranging between 1.0 and 1.5, From this, it can be concluded that the

compressed metal oxide composition particles have increased sulfur holding capacity.
14



A test was conducted to determ ne the effectiveness of extruded pelletized
iron oxide 1in renovingfsulfur species contam nantg;y i ncl udi ng, hydrogw 2009
sul fide, wardamsk sul fi d€, nercaptans, and possi bty carbon disul fide e
test was inii}éa}gd by packing a 2 inch by 12 inch col unmPGlwse1/29267
appr oxi mat el yietoAgwmg axdsples rareefop [ ira@ie i of pel letized iron
oxi de nedia. The iron oxide pellets \/\/erqug%pr?%%idg%%&gfargpgt earnltg%f’%%i de and
a st ar cthelslandein anyAmyi nl et val ve was | ocated at the bottom of the columm so
that contamnated liquid entered the colum at the bottom and exited the
top of the colum. The gas to be purified was liquid propane contani nated
wi th various sul fur species contam nants, including hydrogen sulfide,
carbonyl sulfide, and |ight marcapi ans. Measurenents to determ ne the
anount of sulfur contam nants wer Swhen the gas entered the col um
and mi&aﬂﬂﬁ gas exited the colum, w th neasurenents taken at different
tinmes. Fi Shows the initial anobunts of various sulfur conpounds
entering the colum. The contam nants were neasured in parts ppm by
wei ght .~ The /S[§8CYS condesie toi dstesmine thineffeotinedeny ofttra@bdBHoRS ildnSthedh DE! OW
as fol :hg;:,\p{sn:xo _Type of Treater ................... Single, Verticle ow
Direct noving sulfur species contaminants, inclu el. 1T

 ncludil, By dhen iRk SartR P uisice,

...... mercaptans, . and possibly carbon disulfide: The tes o ntact Tine
......................... 15 mis/mn . 5%?%“’@??‘1%&3%3 a2 mch by 12

...... inch.column with i Extrusion . .
Pressure.......... F?p.r?l.ﬂ.m.a.te.ly.’ 125p IéMlds’ YethPrrximgately i 0dpehesi o fpetletized iy

| engt hofdapRUR! THE i ' f. the extruder. The sulfur contam nants were
detected by usi néjgégog?g%agﬁwg?tfWﬁ@ﬂ?ﬂsﬁﬁPWaqmﬁmﬂWdWamMemf sul fur

and co 1 in the liguid stream by its corrosivity to polish copper.
Ur psnéﬁﬂk‘é?ﬂﬁbf%%ﬂg%ﬂqﬁ HBbotiom giho velnins 36 that Tritaminated ligoidsenteéed

i mportant because .it, was known that previous iron oxide pellets did not,
suffi ciﬁgﬁ ‘ﬂ%ﬂgﬁiﬂ}?ﬂgﬁﬁ@&rﬁmﬁ%m@mag@dmlmr The gas td®e Plrifiedwhs liGilia Exanpl e
2. Conpressed iron oxide conposition particles of varying particle size

ver e TREPRAG coptamanated with variaus sulfier spediescdontiinigai iRty Eﬁirt?géntsnﬁide
e comnpressed

performance of the conpressed iron oxide 10 corrf)ositi on.” T

i ron dArRRayLeidss and bghtmaertdptdne s MEER e OfERAcHS ik& ol of SQERAct i on

system by Hosokawa Bepex. The cellul ose binder, éﬁf\%ﬁﬁﬁf . was
contaminants were made when the gas entered the column and when the gas exited the |
column, with measurements taken at different timcé. Fig. 1 shows the initial amounts of

various sulfur compounds entering the column. The contaminants were measured in parts

ppm by weight. The specific conditions in the reactor or column are listed below as follows:

'}“ryp‘: of]?‘reater ................... Single, Verticle Flow Direction................. Up Flow
L/]%a 1::;& oemp .......................................... §5;’ Contact Time...................... 15 mLs/min
R e — e i Bimston

L/D stands for Dieway length/Diameter in the die of the extruder.
The sulfur contaminants were detected by using a copper strip test, which identified

‘he amount of sulfur and contaminants in the liquid stream, by its corrosivity to polish copper-

strips by ASTM method D-1838.
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first hydrated in a R bbon Bl ender Mbdel No. I M 16 by placing 100 pounds of
TECHNOCELTM 202 in the blender, turning the blender on, and adding 80

pounds of water for six mnutes and forty seconds at 40 psi. Thqalw%ﬁ-
was turned onWm#aseeaddi tional five 15 mnutes to uniformy hydrale e

TECHNCCELTM 202. xt, 100 | bs. of cuprous oxide (Purple Coppc®i(R) 935

added, and the bl ‘Ef@rbetsﬁq’q@@md?ig.flothemuaﬁiﬂhti} fi minutes. This
bl end was transferred up to the feed introductoﬁgﬁiqeerése te%]m ticellomsraraoval of

Conpact or and"BYSUYHT eempamndichipaaiciden t housapnd pounds of iron
oxi de having a noisture of 1.95% and a %%%'gser é@}ykreﬂlgﬁg‘ﬂ’& pelétided fifoh3 was

rel eased byoé%dﬁvif’tdﬂitionaldy,m[)&;qyg SR . _The feeder 20 then transferred
the iron oxide into the Turbuli Zer l\l}gﬁgﬁﬁ%ﬁ'&wg&ﬁa Ve iNDBRR, Ty 2202

bl end was neemshweddd tient syl Ul il A6k {f.om t he Accurate Feeder. The
Tur bul i zer deposited the #ﬁl%él Psgvided fon exsellot ramendd oif@1!1lﬁjrtcgﬁ'llpMfﬁc?s5
Ir :

conpact of . Thi vblsRbglgs s,, hetered to the rolls of the conpactor Vvia
a vertical feed screw.eré(fﬁg)rowéﬂ%&@’tsf’Gﬁyastlhmwhlthét@&vimr@nq;ﬁ@;ﬁlg%%&l nto
cr 75

the flake bggake dth wer e nmechanically conveyed to the

for granular cl algﬂsyi%ﬁ’(?gﬂs‘ﬁﬁ‘." rfempared 4o ren bridehalcamps di scharged into the
RD- 8 hammrEngL+le216 MAR 20 As can be seen fromFig. 1, the pelletized iron
oxi de resulte n-“éxcel l ent renoval of various sulfur conpounds. In
particular, H2S ywas readily renoved by the pelletized iron oxide.

