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Field of Invention The present invention relates to a bound or conpressed
metal oxiwe @aypesition particle for use in renobving cont PFTNENS9267

i ncl udi ng~sul fur conpounds, fromfl ui ds and a met hod for maki ng such
conpressed metal oxi del MRRESSED Tiad, OXIDE; € DSITHANGr esent i nventi on
relates to a conpressed pelleti zed i ron oxi de corrp05| tion, with the binder
preferably being a water insol ublkeld iomn. 10 Background of I nvention
It is well known to use netal oxides, particul arly iron oxide (Fex Oy) in a

reactor bed tihefRERMEINGEHHoANEIBRE S béuhd di b re%blédfﬂdétap@ﬂa@ sittbwpeci al |y
hydr ogen sulfide (H2S), fromfluids, typically gas streans. Sulfur
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renove sul fur caonpounds fromfluids,_ jincluding gas. Note that these fluids
are typilavantion glatss 1 agonegeeshpelietiged yon axide coORpetoL At the PBdse reactivity
between a netal oxide conposition and contam nants.) For this reason, there
i s a neguefexablyhemtiz water nsolubleraowpositivhur conpounds from fluids efficiently
and cost effectively. 20 It is further desired to have a mmmmmn
conposition that does not require the inclusion of activa such
as oxygen. Unfortunately, nost commercially avail able iron oxtcomoz«

conpgsitions (the nost frequeng 5‘”‘#‘5@ Hﬁﬂengdﬁde material in renoving
sul fur) that operate at anbi enT condrtions and are generally non-activated,
hol d an anou fur equ o.b fy:the t |ron
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speci es of iron oxide used.) Increased H2S absorption capacity for iron
oxi de cdhidss typicaly gasstrsams? SwWfur ggmpoanily ate gemovaglsrom fip@sircase they are

PCT/ USOL/ 292fi1 7 the addition of a caustic or oxygen to the feed gas, which
i s dangédnows cant@midnes) whidh poteditibfly eaké gasstreams at btheafluids ghsabtbds SGasthat Thi s
is problematic because approxi mately 80% of the total netal oxide product
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sul fur *?ﬁ% i, ﬂecoga?i%lgljed E’i@é éarﬁﬁi x%‘ﬁ}o%gﬁ'l'ﬁﬁtcom ‘dper rﬁrH?ch?s' inBfhdfhg £2¥€!

that tre I ons ay or on

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.
20 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 total iron oxide composition. More typically, iron oxide material
25  (like that compressed in the present process) will hold on average 0.12 Ibs of H;S/1b of iron
oxide. (The percent held is dependent, in part, on the particular species of iron oxide used.)

Increased H;S absorption capacity for iron oxide compositions, above 20%, typically requires
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an industrial scale typically requires the use of large reactor beds filled
with the iron oxide nedia or product. Typically, this nedia is conprised of
i ron oxi dgoandsBeCGarner such as nmontnorillonite or wood chicAsusokMogsder to
elimnate frequent change-outs, that is, the 10 replacement of spent netal

oxi de mdbi additienipfa cavatic nmegngmthhefsedws,tmhlchw@eagenous ayd petemtiadlyl fur) with
new netal oxide nedia, |arge or nunerous reactor beds are used. These

react or diffidaltyéspkcisily fidrighbprevedias. (T is piéblématic WcaiepproximstelioLh bt e
reactors will be lined up I n succession so that a plurality of reactor beds
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wll be spent too his I's because whén treating | arge vol unes of
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cha in f t al iron oxide media is not required, |arge anmounts
rrgt aﬁf’%ﬁ @?ﬂﬂ‘ggpff@uﬁtsed This is di sadvantageous for a couple of

reasons First, the ampunt of sulfur held by the netal or iron oxide
conposi tion iSilfusremerahen adevebthehteatorpto melﬁgm ofepubiceetmigasiper dayedon| n
order to increase efficiency, it is 20 desired to have a product that hol ds
a gr eat en ipdustédl iseade typicallg aequids thel ise of faege yeactotbals filled avithpthe dhon oxide
Secondly, the amount of area required to renmove sulfur can increase costs.
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remove HZS. In other words, it is desired to hold a greater anount of
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nore avail able netal oxide in the vessel. Nornmally, netal oxide is placed
on a carstlfep) with new metal exidemadia; darge p%mﬁgerawegs&phb@d@aye wBde Ahestarasior of
the metal oxide conmposition. Conversely, a pellet is typically conprised of
an anourbedsvilbetice be egryathllf ) feetoonlbgioutor imthiple redwtars wall be hiiedvep ght of t he
pelletized m xture. As can be seen, the 5 ampunt of metal oxide is

si gni fi Gaddeksion 66 fHRASE BRraltPof ﬂaﬂ@?bédstﬁﬂtbeh@t‘@ HaBdredt8flbédd ak@fod shfddl or
pelletized i ron oxi de particles include cement, bentonite, and sinmlar
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eldis 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

20  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. It is
desired to have the option to decrease the total area required to remove H,S. In other words,
it is desired to hold a greater amount of sulfur with a decreased amount of metal oxide
composition.

25 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



10 not significantly increased over the anmount of sulfur held by the sane
species of netal oxide particle on a carrier. For this reason, prior
attenpts woppldbedi ze metal oxide have been considered unspegpsfimbsoecause
of inadequate sulfur reactivity, in particular, holding capacity. Thus, it

i s neceswarogsadderausg therpisyaere avadablametphexifle in tharvessel. dNerndllydmetp! exide ke
nmetal or iron oxide particles without lowering the reactivity or efficiency
wi t h whi placddhmn sedrfier, with the ogrdemasnaising approxiatelyp8086 pavteightloéitHeymetalt i s
necessary to find a binder that pernuts the netal oxide to hold a greater

anount odxi8slbdrpositich. Rdrvefsely2h PeM% txgichnpbﬁmﬁﬂ@dwmﬁaﬂféﬁnp&fb@n&au&adlc or
the addition of oxygen in sone form stated, it has been known to
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a zi ferrite _pellet.for .use in, hot coal .gas.desulfyrization., Th ent
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W th inorqan_i c. and organic binders, and a small anount of activator.,

| nor gani Rellstiarfbiran 9Xee nerticlss mchiiercamenta bentonite, aad sigrlar sorapesitianst espatially
organi ¢ binders include starch, nethylcellul ose, and nol asses. The pellets
have a viapygagjpamnipositionsdilied pallesizagiparicdeneadd fiem these biurslets, howenetchavavi ng
tenperatures 25 of at |east 650 C. Because of the high tenperatures, the

or gani ¢ Juffe&T SorfliagbBleintin/tea vt #pPedistabihe efficitncisthalve BEsEIdWREEdUNE tRA KIS .
Thus, the organic binders are included for the 3 WO |12/ 2. ~32C
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and then dissrpating so as to create greater porosity. Wi esign is
out standing. for use.in high t erat ur a sulfurization processes, it
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it has been observed that inorgani ¢ binders decrease the anount of sulfur 5
renoved BAFUGEIONSRERY. KEF Hiis i5asogeRuIorAltempisde petletizeasiakqxidediave bestbval  of

sul fur will likely occur at anbient or near anmbient conditions when

i nor gani eonisidertdrunsugcessisldrtcause bf madeqratepalfuetesctivageithparticular, boldingd al so be

noted that it has previously been believed that organic binders were

unaccept eiphéity. oThulsPit 18 Megesrahyl totfhdussadea tha ahbws foreaffitidnt biiklingafehemetal he
organi ¢ binders generally do not provide for a pellet that has sufficient
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15 compounds are removed. More particularly, it is necessary to find a binder that permits the
metal oxide to hold a greater amount of sulfur, in particular, H,S, without the presence of a
caustic or the addition of oxygen in some form.

As stated, it has been known to pelletize metal oxides for use in removing sulfur
compounds from fluids. In particular, U.S. Patent No. 4,732,888, invented by Jha et al.

20  discloses a zinc ferrite pellet for use in hot coal gas desulfurization. The patent discloses a
composition comprised of zinc and iron oxide bound together with inorganic and organic
binders, and a small amount of activator. Inorganic binders include bentonite, kaolin, and
Portland Cement. The organic binders include starch, methylcellulose, and molasses. The
pellets have a very specific product design because they are used in beds having temperatures

25  of at least 650° C. Because of the high temperatures, the organic binders dissipate leaving

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



The present invention relates to bound or conpressed netal oxide
conposition particles used in the renoval of contam nants, preferably

sul fur cowpanrndse fromfluids, and 15 net hods rel ated thermgiQusoi2es7
conpressed netal oxide conpositjon particle will_ be conprised of an anpbunt
of et al SPESG @uwaapg hojding thepelietsgossthsr, indialhy an them disgiptipastoss do fisels

oxi de conposition particle. Additionally, the conpressed netal oxide
conposi tgreaterrorositl e¥hilethis designis buistandmgtfor esqumhighdemperhascoal kg and,
nore preferably, a crush strength equal to at |east 3.5 kg. The conpressed
met al  oxdedelfindmapion ptdcessesyiil doeshspproeidaifor sufficise ragevaA apambief conditions. 20
equal to at least 10% by wei ght of the conpressed netal oxide conposition

parti cl eaapghliddPf BaPb&hIRAYYd (N8RRI biderS tckétse BRUMOounP ofdulfupast 30% by -
wei ght of the conpressed netal oxide conposition particle. Inportantly, the
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be able to hold an anmount of hydrogen sulfide (H2S) equal to at |east 0.27
per pourizbllets tegatiare Sishguidelsp bemotesethat it hagpreviopsiy besrriwtievsh thay arganiy
conposition particles. The conpressed netal oxide conposition particle is
further hddestverpaoiascdpeabdeifoe forining pélletuniset at anbieyt donditions,hebduse that
tenperatures of less than 200 C and, even nore advantageously, at anbient

condi ti afganid Bﬁld@@rgeh@faﬁ$ do MBE srovias ifsken SMEPMSE hdsQOIMAéH chilsB stérgdth,Re
conprised of an amount of 5 netal oxide, preferably in powder form or

haviag ' i . ' T ' il a
par t10c) GERF InsBftclontlotinZor B3hsPopid Yiersciben i AulcE aF Bt probiBiRc
whi ch neans that the nmetal oxide will be simlar to dust, also known as
fines. Any of a variety of metal oxides which are reactive with sul fur
conpounds may be used to formthe conpressed netal oxide conposition
particles. Mst preferably, theShaumarvofiggention pbe 10 of the formul a
MeXOy, with Me selected fromthe group consisting of row 4, 5, 6, and 7
metal s, w t h Rheggresent invetdinvetatesto douhd3or @ntpryssatymatal dboidbedompesitidn and 4. |t
is nore preferred if the netal oxide is an iron, zinc, or manganese oxide

conposi tpaeticlesisel e dR roMbad]l oP xbiieimaaKEpleRRIbIY BEANWE dothpoBadl, Fym! fRdas, and t h
sul fur conmpounds. In particular, iron oxide of the fornmula FeaCb will be
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suc conpositions t ude 1 ron oxl or mu re

most 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,

25  Generally, the compressed metal oxide composition particle will be able to hold an amount of

hydrogen sulfide (H3S) equal to at least 0.27 per pound of compressed metal oxide
4
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preferred. Any of a variety of organic binders may be used to hold the
netal oxide particles together to thereby formthe conpressed or bound

