WO 02/ 24326 :18 MAR 2005 PCT/ USOL/ 29267 COMPRESSED METAL OXI DE
COWCOSI TION Field of | nve@i on The present inventi oeI ates to a ?%UQRR Ofo5

conpressed netal oxide composition 5 particle for us n renovi ng
cont am nant sWOi024336i ng sul fur conpounds, fromfluids, and @cmEsbieder or

maki ng such conpressed ‘iﬂ' RS SRS hcm\rdﬁﬂﬁ'fl& ably, the

present invention rel ate vine et -etrzZzet—r+or—oxi de

conposition, with the binder preferably being a water insoluble
conposi tion. 10 Background of | nvenfielhofilnventiofe| | known to use netal

oxi des, particularly iron oxide (Fez Oy) in a reactor bed to renove
contam nants, t \[Be @ISRt ikyenfion retadesgo ahdend espeprasédmbiatoxidecomspdsitiode (
H2S), from fluids, typically gas streanms. Sul fur conpounds are renoved
from fl 8i dyattielsefos usetih egmaving cdaraninams itcwdifaailfr c¥hpsthds ok & fluals) andaeke
gas streanms or other fluids unsal able. Gas that 15 contains too nmuch sul fur

i's known asnetimdrfogmakinASuchloprésbed MGtabR&dd pdk#¥n. @ﬁ)r@@}éferﬂﬁﬁ,&gé ?I:_eg!‘%l]t

industries, it is considered necessary to renove sul fur Conpou

fluids, i nehvediditreliads to aNohresfiBlpese irbh Yids &5@&@1@@%& fisdg: 4 °f

oxygen. (It is known oxygen can increase reactiv tal oxide

conpositio ra&gblﬁ%@ﬁlﬁrg\?eﬁ@iﬁsolub@éox%@s . reason, there is a need for
ur unds

products that renove~©su compo 8m f1uids effici ently and cost
effectively. 20 It is further desired to have a nethod or conposition that
does not require the inclusion of activating agents, such as oxygen.

Unf ort Qatel y, nmost commercially _available iron oxide conpositions (the

nost frequently used metal oxi deBagkgreund of Inventionyi ng sul fur) that operate

at anbient conditions and are generally non-activated, hold an anount of
sul fur equal t oltds weld nowde ysy nvetil ghides) pattivelatlptrah okide IFeD,Jen & BsAPBEHAd ON.
More typically, iron oxide material 25 (like that conpressed in the

present pr toremoye worltiminahts, tppicalyesubiieedinpbandd) ssptiallyBydroBerPdulfide P, )¢ oy

(The percent held is dependent, in part, on the particular species 0f i1ron

e orh e i, S oA s g

known contaminants, which potentially make gas streams or other fluids unsalable. Gas that

15  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.

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 totalv iron oxide composition. Mt-)re typically; iron oxide materi#l

25  (like that compressed in the present process) will hold on average 0.12 lbs of H,S/Ib 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
1



PCT/ US01/ 29267 "the addition of a caustic or oxygen to the feed gas, which
i s dangerous and potentially difficult, especially at high pressures. This
is problematic because approximately 80% of the total netal oxidelgrisRicas
is unused. For whipsndzggson, frequent replacement of the metal oxide is
requi red. Consequently, it is desired to increase the percent BPETWSOghtenf

sul fur hel d byhesiditich afatcabistivairakygni t6 eha e QPG : renoval] on a | evel
that treats up to nillions of cubt%’c feet of %%é“’%@#l‘%%‘a?g%rf’“%?}’ Rgfentially

i ndustrial scdifficaly,esgeaially af [ of, .l ar reactor beds filled
with the iron oxide rrlgegi alyc?r Eig?lgéé;sgt%ﬁ:?%tg?%gﬂg}em ‘?ﬁe@cﬁ@aiaaprpymﬁpwm

iron oxide anthtd k&l dxgde iy thori.llonite or wood chips. In order
to elimnate frequent ch ng@(t)ﬁstsusn,ug% O {is reapon, frgqyeapreploeement o thespetaltoxide

met al oxi de ng . ia that.no. gnger has suitable reactivity with
sul fur) with new net a:?jog)s(?q&gn%&i‘%,°Si?rﬁii§‘b‘néfea$ﬁfhep@ngltlbgamﬁgmobﬁdﬁuﬁélﬂbythe

used. The r r . beds will either be very tall, 10 feet or higher, or
mul tiple ?Zac@g@tg%\%ﬁdﬂm%é’r%"t‘f&d up in succession so that a plurality of

reactor beds wll bg used. Qliyf tge Eeact or beds are too small or few the
met al oxide will ‘ﬁéﬁé?ﬂm onfadevel thahireats wp basAlER ABEHC ?ere?@ﬁ%ﬁ%g{ &{yq)e
I ar 5xXPde

vol umes of 15 gas or other fluids, the netal oxide found int

media will beXYiagusmal seala tipimlly requires derusé of f£ighent.bed.life.so
that frequent changings of the netal or ﬁsronm?fﬁaétﬁgggﬁh%ﬁg er”é’&lﬂ"?‘%d,

| ar ge anount sm@dianepmkluaxH@ﬁc&ﬂbﬁ&mbﬁeﬁﬁqgcﬁ)rﬁﬁ&&gﬁngibé%g%ggﬁgequs for a

coupl e of reasons. First, the amount of su riepiuch pyn

oxi de conposirhémtmotifonited¥y WwaJBdHinse t ot.al i ght of the product used.
In order to increase effici ency,ﬁéi tml&s&eg% e&%%lp?tgggﬂ‘&“ﬁ%gﬁobiso@mfas, thdat

hol ds a goeatrgslaRi<nel eacted.syl fur per pound of total product.
Secondl y, theq?im)unt oﬁﬁg{r?telggr e%‘?ef‘élﬁd’f‘sz:‘g?rﬁhi’én% ngeir hag anitdbhereeatiity Gagt S .

It is desir ve the t.ion to decrease the total area required to
renpve H2S. ?ﬁlf%?ﬁg;ﬂ IWM’B%?P Yifle medigclargesu numetoos thactogbantaes uRAD YAtse Reactor
sulfur with 3 %ﬁ‘g{]ﬂ?a ed amount of netal oxide conposition. 25 One way to
i ncrease the 8 c1der Reveryitall a0 feet or bigheract multipRS s ktork Svill Be Hﬁé[dlg}i}lze or
conpress the netal oxide. The amount of sulfur held by the netal oxide

conposi ti on FYCcossign sthataqmeralitybofibirtc? Bbds WAThdIS0d/ HB%Eactor 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
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. Itis

desired to have the option to decrease the total area required to remove H,S. In other words

1t 1s 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



i ncreased because there~s nore avail able nmetal oxLde in the vessel.

Nor n*a'lly metal oxide Ns/ placed on a carrier, w the carrier corrpﬂiﬁsm%zm,,,

appr oxi r’rﬁY‘éWz“S{f’% by wei ght of the metal oxide conpositpefiuséPiayer sely, a
pel l et 3§ i rised o n unt .of binder_equal to_from about
1% to afggﬁetw@(})&?%dfxv\t%? gﬁtm% a{ﬂ@%&%&&*yfﬁp Fhex‘fea%ei Nommallysmgtal g€idais ¢ he 5
anount s@f r&et al oxi de.ti1 Siag{i“fi cantly increased. The binders that have
been uded L FOPNEHET GRLRICT SOMPTIFIBE appipRimatedy 8% by svdightiofi the mesatent |
bentonite, and simlar conpositions, especially inorganic conpositions.
The pel T%€§ pposition; Coaerselyea pallsins typicadlylsomgibisesi offan\amoant offbindzr equal f er ed
froma problemin that it appears that the efficiencies have been | owered