Addi tionally, ,mWPdEMOmﬁecanpmm Ly remmved, Thus, it was
concl uded that the pelletized iron oxide prgésle e PEElg siz8 er fommediin of

sul fur co s testitbe efedVBRpABOR sizb WP 326 PCT/ US01/ 29267 then conveyed
back to the screener. The fines were r@%é%ﬁ’éﬁ‘aﬁqer%j&qvnmmedhtmoﬁhe feed

hopper 10 angomhesition. STt oRfpENGE o) &0yl es were col | ected. The conposition
specified to produce the g?agﬁ“ﬂmge@ﬁpﬂ%qmeMeﬁr% udiEE NG R TM

202, 4. 4% co@hpattioR $ysiGn 5% water. A sanple of a conpressed Iron
fornul ati on was scr%ene89 ?% S%Wé‘eg%ﬂ-f dhegellplase indes, TEBCERGUSEH 9t | ons,

as shown i . T E Di stribution % by Wi ght
| firsf Afdr8ted in ﬁl%lbon 131ender Mlodgl l\llo. M 106 13; p]aclifg 100 pounds of

TECHNOCEL™ 202 in the blender, turning the blender on, and adding 80 pounds of water

for six minutes and forty seconds at 40 psi. The blender was turned on for an additional five
15 + minutes to uniformly hydrate the TECHNOCEL™ 202, Next, 100 Ibs. of cuprous oxide
(Purple Copp 97N) was added, and the blender turned on for an additional five minutes. This
blend was transferred up to the feed introduction level of the MS-75 Compactor and placed in
an Accurate Feeder. Two thousand pounds of iron oxide having a moisture of 1.95% and a
loose bulk density of 86 Ibs/ft® was released by gravity into an Acrison Feeder. The feeder
20  then transferred the iron oxide into the Turbulizer Model No. TS8. The TECHNOCEL ™ 202
blend was metered to the Turbulizer from the Accurate Feeder. The Turbulizer deposited the
TECHNOCEL™ 202 iron oxide blend into the MS-75 compactor. The blender feed was
metered to the rolls of the compactor vié a vertical feed screw. After compaction, the flakeg

were disch i
arged into the flake breaker, and then were mechanically conveyed to the screener

P e .
or granular classification, The oversize material was discharged into the RD-8 hammer mill
- 1 ’
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Sanpl'e VSanple 2Sample 3 |- 3/8" - 4 nmesh47.800 F4 - 6 nmesh15.930.528.6 i-6
- 16 n¥sh _36.369.56‘3?”%3 -16 - 30 nesh006. 0 Basi qf;]gly, t he average particlﬁ05
si ze going ffom Sanple 1 to Sanple 3, & hoyn in Table 3.g MABL
2 Sa ﬁgé é‘g?al cl e size range, mmAverage particle si ze%ﬁh‘@ﬂ?gﬁqo 9.54.5
. 21. Othen canvegpal BacRAo thetsoreénéts The fides wereresicheddiivedtly biadrifloqhy/fepgr f or mance
test, the effect of particle size on erformance is shown in Fig. 2. Sanple

1, whheppes; aiMd e@ickizd iR oditt gRGlleP Mebd SJIRctBlzes Wi th an average particle
size of 4.5 nm took approximtely 90 days to reach the breakthrough point

17 V0 02/ 243003 fbVOR g 008 FICTH IS0 R920 1es8l s o B YL £G57 U1 e

detected, Sanple 2 alning partirc an average ® 2.5 nm took

unti | ' ¥, 115 to _break u at 4 ppm of hydrogen sul fide
det ec%,ﬂi\mﬁ%&ga%@/%cuf?g?ﬁse‘{’?‘}‘i{enﬂ‘%g%v‘gggge particle size of only 2.0 nm
di d not sh.gw a . breakt hrough of hydrogen sul fide at 4 ppmuntil

appr oxi mat@f§REDE g Lowprsss i faEnulaben wasssoresned tosthragdfiféerent particle t he
decrease in average particle size increased the effective H2S renoval
capaciifsdigfibutienscassbpwn dedabledal oxi de particles. Exanple 3. 10 The same
procedure as Exanple | was followed except pelletized zinc oxi de was

tested instead of pelletized iroTABLHEHdA. The conditions were as follows:
Type of Treater ................ ....Single, Verticle Treater TemL/D Ratio

................................. - Distribution'% by Weight
Sample 1 Sample 2 Sample 3
F3/8" - 4 mesh 47.8 0 0
+4 - 6 mesh 15.9 30.5 . 28.6
H6—16mesh = . | 36.3 69.5 ' 653
-16 — 30 mesh 0 0 6.0

Basically, the average particle size decreases going from Sample 1 to Sample 3, as

hown in Table 2.
TABLE 2
Sample # Particle size range, mm Average particle size, mm
1 1.0t0 9.5 4.5
| 2 1.0t0 4,75 25
3 0.5t04.75 2.0

Using a standard laboratory performance test, the effect of particle size on
erformance is shown in Fig. 2. Sample 1, which contained the largest particle sizes with an

verage particle size of 4.5 mm, took approximately 90 days to reach the breakthrough point
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TP, 65 ...3 Flow Direction

Sanple Pressure ......... ... ... .. . .. 360 psig
T Up Fl ow Contact Tine yitis)
WO 02/24326 | Ipn1_s/ mn CEP-1 18 NAE

........... of i iniies......2.0 extrusion The resulhCa/soidrert est
are discl oseIZ:I4 ?%mlgrlg}Ydrggeq ulidecdetastad; Sanplt Dabnialigy Qbd &84 zi nc  oxi de,
in general t sul f d t %Hu%&s of! Vpagpere of i zed
_ : ’2-5%}/%§ nost sul fur conpounds excep . e ® ize
zinc oxide T eshiftsdmiih pproxindtely Dayti1934 hiRkiBiondR 5t Sulf:ilr conpounds. This
was consi de fﬁ% 5 inportant because nornal |y zi ncooXi GBPE G bydpgensuifidenat es
sul fur contGCentalaSamplyBeaontaufnp s #le ) AE anmbi ent conditions, zinc
oxi de will é)t[y icalglhy hol d bet ween %an(\?{gg/?liug efjze of gmiy 2.0 nEr diduioe skow Zest S
wer e condu Qughaifdyydi jve crush strength of pelletized iron
oxide particles. Thr gigﬁ{d%gléglhg?é ?[Jr‘ggr# ’%W’ﬁé’@‘i‘?&w@y 1BfMaysFafitestinpOTRIsEC 1)
FM2 (Febri mgheinﬂibate&hattﬁﬂ?ecl;%gger were pelletized, with all three types of
i ron oxide being sinilar black | FAYTa8% Partisle sedndrddbed i BV IR %L 0SS
are ferri megaeity 6f I.rgn oxide particles believed to range 1n siZe
from1.5 mcr o?s ttgeggﬁ{ﬁ{eésregﬁ%?ta\ﬂxﬂ?mot hesi zed surface area of 10
n2/ gm TheEkmi‘gr&oxi de is believed to. be a nuch smaller grade nateri al
with little or no 18 WO 02/ 24326 PCT/ US01/ 29267 porosity. The iron oxide
was bl ended wit cv%%hlieggg%tgypes of binders, with the binders mxed in
di fferent anoun Igras Exhmple vais fBH er.di.e | engths were
used. Thej?%%/ﬂa{a%t%;cii oa;ﬂwere made to determ?}végd(mﬁ’[é’?&&?#s@%ﬁlw%m resul t
iniron o e etizad irgh gxidd i1 e h str th. A pelleting press
manuf actured by Kahl was used to for]?ine%?f‘?lﬁ{)%zw?rmﬂ%g;%“’dé pellets, with the
pel lets fJm&fﬁﬂ@twt.hﬁ..p.r.ﬁl.%sﬁg?cvw icfe di ameter of 6 nm 1'0 assess the
strength GifeaéQIdhnme"L.l.e.t......i%...l@h Pel ﬁg%al—lardnes /DI'B%‘?QN---.was...us.ed_‘_._,l,_n.__g_r_.qgrl
to |eriv&loxDireaion data, tests & 'r'l'glpg de on t%“Hﬂniéﬂ’r@swanan.u.f.ﬁQI..HK.%oiTsieg[
fﬁe; €S I

accor di ngCOootaetimenet hod, Vit it ults then averaged. The Kahl pe
,,,,,,,,,,,,, | bt & Co., Hanburg, Germany. The

fol l ol ng tabl e shows tHe Fesuii &B¥Ohe tests, the

Example 4.