met al oxiwe xamyesition particle. The binder sel ected nustrgrarsm/tyzohe net al
oxide to be reactive with the sul fur co unds, and 20.nust, al so provide
for a bd@HWPORKICRPAICISe ap?merreésmwﬂgorg FroSRIENERHIE SORdMgth o ush
strength will be equal to at |least 1 kg, as nentioned above, and is nore
pr ef er atidyamsagenius because it wald sufficEnily remevessutfhr atjtemperstupescof lersitland008 € t hat
sui t abl e binders, which provide for a conpressed netal oxide conposition
parti cl endpeenyhdtg advdnbagebaslyrae ambient corditionen are starch conpositions,

car boxynet hyl cel  ul ose, and m xtures thereof. Qther suitable binders

include 25 ceplddopfiRess@IReR! bkiabeompdyitidn pEEk Wall Be RbMPALS GTa8 aRicahess ed,
wi th water insolubl'e cellul ose conpositions being the nost preferred

bi nders. 1 J:h O .1, anj t onlLt. . 02/

Oﬁ@gg@&}e’ E?égf%]%glg I l*l %ﬁ{g 8r @aﬁ@ ogﬂé\éﬁ%ggﬁxgggaglsc i ngdgtr% géﬁﬁgr. brp}]eder can
be added to, th | oxide.in an amoynt equal to between 0. 5% 20% by
wei ght ERR heygiaRartiol, 426 peiBheby et aBpy. 0.1 FRicEn, utﬁ‘ﬂ& to
between 0.5% and 5% by wei ght of the netal oxide. The nmethod of the present
i nvent i onicrengoiviish neasndthat t%g metel axide willlheesimilpy teldupts alsp knowe pefinesd Asbhder
with the netal oxide particles, and thoroughly m xing the two constituents.
Once t heoftavariennsftmdtalaxides avtdcinare eehctive with sofmacosgiopndsomay bp neesisto tibren
m xture so as to formthe conpressed netal oxide conposition particles. The

t echni UQH@Eoﬂﬂl?x%ﬁ’seHQn&ﬂfHﬁ&Sc%rﬁﬂ%@iti%ﬁ patticldd e Mdst brfdrab1) thh endtflRIRSHAbeTe al
oxi de conposition particles can be any of a variety of techniques or

deviGes, .d [ r Usi i 0 r {, QN i or 10
ot 10 S RELHOLIMEI, Hoh AR Qe arRan b Bouf Bhn AR RO) TS MET, o1
particles e suyitably fornmed.and_have suffjcient crush, sjrength. The
current m%a'én‘tvftgﬁ eﬂgﬁ‘éogﬁtc“feﬁgil@ﬂgér a‘t@ﬁf)‘ﬂ'@i togl?P?WSC%{)Fﬂf{l‘érsit 1§ Wgrer@f’ ®xi de
m xture. The constituents can be passed through an extruder to forma

conpr essiéthermetal oxidg igan diompaine:tor MANSEAST eXide cgmpesidorn @p diase et exideh be

pl aced in a conpactor to forma conpressed netal oxide conposition. A
conpact drave been kiovdetoiremlilyavaat gvitht sul femeimponnds yimyperticuda] iromexdds of thiei ch t una
iii opposite directions, thereby conpacting the nmetal oxide conposition

bet ween fohifiiila FEN®, WHEberefired Withaeﬂec??ﬂ folldBleell endCy) AR@blegiialiebetheen1f ound
to produce particles which have sufficient crush strength and reactivity
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conpositio rticles may be forned into the desired particle size at the
time of IFS&F@&

ion or may be forned and then broken into the desired size.

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

20  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 with the present invention are starch
compositions, carboxymethylcellulose, and mixtures thereof. Other suitable binders include

25  cellulose compositions. Water insoluble binders are preferred, with water insoluble cellulose

compositions being the most preferred binders. Additionally, lignin, bentonite, and
5



At | east 90% of the conpressed netal oxide conposition particles should
have a final particle size equal to between about .1 mmto about 200 nm It
IS not pog® R)2@3d0 have 100% of the conpressed netal oxi depE9ugasbighon
particles within this range because the smaller end_of 25 the range w ||

i ncl ude lsmepilionstemmplsy be usedeasbidsss i Thedningsacan be addeditp the metal pradriiyany,
fines, and sone of these fines will enter into the final product.

Pr ef er albdmqunt heual tobdtwperr 0.5%4 ad620% by @eighz b2 the3ndialrEida 8nd, In@e pGiemblye i s
equal to between about .1 mm and about 20 mm More preferably, the final

parti cl einSihaéousit &fdBlo Bebw el 0% And 304by weightvf e abaltoxiderm Pref erabl y,
once the netal oxide m xture has been conpressed, it is broken apart so as

to form conpr &hH@BP{he?Fés@ﬁ‘t iﬁ%mﬁﬁihﬁx;&%s%ﬁfbihﬁ}%?he‘?:fell?ﬁﬁ% ; ¢H B Ze.

The smaller final 5 particle size increases the anbunt o ogen sul fide

which the go essed . al i de, co Sitl articles e.able t.o absorb.
The B olURERSLPEaEs M PLLE st FARRIS: i Bolehlyfindthe o8 clpifehBy
processed through a screener for granular classification to ensure at | east
90% of tPeeeths IR PSS argmixedy 3&@%5%% tojcempresg thegr{xtyse ap a3 Wsfopmiths ¢ es
are discharged into a hammer null, and then sent back to the screener. The
fines, momprgrseemetal oxitde compysitionpisticles.i Thoteghiguasiused tot dompressghessed net al
oxi de conposition. The present invention is advantageous for a nunber of

r easons.congtitpais tocfok@rthe tditpresyap hegsl@otiderbalpositiol @aftieles @ah be ey PBd Vartdtes
allow for a product that can be used in a reactor bed, whereby the product

reacts Wetfchidiesss @évié%@ni%lhd%ﬁ% cxithdibh °§&r§l§?§°‘§e§§ﬁ§§ﬁ‘?ﬁ?’%ﬂ Qbvigé oS ul T ur

is found in the reactor bed. is is desir esser anpunt of

roqu edne R BT ERR BTG GREph BB RE Plot BRIRpIIRRR RSP iy o,
' d f th I lal. Th ' ' [ I
vt ageBHe HELATE s TE G ABRS SPERELS THERIFSH FERIBISHRIRST ot al oxi de

conposition particles can be fornmed that have sufficient reactivity with
sul fur. compachiemiesonpesstthempial pxide suxturee Fhei qonbtituenty carcompassesi thfoughan
unl i ke many ot her known 20 pellwtized netal oxide conpositions. Brief
Descr i ptéxtraderftotfbwen Beompregsedmetal dxidiesmpdsitionr elonvelselgf the @bnsitsentsdahibe
conmpounds from a propane liquid streamusing pelletized iron oxide with
neasur enfided ih alc6Mpadtby fol Birh ¥ .cofprdasdiOyEl oxide BHpSsiticHIdA d8mpactor is a
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.
20 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
size 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

25  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



25 hours; 7 WO 02/ 2-4321 PCT/ USI11/2921>7 Fig. 2 shows the results of a
standard | aboratory performance test displaying the effects of particle
size of tHhe @Ipicessed netal oxide conposition on renoval mirbte2edey t he
conpositon; Fig. 3 describes the sanme thing as Fig. 1, except a zinc oxide
conposi tdizriswayal tsbetween gbaué niomm atdeaboul 2Qmnyg dviprapdferabiy, ghe fAndl pariclyr aph
which relates three flowrates to a k (Bran's) constant versus |bs. of HZS
on an oxdigksis lequkil td-bgweén algse (3 dastotaboutskui®n.t hing as in Fig. 3, except it
conpares three different types of iron oxide; 10 Fig. 6 describes the sane

thing as Fi g.pRferfbif ke tHe th&thPd:E8e fafktdrehaf bEMBmprasR&d, &fis bfdken A¥drAss aski 9-
7 discloses a conparison between non-pelletized iron oxide and t types of

on the oo BlpBek meld SR cooxfhp FRel o el e, o PuiiE s (7°

except it cqnpares three different types qof |l etized iron oxide, Detailed
Descr ptl?aa%ccier emcg?é?&tﬁﬁ RROHE4 O,y iciegs suids Wiadhe eerapreess S¥Hlenet al

oxi de conposition 20 particle, a nmethod for making such a particle, and a
met hod ofonipoisitign pagicles apaahle & abso. rhedvekencipad spmaresssd metafaxided| y sul fur
conpounds, fromfluids. The conpressed netal oxide conposition particle is
pr ef er ablompositionpatictsdrd then peocesked cloopgisa $dresmepfor igraniutar chwdificaioned | sui t ed
for renoving sul fur conmpounds, such as H2S, from fluids. The conpressed

met al  OxdrdgreGP TSI QﬂthE%hhicTés%aﬁéiﬁﬁ%ﬁ@@tCﬂdﬁicYe éi@é.a,&ﬂfp@erg&@g&ﬁéle@mu nt of
the sul fur conpounds 25 than other metal oxide conpositions. The conpressed

nmet al  oxj. i,51.0 r j | f qal _to at
leact 104sehaRiRRAS s Haled: s Bl Sihy U B9 SORHEE, Bl i MM, ac
PCT/ \US111/ 29217 conpressed .netal oxide c osition particle. The conpressed
ot A0 oy S D A A B P E € 1o PR SRTBORRCR- ot 1 emper atut oo of
| ess than 200 C and under any pressure. More preferably, the conpressed
nmetal oxi de cHrgigesent wivestian is gdvantageeyn foy a pumpercofseaspug. Igrparticular, the

-

compressed metal oxide composition patticles 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

15  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

20  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

25  hours;



anbi ent conditions. A conpactor or extruder is used to formthe conpressed
nmetal oxide 5 conposition, which is conprised of at |east one netal oxide
and a bi ngero22J3e bi nder can be a starch conposition, PCT/US01/29267

car boxynet hyl cel | ul ose, and conbi nati ons thereof. Suitable binders also

i ncl ude cel | diseshosimibe resulisef a sindard Tabersiompperforaancs tsstedistlaying thei ons ar e
the preferred binder. The conpressed netal oxide conposition can then be
si zed t effectsiof abrtiokrsizeodfehs taepresped imetal olslewemposibionbn rdmoval afiH,S dyuthe 200
mm The final particle size is preferably equal 10 to between about .1 mm
and abowomg@sifon; More preferably, the final particle size is equal to

bet ween about .5 nun and about 5 mm The method is initiated by m xi ng an
amount of net ' ' tr: 0f1 Bj t al
oxi de m xtur eﬁg'gr)ly Srgrﬁé?#éggso%ﬁ%m X1hg Ft1 'el’?w§%ﬁ§?i0%g%£0?pg§ﬁ8ﬂgaggge , as

| ong.as t he c&gst' tuent s are t horoughly m xed and a honbgenous bi nder/ net al
15 oxi dd°MPYE éu#ﬁér‘foém??élﬂ.s’lt is preferred to add the binder to the metal *
oxide in an amount equal to fromabout 0.5%to about 20% by weight of the
metal oxi de. Husrdis grasarty which relatgs thipe by rates oidePran’s) srnstapt rs&dpsofi n an
anount equal to between 0.5% and 5% by wei ght of the nmetal oxide. Any of a
vari et y liS omeanadxidedbafles can be used in the present invention, with the
metal 20 oxides defined by the forrmula Me, ~Oy, whereby Me is selected from
the group corppss ddygribds th®¥ande thing £3.in ¥ 37 exvepicit Sompdrbdithieeatiffalent ypbedfeen
1 and 3, and y equal to between 1 and 4. More preferably, the netal oxide
is sel eq{.&ldo,{i]&é)mthe group consisting of FeaCb, ZnO, MO and conbi nati ons
thereof, Wth a being equal to between 1 and 3, and b equal to between 1

and 4. Al so, xides of the. metal..oxjde e used.,..kron, oxi de

comisi 1 ons LI5S 6 i el &g PEeopll iRl th @ Ao 1 ¢ e
present invention. Preferably, the bound netal oxide particle will include
Fe304 . % conposition is comonly sold under the name 9 WO 112/ 2-432G
PCT/ USOL/ 2" 12fi 7 "bl ack iron oxide" and as such, black iron oxides are
preferred forFigskdiselosdsa qompsdsan batwesn naprpellehzednizoradxid antbtwi typesefve a
particle size rangi ng between about 0.1 m crons and about 100 m crons and,
mor e pr gfelietdedrontuxides ehefdde wirtldt 15,k e¢lated tohed polnds chH)8son ths okids bedy, t he
unprocessed or raw netal oxide used to formthe bound netal oxide product
will be gng