~and t hde frageabquba%t fovaboyt 200% bjrweipht off thepéllbtiscdanniecAs @86 bEaRAkhe | N
particul ar, the anmount of sulfur held is 10 not significantly 1ncreased

ovess t Immambufncel osidé f8sigrtésitlhinctdiSed AR BHRRA it ive BELAlseR ) fin R ¢ €1 ©
on a carrier. For this reason, prior attenpts to pelletize netal oxide have
been  qumlistifbariffl dxideife@as iMbnle ' Le sul fur.reactivity, in
particul ar, holding -capacity. Tﬁus, Eibt%tloéﬂé;g%g%ga [ COBPYSIHORS LSBT ¢ hat
al | ows ihefoasitbinbd bidi f.the nmetal or iron oxjde particles wthout

| oweri ng the r eagt‘?@‘?‘%sy 'Iglrg pgg?tﬁgcll Bﬁ@ﬁlemﬂe &Pﬁ‘éfﬁesﬂ'?@l hewever,dayg npounds
are re o ticularly, it is necessary to find a binder that
permts 5’1‘%‘1 %‘E gPP@;ﬁ“&éﬂ '{hat lﬁémfafé that ther edhcignpigshave beanpwened and thatthei cul ar ,
H2S, wi Qﬁjt tg& preﬁence of a caustic or the addition of oxygen in sone
form cvity gfjthe;meig] oxidss ias Ree Wecreasedelnl parlicudarntbe atmoont afaslfidreldise i n
re[@vi g% sul fur conmpounds fromfluids. In particular, U S. Patent No. -

4, 132, #8sigpicaRlydgciggsed iouerthe amouROf silfir hekidsy the FAnEspeaies b BeRPd4ig f OF
use in hot coal gas desulfurization. The patent discloses a conposition
conpr i PeHick orrd earrien F o titis reaxdr] eriboAtRehptAE PNz Weid] ok RRTHEAH&yaNd OF gani ¢
bi nders, and a snmall anount of activator. [norganic binders Include

bent onicorsiddtadhnsncceastil bdiatidel oFshd QAR 601 nder s 0.0 ncl ude
starch, nethylcellul ose, and nolasses. T egg%iéﬁﬂg{ﬁsp%ﬁgc\ygargh@@% specific

pr oducta i I ThiRe ¢asIfée i ds. having. t ratyres 25 of at
| east 65%&? Because ofeEt A ghﬂﬁg(?%y% é?ﬁ?%ss%&r f?‘@glﬁfl&rﬁ&‘@g Bf Hgapatal

di ssi pgt @ M : . hat. are fragnent .and porous. Thus, the
or gant o B0 G BekicRE it VBl EhR o BB gl s m

PCT4 US speci f | urpose of holding the pellets together,
initi a%ﬁ&é% "‘Eeh‘§W°H?“L %ﬁ?ﬂ?‘?ﬁc%lya’s? 1§ gecessamtie flnd 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, methyiceﬂulose, and molasses. The
pellets have a very specific product design because they are used in beds having temperatures
25  ofatleast 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
3



greater porosity. Wiile this design is outstanding for use in high
tenperature coal desulfurization processes, it does not provide for AR 2005
sufficient renoval at anbient conditions. As inplied, it has been ob%%rw(/ed Co
t hat inorgani c Wohex3s26decr ease the amount of sulfur 5 renoved by

pelletized rret%ec@d des. Af result, insufficient removal of sBCT/USO1RPET

i kely occur APERese gf h @ﬁgﬂ&m@ﬂetﬁltogeﬂmdiihfﬁamﬁ m%lm{]ﬁgﬂ% ]glo ‘Jt%itnder

are used to biegrgﬁtté{hﬁ?cg pél lets tth:)get her. It should al so be note at P s
previously be 0By tWhile 'Sgksi?gnisdlitﬂdﬁﬁ@m?ﬁgeiﬂﬁgé}ﬂ hle fo

form ng pellets used at anbient conditions, because t gir?l grﬁb“éefﬂ ders
general |y do riissul§irizatiotepriooesses, fidbbsiiot bhtdd¥8s ficient crush strength,
or 10 there is insufficient reactivi ty?) or theSlﬁjsﬂéIHgfre’Pﬂ%allﬁ[ﬁB B! copdifipes a

pel l et that i Atiogtliepriohisttetn ¥8servod MRS . lnvention The present invention
rel ates to bound or conpressed netal o>li<l|¥0 ggnéco%‘g?fg‘?c{) ¢ framayntef sulfud i n

the renovab ofremovddesyi gedBfised f | y sul fur, conpounds, from fluids, and
15 met hods rel at ed theﬂrégto. 'Fﬁigetﬁcogfﬁ‘%?‘e éaeﬁ'hgt‘&F“ﬁ%ﬁ@eﬁm@ﬁﬁ@@suﬁﬁnmﬁnaﬂc&jwl e

wi |l be conprics@f aPimbs f. tal..oxi de equal to at |east 80% by
wei ght of the com;lr es@gﬁ rre%lég%a%%lfxgeon BoRsaehani ivergmiic bindkm areddii td KRk .

t he conpresse | _oxi co sition particles have a crush strengt
equal to at | g@%& %gﬁtger aﬁ&hoﬁgf”gsopb"eﬁoé‘?(gﬂ;&tﬁ has m&ﬁaﬁlﬁﬁéﬂ%@ﬁ&eawbﬁdﬁicat
| east 3.5 Kkg,. The conpressed netal oxide conposition will also retan an
aver age amounp P3PS K acoeptabiefr forming pd‘lh&&ised—&%lﬂi{eﬂ@’%i)&ﬁ#ior%f %he
conpressed netal oxide conposition particle and, nore pretfter aB cf}l,lseé]ﬁe
amount of sul ?’iﬁaméé’ﬂﬁilefstgﬁnmall}'daabtp&%@?or\@qjcg&tthafh&; gnpressed net al
oxi de conﬁﬁsi tion particle. Inportantly, the conpresse et ey gesth, or

conposi ti'ch pHeteiig Insufficient reactivitynothe abes tﬁ@?ﬁ of sulfur than if the
particul ar metal oxide species used to fofrm grsgxgﬁtﬁf é?éﬁ?ﬁ%i%ﬂ%@l‘bﬁbiﬁv&

conposition particle was used in association with a carrier. 25 Generally,
t he conpressed netal oxide conposition particle will be able to hold an

anount of hydrogen sulfide (H2S) ual to at least 0.27 per pound of

conpressed netal oxide 4 WO 02/ 2432&%—"1@1@—er advant ageous because

it will sufficientfy rr%ggtv.e snﬁlfur at tenperatures of less than 200 C and,

even more advant ageotsly.  RrCERABTelates ’@d?‘?@}ll‘ibmmnpﬁdsaimﬁpbﬂaé%ﬁhg}n oxi de
e,

conposition hele wil] be conprised of an anount of 5 netal oxi
preferably i %gt)%c\ll/\egéﬂse‘#m'grq’ﬁ Bmayal qfiegntaménants| preforiblg hefificBRpodRfl, foRipSE" and

The
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

h
crush strength equal to at Jeast 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

oxid iti i
€ composition particle. Importantly, the compressed metal oxide composition particle

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

com . - .
pressed metal oxide composition particle was used in association with a carrier

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

hydrogen suifide (H2S) equal to at least 0.27 per pound of compressed metal oxide
4




nmetal oxide wll have a particle 5| ze rangi ng between about 0.1 m c'rons and
about 100 microns, which n€ans that the metal oxide V\gj be sinilag gtgar 2009
dust, al so knQymassEi nes. y of a variety of netal des which are '
reactive with sul fur conpounds may be used to form the conprR€ga&sdl/eesnl

oxi de conposPuipestipaparticles sThamipressed Reabbiide t&ifpdtRid ' il be 10 of
the formula Me.Oy , with Me selected fromthe group co %lgﬁdwr&“row 4, 5,