Test i
S1s were conducted to determine the relative crush strength of pelletized iron oxide

particles. Three types of iron oxide known as FM1 (Ferrimagnetic 1)
2),

FM2 (Ferrimagnetic

and Hoover were pelletized, with all three types of iron oxide being similar black jron
oxides. The FM i i i
1 and FM2 iron oxides are ferrimagnetic porous iron oxide particles believed
¢ . .
0 range in size from 1.5 microns to 50 microns, with a hypothesized surface area of 10

2
m“/gm. ide i 1
gm. The Hoover oxide is believed to be a much smaller grade material with little or no

18



for use in formng each of the pellets, the d|eZuus

articul ar type of bin and the average! cyush strength. Tﬂﬁ-ﬁp‘g

" ellets,
| ength bﬁj o . 9 d r*Di eway Strengt 6
La TES G o deg)\at eéi oncleak s 448 /11120, 00 5oy Sheste] a8
XllléﬁlgneSG akl 477 11‘@0 %%30%gy%mnomaﬁq§gm4 123@2@&/@4% oaftakl.
i t 130;,00F %ﬁggakl 475 [,1130. ¢ 0 . V2080 ThEsAR 2005 WO
St archSOFragl el 359 ﬂlg@n &t hslg:mdendmgewr te am derﬁ Length Stren0

9267 (deDi eway WAt er o
ggln 54%%1 PCsTéwl:Jr%%a{ to determine what combination would result in iron oxide particles

having sufficient crush strength. A pelleting press manufactured by Kahl was used to form
all the iron oxide pellets, with the pellets formed from the press having a diameter of 6 mm.
l'o assess the strength of each pellet, a Kahl Pellet Hardness Tester was used. In order to
lerive accurate data, tests were made on ten pellets manufactured according to each method,
vith the results then averaged. The Kah] pellet tester is manufactured by Amandus Kahl
ymblt & Co., Hamburg, Germany. The following table shows the results of the tests, the

articular type of binder for use in forming each of the pellets, the die length used to form the

ellets, and the average crush strength.

TABLE 3
LCI TEST SUMMARY
Dieway

xide Water %  Binder* Length Strength kg Density
M1 18.2 None 18 Weak 1.690
V1 15 ' None 18 Weak 1.448
vl 15 0.0075% CMC 18 Weak 1.406
11 15 None 36 Weak 1.477
11 12 0.0075% CMC 36 Weak 1.542
{1 13 0.0075% CMC 36 Weak 1.508
(1 13 0.0075% CMC 48 Weak 1.475
(1 13 0.0075% CMC 60 Weak 1.454

1 13 0.64% Starch 30 Fragile 1.359

1 16 0.78% Starch 30 Firm -

19



. . . . 0/
y

of dry wei ght OX' 15.1 F
Fi nesth FMe 15. 31 04% St arch 60 3.1 1.33 Dieway

Oxide Water % Binder* Length Strength kg  Density
FM1 17 0.84% Starch 30 3.8 ———
FM1 15 12.5% Bentonite 30 4.3 1.542
Hoover 17 1.0% Starch 30 5.1 e —
FM2 17 1.0% Starch 30 1.6 ———
FM1 19.2 1.34% Starch 6
FM1 17.3 1.33% Starch 60 5.1 —
FM1 17.2 133% Starch 60 598 ..

*Binder % on basis of dry weight oxide

Oxide Water % Binder m Strength kg Density Fines
FM2 15.3 1.04% Starch 60 3.1 1.33 15.1
FM2 153 1.04% Starch 60 1.9 1.45 7.6
FM2 18.8 2.36% Starch 60 6.65 1.17 53
FM2 18.8 2.36% Starch 60 . 4.7 . 1.46 24
FM2 18.9 2.34% Starch 48 7.65 1.03 3.2
FM2 18.9 2.34% Starch 48 83 1.32 1.3
FM2 18.9 2.34% Starch 48 6.8 1.23 1.8
FM2 18.9 234% Starch 36 6.0 1.06 2.1
FM2 18.9 2.34% Starch 36 6.05 1.23 1.7

The binder listing is the Percentage of starch on a dry weight basis found in the

metal oxide material. The density of the pellets appears to be unrelated to the crush strength

of the pellets.
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M215. 31. 04% Starch 60 1.9 1.457.6 FM218.82.36% Starch 60 6.65 1.175.3
FM218. 82. 36% Starch 60 4.7 1.462.4 FM218.92.34% Starch 48 7.65 1.033.2 FM2
18.92.34% Starch 48 8.8 _l. 321.3 FM 218.92.34% Stakch 48 6.8 1.231.8

FMR218. 92 wagdtrfamr ch 36 6.0 1.062.1 FM218.92. 34% St arch 36CeuSsy/H22814 § MARe2005
binder listing is the percentage. of starch on.a dry weight. basis found in
the pellet sAg?W:beps@F%grﬁfn tﬁa@%ﬁ, tP‘éB?Ee%fgfﬂr‘g“ Tnﬁé’eé}g?ﬂi/fﬁf’md'%]eﬂi wclgmﬁ wat er
solution mxed with the netal oxide material. The density of the pellets
appear sCiugh Heengthria thi pedilets Jormed thergipms (Gaghpyymethylceliplosgreplieddn a pellgip