€

15 Fig. 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 particle, 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
composition particle is preferably a compressed iron oxide composition particle that is well
suited for removing sulfur compounds, such as H,S, from fluids. The compressed metal
oxide composition particle advantageously retains a greater amount of the sulfur compounds
25  than other metal oxide compositions. The compressed metal oxide composition can retain an

average amount of sulfur equal to at least 10%, and preferably 30%, by weight of the
8
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however, it is
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| ess t han,

15% The preferred binder is a water
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a

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

20

oxides defined by the formula Me,O,, whereby Me is selected from the group consisting of

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, hydroxides 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 will include Fe;O4 . This composition is commonly sold under the name

9



particle, an anount of activator of netal oxide can be added to the

m xture. The addition of the activator is intended to increase the

reacti vi tywoafyifpe conpressed netal oxide conposition partigd@usi8eshn
particular, wll cause the particle to nore readily react wth sul fur
conpound®l acksronrﬁaw& ‘tand apgegh, Blsrleirae pkidas @ruesar@fp@ecbég pee inothie tesseni | ver

oxi de, gold oxide, platinumoxide, cadm um oxi de, nickel oxide, palladium
oxi de, liswehtioni de, nercury oxide, tin oxide, cobalt oxide, alum num oxide,
manganese oxi de, and conbinations thereof. It is nost preferred, however,

to use a COpPpPRie M¥alSkidewill Rave deticle site kaRWE BedwbdrSdboue@divhirdnsah@ase t he
reactivity of a netal oxide wi thout the ready formation of hazardous

conpoundg,qy,efy 61‘Is'a\%§ Py e?é%lf%wegmmt | 5 BEQbRCEIdh AL Aét

shoul d be not ent nmetal oxi de used IS nanganese oOXI

e
b | b I t h h
act i vat Sﬁiwfé‘ﬁhmuapersé‘e@ i PR A B sbwﬁrﬂ” gheidepagle ﬁ&&& “506 -

by wei ggtg of the rret al oxide conpositiaon used to formthe bound netal oxide
parti cl dMeSRIdN PRWIFRIORR- Jhpsie Witlermibedn asbeymdimariclewill be formed dompai de

m xture is conpressed 25 to formthe conpressed netal oxide conposition.
Conpr es sgramularaor fine neasbriiay édsd, thesparticlesedry pofferablyporas sodia they are bglieysd éul
particles are formed. It is preferred to pass the conposition 11 WO

02/ 2321>hahEat 1l 25 202k inbriersifade deL M athePRorPpordlls Pastitles Qlichs@ sahdt o form a
conpressed netal oxide conposition. Any of a variety of devices and net hods

can be ysecbibair oGl hmégggm%ﬁé@éa BB Qesifll bR, L 0N, a5 | ong as

suffici react|V|ty W th su I'S mal ntal ne e partlcles pr oduced

comiBs! ¢1 on Pl ‘Feﬁfl F R BB RPITE S oot Bl

produced dlétﬁctly t he eeruder Qor, conpact or. The desired final particle
size i s g SP@S oide parfigls thalavillibavi 2 orsh sizenstippEatdeashl e, t he

final particle size is between about .1 mmand 20 nm More preferably, the
final pandipe¢ferablyz 8.5 kg, egmehsured bea Kobhharthaess testsr.nobouly sheuld (% inderAt
| east 90% of the conpressed netal oxide conposition particles will be in

these rdngag a suffidiént eishpassdth) it itahddldbewechl®ROit abestdie ifpid: tied regctivétyi n t he
appropriate range because the small end of the range will include sone

parti cl estifid e bRiab B@rticfe‘é t%hnpsfumapwﬁmy@megfze@&m #R Bkt sMiiE Be xudnl thgnd up
in the final product. conpressed netal oxide conposition particles

havijag t pglléi?sS{oE ﬁ‘% cfeoa %ﬁgfﬁlteia(f t)?ldg ‘e gﬂflfforf)%a%gﬁgfﬁﬁ(/etséﬁe gg%s{éﬁtcg at t he se

not ‘necessary emapart or sereen eve

condi tiaqns ul t article havi uf f.i Ci ac 15 and
crush st ﬁapaéﬁgy’e‘?’]?fﬁﬁﬁﬂo‘ﬁ%%é‘wgleﬂ%OE tEuY %ﬁr%ﬁ kF h% ition
is in large pleces once it passes through the conpactor or extruder. It is
t hen br diader apaild a]lqa,wéhq;mrg@sg@ metgd 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

20 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 to 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

25  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



‘

oxi de conposition particles of the desired particle size. Standard nethods
in the industry for formng pellets out of extruded material can be used.
As such, woa2eesRr essed netal oxide 20 conposition will hacasoerash
strength of 3.5 ,kg, and a final particle size equal to between about .1 nun
and aboudh oPgrmiGhindes thatds merg prefesebly a water jasolyble ecllulosg cqmppsiien.cbidnl t o

bet ween about .1 mm and about 20 mm More preferably, the final particle

si ze wi Ipreforredifiila celimldse present initlenetaboxide particlaisoumpoditiomis efjnal toyerilessr
particle size of the final product allows the netal oxide, which is present
in the prdd ilskes, to react with an increased anount of the 25 H2S, thus,

I ncreasing the amount of HZS renobved. Note that the crush strength of the

12 W 02/ 2%@;@%%@% 152 atbrindMiB1é ELifitosd br' a fheRR RFSHELT cliBfRe.2A

variety of fact I ncludi ng noisture content, starch concentration, and

i nadr iRl FomBRR et bt vy TR s e oM o BRI E o

forms are pellets, tablets, pestilles, 5 ribbed, . rijbed ripgs,_rings,
spher es D! aé%?ﬂ?%@?soth%l? 6Py FERIBRS v atetn %@E“e‘dﬂ‘bﬁ’%ﬁ?"e@%%@% he net al
oxi de together so that a earner is not required, and it can be used in a
react i orpréfened.| A degsifyofigreaterthan 7@ gmiloistraeferpdir Thepasticle sizeef thedfindsr npl y
addi ng netal oxide powder to a reaction vessel because, for sufficient

react i vishyuld @arpetétwednlB2rRicidistant @08 pAcOns) Ahexariiple of & agitable ¢cdnmakiciiliyt he
fluid to pass. Powder 10 would not allow for a sufficient flow rate. Wen

the conpkeiandbiBLak 'I@@ll-ﬁgoéﬂm 303, | RahufRndred B thetel@Xdse ¥ Factoly OB.,Pe

necessary to dry the pe ts or particles so as to reduce noisture. An

process A.or. dryi can be used, as long as the particles have a total water
conﬁ@nt é&wsﬁeggént 519%?5& by wei ght and, nore preferably, |ess than 3% by

wei ght. The tenperature used to dry. th ticles should be 15 any..
t enper at ur e tlﬂgBSWP to tm%g]éﬁ‘m&ﬁd & FOF‘EP%{‘%%QI’&WESSF Ewﬁ‘ﬂ ﬁ’&&e,wawagw ch
does not oxidize the netal oxide. Preferably, the tenperature will be 150 C
or | ess pagitle, appmeupt ef astinaibyof mefel exidpeandieraddediia the pixtmee. Theraddios of | t i s
necessary to dry the pellets to maxim ze the crush strength. Dryers that
may be uhesactivanr inigteadedioainyrease)the reactivity of the yempredsed niatdl aixjdedoygosition 20
preferred.
particle and, in particular, will cause the particle to more readily react with sulfur compounds.
15 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
20  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

25  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



After drying, it is preferred to marunerize the conpressed netal oxide
conposition particles, forned by extrusion as this has been found to

i ncrease whe:R@heness and abrasion as neasured by the per ggfnjwage%7fi nes
in the treated conpressed netal oxide conposition. Any of a variety of
mar uner ithmengh aegmpactersardni entritier sp rae seeformi avoantressed iRt axidedomiposjtiomy 25
elimnate the need for a marunerizer. 13 wo u2/2.~32r PCT/US111/292Gr
After thenycsfiaveiesest depioas akingdthodotants iskd forffaimhing ltScotfisreésed ARehl byide
breaki ng apart the conpressed netal oxide conposition, the particles are

Pr ocess ednipBEifbe s ForitCasSR iRl ?éacﬂ(z@;ﬂ%tﬁ rsu&ﬁﬁ% %&aﬁﬁtﬁﬁ‘n@& Qi thYSIALIEE

particles are di'scharged I nto a hanmer , ‘and then returned to the

scr eener,,, gy | he&%f%n%&ve SRELE g aFﬁ’% ggmg?éssé&}% ARRER Rt 0% 0o

CONpPosi £ S onrp05|

been_f or ned ey s aced i.n a reactqr vessel so as to_be

cont act é’aﬁwlfishlar%a Q% ﬁgi‘lﬁ&m@e §i FRnskA P u@éﬁ%@ﬁﬂﬂgy the Rt s wi | |

i ncl ude gas, uid, and conbi nations thereof. It is nost preferred to
renove §9mpa¢tongﬂmﬂmugd findrpativle sing iszgual tgbgtv@pn@bmt 1 sum hndhgboyt 3Phine and
10 hydrocarbon gases. Anong the sul fur conmpounds that can be renpved using

t he presmnt Poeferablyotiednap pirticlelsee iabawosmlatge (1w didi20 bl SYloreqaefecabyy,
sul fide (COS), carbon disulfide (CS2), Dinethyl Sulfide (DVS), and

mer capt aRSfing l]bﬁﬁlcf’essﬁé?fs Ryhal ¥ bERRER R duVEin arfd 4bdut MRk 2Rk ?é&st(@/ﬂﬂ the@nd
Propyl Mercaptan (PrS It should be noted that it is Iikely that other

cont am %gﬁ%%sg@gggtai a{lcl; gé(xﬁé%su?ogrffa?%ﬁqégs%l% di'{ﬁﬁé'sre l??r%,eg A ﬁ&ﬁ)&@ﬁble%gn ved by

the 15 res can b

und i,ent conditions. Mre parti uI arI su fur npounds, can
b o8 2R OF 1 il b s oGt R Sefatiahi shl bl oEBERRBMISO0
be| ng the highest tenperature. Any pressure can be used, w th anbient
pr essur énglpdst someanprtiglerisizgddndhe lpveliaf powier, ar Sneseseme Qﬁwbl@hrmﬂ%dl upiethet he
conpressed netal oxide conposition particles at a velocity equal to at
| east O.flhaf pretiugie If &@npressud enetah ogris esmposition partieles hpeng thendesied fiiall | qui ds.
The conpressed netal oxide conposition particles can retain an average

i e e etar A
capaci t yhgURlis hQiedkd iR ilesOcconbitR¥ W rQhi ik §partlcle having sufficient reactivity
15  and crush strength.