6, and 7 MMgm%cXMWM&Qﬂ%@@O% g ?ﬂstc%ﬂg‘??(ﬂ%?bﬁflisﬁto bet ween 1

and 4. It is nmore preferred if the metal oxi a thang00° C

nmanganese oxhdieveRmpRSidvaRtigeddsiy! Hoibi | ..0xi des have been known to
readily react with sulfur c%rrpo(‘:”n S. Ilérg%)‘gnrdﬁo@& ar, iron oxide of the

fornmula Fealb Thé dwth a equal to between 1 and 3, and b
‘equal to between 1 ﬁ%‘ﬁ%%f%ﬁ%{@ Oﬁgﬁ?meﬁ’ﬁb%ﬁ’@@ﬁwlﬁhammmed@éaﬁ amoumtofde
of the feor re.most preferred. Any of a variety of organic

bi nder s m%ga' Sseg’%}gf%ﬁg’pdmtﬂ?@’ HR 05 avieg psmall partisle sizagaidebinde. The eby
formthe COH{% S?ﬁg 015 bound netal oxide conposition particle. The binder
sel ected nus [338 Pl haverApaticle sizeltangingibetween about @, Minidiokd@id bt 4bo
conpounds, and 20 nust al so provide for a bound netal oxide particle having
suffici ent E‘F‘iﬁ%‘?ﬁ,Mr@ansﬂmtﬂsmadmm&@&mb%W%E&&aﬁﬁéﬁo%é&ggt L ko,
as nenti onggf above, and is nore preferably equal to at east 3. %g

such, it haef Bessietyiefimaetaliaxidbs tWhidh &lidadtilcSvidi A8 g{;ﬂn rovide for a
conpr essedaget al oxide conposition particle corr%???lﬁl w%ﬁpatyﬁ’«guﬁ?de@ Am

i nvent i on athe cempressed ntetaTIOR fdeldoRidSsiti hyl cel | ul ose, and m xtures
thereof. Other suitable bi ndersﬁ?ngFﬁ‘ggggéxg‘e#{P%tlpé 8‘@5’&@?#@@6%&@

i nsol ubloe iMmbefosmalaMB/E! i ' wat er insol uhl e cel |l ul ose

conposi tions bei ng the&nﬁ’st t%re sglr@F{éag f{?l"hﬁ'&gg‘?“pﬁﬂﬂﬁlftﬁt&%ﬁrpy,4, bi Gand 7
bentonite, WH&LlsSwitd WO 02/ 24326 PCTI US01/ 29267 |ignosul fanate
may al so be used as bm go(r)géwﬁ{]e ?J‘?‘ﬁ?ié‘flgé’&ﬂu‘ﬁéﬂh%éw1endheltri£mafep1&feﬂ€di n
an anount ;g g%e&%ﬁ%et.v\een 0. 5% and 20% by wei ght of the netal oxide, and,
more preferably, in an AhBomhZCefInanggnese onise compssition chs BisbmetaEbillss Of

t he net al (%i d@ ‘Lge met hod_of the present invention involves conbining the
cel | ul ose, "Whi TP QOVRL readily eepetwigisubfun dempounids. Nt paetidiibir S orPHiBEOf the
particles,

lfand ép%bgugﬂlby n;fxi ng the two constituents. Once the two
const i t uent ¥l 8all be praferradovidss equal fobebdER 193 ' 0. as, to
formt Iil 3t: %%MEO%G%WCCDSI

? and 4. 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

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

strength will be equal to at Jeast 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 thé present invention are starch |

compositions, carboxymethylcellulose, and mixtures thereof. Other suitable binders include

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

compositions being the most preferred binders. Additionally,
5

lignin, bentonite, and



conpressed netal oxide conposition particles. The techni ques used to
conpress the constituents to formthe conpressed netal oxide conposition
particles can be any of a variety of techniques or devices, incldg MAR 2085
extrusi on or eoypRsbicon. Any conpression device or 10 nethod can be used,
as long as tge conpressed netal oxide conposition particles aPETRISIY26%Y
formed and hdgRosy PWQ:méY]tﬂSQbSSBdSaSIbémgtda.Th'E?bedéﬂbinﬁiétadﬁéﬂ/ﬁy%E%é&f%%%einan

extrusion or conpaction to conpress the netal oxide m xture.

const i t uent saBawntisquad & berwreth0.5 UM dDDY, BYveislESf thO a_conpressed al
oxi de conposition. Conversely, the con%ts?(t ufééﬁts caﬁnfe%%g?’aa@ Wpéefeg‘% Y
conpact or t oinfamramaant I ©TeBiediB) i sidd on. conpactor is a 15
I Pl o SERHa Brra i
a

device having at |least two symmetrica ‘opposi te

directions, ther ePhe mEBHPEEHE | . oxj de conposition between them
The use of either an extruder Bgersgﬁa:[%‘(;:% 1%15‘["8!"’61;1&%m thegahietlase, whichlisdbe

particl es whi hcient crush strength and reactivity with

cont ami n an@lﬁggggélﬁlgﬁ’j (y*j"!é‘ﬁtb? B’Fmg B’H'a‘c’) BRrgsles, apg theroughlyamixing theftwo commsicients. OF
extrusion de(\jﬁ%qﬁ g‘?&/ be.used. 20 The conpressed netal oxide conposition
particles may De T OrnEFSHHPYS preanied it is aecessary iactompsess eheahintlte sb b Bfm the
formati on or. may be fornmed and then broken into the desired size. At |east
90% of the COMPFessednetaaxide enmphsitionipadividsi Ghe Phhiqedsaed inthrB@ YR 2 fi nal
particle size equal to between about. 1 mmto about 200 mm It 1S not

possi bl e t o SeBstHUENtYforim tHeeompespsdas sialoxids @mﬁiﬁfgﬁ P%@BQ%L:? pé’{.@nﬁ%ﬁ‘ff d{ji Cle%;s

wi thin thi smfé_ange because the snmaller end of 2 ange w
conpr essed étechniguésche devioPs) schidal Hdusionlof SoMiPiEn G, Rowder .or - fines,
and sonme of these fines will entdehggi nto the ?‘?%Eééﬁ%%réﬁ&g?mpﬁﬁﬁ?%ﬁ%mw t he

final pdOti ahethddl chn®eME&R, 29 PCT/ USOL/ 29267 size is equal to
between about .1 nm and abo%gf(x)@r%%%ﬁég%é%prpgﬁ PABT Prnogitloppagicles gemsudtably

size i s equEbmicd AR8 E@e@&gﬁﬂ t t out 5 nm Preferably, once the
met al oxi de m xtur e11 as ee'{ﬁ)ﬂ{ccg}srgrsgén%%% ?Eﬁcqr%enb%mnalﬁmwmsmn@s to form

conpr essed [ onposition particles of the desired size. The

smal l er fi ngﬁﬁl gié?“t%ﬁ?d‘gmé?‘% ﬁ@F&égg'éepmcomum@gm pastedl tideughit h
the conpregsed t@l oxi de co%siti on particles are able to absorb. The

br oken apar Xtr%dcﬁﬂg} EB 8fomprespedonetgeoxidmpagiosition. (Canveredly; ShédhstifiBils can be

processed th{ou h a screener for granular classification to ensure at

| east 90% oP “P‘Hgmﬁefpmpewestorfam aichmpossddanstalbdidd @hfposition. A compactor is a

15

bt o

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



size. Any oversize particles are discharged into a hanmer m |1, and then

sent back to the screener. The fines, neanwhile, are recycled back into a
batch of the conpressed netal oxide conposition. Conpressed netal o;bq,q;c\R 2005
conposition particles for renoving sul fur conpounds fromfluids, the

conpressed ne i conposi tion particles conprising; er that
n&@;pﬁ@g?@g, "BeTioikdgtd

conprises a hydrated forns of the netal oXide,
conbi nati ons thereof, wherein the netal oxide has a formula of MXOy,

with Me being selected fromthe group consisting of periodic table row
4,5,6, and Sizqistednal to ketyeem gbaiit Wwaahand aheyt 20 man Morepaciagbbethtdirl 1 and 4,

and wherein é%ﬁ%%@??ﬁﬁ{%uﬁﬂ%%{fe%ﬁ;aﬁé%t')'gm“%%’upg “ﬁﬁi ght of the conpressed

nmet al oxi de particles an organic nder for binding the
powder in the forPafirailiencehermaskbakidemixatredias deencomposssed, atnis peokieh apas ;