02/ 24326 PCTI USO1/ 29267 MAR 2005 As can be seen fromthe data, the use of
st ar ch bawingimsuffipientecrpshstiedgtt. fAaklitmoally,liewas determinestthatnglidlengthtdfat pel | et s
formed therefrom Carboxynethylcellulose resulted in a pellet having

| nsuf f i Rhs30 nomwal padfeiget h. Additionally, it was determned that a die

|l ength of at least 30 mm was preferred. Exanple 5. The present Exanple
rel at esgkampRss.i ng the pelletized FIA, FM2, and Hoover iron oxides to
eval uate the reactivity and efficiency of each conposition in renoving

hydr ogen | hl iLh-the three

07Tt erent oy Sh fiSechi BEARS rod il Rl iRhe boiia MO Mrjey; AU O
terial_. I d i A f bed. tube. Thi top was

e peat airifB o E stefsivin 3R piicix pEGCh Romapmion s Thinatile BydbeR: r aarm

containing 3,000 ppm by weight of H2S was passed_over the various

pel | et i SHAde from 2as Haree E‘E?ﬁﬁ%g?qsi"tﬁi% fillegh with thecthraedifferpat types of fren gxidsed over

the FM bed once, the FM bed three tines, and the Hoover bed three tines,

al |, of Tweipenndsrod the pelletizediranaxidgmateritlevasplaced inca #4foat glass reactor bedhe
contam nated gas (Q was set at one of three different rates: 2.09 liters

per mi nimbe. This/istepwas répedfed fémdanh test cdmpiBitionilisted i Falslett] & soul? Fasizamecor ded
as a finction of tinme of the
containing 3,000 ppm by weight of H,S was passed over the various pelletized iron oxide
compositiohs. Specifically, the gas was passed over the FM2 bed once, the FM1 bed three
times, and the Hoover bed three times, all of which are listed in the chart below. _The flow
rate of the contaminated gas (Q) was set at one of three different rates: 2;09 liters per minute
(I./min), 3.75 L/min, or 5.09 L/min. The outlet H,S was recorded as a function of time of the
varying flow rates.

Fig. 7 shows how much H;S was held on the Hoover and FM1 types of iron oxide at
flow rate of 2.09 L/min before break-through of H,S occurred. Additionally, Fig. 7 shows
bow much sulfur was held on the same type of iron oxide used to form the FM1 composition,
but with the iron oxide located on a carrier. As can be seen, the pelletized iron oxide held
significantly more sulfur, In Fig. 8, the same thing as Fig. 7 was shown, except a different
flow rate, 5.09 L/min, was used. The system was pressurized at 6 psig, and the sour gas had a
temperature of 68° F 'The H,S was measured using an industrial scientific TMX 412

electronic gas analyzer, calibrated with a standard 124 ppm H,S in tube mixture. Also, a

Kitagawa tube was used as a cross check to confirm the H,S levels.

21



Fig. 7 shows how nuch H2S was held on the Hoover and FM
| types of iron oxide at flowrate of 2.09 L/mn before break-through of
H2S occurredW 2Fiti onal ly, Fig. 7 shows how much sulfur was helgiMpR Ale
sane type of "1 104 de used to formthe FM conposition, b;t with the
iron oxide | ocat®e@ r&B cane Ler. As _can be seen, the pelleti 2€EHUBOI267xi de
held significantly nore @E{?{SW”‘? GRiqulajed @pmtamstemﬁﬁtibﬁbﬂﬂm%ii 5] 7.
shown, excgg{l te%giil{ rent, flowrate, 5.09 L/mn, was used. he %sf‘étm%ﬁ%s
pressuri zed at &g Sg,eq‘é"’fﬂ?ntdﬁé'olbmsr. X;{agsh@&teawg%r%%e of 68" F. The
H2S was neasured using an industrial scientific 41D T181 bploisdhd ratqyas
anal yzer, eonstint utrewb thé bburids SF r 24 ppm H2S in tube mixture. Also, a
Ki t agawa tube was used gs ascrglngg%ﬂ%@iq?ﬁtfgr Wﬁfomdmmdnﬁidlﬁ&j&ugfécntﬁ“)m
cul at ed

02/ 24326 lfatés WwWNRuz4a. 01/ 29267 The rate constants were (k) ca
froma determination c’)@ %légoséf:?’éﬁm’l%s&’as\hﬂghmtdndlcduétéﬁﬂowgﬁe(ok?%g)[é%ﬂgati on
e t ant

as fol I50\A/5Th£5{15—}|?e% ed over At (Ibs.)]. Fig. 4 plots the ra

versus the pounds i‘gﬁéﬁé—?%‘wafeﬁéo%datﬁ@frdﬁwvi%\@ﬁ' t 64 Thr ee different
tina! b eep

flow rat d, The (Bran's) constant k was hi ghest &t ‘fdrfegtheest

¢ use

flow rat ee%? X\g‘.hgé“ﬁ?myn‘}'ﬂ%bemémﬂoﬁhu@fthag] -equat es the rate of

reacti vi tﬁa%xier time. The steeper the curv?ﬁﬂﬁ%&rpggqgﬂgstégy ndArindigatey
..4, 5 and 6 indicate

will ber u8 shawwethe kapethafp 4518 | J ip Figs
reactivity. Fig. 6 shows the sane tghi ngg'as’@&seg&lﬁ,'rc’g)??%iﬁtwﬁsﬁbelﬂomroxi de

was the HIBYS Figydarhats toihg.safe Hsih to,the sane data as in Fig. 4,
except three different types of irora?ggillg‘lgé%’ Xt Ereedifforent fypesTdfirdnMidiad
t he hi ghe¥eretasted.of reactivity, followed by the FML . Both conpositions

showed excellent reactivity. The Hoover nmaterial was observed to be not as

good H candi daTke Fi@hal other two materials. Fromthe k

determ nation, the esti ?getlgghéﬁgﬁtep fitptivEpellowed oy the givei -nQohfc%nﬂ% Lhe

oxi de wasshile8 eRiNE gééégr‘l%xl 'b_ﬁear regression analysis of a plot o gns
‘ is.list

versus | bs. of tota e Fgaver meieriad stak bBéepEb G5 BRG] e
e slope of the linear regressi ongglr)\g f&’%af%’ld&g"& to

bel ow. Fug} t

the speed o &;agé%etl? ff Bempadesials. nErooxthe & deRi@ia he H2S this is R The
n, El e

X intercecgéacof ftge &jﬂots gave the overall capacity o $ABghPUndal s. The

results ar étt‘l' g E4S By theooridangas dtermined using linear regression analysis of a

. ?

varying flow rates.

t5 thest i i i
slope of the linear regression analysis relates to the speed of reaction between the oxid
xide
material and iS i i
the H,S, this is R, The x Intercept of the plots gave the overall capacity of the
materials. The results are summaﬁied as follows:
TABLE 4
LINEAR REGRESSION AN
ALYSIS OF K VS, ACC
OF REACTED H.S WITH THE BEI;IM ULATED LBS
" . Est. Capacj
.L (:Iterial Q (L/min) Slope per Pounpd v K range R
. (F(FMMZI)) 5.09 -1.6 0.41 1.35-1.15 0976
i 2.09 -1.2 0.30 0.70-0.56  0.992
. ) 3.75 -1.5 0.30 0.94-0.72 0.998
= p—— 5.09 -14 0.31 0.92-0.70 0.975
- ata - -1.7 0.27 0.94-0.70 0.959
(Hoover) 2.09 -2.6 0.17 1.72-0.69 0.982
LCI (Hoover) 3.75 4.3 0.15 1.28-0.72 0'998
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: M) LCI(FM) LCO (FML) nge R
THE BED VWON&LeRé 21/9:-?' LE] % ov(er) )ESt. _CapaCI ty S| ope mmum-ﬂ( rang
dat-a—LC—( Hoaver ) Hoove 266 560,

) 0.976 2. 09- I. 20, 30§-—79=0-560-992 &
5.09-1 60.411.35 -1. 15 in§9- d1o40. 310, 92 CFAPASHY 975
3. 75- 1M3éeriAdo. 94- 0. 720. QYB/dhin shfﬁg

Al

WTI I

LCl (FM 1) C_ I46MaD 20

72-BOYmgs> Kk range

R
. 09- 2. 60. aerial
_ 1,7&2)0.12@@ -9, 700. 959 22 \NB6GR/ 24326,18 PCT/ US01620267 n@ éz
3. ) : ; . O I o—=x=£

(L/~) @Hﬁmﬂé‘o aquQﬂad k.range R I.CI (Hoover 5.09=

LCl

=0 N
(Hoover) all data—-==518

1.58-01%7 0.984 1.58-067 0.984

0.992

As can be seen, the FM?2 and FM1 had superior results for holding an amount of H,S
per pound of iron oxide (see Est, Capacity per Pound).