Preferably, however, the compressed metal oxide composition is in large pieces once
it passes through the compactor or extruder. It is then broken apart into compressed metal
oxide composition particles of the desired particle size. Standard methods in the industry for
forming pellets out of extruded material can be used. As such, the compressed metal oxide

20  composition will have a crush strength of 3.5 kg, and a final particle size equal to between
about .1 mm and about 200 mm. Preferably, the final 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 .5 mm and about 5 mm. The smaller particle size of the final product allows

the metal oxide, which is present in the particles, to react with an increased amount of the

25  H,S, thus, increasing the amount of H,S removed. Note that the crush strength of the

12



per pound of conpressed netal oxide conposition particles. Al so, the netal
oxi de particles 25 should have a density ranging between 1.0 and 1.5. From
this, it wembgeoncl uded that the conpressed netal oxide pearprd2bdn
particles have jncreased sul fur holding capacity. 14, WD 11212. 132G

PCT/ US1 Particlesiiil berfleperdenbupangs %%%fgctawelm ng moisture confentpsiatebses only
and are not neant to limt the clains in any way. Exanples 5 Exanple 1. A

t est wasopcmtratioie@nd padislexnizd. ne t he ef fectiveness of extruded pelletized
iron oxide in renoving sul fur species contam nants, including, hydrogen

sul fide, car [Besides sothpadiimg orexteaiih@ihe masichxidesaidiihy binded) otheflesihipressde. The
test was initiated by packing a 2 inch by 12 inch colum w th approxi mately

1. 25 pouyBfts may beRRIOAABAEY o R1dbNC R preREd Rithsabd gaRis, fa%t%-ﬁaeanies',e medi a.

The iron oxide pellets were conprised of black iron oxide and a starch
S.

bi nder. ! lye. was t . bottom of the col umm so that
-cont gn‘i r@tgg %bﬁégﬁggég}ng,esgh%%g aggleg&n%&gl? the bottom and exited the top of

the columm. The gas to be-purified was.|iguid propane contani nated, with
various sul fﬁnys%e@ég%ﬁﬁﬁ%mg%m@reﬁsm &P W@%&@@@%&Pf 248 camigf Kony |
sul fide, and !i(ght mer capt ans. Measurenents to determ ne the anount of

sul fi zr npbreguivedi@nd dtrnas brased insdieadtionrbedh &t ig furthen degived to ferncparigles and when
the gas exited the colum, with neasurenents taken at different tinmes. Fig.
1 shows ihdtead ofisirplly addimgnhetalafxidespawales tsaitdfaotioncvespel bactaise fhoesuffigeithe

colum. The contam nants were neasured in parts ppm by weight. The specific
condi t i GBgtivity td\6couf aRdre imRt b&§abEWithirethk rSacRA td S GWiRSIQkd P65 PIwa& Of

Treater ................... Single, Verticle Flow Direction

: . : I 0O Treater

Temi . Would notatow for a soffcienPHow o > 11 %51 &7 65 Cont act

T W e oimpressed gl chide Eopostion S Roghg by extusio, it may be
CEP- 1. . . e FML Extrusion Sanple

| ength/Di anmeter in the die of the extruder. The sulfur contam nants were
det ect edelmged; st hpgaasdioppaticles have atotd wateh icottentadii¢ss thamdl 006 by aveighh bnd)f
sul fur and contam nants in the liquid stream by its corrosivity to polish
copper  shére peefrablyolehs tHah BOsibPwiiEhe. THStemperature used to dry the particles should be
15  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° C or less. It is necessary to dry the pellets to maximize the crush
strength.
Dryers that may be used include a rotary dryer or belt dryer. The rotary dryer is
20  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 metal oxide composition. Any

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

25  eliminate the need for a marumerizer.
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WO U2/ 2.132( PCT/US111 /21217 As can be seen fromFig. 1, the pelletized
iron oxide resulted in excellent renoval of various sulfur conpounds. In
parti cul awo ¢3p$320as readily renmoved by the pelletized irorp@iusiganyaer

Addi tional ly, CS2, and nercaptans were readily renmoved. Thus, it was
concl uded tha{\fcftgﬁf@e Sempesssesanetal Qride,sararosKiopnapicdestase ?%élbb’é’ﬁ?akff&ﬁw&l of
sul fur conpounds. 5 This was consi dered inportant because it was known that
pr evi ousthe compressedangtel dxddscapbsiion, hefpaitivlesare grocessed threughfascreeasr foonpar ed
to iron oxide on a carrier. Exanple 2. Conpressed iron oxide conposition
parti cl eganflavelisgifivgtipar Overkiee phrtielesaredibaiaricddniors Iahaedr rhidl, bebtheh he ef f ect
of particle size on the perforniance of the conpressed iron oxide | O
CONpOsi t/efinedBehSQIRMEE STk ﬁﬁéarar@f&tgae(ﬁﬁﬁ@%h&h O o hiptdssss WefaPorigt Nl ed
using a Ms-75 conpaction system by sokawa Bepex. The (?el | ul ose bi nder,
TECI-lIgOCE#%gQO%Ri%n was first hydrated in a Ri bbon Bl ender Model No. | ML6 by
pl aci'ng pounds of TECHNOCELTM 202 in the bl ender, turning the bl ender
on, and addi ng 80 pounds of water .éor si X, m nut e? ahr;g Eort seconds at 40
psi. The bl endBe fiasomprasesd meiakaxidecompagitiondrgicies hzye peen formed, (heys ¢ o
uniformy hydrate the TECHNOCELTM 202. Next, 100 |bs. of cuprous oxide
(Purpl e %@pé pmlgcedds a zergtaa vessabisa #sdo b sontected withalnidscongaminated sidthtsulfiva|
five minutes. This blend was transferred up to the feed introduction |evel
of the MompoutdsrpHes fuidawill pichgle gas, ligaid, Aed combiaatiasdidreofT ibis tnfiasys and
pounds of iron oxide having a noisture of 1.95% and a | oose bul k density of

86 | bs/ fﬁr@fe%& td W%ﬂlfﬁb’c&ﬁ;ﬁ%h&é’ frbt @nhiMEd gébrhtl%%g%ch H‘ﬁ‘m gedgig 20
then transferred the iron oxide into the Turbul Tzer Mbdel No.™ TSB. The

lge R b e f@éﬁ%@hﬁé ;#9811 N r%%%lkﬁze‘%%@ffé’%%ﬁ%%h’é\ﬁié%%%ﬁ nto
M5- 75 oo T
compact oRet] SdE pETElen e IEGIEeR PSR (e Dersrboh sueCOShesmon g,

di scharged into the flake breaker, and then were nmechanically conveyed to
t he scr érde) Dimethyl Sylfide (PMS)candsmercapians, swch asidetbylMercaptanMeBH) Et
di scharged into the RD-8 hammer mll, 16 WO 0212321 PCT/ US011292(7

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

20  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

25  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



t hen conveyed back to the screener. The fines were recycled directly back
into the feed hopper, and the on-size product granules were collected. The
conposi tiwp epensfied to produce the granul es was 87. 7% i rper/ix91/8067 4. 4%
TECHNCCELTM 202, 4. 4% cuprqus oxide, and 3.5% water. 5 A sanple of a
conpressed i TBniollgving exames ae faraluastiative peppses oalyAndrEs Bofmesat o Nl sj ze
distributions, as shown in Table 1. TABLE 1 Distribution % by Wi ght Sanpl e
1Sanpl eth2Stampk & 8w 848" - 4 nesh47.800+4 - 6 neshl5. 930. 528. 6+6 - 16
mesh36. 369. 565. 3+16 - 30 nesh006.0 Basically, the average particle size
decreases going from Sanple 1 to Sanple 3, as 10 shown in Table 2. TABLE 2
Sanpl e #Particle size range, mmAverage particle size, mmll.0 to 9.54.521.0
10 4.752.530.5 to 4.752.0 Using a sgaaglgled | aboratory performance test, the
effect of particle size on performance Is shown in Fig. 2. Sanple 1, which
contsali nﬁd %lhfze argest particle sizes wwth an 15 average particle size of
-4.5 mm 38R proxi mately 90 days to reach the breakthrough point 17 WO

112/ 2-1L32( PCT/USULl/2' )2l 7 of 4 ppm of hydrogen sulfid tected, Sanple 2
cont ai ni ng pngtFﬁté‘raé@ ucted tavdetega@e he gffesfiveniess st %WB‘%R&&W?‘% lron ox1de
approximately Day 115 to breakthrough at 4 ppm of hydrogen sulfide

det ect eth remioving s8Hupipecigs eomaminanisginghidingeh @gqneﬂuif%/dﬁl earbomyed selfidenl y 2.0 mm
did not show a breakthrough of hydrogen sulfide at 4 pprn until

appr oxi metcaptand, ahd passiblpcatbes disnlfideTMThe eest evas iditdatedioly paking d2inchlibg i@ecr ease
in average particle size increased the effective HZS renoval capacity of

the Conﬁfcﬁ%éﬁﬂm&@hpﬁskmt&?n.tzisqioﬁﬁds, BX @b Amately IGIRAEE oPpARALSH RoRS
Exanple 1 was fol | owed except pelletized zinc oxide was 10 tested i nstead

of fbel ! g)r{iidg ﬁl%dlar %eg.f%iﬁléhg{éde-r ere@%% Eﬁxﬁtgigﬁe\gﬁ)rf%la%ﬁ ixfoﬁlog(%hdpéﬁ?c}%in&r.eat er

1= 11 0

Time.......... .. .. . ...11 ms/mn ) o
CEP- 1. . the column at the bottom and exited the top of the colummy Elke gasdp be puyified was liquid
Rat i 0. ... 5:1 Sanpl e Pressure

....... propane contaminated with. vaiioupsilfyr species contaminants, including hydrogen sulfide,
carbonyl sulfide, and light mercaptans. Measurements to determine the amount of sulfur
15 contaminants were made when the gas entered the column and when the gas exited the
column, with measurements taken at different times. 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:

Type of Treater ...........cceuue. Single, Verticle Flow Direction .......ceceeeeveveeerennans Up Flow
Treater TEMP.....covvvvirvininninieinininninenee 65° Contact Time.........cerervvsnienne 15 mLs/min
L/D Ratio ..ccvrrveerseninseisinnnicnininecssenees 5:1 CEP-1....ccovviriirrrercenninnens FM]1 Extrusion
Sample Pressure..........ccoveirisveenene 360 psig