(c) a particle size distribution wherein at, |east. about 90% of .th
conpr essed n¥ 3|10 SXTHEPTBRIREGE ISt X psigrcomprsition Rticlss of thedesity '&Hﬁt are

bet ween aboéfﬁalﬁ:}; kggl{%ame abe ?%k{%@%tt ea@ﬁ'ﬁ{ df Bl dRRBeRRIHE Which ﬁl{l@t ain an

aver age anmount o ur equa st 10% of © their weight. A nmethod

for form ng compessdettatekale coxipdsition ppoisics arrabpatotabsdrbsTlicbrokereapavti ng

sul fur compounds fromfluids that .are able to retain an average anou of
sul fur equal cqnapréﬁsegg}%a[l OXHiGCFPOHEPT p@@?%ﬁf’r,e %ﬂép%?sﬁﬁch&ﬁ%’r% Sé’fei‘?ﬂ?rr}t‘?r 16
MAR 2005 VO B23h 4B 8ssi RafioVRIs8R%8 Teab@®I0N bR iR PartIAMHAVE theQoretavites Wit h

an anount of "a binder to forma mxture, wheréin the powder conprises a
met al oxi de, sibgdymtavdrsizerpastiadés arh displearggd intsxd lammer mibabd theniseridackr eof

wherein th |_oxi f ormul a_of - with | Lect ed
From the. or ollh "HSAG s oo TpuRIHY BepspielioTat ed el RrtR A EF

bei ng bet weemethl 8xide 3ompddtion.bei ng between 1 and 4, wherein the powder has
particle sizes that are between about 0.1 mcroneters and about 100
m cronmeters, and wherein the amount of the powder is at |east 80% by wei ght

of 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 consistiﬁg 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:




the m xture; (b) conpressing the m xture to produce a conpressed net al

oxi de conposition; (c) breaking apart the conpressed netal oxide MAR 2005
conposition to produce conpressed nmetal oxide composition particl eé;S and
I(d) screening the conpressed netal oxide conposition particles so that at
east 90% of _the particles have a final particle size i ween about
0.1 mm and %9&29%66mn The present invention is ad%?ﬁ?‘;%@%@ or a

nunber of reasons. In particular, the conpressed netal oxide conposition
particles allow for a product that can be used in a reactor bed, whereby

t he product reacts wa)mixingaeameuntaiepowder withhh amownt afladtinder ¢y oamey

anmount of sulfur.is found ip the.reactaor bed., Thi.g IS .desifa e a
| esser amount ’BW‘H\?_EWE‘FF‘“S‘B%B%‘Y%%{r‘?oﬂ’gnﬁ?eacfngtﬁho’f@wd?a Y ct%’ori g%tgggl%&
change- out s ar eyyig4) ¢k E&bindtiéhsthérBof, Vhefelifthd aididl Oxf Hal a d6tviaili afleeLG,,
because it allows for increased use of the total nmaterial. The gresent

i nvent i ondi s al with Mp/kaingspiestes fvem dhesgropp censibing ©f perdagi tahle ew4,26i andd
conpressed mnet i d it i . f g
conpr eased el 2 ne S GATIRBICTaRE, bhE | BEEARREn E n Le

sui tabl e for copovede had parti€le sizegithakre BRWeenabaut Okinmidometetseinid zbdutri®dal
oxi de conpositions. Brief Description of the Draw ngs Fig. 1 descri bFs
81 ng

removal of var i Birsomelers,nd-whersinihe ampwhof the Rayuies 19 9t deasigB0% by ausrght

pelletized i ro”th@fﬁi?&;é’“ th neasurenents taken, initially, at 6 hours, 14
hours, and 22 hours; 78 WD 02/24326 1 6 MAR 2005 PCTI USO /29267 Fig. 2
shows the results of(bpcahpeskigiht atigtuad wprodieefacompneseed mstal atidpl ayi ng t he
efforts of particle size of the conpressed netal oxide conposition on
removal of H2S,COBPOFHAN; conpositon; Fig. 3 describes the sane thing as

Fig. 1, except a zing)gxhidfig GRIPRR chnBRsY@imbtSEekidOcompdsRITAUE ptdiics Ul T ur

conpounds;
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.

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;

Ta



Fig. 4 is a graph which relates three flowrates to a k (Bran's) constant
versus I bs. of H2S on an oxide bed; Fig. 5 describes the sane thing as i
Fig. 3, except it_conpares three different types of iron oxide; 108#@? 2®5
descri bes the san!ot“?(?ﬂ@ as Fig. 3, except it relates to a different type

of iron oxide; Fig. ¥ a_conpari son between non- pel | et i ZEA/4S0b267
oxi de and two typgs §%£b§g+‘?%@l%fﬁs&ftf gg?]“ﬁ‘?@%!abmpwf@ﬁ}:;h&tteﬂ -laé'inﬁhe'
el"at’e 0

related to the W%CITIZS on %he oxi de bed; and, 15 Fig. 8 r
the same thing as in FlgC 6280 B Eompregssamaatel oxiderce pBiifib e iimd %P8,
. . . . . . . O Bythe
pelletized i ron.o |od§. Detail ed Description The present invention re e
to a bound or corrﬁ?é‘ 24 netal oxide conposition 20 particle, a nethod for

maki ng such a particle, and a nmethod of using such a particle to renove

contani nants, pref er88i 3 desaribesrthe snmotit@ss Fig QMuf ki The conpressed
metal oxide _conposition particle is preferably a. oadrr%?%%’gg%lc‘?q‘ 100m; Wias used to

conposition %ar{qﬂ@V@thehaHmia)mmhhds;sui ted for renoving sul fur conpounds,
such as H2S, from fluids. The conpressed netal oxide conposition particle

advant ageousl y r et aiHig. 4ais @lgRhahhigi R f the sul fur conpounds 25 than
other netal oxide conpositions. The %érrspt&eeg F TREE 40 2 k¥ Brea’ s oonmtsit Verews 163D f

retain an averHgonamyiide yofi. sul fur equal to at least 10% and preferably
30% by weight of the 8 1 6 MAR 265 WD 02/ 24326 PCT/ USQOL /29267 conpressed

met al oxi de conposi g icle. The conpressed netal oxide conposition
will sufficiently rer%?edgg‘fﬁblgﬂh‘egﬁmﬁg%&ﬁmesloicebEissomﬁags @%}Qjﬁ-é}gn“gﬁ%r ¢
any pressure. i%groﬁid@-r eferably, the conpressed netal oxide conposition 1°
sufficiently renove sulfur at anbient conditions. A conpactor or extruder

is used tolbormthe cggpre_ssed nmet al oxi de conposition, which is conprised

of at |east one methis BEpssabestlie sambthirteds. Fig e ol g be..a. starch
conposition, carboxynethylcellul ose, and (é:-or’mi rfgt?ger%%%earcgﬁfr.en@@fp? abiren

bi nders al so i A%M%de cel | ul ose conpositions. Water insoluble cellul ose
conpositions are the preferred binder. The conpressed netal oxide

Fig. 7 discloses a comparison between non-pelletized iron oxide and two types of

pellet;zed Iron oxide, whereby outlet H,S is related to the pounds of H,S on the oxide bed:
and, | |

15 Fi thi in Fi
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 meta] 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 we]]

suited for removing sulfur compounds, such as H,S, from fluids. The compressed met#l

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

25

than oth, i iti
er 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




conposition can then be sized to a final particle size equal to between
about. 1 mmand about 200 mm The final particle size is preferably equal
to between about. 1 mmand about 20 nm More preferably, the final :
particle size is equal to between about .5 mm and about 5 mm Thej M%&“%

is initiated m Xi nqgman amount of netal oxide with an anount_ of binder
to forma hono§BABtE2het al oxide mixture. Any method of mi xi n§EAEOVZE67

constituents can be used, as long as the constituents are thoroughly m xed
and a honobgenous binder/netal oxide mxture is fornmed. It is preferred to
add the binder to the netal oxide in an amount equal to from about 0.5%to

about 20% by cembepetedahethisxidedomhpositivon@artiod Mhe Ro@pREMA iictall dkeddXd itiofi
added to the netal_ oxide in an_anount equal to between 0.5% and 5% by

wei ght of t hailhsuificienily gemovesplfyr atfemperabirgs offlessthan 209%¢C @ad uadgs aB¥ used i n
% . ! ) . . VX0
the present ?Feée L) Meae %fgﬁqab? fhe legless%in%ﬁ% oQﬁE'cE}@ﬂoSé{oﬁ gﬁl £@§g@g4éﬁ’¥ Oy

wher eby Me i ecte e gro consisting of "perrodic ow 4,
5, 6, and 7 mehedessulfur atrambianeahditionsd @t sumgpactbr anektfider Bnded toefgtialthd o
between 1 and 4. More preferably, the nptal oxide is_selected fromthe
group consi sCPRpresteda ek Pxids RomaRtIonaWhIch in ETHRHES RS2t IFAS eBF metal pHdganb ng

equal to  beLwagdr TiHinder cﬁ{'g%ﬁ) st@ﬂ:ﬂg:bmﬁ)gsiﬁgﬁ,‘)’(éiﬁgigx%rg%glcélluﬁsé g??:hydr at ed

forms of the netal oxide nmay be use ron o sitions eaCb) are
t he nost pr ecembmdtions thereof Sdiable bimdens sibsoiincludecgbinbse ndmpositiortsi Water