Example 6.

The reaction rate k, from Example 5, was analyzed to determine whether the

pelletized iron oxide had a better reaction efficiency than non-pelletized iron oxide, Fig. 7 is

a combined plot of outlet H,S readings (ppm) v, pounds of H,S that has reacted with g bed of

pelletized material, either the (FM1), (Hoover), or non-pelletized iron oxide materials, at a

flow rate of 2.09 L/min. These curves relate to the outlet readings of H,S (ppm) to the

imount of reacted H,S with the bed, and directly illustrates the reactive speed of the

naterials.

As can be seen in Fig. 7, two pounds of FM] product reacted with (.38 pounds of H,S
efore the outlet H,S reached 900 ppm. This is compared with non-pelletized jron oxide,
hich had only 0.15 pounds of iron oxide reacted before the H,S reached a level of 900 ppm

the outlet. This shows that the pelletized iron oxide gives a superior result, and reacts with

sreater amount of H,S than non-pelletized iron oxide,

tample 7,

The present Example compared pelletized zinc oxide with SULFATREAT® (iron

ide on a montmorillonite carrier). The conditions and results are as follows:

Zno SulfaTreat
1 Height 2.0 fi 2.0 fi
ssure 5 psig 5 psig
» Rate 270 cc/min, 270 cc/min.
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As can be seen, the FM and FM| had superior results for holding an anount

of H2S per pound of iron oxide (see Est. Capacity per pound). Exanple 6?»5
The reaction rw 15 from Exanpl e 5, was anal yzed to determi ne whet p&AR Q
%/ H32nad a better reaction effici ency than non-pelletized

pelletized iron"o
iron oxide. Fig. 7 is a conbined p 0(5 of outlet H2S readings _(’ﬁmomnm

pounds of H2S that has reacted wt bed of pelletized gntH, , either
the (FM 1), ( ver), or non pelletized iron oxide nateri%s,‘“ﬁ'igja {I ow

rate of 2.09 L/mn. These curves rel0dfFe to the outl et reaghpgs of H2S (ppm
to the unount reacted H2S with the bed, and directly illustrates the
reactive spee O(Foqche mat eri al s. AS0€apphay. By n Fig. 5 two _pounds of
FM product reacted with 0.38 pounds of H2S a ore the odPPEPPIIESr eached

900 ppm Thi lﬂ‘“ﬁrorrpared wi th nonipghl eti zed iron oxide, _hich had only
0. 15 pounds of iron oxide reacted before the H2S reachedldinevel of 900 ppm

the outlet. THeghtshows that the pehb@tréiésed I ron oxi de gives a superior
result, and reacts with greater anou of H2S than non-$¥igiesi zed iron

oxi de. sanpl ¥okmeThe Present Exarrp}glej [&Brrpar ed pelletized zinc oxide with
SULFATREAT(r) (iron ;,de on a nontroftllonite carrier).8IBharconditi ons and

results are Tetlfgkusys: 2110 IHei]};z%% 20ft Est Ca acit Sulfa reat 2.0 ft
sure 5 psig 5 psig ,v Rate 270 cc PAL 270 cc/min. 16 MyR74£905 23

Total H,S removed 3
85L
4431,

Days to Brealcthrough 33 3
8

Th
€ ZnO ran for 33 days before hydrogen sulfide broke through. Thisis 5 days
shorter than SulfaTreat ran at the same conditions, Although the ZnO did not rem
, ove as

m
uch sulfur as SulfaTreat, the results are positive. ZnO is mainly used at elevated

5 .

temperatures and this test was run at room temperature and stil] removed H,S

Example 8.

Th
¢ present Example relates to the Preparation of exemplary metal oxide pellets used
in the removal i
val of sulfur from fluids. The method was initiated by obtaining a sample of black
1ron oxide from the Ironrite Products Company, Inc. of St Louis, Missouri. The bl k i
. \ . ack iron

10

oxide was analyzed and determined to contain an amount of moisture equal to 3% by weight
Additionally, it was determined that the black iron oxide had a bulk density of 1.558 kg/L

To form the meta] oxide pellets, 9,000 gms of the black iron oxide were placed in a
bladekneader, manufactured by Sigma Corporation, St Louis, Missouri. To the black iron
oxide, an amount of binder solution was added. The binder solution was formed by mixing
15 118 gms of starch manufactured by Argo to boiling water. Starch was measured so that it

was equal to 1.349 i i
qual to 1.34% by weight starch on a dry weight basis, so that the total binder solution

added t i :
ed to the black iron oxide was equal to 17.2% by weight. This formed a binder and iron
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WO 02/ 243266 MAR ~ZQPb) ZnOPCT/ USQOL/ 29267 ul faTreat Tenp70 F 70 F Inld

Conc. 30 h2m4pM H2S 1 N23000 ppm H2S Di aneter 1§p/in. 1.5 in. Wi ght 1(;@@ 2005
gi ns\%égiggi ns \(gl umaﬁlS mL 815nL Total gas usedlZﬁSO L ﬂ&?,@g},fljmz'[;gt ald‘\ﬁ-i

reno @OBIppsitidn, vhiclDays theR 3 3 e ZnO ran for 33 days

bef ore hydrogen sul fide br okﬁﬁ%%%gaé?e?%rgwd%%m@heﬁd@ghtvvwn

Sul f alivdeatd thatwad sliche %{%‘ﬁﬁg itions. Although the ZnO did not renobve as
much sul fur as Sul T}r’eat, the T'esults are positive. ZnOis mainly used at

el evat ed Fht a5R8% nd,.this test was run at roomtenperature and still,
renoved H2S. Exa%%:dé&% ‘%Sndtgerpteé‘%‘ﬁta rellatmsess, Metlelt lds1 15qniaRgfapfugsar at i on of '

exenpj,%ma_rrqﬁgbeﬁéi de ggérl ets used in the renoval of sulfur fromfluids.