20 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
the 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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The results of the test are disclosed in Fig. 3. It was observed that the
pelletized zinc 15 oxide, in general, renoved nost sul fur conpounds except
COS. Use wo (bhgspel | etized zinc oxide resulted in suitabl e idwaaon of
nost sul fur conpounds. Tlus was considered inportant because normally zinc
oxi de sui t ablAs @nibgisees Eemdiigf 1y thepshietizadrizan axide repylifddn ckesHsat remavakof At
anbi ent conditions, zinc oxide will typically hold between 3% and 8%t ot al
sul fur . vExewydudfurconpatsis wir partiarlan) Eh8 dvas ccaddy eemovee tyrthe pellaized &onr ush
strength of pelletized iron oxide 20 particles. Three types of iron oxide
known asxid¥ll AddétichaBgCOBCCS), andMerdabeks eRgRedilyCredove@dNThi) @Meds wer e
pelletized, with all three types of 1ron oxide being simlar black iron

oxi des. czﬂauEéM"tthQH? gér?etf'ze&ﬁoms&ﬂsgrf fied foF é{déﬁ&ﬁ%ﬂl&}ﬂ%g%ﬁ’uﬂ dofipolxdde

particles believe range I1n siz iroml.5 mcrons to mcrons, wth a

hypot hesi, ze rface area_ of .10 n2/gm .The ver .oxi.de is.beljeved to be a
men onaapacttabE g BB B e s BR PR SRR Sa Rl BT abC O 7
PCT/ USt | | 92$r7 orosity. The irqn oxide was bl ended with various types of
bi nder s SUHfcIFRtly fEmey , aticRBated 1R fIPR SX MR ODARIRRLs i n sol ution. Al So,
various extruder die |l engths were used. These variations were nade to
det er ni iE¥xamge2. conbi nation woul d result in iron oxide particles having
sufficient crush strength. A pelleting press nanufactured by Kahl was used

to form5 alCodnfyredsedironwkide combbsition patitles bhearpiiipaiticld sizeeere foatied e
press having a dianeter of 6 nm To assess the strength of each pellet, a

Kahl  Pelorgd: 14 RECNE %ﬁe&%?@ﬁﬁic%zé@?@e Eﬁoﬁgﬁ% of f?lg.@gﬁfpi’&s&?ﬁﬁ{ @n:%itﬁ%dat a,

tests were made on ten p ets manufactured according to eac od, with

v flos CRRPSORE) FHEL @5 e i e BRpaRloh SRl RrCRR TR S MBS 1 ne

results of the tests, the 10 particular type qf binder for use in formng
each of SPHBAGIOM s¥tEm tmﬁo &V ERBPh Jgeaelﬁoqegwﬁb ,HEE‘%EN%E%IJMM, e
average crush strength. Oxide FML FML FML TABLE 3 LCI TEST SUWMVARY Di eway
Wat er  viBstidrated in aRihbagBienfiprdodd N IMdfdypdacineg t0WQpwssls 6fC 18 Strengt h
kts Weak Weak Weak Densi 1.690 1.448 1.406 FML FML FML FML FM FML FML
15None30IKRIOCELT2 Q00 @ ffobldvdass, Waratal. thel Blbader @b/ ntd 4088 pdiinds 08 #3fer 0075%
CMC48Weakl. 475130. 0075% CMC60Weak1. 454 13 0.64% Starch 30 Fragile 1.359 16

0. 78% Stray s m3slitéy 4 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 1bs/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 via a vertical feed screw. After compaction, the flakes
were discharged into the flake breaker, and then were mechanically conveyed to the screener

25  for granular classification. The oversize material was discharged into the RD-8 hammer mill,
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WO 112/ 232C Oxi de FML FML Hoover FM2 FML FML FML Di eway Water % Bi nder*
Length 17 0.84% Starch 30 15 12. 5% Bentonite 30 Strength kg Densi 3.8

4. %ol2h436171. 0% St arch30 5.1171. 0% St arch30 1. 619.p2¥/3dvedgsar ch60
------ 17.31.33% Starch60 5.117.2133% Starch60 5.98*Bi nder % on hasis ofdry
wei ght  dBgncRonpEIEddRcig @é‘?@ﬁe@‘iemﬁﬁpﬁé&?ﬁl_‘ééﬂ'ﬁtrﬁ%’i?%ﬂ@@it.lb agk into the feed
St ar ch60FM215. 31. 04% St ar ch60FM218. 82. 36% St ar ch60FM218. 82. 36%
St ar che®bh Sargizhe dfesBearadwt8 SieRitles 92reuplle@edr ch48FMR18. 92. 34%
St ar ch48FM218. 92. 34% St ar ch36FM218. 92. 34% St ar ch36 PCT/ USUI / 292G7 Strength

kg Densi 3. 1ITh33émPbdsihoh skifictié pfodud6 thetpinudaSy 18 7326 ifoh okaf, 849966. 051. 23
Fines 15.1 7.6 5.3 2.4 3.2 1.3 1.8 2.1 1.7 The binder listing is the

per cent qg&:}@ﬁomﬁﬁfﬁogmlg%ﬂg%rdﬁiogme, i §ofoupd in the 5 pellets. The

percent water represents the anount © I'nder and water solution m xed with

t he tal oxide terial. The .densit f th | | e to b
unrebat od o4 Ry GEh SampreiaiitombuRion vy Beesfd Yo GRS IErhEpificre
PCT/ US111/ 292G/ As can_be seen fromthe data, the use of starch and
bent oni tEeSigIPHIoRssasshewadr Lable Iy ush strength in the pellets formed
t herefrom Carboxynet hyl cellulose resulted in a pellet having insufficient
crush strength. Additionally, it wasTABLErni ned that a die | ength of at

|l east 30 nmwas preferred. 5 Exanple 5. The present Exanple relates to
testing the pelletized FML, FM2, and HoDystributiom % bydWeighe eval uate the
reacti ity and efficiengy of each conposition in renoving hydrogen sulfid

from gq4s. Three Teactor | beds Weif‘ fited wtnsaﬂﬂf[free qitTTerglih \rey,pes 0
fe oxl de Bac

iron oxXide. Two pounds of the p tized iron mat er{i al was ed in

11%

a 4-fOCL+ "',ﬁc& reactor—ped—16 t4"'“c. Thi-sstep—was—repeated—for—egch—test
CoNposi i8R 1@ i Thbl e 4. “ABsour gals streantcontainilng 3, 000’ ppm by
wei ght of H2S was paccpi over the vari g||3_p_e_|_|_e_t_i_;ed Lron oxide

+4 - 6 mesh 159 30.5 28.6
+6 — 16 mesh 36.3 69.5 65.3
+16 — 30 mesh 0 0 6.0

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

10  shown in Table 2.

TABLE 2
Sample # Particle size range, mm Average particle size, mm
1 1.0t0 9.5 45
2 1.0 to 4.75 2.5
3 0.5 to 4.75 2.0

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

15 average particle size of 4.5 mm, took approximately 90 days to reach the breakthrough point
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conpositions. Specifically, the gas was passed over the FM2 bed once, the
FML bed three tines, and the Hoover bed three tinmes, all of which are

| isted i nwbhenehert below. The flow rate of the contam natped@gas242 was
set at one of three different rates: 2.09 liters per mnute 15 (L/mn),

3. 75 L/ of hppwrofbyd®gen silfide dttecteditantpld-¥ Soneiningguoticdesdolzan avefagesize ofi of
time of the varying flowrates. Fig. 7 shows how nmuch H2S was held on the
Hoover 2i5dnmNiok yimésamroxifrmatelpBiage 15ito breakshioaglke avd pgin @9 hirdisigen fgfids e

br eak-t hrough of H2S occurred. Additionally, Fig. 7 shows how nuch sul fur
was hel Qet@&ed,%ﬁ&%ﬁlé’ B%oﬁtfai:ﬁr{%’ﬂm S6k448 pHARIE difk H¥K 2 oenfmMid aoreeRid | on,

20 but with the iron oxide |ocated ona carrier. As can be seen, the
|l eti . ) oar = . - iq. 8
Phi ng. noepichidign $Ehdoe SuahOl 4 hiA QhdpBREGmadly 15 gaR of ldind’ il 22T

used. The system was pressurized at 6 psig, and the sou as d a

onpr alWES ricals Tha the docRpre E&vefhgs PaR il ties Moreatrd Rapke e aSaraaYalt i o
TMX 412 el ectronic gas anal yzer, calibrated with a standard |24 ppm HzS in
t ube ni sangeidy ofthe gomprezsedunetaberide parielesvas used as a cross check to confirm
the HZS levels. 21 WD 112/2-132( PCT/U S01 /29217 The rate constants (k)
wer e caEgamplesdl from a detennination of the outlet HZS, wth the outlet HZS
(I'bs.) equation as follows: E H2S reacted over ~t (lbs.)]. Fig. 4 plots the
rate constanfhy edne/srob&furd a4 BmSIE 1K f@l’lb\?zélﬁexléelﬁi pelbtiZilinxh:d8 whd eri al .

Three different flow rates were used. The (Bran's) constant k was hi ghest

at the {3k Sihedl PR Hon R, YhilcBugiRod\Ferdl:9 BN L e curve equates to
IVIty rtine. € steep

the rate of react ove er the'curveé, the faster the

reactivit iJ.| be reduced,. Thu the slope of the lines in Figs. 4, 5__and
6 i ndi c?ﬁe% E'tltle’ili"t'y'.""Fi"g.SmGPesS(Sw?et he sarreg‘(rl)lh?ﬁ&’a‘g'F'r'g':"'&;""eXC'ep”t"'t fid

i ron oxiHeHdEMPhe Hoover—speci-es:0F g. 5 r ePAIBY RIESSIfe--sane- dat-a- 398 PFig
Fig. 4,FlexcBpection.ee. di-ff-erent-UYBWY of iron oxi des were tested. 10 The FM
had t heCpuigptckimer.at.e..0f...x.eactlil wals/mirf ol | owed by the FM1 . Both

conposi CEBrks..showed..excel.l.em.0 eptaestionvi ty. The Hoover material was observed
to b not as good a candidate for use as the other two materials. Fromthe
k determ nation, the estimted per pound capacity for holding H2S by the
oxi de was detrge psiRSotiBb Bt hreMBRIosEEH 1S S3.OR wall Bbt &l Wbt tﬁepbﬂ&izeé zific V€T SUS
| bs. of total H2S on the bed. The estinmated capacity is |listed bel ow. .
Furt her

oxide, in general, removed most sulfur compounds except COS. Use of the pelletized zinc
oxide resulted in suitable elimination of most sulfur compounds. This was considered
15 important because normally zinc oxide suitably eliminates sulfur contaminants at higher

temperatures. At ambient conditions, zinc oxide will typically hold between 3% and 8% total

sulfur.

Example 4.

Tests were conducted to determine the relative crush strength of pelletized iron oxide

20  particles. Three types of iron oxide known as FM1 (Ferrimagnetic 1), FM2 (Ferrimagnetic
2), and Hoover were pelletized, with all three types of iron oxide being similar black iron
oxides. The FM1 and FM2 iron oxides are ferrimagnetic porous iron oxide particles believed
to range in size from 1.5 microns to 50 microns, with a hypothesized surface area of 10

m?*/gm. The Hoover oxide is believed to be a much smaller grade material with little or no

18



15 the slope of the linear regression analysis relates to the speed of
reacti on between the oxide material and the H2S, this is R The x intercept
of the pl@igc@ayr the overall capacity of the materials. B@/U@wa@ are
summari zed as follows: TABLE 4 LI NEAR REGRESSI ON ANALYSI S OF K V.