Preferably, the un tal oxi.de particle wi|l. include Fe304. This., .
conpos, Li on ISOLBIBHPSS SomBeng A e pirTerted Hngetabe Sepiasseqiseal pvide 6
PCTI US01/ 292@dmpodHiét kan theb@xiéleto 22ieh ?_ﬁnis,lécsthe b AGK bbtwen ABSHES mf &nd
preferred for use in the present invention. The netal oxide will have a

particl e sizebew2§0 mymbEheerah patbigletsiap, ig preferallisqaaldo befwsen al®o. inor ars  and,

nore preferal el we about 1. -cr.ans. and 50 m crons. AsS h, the
npr obessed. APSit A ERd-EpRa o ne FRAHRRI R Bthl R Bp e ol FPBbLcy
will be finafadakdutisimmowder form Thus, a uniform body or bound particle

will be formed froma granular or fine material. Also, the particles are
pref erabl y por ous The matkad is fnitjated by puking s @mognt of metal oxide with an amount of

binder to form a homogenous metal oxide mixture. Any method of mixing the two
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,O,, 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,Oy) are the most preferred metal oxides
for use in the present invention. Preferably, the bound metal oxide particle will include

Fe;304. This composition is commonly sold under the name




have at | east 25 tinmes nore surface area than other non-porous particles
such as solid particles of the sane size. These are believed to be desi rg@l
characteristic 10 The binder that is mixed with the metal oxide sAGMER &S
of a -suffici enqu)?%f’%g strength so as to forma netal oxide rtiﬂg}zg%é[hat
W Il have a ctbladk ifdn’ St l.east. 1 kg and preferably, 3 ,
measured by a Kohllﬁr?ar dners%gatfa%gic ’rﬁ O%W‘}CSS"FR)EHG et dothisadethe pré¥e@r t @
sufficient cri%gh@hrength, but it should be such that it does not inpact

the reactivity of the netal oxide particles with sulfur. It is

hypot hesi zed t hat fhe hinder should be such that 15 it allows for the
conpressed netal oxI°Ject Wil hatie p petticlel sés ruegifab@ws B 0ROH 9 Hhitns Ud
transfer Capg’gif’ll}ﬂilt@é’gmvw ch gl | ows reasonable use of the interiofr ors &
particle. Re NCEORS ands inmate presérably ChebbéAbLINE] met al oxi de
conpositi gn particle to retain an anount of sul?ﬁl}gﬁ@&éﬁé%@dsé)tm’lcgﬁ’ét ﬁfO%

by wei ght >of Sbele theamprasessed orawpmefabsabé Ysedds . 30% by wei.ght of the
particle. The binder can be added to a et al o‘i&ﬁﬂgé?’% e © rgdugt wilh be

bet ween 20 0.1B%s,anih @0deb orme i THYE, Lfnik tal. oxi.de, and, nore preferably,
in an amount equal to between 0. 5% ar?%%%%ér ﬂi’f’"l?&‘l’ﬂ’eb%ﬂawﬁmhde.

The "bi nder sigemlir befisdsabeliRatalkd o S..Lelatively water insoluble. It is
necessary to prevent substeant i%%é’é%es%%é‘ﬁ?ﬁ Bt Prsferaliis ppiows e thay theyvatedbelieved to

because the Rafd4 ically used in a noist environnent. If water
does di ssol ve tdrtlgéagtfzrﬁgrﬁ?st%ﬁrg sBﬁ?%%?@Q%%ermmOmlﬁamm%ag@ sofig the

bi nder wi || ?8“}5‘%99% work.. Thus, a 25 water insoluble binder that does not
degrade due to the pres®nt¥zofIigse ate believegtebedeshdd ciiiacterpica vari ety of

bi nders f{tting this ,déescriptipn can be used; however, it is nost preferred
to use 10 16 MAR Bihin "N 512K ORRE IS0 13O AL O LA Gt TET, £ N
is nore preferably a water insol uble cellul ose conposition. i

preferred i fSUCRgthea s tA form apnetalanide partidMetharl g [ article_cqnpositi on
is equal to, or less than, 15% Themg?ef erredi%alqlﬁ glﬁwl Sﬁan%f’g?ﬂ?q%bk&ble

cel l ul ose, dndprefenabiyas.sigrid heguea vyl 5.bi nd conprised of nearly
100% wat er insol uble cellulose is m)blg’t %ﬁ?ﬁ??&ﬁ“ﬁeﬂf &‘melﬂﬁé‘lehﬁmﬂder
absor bs Iesémpmsﬁ@f&egycmg{% r. n.aspect ratio of between 6 and 7
is preferred. A density of gr eagtg?&?ﬁ%ﬂ{%%ﬂﬁrﬁlﬁh?bé“ﬁﬂwwmpacfﬁmrmtibitgzl e

si ze of the oftHdREtal ob . between 32 mcrons and 200 m crons. An
exanpl e of a suitable ¢ n?r%grlm gﬁ?}’%ﬁv ilf Bypothesizadithat the biHEHYGER Hd kudR that

manuf acysir egk Mhwl ose . Filler Factory Corp.,
6 tgglxlr%ressed 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

o .
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

Wwater insoluble binder that does not degrade due to the presence of water, is preferred. Any

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



iO Chestertown, Maryland. In addition to the netal oxide used to formthe

conpressed netal oxide nposition particle, an ampunt of activator ,of :
nmet al* oxi de can be add to the m xture. The addi n of _the ?C%J7vat1cfr Mf@ 2005,
i nt endedWm02/H8Iecase the reactivity of the conpressed met Gl URRE7 . i

COMPOS| Ll QR aniBBuldkP4ns; #bro RREAMIY b Sl R insoltibhd coliaiseodiifoshidnl lIcke Lo mor e

readily ur conmpounds. 15 Anong the avail able activators are

copper oxi.de,..silv oxi de ol.d oxi . | e eﬁlﬁﬁl i i de,
ni ckel B‘S‘?k‘ﬂ?d %@FF@M%%%%%?@%%@%‘%%E&&%?%%@ e, 't {ng’ggllegge(, cobal t
oxi de, al umi num oxi de, manganese oxi de, and conbinations thereof. It is

nost prmsrlr%/e}, however, to use a copper oxide, as this has been known to
nost readily increase the reactivity of a metal oxide w.thqut the ready

formati on of Theprsfeieddindsrisaumeter ingaluble erliudgser modifediceivRE
Protection Agency. It should be noted that when the netal oxide used is
mangsinebiadencotigpristdef meatly 180%rwatér ihsobiblewsllubose is mpst preferred, Areferabbhdie t han
manganese oxi de. The activator should be added in an anpunt equal to from

about Opidef 4bsaide Wss Bitin 6V &} whight witert P aspeciiraticofitetweambomidtZion used to
formthe bound netal oxide particle. Once the netal oxide m xture has been