The nethod was®ini 1At SeFr#d 8ot0d mmrgd avas eqwippedivith b &Gkm did (Pl?w-géi de from

t he Id%ﬁ{ite Prgducts Conpany, Inc. of St. Louis, Mssouri J €°Bl ack iron
10 oxi de Reas Y arisldThmencosstiputi foeitle polld PRisR s @(ﬂlaﬁﬂ%%ht PE i sture equal
to 3% by weight. Additionally, it was determ ned that the" } k iron oxide

had & ‘?Rx%}?@ifﬂfy%eﬂ;uﬂ%Zk«gkg.perh'Bgnformthe met al oxi de pellets, 9,000
gns of the black iron oxide were placed in a bl adekneader, manufactured by

Si gna Coréfieraiirosion, he pdllRts Were i To the black iron oxide, an anount
of binder solution was added. %e %?(Ellc’i]earmg%'ﬂ?f‘izﬁr made by dCled by nixing 15

118 gwporafiors; Chafbttd] Hied by, Argo to. boiling water. Starch was
measured so that it i SI’WXhangmm ction plate turning at 300 rpm for

) .
seconds. The pellets were then oven dried at a temperature of about 200° F, and it was

termi .
ermined that the pellets had a bulk density of approximately 1.25 kg/L. Additionally, it
18 determined that the pellets had a hardness equal to about 6.0 kg

(ample 9.

An iron oxide pellet was formed that included a cellulose binder, The process of

mation was as follows:

1. In a tank, 64 1bs. of water was added to 50 Ibs of cellulose and mixed.

2. . . .
Next, 1000 1bs. of iron oxide with a moisture content of 1% or less was added
to the cellulose and water mixture.

3. The constituents were mixed until a homogenous blend was formed

4,

The blend was then pressed at 45,000 psi to form the pellets. The resultant

pellets were of the following composition:

Component % By. Weight
Iron 89
Cellulose 5
Water 6
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was equal to 1.34% by weight starch on a dry weight basis, so that the
total binder solution added to the black iron oxide was equal to 17.2% by
wei ght. This fornmed a binder and iron 24 WO 02/24326 PCT/ US01/ 29267 ¢ MAR &85
conpositi on, XM2@432as t hen kneaded in the bl adekneader for 5 minutes. A
dough was produﬁﬁg ha s slightly wet and sticky. The irPOT/@Xd; ough
was then fed into a’t%g Ithé"fmﬁ?ﬁ“ébgwnMééscﬁbledlaﬂgetﬁg@{:gf%tﬁ](‘gltgred Y KO%%(Q The
pel | et Pr e ARS! ted at. 100 rpm and was equi pped W a éherﬁfFefé?mprasqedg a
0 mm pressway . 108 tRUPPFHEORNOr MoV dont Aind e, Ig|ddleég2 ress was equal to
about 1.51SIIE< , og{pird the extrusion rate was equa? oM gmﬁ@;“}@&}odﬁmaﬁﬂgter
ext rusi on, ?@Mimdﬂéam ' i zer (made by LC
corporation, Charlotte, North Caroli n(g? ?’h\?ﬁhﬁ[ﬁi@%‘hﬁﬁbﬁm@ndm@t@w

turni ng at S@bt therefdrer It is tqfﬁgge& l.ets were then oven dried at a
tenperature of about 200 F, and it Wwas .efjé?fheﬁgthmer,ttharpﬁylcgh@egad a

bul k desnsiYa}iadbnsamﬁmgaﬂ@ﬁse 25 kg/L, Additionally, it is determ ned
that the pellets had a har(’j%dséﬂl%rdffﬁ? andapyheationsfd thegsubfRBfpr&ssed\helaf ON

oxi de pel | ®tideraendolit included _a cellul ose binder. The process of
mati on was as foII{ o{klsgzﬁg%&%%thggﬁ%fﬁﬂ??ssélie,labéalsoﬁuolwhaﬁgé@%pdq to 50 | bs
of cell ul ga&di N .+2. Next, 1000 Ibs. of iron oxide with & noisture
content of 1%%0%)%8\%]?3@6@8&aPRiiCﬂfﬁmlsoaﬂﬁélmd)ﬁcﬂd ﬁ%e% it shScamend <
consti tUeREfmeRYS m xed until a honbgenous bl end was formne © SpAtit apdscenend
was then pr esseacngfmﬂ‘i%@eé& be QDthdmytth@inQ&hioE%Thﬁ- resultant pellets
wer e of thf-).fol LiO\M n? conposi tion: Conponent % By lﬂj mifedanly Ipetheul ose
Vater 89 K'atms which follow,
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6 16 MAR 205 25 WD 02/24326 16 MAR 2005 PCT/ US01/ 29267 Thus, there has
been shown and described a nethod relating to the use of conpressed netal
oxi de conpositions for renoving contam nants fromfluids, and a nethod for
maki ng such conpressed netal oxide conpositions which fulfill all the

obj ects and advantages sought therefore. It is apparent to those skiled in
the art, however, that many changes, 5 variations, nodificatiorsg MaRG@t her
uses and applications for the subjeqtg@pressed netal oxide conpositions
and net hods are possible, and al so such changes, vari ati ons,

nodi fications, and other uses and applications which do not depart fromthe

spirit and scop i nyenti.on are deened.to pe covered by the

 hventi on whi oh ggf“.l’%]&?%dnstﬁlqwﬁvmos_l PRARCIGHIOE FrQYindeIie 16 MAR 2005
Claims 1. Compoesdatbrigluis, B icORpRASHAGHEI &Hd@&féﬁeﬁcﬁitﬁﬁ diaﬂiclésem"“ ng sul fur
conpounds fromfluids, the conpressed netal oxi conpaosition particles

conpri si ngCoMRySAgHowder that conprises a netal oxide, hydrated forrr]ns of
the metal oxide, or i.natjions thereof erei he tal oxide has a
formula of M, , Oy, \(Iﬁ(jt('21 %b@%@?ﬂﬁo%s&?wt%ﬁﬁt Mrﬁtfa‘é%“‘é(?ﬁé}les”@?tﬁ’g of
periodic tabl e oxide ot,combinatios thertor, alifereil thahadl HEEVREN Arahd o3 and y
bei ng between 1_an 4, and wherein the powder conprises at |east 80% by

wei ght of the ySathoMehsing selsgied drom Msaoun enmsisting Df:}bmfbﬂio(tbl)le?n o_rgani c
bi nder for bindj t Welek o1l ] 0 Qnpr.e d net al . oxi de
conposi tion par ﬁ%gﬁ’ggf a?(g) atapl%p(tll%ﬁ%ﬁéﬁvgéén Lf“té‘{]?’l @‘ét}{%}pgﬁezwg?%f and | east
about 90% of t hé, andovipreis slechovadeacomptists at RARIEONS bpWelpht bf thkes have

particle sizes E:g]n%regsrég metal oxide composition particles;

(b) an organic binder for binding the powder in the form of the |
compressed metal oxide composition particles;

(c) a particle size distribution wherein at least about 90% of the
compressed metal oxide composition particles have particle sizes that are
between about 0.1 mm and about 200 mm; and

(d) an ability to retain an average amount of sulfur equal to at least

10% of their weight.

2. The compressed metal oxide composition particles of claim 1 wherein the
binder is added to the powder in an amount equal to from about 0.5% to about 20%

by weight of the powder.