ACCUMUL pdiiokity. BEh&iorObxiREAGT BIandi2Bwith VhticistEyiislof bitdersCathchd yindés ﬁnxe:d Q
(L/mn) Slope per Pound k range R LCI (FM2) 5.09 -1.6 0.41 1.35 -1.15 0.976

LGl ( FMd dif¥feren® 8movntd ifsod@idh. 1Dsé) vafos SPrtdbi(die (dnMhs were used. Thes
) 3. 75-1. 50. 300. 94- 0. 720. 998LCl (Fl\/l]. )5.09-1.40. 310. 92-0. 700. 975LC| (FM)

Chaous fapaind b ade e IR b RGBSR ke BB 02
5150, ba'8 Geleafihin ™ € BB et Hnlndicock gy Sl Byt

0.984 As _can be seen, the FM2 and FML had superior results for holding an
~amouht 8k theamnexidepeliets, Bith; the pellsts @ane%@emeg% presubaiing § diggietopgf A gym.
Exanple 6. 5 The reaction rate k, from Exanple 5, was anal yzed to determ ne
whet her Tohssepethe streughl of eavh p@ﬂbtdeﬂahﬂPdlememssrmtﬂr was uedd. ilnioederyo t han
non-pelletized iron oxide. Fig. 7 is a conbined plot of outlet HZS readi ngs
(ppn} v derﬁkﬁwdbdﬁratﬁ datl SestdWtrehadielonas pellewd miingadiedd atcdrging @b ehdnéthégr i al |,

either the (FM1 ), (Hoover) or non-pelletized iron oxide materials, at a
fl ow ra e of H2S
oo "3 0 LM 00 RSB Bt A bl Sl

iIIustr ive eed i e Fig. 7,
two pouﬁfaib%%‘% ARFbir CREEY, e %é’lep%w&g R el % s
H2S reached 900 This is conpared mnth non- pel | et.i zed ;i ron oxi de, which
hadl®n| paticylar tyge G REbing# or e B,4p g Sagh oAk thafic (e isad IR heovol
of 900 ppm 15 at the outlet. This shows that the pelletized iron oxide

gi ves apeligissandtheraystage crushdtrengilet s with a greater anount of HZS than
non-pell etized iron oxide. Exanple 7. The present Exanple conpared
pel l etized zinc oxide wth SULFATREFAARBILE 8n oxide on a nontnorillonite

carrier). The conditions and r g1 TESPSOMMARY! ows:

Oxide Water %  Binder* m Strength kg  Density
FM1 18.2 None 18 Weak 1.690
FM1 15 None 18 Weak 1.448
FM1 15 0.0075% CMC 18 Weak 1.406
FM1 15 None 36 Weak 1.477
FM1 12 0.0075% CMC 36 Weak 1.542
FM1 13 0.0075% CMC 36 Weak 1.508
FM1 13 0.0075% CMC 48 Weak 1.475
FM1 13 0.0075% CMC 60 Weak 1.454
FM1 13 0.64% Starch 30 Fragile 1.359
FM1 16 0.78% Starch 30 Firm -
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Zn0 Sul faTreat Bed Height 2.0 ft 2.0 ft Pressure 5 psig 5 psig Flow Rate
270 cc/mn. 270 cc/mn. 23 WO 02/ 2a321PCT/ USOL/ 292( 7Zn0Sul f aTr eat Tenp 70
F70 FI nl edy0@@n63263000 + ppm H2S in NZ 3000 ppm H2SDi anet erpclr/ésoiif9zky 5

i n. Wei ght 1065 gi ns827 gi nsVol une 815 nlL815 m , Total gas used 12830 L14774
LTotal H2S renpved 38.5 L44.3 LDays to BrRER®Nrough 3338The Zn0 ran for 33
days befQgide hydr ogeWatex|%i ddBinder’e t hr oughengthi s i s Strgagthdigr t Densifian

Sul faTreat ran at the same conditions. Although the ZnO did not renove
asnmuch $MTfur as Sul7f aTreat ,0.84% Starslul t s 3 e positivad8Zn0 is marwky used at
el evated5 tenperatures and this test was run at roomtenperature and still
renmoved IN2S. Exanplse 8. Thel2p8% Beatoniskanid e rel at es4B8o the prepsdati on of
exenplary netal oxide pellets used in the renoval of sulfur fromfluids.
The nethod was initiated by obtaining a sanple of black iron oxide fromthe
Ironrite Products Conmpany, Inc. of St. Louis, Mssouri. The black iron 10
oxi de wapoesal yzed 1gnd det ermymeiarkle cont3y n an anougpfl of noisture equal to -
3% by weight. Additionally, it was determ ned that the black iron oxi de had
a bulk gamsity of 475 S 8 kgl b, Stachor m t4yg netal oxide pellets,..9, 000 gns
of the black iron oxide were placed in a bl adekneader, manufactured by

Si gma Camgppration, 8ta Loui sy 349, sk i - Tep t he bl ack_iton oxide,._an anmount
of binder solution was added. The binder solution was formed by nuxing 15

118 gns @fp starch ngnyf act ureghosi R0 t ogoi | ing waggr. Starch_was
measured so that it was equal to 1.34% by weight starch on a dry wei ght

basi s, hat the -0 al bi b tion ded to th | ack iron_oxide was
equal t(?%{ . 2% by V\11e7i%ght. T%@%@n@d a b%der and i?g? 24 WO (12/2.32G

PCT/ USOL/ 292(r 7 oxi de corrp@ﬁ' | Q i: : xrlﬁcﬂeeaded in the

bl adekneader for 5 m nutes. h\&ééoﬁﬂaﬂwgmggg%%%‘%lg@%t at was slightly wet and
sticky. The iron oxide dough was then fed into a pellet press, Mdel 14-175
{manuf achu~ed by Kohl). The pellet press operated at 100 rpm and was

equi pped with a 6 nmdie, having a 5 60 mm pressway | ength. The energy

i nput for the pellet press was equal Dievaghout 1.51 kw, and the extrusion
rate waPxideal tWarta%g Bindehour. ALengthext rStxength kighe Densityt s Bines
processed in a marumnerizer (rmade by LCI Corporation, Charlotte, North

Carol i ngM2w th 838 nm f1I.04% iSesclpl abe turni rglat 300 rp@3f or 10 Eetonds.
The pellets were then oven dried at a tenperature of about 200 F, and it .
was 10 dayerm nerb.3 hat t heopsistetls hao a bul ki gensity ofl.4pproxi magely 1. 25
kg/L. Additionally, it was determ ned that the pellets had a hardness equal
to aboutFNg2 0 kg.1gExanpl e 6oAstdrélon 6gi de peld.ed was formegd that 5acluded a
cellul ose binder. The process of . formation was as follows: 15 1. In a

tank, 64Nips. ofig@ter wasiaddesch 0 §0 | bs ofggel | ul osejaggd m xed242. Next,
1000 I bs. of iron oxide with a noisture content of 1% or |ess was added to

the cel IpNpse angggater m xfougearcls.: 4Re constygsients wengsn xed unpil a
honobgenous bl end was fornmed.

FM2 18.9 2.34% Starch 48 8.3 1.32 1.3
FM2 18.9 2.34% Starch 48 6.8 1.23 1.8
FM2 18.9 2.34% 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
5 pellets. The percent water represents the amount of binder and water solution mixed with the
metal oxide material. The density of the pellets appears to be unrelated to the crush strength

of the pellets.
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4. The bl end was then pressed at 45,000 psi to formthe pellets. The
resultant 20 pellets were of the foll ow ng conposition: Conponent % By
Vi ght | r@p o3249%2¢! | ul ose 5 Water 6 25 WO 112/ 2-432C PCTU3@s02226>7 Thus,
t here has been shown and described a nethod relating to the use of
conpressed neYsAanbeisern Fomibadata.dheusent shashandhyntonite Rrevadss 161 excsHent| ui ds,
and a nethod for nmaking such conpressed netal oxide conpositions which
ful fill caish stroegth thetpslletn doravddherafion. Sadwhymethylesllvlose rasultédsinamedleent to
those skilled in the art, however, that many changes, vari ations,
modi fi cahavpSnsudfidletichesh s&slggh.anddaimhlﬂﬁaﬁxkrametérﬁﬁnddhﬁamxme esipticofger essed
nmet al oxi de conpositions and net hods are possible, and al so such changes,
vari ati 9oy 3Rk WhSatek@ky, and other uses and applications which do not
depart fromthe spitit and scope of the invention are deened to be covered
by the g%\éwmgn which is limted only by the clains which follow 26 WO
112/ 2-4 t is clained is: PCIT/US(11/21217 1. A conpressed netal oxide
conposition fgr renmoving contam nants fromfl.uids, said coppressed netal
oxi de corrposiﬁied’ﬁ“@%'r#%%(iﬁb@atﬁsatj’ tﬁ%““ﬂéé%?“l?ﬂé‘"%‘é} ﬁg&i ﬂéi]ﬁf’o‘fel‘iém%r nul a
Me, ~OY, with Me selected fi~om5 the group consisting of periodic table row
4, 5, 6oxiies torevabtage the redctimity awhefficiency pEeash epmpositien 3\ remoding hydtagent o
between 1 and 4 and hydrated fornms of said netal oxide; and,

sulfide from gas. Three reactor beds were filled with the three different types of iron oxide.

Two pounds of the pelletized iron oxide material was placed in a 4-foot glass reactor bed

10  tube. This step was repeated for each test composition listed in Table 4. A sour gas stream
containing 3,000 ppm by weight of H,S was passed over the various pelletized iron oxide
compositions. 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

15  (L/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
how much sulfur was held on the same type of iron oxide used to form the FM1 composition,