m xed, pRferdl A afhsitfBf Heglatiin6 AR R6RA. Pho patidiosian bhiho biier essed

nmet al oxiI de conposit Conpression can be achieved in a variety of ways,
as |long _as.conpresse ] . d i t he
compos Rt BB S oS s o g L S b oy et or
or an extr, r..sp as resse i L1 ~ ANy Of
o vari ceyalipiehines T ECEN e s of e CLfost FIRE Fhb Corp Y
nmetal oxide conposition, as long as sufficient reactivity with sulfur is
mai Afai Shesteiomn,tMaryl8dt i cl es  Produced t herefrom have sufficient crush
strength. Conpressed netal oxide conposition 5 Particles having the desired
final parti clieadditien tothe metabpridesed to formcthe gompressed mskal oxifls cogPosiiepact or .
The desired final particle size is equal to between about. | nm and about
200  nMpafticty, ah albynt df aetifatoraif npetal biide earsbeaided tdibe misirea sHhetadditiompfand 20 -
mm NMore preferably, the final particle size is equal to between about.S

nun and tRPsuilvater isliREhde toligaedse Bd%eativityof the compressddnatdtoxideaoigpesition
conposition particles will be in these ranges. it is not possible to 10

have 10Qu4:0de H@%&lﬁ&?@ﬂp&uk@thg RErtRIRAL B Adily RAGSVIEEAANS EotapourdsEl |
end of e range
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% fo 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




i nclude sonme particles sized to the |level of powder, or fines, sone of
which will end up in the final product. If conpressed netal oxide
conposition par&{)cl es having the desired final particle size are p1 BNMARYL
by the device, 03260t necessary to break them apart or scr e\%&ﬁ them It

is believed taaby itions will result in a particle ha?CilgS01/29267

suf fici ent reactié\/tiiqu ?& %gar?:nrﬁi@wd@tﬁoéﬁ@! bml%rﬁfxﬁiréd&éd’me&?wﬁ?gr t he.
conpressed nejg 09@% e cog&?siti on is in large pieces once 1 5%%%&1%.
through the compact o ¥ © Vi“i?éndmbﬂmodsscmhﬁmsbdﬂi{v%}nﬁﬁ%ﬁ}e into conpressed
metal oxide gcomposition particles of the desired partl & “Qipeessedimetalnxide
met hods in thé G{PQPTVIPQBaSwOMﬂ@WWﬁh%%meX ruded material can
be used. As Sﬁg&ce&r&; q(ég)npressed metal oxi de 20 conposiIiEnand the particles a
crush strengt Usredrpm hanet safficien b i cle size equal to between about
| mm and gbout 200 mm Preferably, thﬁ%‘%\égg{hﬁ)a VRRessed megal akide cimpedticy]  t O

bet ween bomnaftidwhaaingﬂaﬂ&msired@ndighm- re preferably, the final particle
size will be equal to between abolt !}'/Es?ﬁ%cﬁﬂ e&ﬁlﬁHﬁe@MIyﬁpm&mﬁhﬁﬁr

particle si zeompadibve Thierdkirdar .allows the metal oxide, which is
present in the particles, l{ég@%gﬁ%hafﬁﬁewwmnammnﬁiaﬁm&@ S,

t hus, 1 ncreasimgpi f H2S renoved. Note that the crush strength of
the 12 Af / rWO oeg%t%g%g%%gﬁ@g%ﬁwemabdmllezﬁm/viddlzoqﬁmdq@ lJéder}l on
a variety of ﬂfee}ﬁfa?ﬁ%ﬁcﬂgm' udi ng noi sture content, starch concentr&lT oA
and particle size.  Besh Jé&1 de brtgemabean t3 met £ B §BLA! @;éi ?g gnd_the
bi nder, ot he{ ng;?re [3(?559 forms may be used. Anpbng the aval'l‘% 4 Qﬁ’mfé@sed
forns are peq £°5e¢ Bg P@ﬁewspdﬁﬁmam&esrﬁhhﬁq?tﬂeisgped rig‘%s, ri n%s,
spher es,loangtéarextrblosi ons. Any net hod can be used for coar%?seé gt pessibieetpal
oxi de toget ht¥edB ﬁ%@@mcdmrmmapﬁ%ﬁgé% 8d,and it can be used in a
reaction bed. It is further desired to form pd%tleg“l"gg ¢ Salleand of thesramgal will

addi ng net almﬂkd%@mmimledsmeatéﬂﬁ%' essel because, for sufficient
reactivity to occur, there nust be s‘}ggél%alw(f i?’f@%spr@a@fmmwmeh@%mg}e

fluid to padinal prodaer If cheh b@d% allow for a sufficient flow rate. Wen
the conpressed netal oxi dgwf:&onpoéklg{?’%#‘i°§nH°6Wﬁéd>atﬁpleahaVin§mesﬂréd be

necessary t particle dizaGrd or rticles so as to reduce noisture. Any
process for drying canﬂoggéeﬁsbgé],’g%é"qeo%gs%nmswtdlbrehlﬁﬁleﬂaa‘bﬁrt%r IR

wat er cont etlen? it istifieddddfa: 102 bg'n wei ght and,

cse conditions will result in a particle having sufficient reactivity
15 and crush strength.

Preferabl
Y, however, the compressed metal oxide composition is in large pieces once

forming pell i
g pellets out of extruded materia] can be used. Ag such, the compressed meta] oxide

20 composition wil] 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 .
ut.5 mm and about 5 mm. The smaller particle size of the fina] product allows

the metal oxi ich i i i
de, which is present in the particles, to react with an increased amount of the

25

1S, . .
2S, thus, Increasing the amount of H,S removed. Note that the crush strength of the

12




nmore preferably, less than 3% by weight. The terrper6a\ture used to dry the
particl esyifigw shbe 15 any tenperature that will nbt)breakdown or 48 MAR 2005
i nci nerate.tl e binder, and which does not oxidize the ”Ef’@fm%'/z?fh

Pr ef er abParticlesteill lendepesdent §pol d ¢ dAQ..Cor | ess, and, nore preferably,
the tenmperature will be 9@’0 orar{eg’ss. qHeTSs léwi‘f JLoyslyrercontent; stareh pel | et s
to maxi MQeeﬂulaﬁo,grauggar@]ersg%gth. Dryers that nay be used include a rotary
dryer or belt dryer. The rotary dryer is 20 preferred. After drying, it is
preferred to g@y, ' the c ressed netal oxide conposition particles,
formed by extrus#%ﬁ&géa%tuﬁgr © stahaxido andithe daster, oieer bampResa and

. abr asi ory, mgggesurﬁdé% t he percentage of fines in the treated conpressed
metal oxide Conpositi oynongihe awa@evampesgedd‘brmﬂﬁﬁlétsz,%{ﬁe%s@sused in

t he @re%%gt i%\égyt.i on.. Rotary drying may 25 elimnate the né or’ a

mar uirer 78S TI0bed §{pgs, Hipgs, splreasaiDexdiSiahs 1 6 MAR 2005 PCT/ USO1/ 29267

After the coggressed met al oxi de conposition particles are formed by

br eaki ng apafinymthasioraprbe sisediforesm@bressis Qﬁyim el the particles are
processed through a screener for gr anu%jgf C agg#it%%%ﬁ? & FamIsRIs

parti cl 8etraquired] mdhaca;ﬂsbdseﬂﬁl@relaé’tmedmgﬂi% ndd% hen returned tottlhe y
a @ﬂﬁ}ﬂ ﬁ?@g&mm al oxide

screener. The fines are recycled into a ( Cot .

beon Formed. they ot ARRERE IR |2 reaticn spsol besuse, 65 snicaat b
el ude gan 8t et et BlsE B 3L it e esaeer to aliow tho i o pRseslrowycerl L0
10 Ty e e AP A Sl DA Fid U compounds ¢ hat can be- removed asi ng

t he present ttzllp oxi de particles are hydrogen sulfide (H2S), carbonyl
sul fi de (coéﬂvgg‘l: SBRPERsEd| metaleoxidecDRiposiBlon ey faythedsy é;!n%%ioﬁaﬁ}’ﬁ}a and

c
nercaptqasg?sségps#é&ya& I\/Eﬁ hyl Mercaptan (MeSH), Ethyl ~ Mercaptan %’I?t SH), and
Pr opy| (tPe Brllaty or patticddsaolad tdRAGE Bistuf@t Add niSek kel y. that ot her
contaninants found in fluids, especially hydrgcar'b%ﬁr#%ﬂgg?ssé%f gC&moved by

t he e used, as long as the particles have a total water content of less than 10% by weight and

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

15 i inci
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 necessary to dry the pellets to maximize the crush

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

er 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 met#l 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.