3. The compressed metal oxide composition particles of claim 1 wherein the
organic binder is selected from the group consisting of a water insoluble cellulose
composition, a starch composition, carboxymethylcellulose, and a mixture of the

starch composition and the carboxymethylcellulose.

4. The compressed metal oxide composition particles of claim 1 wherein the
particle size distribution is such that at least about 90% of the compressed metal

oxide composition particles have a particle size that is between about 0.1 mm and 20

mm.
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. T
‘bet ween about 0.1 nm and about 200 mm and (d) an ability to retain an
average anount of sulfur equal to at |least 10%of their weight. 2. The
conpressed netal oxide conposition particles of claiml1l wherein the binder
is added to the powder in an anount equal to from about 0.5%to hhMAR 2090
by wei ght of the powder. 3. The conpressed netal oxide conposition
particles of claim1l wherein the organic binder is selected fromthe group
consi sting of aJswiheeomprssied matal oxideldoamesition ppoislesiof blair 1SV ER the

conpositio r Jret hyl cel | ul gse, .and m xture of the starch

coggo:: t : o%a%%% ﬁqﬁeéaqétgﬁ’ﬁﬁ%ﬁﬂlﬁﬂl&%@tlI?ﬂsbg@%’ °z§?t<heuI‘I?§1R§6‘i‘?ﬁ¥ %@i@lxﬁét al oxide

conposi t i orompoditic partioles B dRaktivih 818 bt 1 Eotw B aIbiofii s ?ﬁ:ﬁ%nﬁi bsdg'spution is
oxI

such that at |east about 90% of the conpressed neta e con(%)om tion
particles H¥%e a particle size that is between about 0.1 nmand 20 nm 27
16 MAR 2005 5. The conpressed netal oxide conposition particles of claim1l
wherein the particle size distribution is such that at |east 90% of the

conpressed met ab. D ctﬂnpresse@ﬂsdtatlio@me&afrtpbﬁti&spa%ﬁsafaaﬁﬁh%hfingitﬂee that is
bet ween abO]l5I__ 0.5 mmand about 5 mm 6. The conpressed netal Oxide

conposi t i oACIHEY ojTEleE anveRagsiamornhef sulfyr equal toadtil¢ast 0% of theiraveightn aver age
anmount of sulfur equal to at |east 30%of their weight. 7. The conpress
nmet al oxi de conposition particles of claim1l wherein the powder has

particl es si zes7tTa coampredsanhsteloxiddemipdlitibndacticddVficlal@Q WhérEaiRs ers. 8.
The conpr esse&g tal oxide c nEosi tion particles of claim1 having the
ability toPP¥ S patic s@ﬁﬁg’@ ¥ berresmabeutiOghang aboah ) micneraetetshat  ar e

| ess than 200C. 9. The conpressed netal oxide conposition particles of
claiml having a H2S holding capacity that is at |east 0.2 kg of H2S per

kg of the conpr 8sHexicamgiredsed xietid oxiderRpmpositionpaticles 6f €lgim 1 Ravihf eheconpr essed

met al oxi de,. osition. particles, of clajm1l wherein the
ablﬁ%)yn{% remove sulfur compounds from ﬂu{ds at temperatures that are less than

200°C.

9. The compressed metal oxide composition particles of claim 1 having a H,S
holding capacity that is at least 0.2 kg of HS per kg of the compressed metal oxide

composition particles.

10. The compressed metal oxide composition particles of claim 1 wherein the
binder absorbs less than 60% by weight water, has a density greater than 70 gm/L,

and has an aspect ratio that is between 6 and 7.

11. The compressed metal oxide composition particles of claim 1 having a

crush strength that is at least 1 kg.

12. The compressed metal oxide composition particles of claim 1 having a
crush strength that is least 3.5 kg.

13. The compressed metal oxide composition particles of claim 1 wherein Me

is selected from the group consisting of iron, zinc, manganese, and combinations

thereof.,
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bi nder absorbs | ess than 60% by wei ght water, has a density greater than 70
gnL, and has an aspect ratio that is between 6 and 7. 11. The conpressed
nmet al oxi de conposition particles of claim1l having a crush st rengprb MA’I?QU%
is at least 1 kg. 12. The conpressed netal oxide conposition particles o
claiml having a crush strength that is least 3.5 kg. 13. The conpressed
nmet al oxi de corrpqﬁi ionmi%arti cleg of claim1 wherein M is selected from
the group consi stFngesPmPressed maial oxide gommpasuion partiples efphiml3twhersin ¢ her eof .

28 16 MAR 2GR&pcwder fithelCodiipries SR dotivton elevtddiont HIRRRD bXktRght | ¢! es of

claim13 wherein the powder further conprises an activator selected from
the group cdSAEREPXidey siyer oxplsgold exidey platingm gxide, sadneiam aislecnickel dxide,pl at i num

oxi de, cadmipdliadish 8fide,NedakdRideOmbEtry oxide)] tir?t%c%[é&«%ft Gfide, afiRfin g iogﬁle mer cury

oxide, tin oxide, cobalt oxide, aldm num oxi mangdnese oxi de ‘unl ess Me
conpri ses nERPEMEsROXidanless Msi aemprisnssnanganessp ind combinktiensdberpafessed net al

oxi de conposition particles of claim 14 wherein the activator conprises
bet ween about 0.5 and about 5% by wei ght of the conpressed netal oxide
conposi tion par t ilél B .compresseid anetad npide sempbsitioh particles cixlaimrdodietdiwon particl es
of claim 15 4 ' j S L.ron d e acti r is.copper oxide. 17. The
conpr essed rgé? gclrtﬁlggrl cc??a{ﬁ)(l:{ Sér:rlspﬂg{s‘%efl 6 ouﬁ)g'staf@%%oéﬁ/%%’%g Iwzﬂgrl?? 'i%g? urt her

conpri si ng wampresser nacted 0kid8 cabpdsitionphanibles. and wherei n t he powder is Fe304
at about 87.7% by wei ght, the copper oxide is cuprous oxide at about 4.4%
by weight, and the organic binder is at about 4.4% by weight. 18. The

conpressed netal 16:Tdeompreped infetah Bxid@sdnhposiion PArticlbdfMald 19 HeREh @ particle
si ze range -tl\?%lts'i S f%‘(}? about ,1.0 mm o about 9.5 mm and an average
Si

particle Jon ABGENE 2gtvBIog s coBRerQXideng a particle size range that is
fromabout 1.0 nmto about 4.75 mm and an average particle size of about

2.5 mm or havi ng a particle size range that is fromabout 0.5 nmto about
4.75 nm and an avérii§&omaressed metal pyide composition particles ofielaim 16 further

comprising water at about 3.5% by weight, and wherein the powder is Fe;0; at about
87.7% by weight, the copper oxide is cuprous oxide at about 4.4% by weight, and the
organic binder is at about 4.4% by weight.

18. The compressed metal oxide composition particles of claim 17 having a
particle size range that is from about 1.0 mm to about 9.5 mm and an average particle
size of about 4.5 mm, or having a particle size range that is from about 1.0 mm to
about 4.75 mm and an average particle size of about 2.5 mm, or having a particle

size range that is from about 0.5 mm to about 4.75 mm and an average particle size

of about 2.0 mm.