20  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

25 Kitagawa tube was used as a cross check to confirm the H,S levels.
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(b) an organic binder to form conpressed netal oxide conposition particles,
with at | east about 90% of said conpressed netal oxide conposition 10

particl esywamiisssa final particle size equal to between abqutysel299gyand
about 200 nm_ said conpressed netal oxide conposition particles can retain

an aver age arbantte 6pntyHe GeHivrranealewjatad fom adetpanisetionohthy ovitdt §hs, with thei d
conpressed netal oxide conposition. 2. The conpressed netal oxide

conposi LuAs 1S (@s@)‘dﬁh&ioﬂ\&ﬁbﬁbﬂszsg[ﬂ%ﬂeﬁé% obé al fbasidade Lop1sRiIkE AR @l oxi de
in an anount equal to from about 0.5%to about 20% by wei ght of said netal
oxi de. 3. The conpressed netal oxide conmposition of Caim1l, wherein said
bi nder censaniyesps thewungs f Bas g thg bed fs ML pridg material. Tihhreg giffredtdlay net al
oxi de conposition of Caim1l1, wherein said binder is 20 chosen fromthe
group coatss wererngedf The GBran’shcastapbk was bighestat texfgstest fipivoatd afl 5o39%l./niind

m xtures thereof. 5. The conpressed netal oxide conposition of Claima1l,
wher i n Thaisidpeef te curdxéqiiates $o e lr§e betbablidny dvee tiled UheGRREErThe B@rvefthéealsb,
ZnO, hydrated fornms of netal oxide, and conbi nations thereof, with a equal

to bet wegderthARLctRrityARH B REAUERH. f[gm&%ﬁé’\ﬁ Jt 188 4néb in lgs64, 3, Qﬁd%QF&Eﬁésed

met al oxi de conposition of Caimb5, wherein sald netal- oxide ncludes an

27w Breeors 4G s BEeiie o3t S BRLF. e W X PSS eI "o, e,

silver oxide, gold oxide, platipum aoxide, cadm um oxi de, nickel oxide,

pal | adi SRYEE: &gg Selpiesds it%f:e%anw&&ﬁwn ¥§- dfe XqEPh @@?reeb%%ofdsend&fes
manganese oxi de, al um num oxi de, and conbi nations thereof. 7. The

conpr es3esde iggled! oxi de conposition of Claim 1, wherein said nmetal 5 oxide
is selected fromthe group consisting of MO, hydrated forns of MnO and

contpd nat i ons The&MDhad the highestaagRpTessedityrebRdweakbEithe G 0 Both eoimpdsitidnai m 7,
wherein said netal oxide includes an activator of said nmetal oxide, wth
sai d acihydddsxceBR ¢éREvHY.0Thd HBo8Hr Mierial was observed to be not as good a candidate
for use as the other two materials. From the k determination, the estimated per pound
capacity for holding H,S by the oxide was determined using linear regression analysis of a
plot of k versus Ibs. of total H,S on the bed. The estimated capacity is listed below. Further,
15  the slope of the linear regression analysis relates to the speed of reaction between the oxide

material and the H;S, this is R. The x intercept of the plots gave the overall capacity of the

materials. The results are summarized as follows:

LINEAR REGRESSION ANAL'I\‘(ASI;Q ](E);‘ KVS. ACCUMULATED LBS
20 OF REACTED H,S WITH THE BED
Est. Capacity
Material Q (L/min) Slope per Pound k range R
LCI (FM2) 5.09 -1.6 0.41 1.35-1.15 0976
LCI(FMI) 2.09 -1.2 0.30 0.70-0.56  0.992
LCI(FM1) 3.75 -1.5 0.30 0.94-0.72  0.998
LCI (FM1) 5.09 -14 0.31 0.92-0.70  0.975
LCI (FM1) All data - -1.7 0.27 0.94-0.70  0.959
LCI (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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consi sting of amounts of copper oxide, silver oxide, gold oxide, platinum
oxi de, cadm um 10 oxi de, nickel oxide, palladiumoxide, |ead oxide, nercury
oxi de, tiwoashdse cobalt oxide, alum num oxide, and combi rgtriNasédeer eof .

9. The conpressed netal oxide conposition of Jaiml, wherein said
conpressed netal oxide conposition particlEs. Gapacidy particle size ranging
bet weenMdterial . 1 nm and ZPAMin)lS Slope The perPyuddsed MmitrdingeXi derR

conposi ti of aim1l, grbgrel n sai conpre ed net al OX| de corrpos tion
partic| v rticl iLze rag8iZnag L : - . 2 A

11. The¢ommbssers: &b al _oxi de conpgsi t| orbcpj Caimi, 1YREF BT N SRHSh
conpre

-metal oxide 20 05|t Q ressed al ide co si.ty gn of
GaimL whefdin A N TP g ol o i B SRERY 2 FLS

t oget her by a.c rrpact or to forma conpacted netal oxide corrp05|t| on. S 28
V\DQOZI 23?11"11’9‘?/"%3@1})2@%5}93]?@ GP&?é"‘B’dPFﬁIP@E%@d met al oxi de conposition of
Claim 1, wherein said conpressed netal oxide conposition renoves sul fur
corrpoun@sfamplft@rrperatures of Iess than 200 C and under any pressure. ' 14.
The conpressed netal oxide conposition of claim1l wherein said netal oxide
5 refioves coiThareaoton ftd k,oom Exhmpld 5 twrae analized to deemiike aeticther igual to at

| east 0.6 feet/mnute for gas and 0.1 feet/mnute for liquids. 15. The

conpr es$ektfBd fbn BXiddBalq 'EB@e‘r' rEédﬁBn QfficRYy Tah ﬁMﬁeﬂeﬂbﬁz&%& &R0 g ffé rret aI
oxi de conposition has an HZS di ng capamty equa to at lest O.

oo mh%ﬂrﬂél.eﬁ%éogﬁggﬁ%a&%%%ﬁ%%fﬁﬁ? TR, ;
d [ 7.
RERIE RN N R R R NN

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

10  amount of reacted H,S with the bed, and directly illustrates the reactive speed of the
materials.

As can be seen in Fig. 7, two pounds of FMI1 product reacted with 0.38 pounds of H,S
before the outlet HS reached 900 ppm. This is compared with non-pelletized iron oxide,
which had only 0.15 pounds of iron oxide reacted before the H,S reached a level of 900 ppm

15  at the outlet. This shows that the pelletized iron oxide gives a superior result, and reacts with
a greater amount of H,S than non-pelletized iron oxide.
Example 7.
The present Example compared pelletized zinc oxide with SULFATREAT® (iron

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

Zn0 SulfaTreat
Bed Height 20ft 2.0 ft
Pressure 5 psig 5 psig
Flow Rate 270 cc/min. 270 cc/min.
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particle has a crush strength equal to at least 1 kg. 15 18. The conpressed
nmetal oxide particle of Claiml wherein said netal oxide particle has a
crush strwogbhigqual to at least 3.5 kg. 19. A nethod for geanimoi@9267
conpressed netal oxide conposition particles capable_of holding an anount
of contanminant equal to at | ead8010% by wei ght of safBlfgBrgatessed netal
oxi de conposition particles, said nmethod conprising: 20 (a) m xing an
anount dfempet al oxi de having a7@ddtticle size rangi ng7@ef ween 0.1 m crons
and 100 mcrons and of the formula Me,~Oy with an anmount of binder to form
a netal 18t dendn Xt ure, wherei mgge + spra ¢,864A B9 f rom t BeosmLPI,S0NSi sting of
periodic table row 4, 5, 6, or 7 nmetals, x is equal to between 1 and 3, and
y i's eqyghnt@, between 1 and 4 ¢ hydrated forns of $ai;d metal oxide; 25
(b) conpressing said netal oxide nixture to produce a conpressed netal
oxi de ¢ OE' tion; 29 WO (12‘[{%5- 4321 PCT/ U8111/2921g c%l br eaki ng apart
sai d coﬁ&?‘g ed netal oxide co 353"?% on to produce c %? 8sed nmetal oxide
conposition particles; and, (d%lt screeni ng said conpressed netal oxide
conposi tBWMBarticles so that & Mbast 90% of said pdt™4 es have a final
particle size equal to between about .1 nmand 5 about 200 mm 20. The
met hod dfotaligas usefl9, wherei n sal2836dnpressi ng step i sl4EMileved by passing
said netal oxide mxture through a conpactor. 21. The nethod of C aim 19,
wher ei n To8dl H,Se8Rbess1 Nng step 3&xS5achi eved by passi ng443ild netal oxide
m xture through an extruder. 10 22. The nethod of C aim 21, wherein said
conpres i conposi44{ on particles are dri at a tenperature
r angi ng%ﬁ%gﬁéﬂgﬁ%?% and Iejsjs than 150 C. 23. Thegﬁet hod of C aim 22,
wherein said conpressed netal oxide conposition particles are manuneri zed.
24. The neth C ai , er.ei aid c ressed netal, ,axi conposition
15 particles Qlﬂng\%qurapi fﬁnﬁ{@ B%egqrgﬂgﬁrfgel} ﬁ%%@oﬁgg%@h a%ﬁfsd%.@'smn and
about 20 mm 25. The nethod of Claim19, wherein said conpressed netal
oxi de cchpéaithanoulfdirest sapat thesengcendiionsp Althpeghsths ZnP did gt Fgnayedseen
about 0.5 mm and about 5 nm 30

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

5  temperatures and this test was run at room temperature and still removed H,S.
Example 8.

The present Example relates to the preparation of exemplary metal oxide pellets used
in the removal of sulfur from fluids. The method was initiated by obtaining a sample of black
iron oxide from the Ironrite Products Company, Inc. of St. Louis, Missouri. The black 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 metal 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 1.34% 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 weight. This formed a binder and iron
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WO 112/2.1321 PCT/US111/292G7 (a) form ng conpressed netal oxide
conposition particles fromnetal oxide and a binder mxed to forma netal

oxi de m x{vgr@4ydaer eby said netal oxide m xture i s passed pdiliegBy2a7
conpactor to forma conpressed netal oxide conposition, said S conpressed

net al  0xoxéfle coppesition; wWhich vas thandmeadsdrin thedladpkpeadlsy for Sonimutsss dadaugh ayas
oxi de conposition particles, said particles are then screened so that at
| east 9Q@odiiced thatiwpsslightlyesethad stickyf i nal particle size equal to between
about .l mm and about 200 mm and, {b) passing the fluids over said

conpressed metialiropdxide dSUFER s thet el @itd h«faeﬂag)résb,embm 1Qaus ogeRvel of
the sul fur conmpounds fromthe fluids. WO 02/ 232( PCT/USII1/29217 27. A

met hod fQr i i3S IS A di rim ng
conpr es 3R ISk biek ol SIRPATIER rhidi i pp GE FRN o) i it vl T8,
m xed tg.forma netal axide m xture re said netal .oxide mixture is
ex r fcteOuBsRaY fnel oD ettt B e PR oS Bl by il e

netal oxide 5 conposition is then broken apart to form said conpressed

met al o@dnddhepsionaatsvassauglde d24 kgaprhoyarticles are dried at a
tenperature rangi ng between anbient and |l ess than 150 C, said particles are
mar uneri zed, Asferdxposion,chepelltewehprocsssed ama thasumertizer (madd B3aE€I 90% of sai d
particles have a final particle size equal to between about .1 nam and

about 2@brpdtatié) ChatlBtié, NorfteS&bliga)} With bh 8ireld fHvitdn Flaledudipoat390 epin et al
oxi de conposition particles, thereby causing renoval of the sulfur

compound ot ! Fic bhbjiérercten oW Aribh 2 dmirtarlic Uil 2bof 20Md ifw. A

conpressed netal oxide conposition r I'ng contam nants from fl uids,

wher.gei n id.c [.eSS tal ,0xi siti.on. i Tl S@S .. at | east
one ;SR T S B R S s £ 28R RSP Bl
consisting of periodic tahle row 4, 5 6, and_ 7 s, with x equal to
bet ween Massletgryingd t%%ahwpgﬁﬁadta&%%a th?lt?Bu"érEéE& hydrated forns of
said netal oxide; (b) an organic binder to formnetal oxide conposition
particl dsxamplePei n said netal oxide conposition can retain an average
anount of contam nant equal to at | east

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

formation was as follows:
15 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