13




15 conpressed netal oxide particles. These sul fur conmpounds can be renoved
under anbient conditions. Mrre particularly, sulfur conpounds can be 2005 -
renoved when t@g tenperature is equal to, or less than, 70 C, with AGOMAR o
bei ng the highe ? 0% rature. Any pressure can be used, w th _anbi ent

pressure preferredAfddietd, I the fluid streamcan be pass&§TaSer2%6m
conpressed netal oxide gorrg%g%sf%/dc}ﬂetgla‘?"t“?ed}oé@oamoapaﬂichasbteyfoﬁﬂé@ﬁy15,?&]3{1 art
| east 0.6 feetheREh F&S&hﬁ%‘ﬁ i.n gases, and 0.1 feet per mnute for |qu$%lps.
The conpressed met al o oxi Hg ?iﬂ%%qmno&ﬂomepmﬁeksawpré&kﬁh@m%g %gra e
anount of su%jahm eclual tg at least 10% and preferably 30% %ﬁa r&%ﬁrf?ff
the conpressed netaf aﬁléi"c&@n-c@ﬁ?wsdspardciwa@tdﬁgéhﬁﬁed ﬁWagﬂxﬁeran' 2S. hol di ng
capacity equgrlg to att tégisaSt 0. 27 pounds of H2S peéer pound 0O CIB'HEP%%%H
metal oxi de JEHERG teithmscrrenen. Thedinedbsec g ihet xi.de particles 25
shoul d haye a densjty rangi ng between 1.(¥Ean&ﬁ?a§m r°5%ﬁ ressed rmgtal oydde
concl uded°t hf®MpRattiosonpr essed netal oxi de conposition particles have
i ncreased sul fur holding capacity. 14 WD 02/ 24326 16 )A F, 2005.
PCT/ USQL/ 29267  TH2nckthd cotpressti /Y re for.illustrative purposes only
and are not neant to limt Ijtirhe cl gﬁﬁﬁﬁgcww.P%M&é@b&nﬁxmm they. A
test was condhailéde bRcsrin ] he,effectiveness of extruded pelletized
iron oxide in rem)gi ng s&ﬁr%ér}&s‘%)egs(ﬁl %%a%BﬁF&W@%dwmiﬂwswhmM%ﬂu
sul fide, car b&ﬂ%{d,mﬂg.l frhgﬁ d rregca?t ans, and possibly carbon disulfide. e
test was initiated by packing” “E"qdﬁcBHS,Blﬂumandcmirbiﬁﬂiouﬁfﬂuei@ofﬁhltismos
appr oxi mat el .. r%‘%tgounds, approxi mately 10 inches, of pelletized iron
10 oxi de ned' a. e ir?lﬂﬂvecﬁ?%@%qued%ﬁmroen«aﬁﬁmé%s% k Jron oxide

i i ym G PIPRRe and
and a StﬁfChha)?d:@der' An inlet valve was |ocated at the bofiom
col umm so t ha RERAEAseR: cmpng)thi dulbntoaipBundsiBaGal gé”}’éni%tv ﬁﬁhe bgt t om and
exited the E}g of _ahe c_&lsunn. The gas to be purified was P Hﬂpﬁla‘ﬁﬂi?ﬁﬁwe
cont ami nat ed Wit PI¢@aparBelss arelhydrogeaifigs t ami _nant i ncl udi ng hydrogen
sul fide, c?&bsghn&miulfide, and [i ght rre(r}%ggt"g‘ntgé’.“%é‘ﬁlqﬁr(@ém@hoa thatfeteri ne
t he anmount thybSwifiaé apMRR L made when the gas entered the
col utm and when the gas exited tg’gh %&%ﬁ“ﬁ“ﬁh%ﬁ@m@mpmmm)mmﬂ

di fferent tiMesapthh &tsm,%g‘ﬁoﬁﬁﬁér&'p&h%rsa}?)? It ;h%m%fbe noted that it is likely that

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

15 ¢ i i
Qmpressed metal oxide particles. These sulfur compounds can be removed under ambient

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

ual t i ° 1
€qual to, or less than, 70° C, with 200° C being the highest temperature. Any pressure can be

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

compr: 1 iti i
pressed 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

s
ulfur equal to at least 10%, and preferably 30%, by weight of the compressed meta] oxide

com .. ‘ - .
posttion 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 |



various sul fur conpounds tering the colum. The contam nants were

nmeasured in parts ppm by weight. The specific condlbons in the react\cgwmk 20“5
col um are wost/egddel ow as fol l ows: Type of Treater
.............. Single, Verticle Flow Direction .......PCT/USH}R%$Tow

Treater Tenp The following examples are for illustrative purposes only. and -aréfot @RALAG Lindit M
......................... 15 nLks/mn LID Ratio

......... the claimsipanyway. . .......................5:1 CEP-1 FM Extrusion
............................... Sanpl e Pressure
............................. 360 psig 20 L/ D stands for D eway

| ength/Di aneter in the die of the extruder. The sul fur contam nants were
detected by using a copper strip tesg E\P—{ﬁigh identified the anmount of

~sul fur and contanminants in the liqui m by its corrosivity to polish
copper iy, y ASTM net hod D-1838. 15 WD 02/24326 16 MAR PCTI USOL/ 29267
As can be se rom Fig. 1, the pelletized iron oxide resulted in excellent
renoval of var sul f rrpounds I n particular, H2S was readily
renoved by thé“ %W”@t%@‘ﬂ” 18 detsning th tiveness ofiextr@ed pellSized imndxide
nmercaptans were readily renoved, Thus, it was concluded that the

pel | eti z&YTSHAY. SRS’P’(WP@émtssndadingrhydr@nmmafcaﬂjéhﬁl%lﬂ&”poundS 3
This V'3s considered inportant because it was known that previous iron

oxi de pePieE¢aptans,ind pssitdy carbon distlfide. Themyewsiithitidfed b $a880P RS Bibhity 12 ON
oxide on a carrier. Exanple 2. Conpressed iron oxi de conposition bglartl cles

of varyi mghpalunimckith apprexingatety 1.95 PBehdsNor HpFImta tlﬁslﬁchlép%fgme d 1ron
particle size on the performance of t he conp resse Iron OxX

conpd@i t oxide meiR. DERIADIRIE pellOS werd aﬁns;&f%@é?ﬁg&éko” %e' %‘:Qﬁssﬁﬁr énfggr:] 32?

using a Ms-75 conpaction system by Ho awa bepex

TECHNOCE Ri bb Bl end Vode] . IM16 b
pl aci ng %ngﬁﬁ%b%?cﬁ@%@ﬁg%ﬁca‘ ﬂ’&f%ﬁ%{ﬂm ﬁlﬁgfntq’@ bl ende)r/

on, and for_six mnutes and forty seconds at 40
psi . The ﬁgfr%m%mt%?{’t@%rg‘ %""f@’re tomoL{he FolimRa The Basdo bs pmévmwasequd

uni form ra t.h CHNOCELTM 202. Next, 100 | bs. of cuprous oxide
(Purple %OEXD% Rbamdﬁgeda Hm%d“ms¢lmmmmmg)hy®6geaddiﬂdbonal

five mnutes lﬂhi .
carbonyl s €, 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 ................... Single, Verticle Flow Direction........................... Up Flow
Egatl:r ’.I‘emp .......................................... 65° Contact Time........................ 15 mLs/min
BHO ettt 5:1 CEP-1...coeerrrererrenne FM1 Extrusion
Sample Pressure............................. 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.




i i | evel of the M5-75
d up to the feed introduction i ron
o end was ;Lgn;r :(rztrag inp an Accurate Feeder. Two thousa_n? pg?ngglg‘;’é;&R —
Coirrggchg\r/i ng a noisture of 1.95% and a Ioo;e bu[I_E dfegzlde?’ 20 then:
oX . . - r. e
into an Acrison Feede
\tA?Zn;fe;refzgdt Eg“?rr?r?ug(‘i de into the Turbulizer Mddel No. TSB. TPer/uso1/29267

NOCE ) ' e Accurate
' ¥rfi R seamcram Eig. U ot pel1efiss oh 381e iRk 18,56 valafs
lgg;er. 'II_'-FI;ZI '?'Srzbulbi zer deposited the TECHNOCELTM 202 1ron oxﬁﬁ@eﬁm

' . | | f the
the M5 75 comyaBewysulfiheompoende r Infpastiéuld@ 1/ & xggiflfyc}ertng{e/ﬁtg)f ghgpggeﬁzwé jren

. =
conpactor via a vertical feed screw After conp "0

I0ERK ically conveyed to
di schar ged i n©osidehddtlitmkallyCakers,, @Hgnérgﬁ@an‘é’e\x%eﬁ%%g : agr%lg)é( ) ﬁ%if'bmﬁ, veyed
the screener 25 for granular classificatron.