19. A method for removing sulfur compounds from a fluid, the method
comprising passing the fluid over the compressed metal oxide composition particles

set forth in any one of claims 1-18 to remove the sulfur compounds from the fluids.

20. The method of claim 19 wherein the removal of sulfur compounds from

the fluid is accomplished at a temperature that is less than 200 °C.
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19. A nmethod for renoving sul fur conpounds froma fluid, the nethod
conprising passing the fluid over the conpressed netal oxide conposition
particles set forth in any one of clainms 1-18 to renove the sulfqr R 2005
conpounds fromthe fluids. 20. The nethod of claim 19 wherein the r%k%ha%

of sul fur conpou luig ) C lished gt . a tenperature that
is less than 2OOQgﬁ@ﬁ%ﬂ/ﬁ%@%ﬁ?ﬁémﬁfgg[@fdnlgﬁ%fal?féﬁpr?fg ‘\Xﬁreﬁlf‘gi n the
fluid is a gasprebed nicalpaadnposition PerticReEDE 661666y eRPo 2 ¥dad).60NPOSI ti on
particles ah\ﬁﬁ velocity equal to at l[east 0.6 feet/mnute. 22. The net hod
of claim 19FHEY S the fluid is a liquid that is passed over the
conpressed netal oxide conposition particles at a velocity equal to at

least 0.1 feet/mnute. 23. A nmethod for form ng conpressed netal oxide
conposi tion part 2T nhghod ofclaivi Hywherkin the Eaidhie dunidaid thavis hisedsvdrhat are

able to retain an average, anpunt of .. sulfur equal to at |east 10% of their
wei ght, t he%ﬁ(g? WB&“%%{B%P'S‘?%‘? CQUBosHioR RAEfIclss A gyglecity paual poaideast Qilt h an
anount of afebi/mdgite.to form a m xture, wherein the powder conprises a netal
oxi de, hydrated fornms of the netal oxide, or conbinations thereof, wherein
the metal oxide has a fornula of MexOy, with Me being selected fromthe

group consi sti ng,pf ri,qdic table row 4,5 6, and 7 netals, Xx being
between 1 and 3,2%@@%8%’9&’“33%&?‘%%%’8#&! °’6bH%F‘§PPPSE‘FRP pstigles fonas
particle sizgpvingahlfar CorSsuias froAPMMYESs that dre Abkt0 P&AR R a@&qgé‘mb‘%rg%ﬁ’o

m cronmeters, and wherein the anmount of the powder iIs at |east % by
wei ght of tefurrayal feat leasy 10% o8 theirsweight; the méthedicamprising: oduce a conpr essed

Composi &1 on to. pr odudd HiAEin BOEFHCRH pBRAGt i 5o ARG a1 ikt 19 s - and
(d) screening themixoup) whaei thepevd@cofPrisAstal bﬂﬂe,m?'ﬂltaitéa! fAm$er that at
| east 90% of the particles have a final particle size fhat is between about
0.1 nm and abouhe mstal ggide, or combinations thereof, wherein the metal oxide has a
formula of MexO,, with Me being selected from the group consisting of
periodic table row 4,5,6, and 7 metals, x being between 1 and 3, and y being
between 1 and 4, wherein the powder has particle sizes that are between about
0.1 micrometers and about 100 micrometers, and wherein the amount of the
powder is at least 80% by weight of the mixture;
(b) compressing the mixture to produce a compressed metal oxide
composition;
(c) breaking apart the compressed metal oxide composition to produce
compressed metal oxide composition particles; and
(d) screening the compressed metal oxide composition particles so that

at least 90% of the particles have a final particle size that is between about 0.1

mm and about 200 mm.

24, The method of claim 23 wherein the amount of the binder is between

about 0.5% to about 20% by weight of the powder.

25. The method of claim 23 wherein Me is selected from the group consisting

of iron, zinc, manganese, and combinations thereof,
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24. The nmethod of claim 23 wherein the anbunt of the binder is between
about 0.5%to about 20% by wei ght of the powder. 25. The nethod of claim23
wherein Me is selected fromthe group consisting of iron, zinc, ngg%eiﬁa
and conbi nations thereof. 30 16 MAR 2005 26. The nethod of claim

wherein the powdgy [ mount ., of. an activator that is
sel ected fromthe g’gﬁiﬁn’?’gﬁ’gﬁs@’?‘ r%%gl?cqéig SehOVWer firtheg comprises gniagounty o) d

oxi de, pl atdfranmcoxitdethatciadelbeted frsindBe gfupleBhsifitigT coptr baflicUdlvexi de. | ead
oxi de, mer cury. oxj de, .tin oxide, cobalt oxide, alumnum oxide, nanganese
oxi de unl ¥&d9y80 & BENm xides sadmigmooxidarbickel axades paltestiwnfoxidend wher ei n
t he anmount e i i i t 0.5 and.about 5% by wei ght of
the mxture. Qi;%%l&%ﬁ&%\ed@rya%gfeb?ﬁ 8?@%’;& ?E]t \%ﬁgl(eafg’eﬁl%mwgn} ?18?’6‘?15‘,“8%6 f’ﬁ’gg

acti vat or iusless ppegomprisdemafanedd) andredbmatidnsaherbsr, 221 WhereRi the hiaBunt
conpressin ep..ls perfornmed. b assing the m xture through a conpactor.
29. The me'?)nt\?olIi é’itlvﬁﬁog}srheg‘ﬁe%f)é Q’nglaﬂ abQWt Ares Waightefthe mixtoes: f or ned by
passing the m xture through an extruder. 30. The nethod of claim 23 further
conprising drying the conpressed nmetal oxide conposition particles at a
tenper ature t hat27 Sheeethedrof stiiin6twlznein Msis itdnaand the Activatétls cdpper et hod of
claim30 fyrther conprising nmarunerzing the dried conpressed netal oxide
conposition particles. 32. The method of claim23 wherein the conpressed
nmet al oxi de conposition particles are screened so that at |east 90% of the

particles have a final particle size that is between about 0.1 nm and
about 20 nm 33 287THke methed @f elaim 23iwhepdn teaoripressing seprippasaakd®t al  oxi de

conpositi Og’lassg%@%ﬁiﬁﬁré{lﬁoéﬂagrfeo%@acﬁo that at | east 90% of the particles

have a fin € size %t ween about 0.5 mm and about 5 mm 31

29. The method of claim 23 wherein the compressing step is performed by

passing the mixture through an extruder.

30. The method of claim 23 further comprising drying the compressed metal
oxide composition particles at a temperature that is between ambient and less than
150 °C.

31. The method of claim 30 further comprising marumerzing the dried

compressed metal oxide composition particles.

32. The method of claim 23 wherein the compressed metal oxide composition
particles are screened so that at least 90% of the particles have a final particle size

that is between about 0.1 mm and about 20 mm.

33. The method of claim 23 wherein the compressed metal oxide composition
particles are screened so that at least 90% of the particles have a final particle size

that is between about 0.5 mm and about 5 mm.
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