20 pellets were of the following composition:
Component % By Weight
Iron 89
Cellulose 5
Water 6
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10% by wei ght of said netal oxide conposition; and, (c) an activator of
said netal oxide, with said activator selected fromthe 10 group consisting

of anountwoafgsmper oxide, silver oxide, gold oxide, platpdwiiRmribHe,
cadm mm oxi de, nickel oxide, palladium oxide, |ead oxide, nercury oxide,

tin oxide, cdbupitherihgsbesrahigunand desaribed a mathadigletingteithe uspaf exsnmIrsrsdi ons
t hereof; whereby the netal oxide, organic binder, and activator are m xed
t o f or mmaetatetxide compmbsitivng ferrremoziag domemalantsxfrate flwids andea method fpr mslseg

t hrough a conpactor to form said conpressed netal 15 oxide conposition

whi ch | suél edigpresea nietdloxidy dBnfRBRIoRS WRIEH TRIfilll alotke dBje68MAA SitdnGiEepar ti cl es,
at least 90% of said particles having a final particle size of between

about J-souf ogegiqgﬁes dipdrefiifo thicke s 4GRS RbWever, thhtTaddy dpigds, 20 4

conpressed” net a nposition tor renoving contam nant’s om fl uids,

wherein said netal..o0xj.de co sition js conprises; . at | east .on t al
oxi 48 of RLTRoR RN AR Rpchisce o fhaieafyns Fothe hhed sanbRied iRANG o
periodic table row 4, 5, 6, and 7 netals, with x equal tqQ between 1 5 and
3, and yPxidframpositias ardmethods are pogsibierandrakiosich ghanges vadaionsnet al  oxi de:
(b) an organic binder to forma netal oxide particle, wherein said netal

oxi de congbféations, andtherus¢srandrapplicatiagewhich dnmobflepavifremithespiritegdsoneo  at

| east 10% by wei ght of said conpressed netal oxide conposition; and, (c) an
act i vat of tigf inséitidnrieé déentod tdde covérbd build invdntiva whictsie liddtedcbnly bytiiehe 10
group consi sting of anounts of copper oxide, silver oxide, gold oxide,

pl ati nuaxk ddiciERUBKUM oxi de, nickel oxide, palladium oxide, |ead oxide,
mercury oxl de, tin oxide, cobalt oxide, manganese oxide, al um num oxi de,
and conbi nati ons thereof; whereby the netal oxide, organic binder, and
activator are mxed to fonn a netal oxide m xture, said netal oxide m xture
is conpressed through an extruder to formsaid conpressed netal 15 oxide
conposition, which is broken apart to fornz conpressed netal oxide
conposition particles having a final particle size of between about 0.1 mm
and about 200 mm said conpressed netal oxide conposition particles are
dried at a tenperature rangi ng between anbi ent and | ess than 150 C, said
particles are marunerized, said particles are
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t hen screened, so that at |east 90% of said particles have a final particle
size equal to 20 between about .1 nmm and about 200 mm 34 WO 1121 2-132G
PCT/ USI | Wo2B23732¢30. A net hod for forni ng conpressed net alpcaide29267
conposition particles capable of holding an anbunt of contam nant equal to
at |east 10%Wpatigrlgieeds: sai d conpressed metal oxide conposition
particles, said nethod conprising: (a) mxing an anmount of netal oxide

havi ng a partl.cl e Aicmpressgd methle bxide ncompdsitioni fororesoving toMtamimantsn froend of
the forniula MexOy with an anmount of binder to forma netal oxide m xture,

wher ei n fVRdd, 8aid @bRptRskdl theral dbide an‘ipﬂaﬂibﬁ%h@h'sﬁhg: of periodic table row 4,
5 6, or 7 metals, X is equal to between 1 and and y is equal to between

1 and 4 and hydrated f opqg, BasPbnc kel SR8 be f@ﬁPuﬁ’Ma(dyb)Nitﬁ%Prs@l%@tE&‘@oﬁﬁi d

nmetal oxide mxture to pI‘O uce conpressed tal oxi COITpOSItI on

articles, at,|east 90% rticles havin nal . part.i,cle s
-gqual5 to bet \ﬁb%ﬁm&}?oﬁ?nmf afaﬂ?li‘g@ ﬁlezr&y %’uh 8 Rlotabl Wil equalz?o
.A9E. AL A& A& A . AL. A9. A& A . A9. AL. A9. AL. A& A A9 AXL
{L. A1 & A9. ANetween. lngnd Aaandayiganal tadeiecendsand 4 ang élysiratqdn@)rmg of spig mefal =y
| wmhc”YT] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] c”a] ca] ca]
ca] ca] ca] ca Uxideapodia U] c”a]c”a U c”aV]caU)ca E y
) <] u4DQ' 6] wgl gb] X] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] cabya] cal eadani] dalded] oadran]comprdieed metal oxide composition
x5"t/ 9MRU 0%6| wr mhc”™Y] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]
calcal] calca a a BHGP % 980
&&] &&]& d] ] I{ g ; %scq;l?ﬁi #%ﬁ]ﬁaiuggb%abggh@a&?g %géegﬁngf%l Coajxﬁ%ea]c%rg] ca] caL/J]{ ca
| Ca] ﬁg)gi]ugi]pc c%as] vln ael & gell p%lltlc?é s%g eq%]aft%]b%%genaah)gﬁg (i%rﬁaand a om'bﬁ%m """
2 223r 33%1} 4405065 wr ca calcal ca ca)] cal ca calcal calca
]‘ca] oo] ool b a6k} CONUEPA MUS) CXigS, bR CF SATE A B GRR ARPRRB 3400
9;: A Dr<<X==>f>>>? 21 ?lwnfalW (]% }]ma ] ca
Ul c*a] ca] ca] da)]lt?a]ma]tc@qwh]tcaf]tcb]lata] ] ] weilapt spicdapempresjedanetd] canifeca] ca
] ca] ca] ca] ca] ca] cali ?n??;
@@+ AAAAARRBBIFOSIlIcRCAEEEEEFTFFGY GG- HH{ vl gb] X] c] ] ca] ca] ca] ca] ca] ca] ca] caU
] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]calc

al HH@ | 1 JqJ J" KKKKAR AAMINENCB PR IR dldh RIVe lfie 1Y hiktelns 8dig gl ¢ cal

ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
S @\ n
caf ] e CRRAREm M AR F R P e 0

N ORI I
:za;:% gg%@@fﬁ%ﬁ@é&% 8gggKhh| Z| i | wmhc”Y]c]]]ca]ca] ca]ca]ca]cal ca] caj ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&]bca] ca] calU].ca] ca]:ca] cal calca] ca cal "iliv
i ~iiiKjjjokkkdl sl 1Thgepmpiessadpied prige spmposition of Claim 1, wherein sa1d er 1s a
qaqq{ vql gb] X] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca) cal ca
] ca] ca] cedteahsalliclacelijlosd comjpoaitionl)] cal] ca! qrpr}rr*sss. ttt 8uuu>vvvSwwoexxxLy
yyyyyyz2z;

zHz| wr | gb\ W cf.ca] cTtad €cthysiadéee ajetal] sxadd ecmpr]tion] sfodiaah g rtdiaksdlbirleedd cal c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! szzR{{ | g| | tw} %-{ ~~QKi or | <HE vql g

Ell]X]ca] Cg?,b&fﬂcg;]% ﬂﬁ?}&?]c @cﬁgﬁsggﬁégzup \ \i\] c] cal'ca] caﬁ%ﬁgg’?gﬁcg]ﬂc

a]J cal] calca

wv] caU] %ﬁ?‘l é‘f{g?ca] cal ca] ca] ca] ca]ca]ca] ca]ca]ca]lca]cald

&4DQHak' 27?M ca cal calcalcalc al cal,ca] ca] ca

ca] ca] ca] ca] ca] 8&“5@}5%&3] @af}ﬂﬁ&{qd@lf]%%qoeﬁ?&\l&m%‘!n ?C]‘ﬁe e§] h L afl o2l

" | vql fa\ Wrhc”Y] c] ca] ca] ca] c*a] ca] ca] c™a] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] cal ca

] ca] c”a]exadetsaieteaied agrod @ﬂ%ﬂ%ﬂ?@@)j’%ﬁ%@a’ Za0J hydrated forms of metal oxi

- DYy . Al xsnid_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] caU]ad]coaibialiond theteod Witlaa equal to between 1 and 3, and b equal to between 1 and 4.

UFL

25 6. The compressed metal oxide composition of Claim 5, wherein said metal

oxide includes an activator of said metal oxide, with said activator selected from the group
27



U c”a] ca] calc”a!l' N
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11. The compressed metal oxide composition of Claim 1, wherein said
compressed metal oxide composition has been extruded to form an extruded metal oxide
20 composition.
12.  The compressed metal oxide composition of Claim 1, wherein said metal
oxide and said binder have been compacted together by a compactor to form a compacted

metal oxide composition.
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10%d () - &10% ()Tﬁelgmﬁeggealzﬁeél oxide composition of Claim 1 wherein said binder

absorbs less than 60% by weight water, has a density greater than 70 gm/L, and an aspect
ratio ranging between 6 and 7.

17.  The compressed metal oxide particle of Claim 1 wherein said metal oxide
particle has a crush strength equal to at least 1 kg.

15 18.  The compressed metal oxide particle of Claim 1 wherein said metal oxide

particle has a crush strength equal to at least 3.5 kg.

19. A method for forming compressed metal oxide composition particles capable
of holding an amount of contaminant equal to at least 10% by weight of said compressed
metal oxide composition particles, said method comprising:

20 (d) mixing an amount of metal oxide having a particle size ranging
between 0.1 microns and 100 microns and of the formula Me,Oy with an amount of
binder to form a metal oxide mixture, wherein Me is selected from the group
consisting of periodic table row 4, 5, 6, or 7 metals, x is equal to between 1 and 3, and
y is equal to between 1 and 4 and hydrated forms of said metal oxide;

25 (b)  compressing said metal oxide mixture to produce a compressed metal

oxide composition;
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particles are dried at a temperature ranging between ambient and less than 150° C.
23.  The method of Claim 22, wherein said compressed metal oxide composition
particles are marumerized.
24.  The method of Claim 19, wherein said compressed metal oxide composition
15 particles have a final particle size ranging between about 0.1 mm and about 20 mm.
25.  The method of Claim 19, wherein said compressed metal oxide composition

particles have a final particle size ranging between about 0.5 mm and about 5 mm.
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and a binder mixed to form a metal oxide mixture, whereby said metal oxide mixture is

extruded to form a compressed metal oxide composition, said compressed metal oxide
5 composition is then broken apart to form said compressed metal oxide composition
patticles, said particles are dried at a temperature ranging between ambient and less than
150° C, said particles are marumerized, said particles are then screened so that at least
90% of said particles have a final particle size equal to between about .1 mm and about
200 mm; and,
10 (b) passing the fluids over said compressed metal oxide composition

particles, thereby causing removal of the sulfur compounds from the fluids.
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metal oxide, organic binder, and activator are mixed to form a metal oxide mixture, said
metal oxide mixture is compressed through a compactor to form said compressed metal
15 oxide composition, which is broken apart to form compressed metal oxide composition
particles, at least 90% of said particles having a final particle size of between about 0.1

min and about 200 mm.
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cobalt oxide, manganese oxide, aluminum oxide, and combinations thereof; whereby the

metal oxide, organic binder, and activator are mixed to form a metal oxide mixture, said
metal oxide mixture is compressed through an extruder to form said compressed metal
15 oxide composition, which is broken apart to form compressed metal oxide composition -
particles having a final particle size of between about 0.1 mm and about 200 mm, said
compressed metal oxide composition particles are dried at a temperature ranging
between ambient and less than 150° C, said particles are marumerized, said particles are
then screened, so that at least 90% of said particles have a final particle size equal to

20 between about .1 mm and about 200 mm.
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