] 2005 PCT/ US01/ 29267 WD
Crohanded, nbmdlmdmajelﬁwedq}ouomég’ﬁé‘gde & eXGeHens ropmpenl o€ sylfir é6mpounds.
02/ 24326 then conveyed back to the scCr .

' i d the on-size p(odgct granul es were
i tly bRckThiteskhssidEes: er, an t I et Lo
gi)lrfgct)e/d. The C(;rrposi tl(li oﬁﬁgﬁg@gﬁ@ﬂa‘{sﬁlﬂﬁd@é@nt%pmmmdm&ﬁ% % R

;@—M@E‘s i % wat er .

i 4. 4% cupr ous oxide, and 3.5 _

oo 41; e o) rés e ;]'%M?'Sﬁ‘%’&?ﬁﬂoa%’mgtvvétsnsxideenadaiﬁer_t hreDl_e Shr:‘[)ﬁ[ ie(r;; o
s:n): gl (Ca) 2i gﬁnﬁhs r buti ons, as shown in Table 1. TABLE I S

b rémple

"o 47.800 +4 - 6
i le 2Sanple 3 + 3/8 4 nesh _ he
ﬁésxfégg%osggg.e +6&?g6 neshgg.369.565.3 +16 - 30 nesh006.0 Basically,

: idg oi : le.3, as_ 10
ticle sYoBpigesed gas esidgobmgositi PSR & s Sigew din
2xg\rlngienp'all';bl e 2. TABLE 2 Sanpl e #Particle size rande, ﬁ%ﬁ@g ¥ eﬁ%lfoﬂliné
si ze, mm 11. Prde totesyths effect of particle size on the performance of the compressed iron oxide

10 composition. The compressed iron oxide composition particles were formed using a MS-75

compaction system by Hosokawa Bepex. The cellulose binder, TECHNOCEL ™ 202, was

first hydrated in a Ribbon Blender Model No. IM16 by placing 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

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 0f1.95% 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 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,

16



21.0 to 4.752.5 30.5 to 4.752.0 Using a standard | aboratory performance

test, the effect of par(ti\cl e size on performance s shown in Fig. 2.

Sanple 1, which contained the largest particle sizes with an 15 aver4geMAR 2005
particl e P9%24316 4. 5 nm took approxi mately 90 days to rESTYSPHE267

br eakt hihen gbnvepédback fo thk sBrevidr. THORBE! WéraboycRATITGBLbRR3/M thdfeed PPM Of

hydrogen sul fide detected, Sanple 2 containing particles of an average size
Py dr ogentiRgh AR L ARBA R e Ho Lt 2l ming an average particle
Sz ot o Ve S shae e e BRI 0 bR a0, g L 0o ot
capact t TEOPNOEESARRE alhcupsrusioride i Bavavafes. Example 3. The same
procedure as Exanple 1 was foll owed except pelletized zinc oxi de was

t est®d i nst eAdampledlalcomprassed iramfoonulddon wasscsesned ta thres diferentgarticld | ows:

Type of Treater 0 10 ................... Single, Verticle L/D Ratio.
Tr eat er siZedistributions, as shown ib TableAl ow Direction ...................... -
...Up Flow Sanple Pressure ............. .. ... 360 psig Contac
TIime. . ... . HapLE/MmMmn CEP-1
.................... e 2.0 extrusion The results of the
test afe discrosed inm Fig. 3. It wWas O'Eﬁ&{-iﬁﬁﬂoﬂ%i) Wa ) HetTzed—zrmT
oxide,{in general, rempved nost sul fur conpounds e cepg . Use of the
pel | et fzed—ztnc—oxtderesttted g sttabte—etHrnat-onref—rast—gulfur
conpouphds. This was consi der Blg 1; nporlt ant BECR nor mal | y‘sﬂ"rﬂegxi de
sui t ably—elimnat-es—sultiur contam nantst-at—higher

+3/8" -4 mesh 478 70 0

+4 - 6 mesh 15.9 30.5 28.6

{+6—16mesh = = | 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 4.5
2 1.0to 4.75 25
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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tenperatures. At anmbient conditions, zinc oxide will typically hold between
3% and 8% total sulfur. Exanple 4. Tests were conducted to determ ne the :
relative crush strength of pelletized iron oxide 20 particles. ThreggMaB,s?m,
of iron oxide MYd0#2482% FM 1 (Ferrimagnetic 1), M (Ferri mag!r;gti c 2),
and Hoover weirQ tized, with all three types of iron oxi dePEEUN¢/29267
simlar black i rp@ﬁd ‘]’@X"&@f?sﬂﬁéemactadusmzcmﬁ'g%%&%%f%&éfi ”agne“ c
. . . . , ve f
porous iron de B%EJIB‘%LGS believed to range in size from 1. MESH LIt o
50 i crons, aeproxithataly Day &1 Sifodedkinrd / Jhe Hoover oxide
is beli evedctﬁg be %@guch smal |l er grade materi al w%hhﬁlgirg’ﬁ%fhé'ﬁr%niﬂﬁ%
02/ 24326 PCHfieRied, muleaSampleoB osnthivin TGV Q%L E: | ended with various
types of bi ngers, with the binders r%ixed ?np%ﬁ#lgglrzgﬁfoaxé[bn?@‘i‘lﬂﬂgbﬂhawm)n.
Al so, variou feé&tbmahbfﬂyaogmﬁuémr ..rhese varjiations were made to
det er ni m;:ﬁ what conbi nation woul d resulp?mﬁ?\ﬁ??%ﬁrio’b%aﬁ bt daye o8 testiapy i Tigse
sufficie cresalts indic£te @hd? the R i ress manuf actured by Kahl was used
to form 5 all the iron oxide %lg'ﬁ etag%agﬁ?W‘Elﬁélzﬁglcrf@@%ithocffmﬁvémshélﬂ@val
press havi ngcapadliyshEE 0 assess the strength of each pellet, a
Kahl Pellet Hardness Teost%2 ' \ﬁggleff;[@ﬁ‘%epﬁmékéler to derive accurate data,
tests were neggnnasten pellets nmanufactured according to each nethod, wth
the results then averaged. The Kahl pellet tester -is manufactured by
Amandus Kabhl Grrbllt & Co., Hamburg, Germany. The follow ng table shows the
results of the tegltess?mFlPéOOPé‘ﬂsaS Examplar W&ﬁell@frectéxeétﬁ&)eﬁﬁg{ze#%ci n. f ormng
each of the %%Iéjlt.ets, the die length used to formthe “pellets, gﬁ’(ﬁiet"‘f?é
average crud st of petiotBiel iRn dxtde. WTESEOM%%I%; %gV\%t_er 9®8i nder *
Di eway Strength kg Densi Length FML 18. 2Nonel8WeakT, 690" EML
15None18WealdypaafTreater ........ .. Single, Verticle

troater Temp.. S0 e L/D Ratio..........ccooeeo 5:1
Flow Ditecton ... 5SS DIE BIOSD *0psig
Contact Time.................. 11 mLs/min

0 CEP-Loomreorom 2.0 extrusion

The results of the test are disclosed in Fig. 3. It was observed that the pelletized zinc
oxide, i
€, 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 i . . .

Important because normally zinc oxide suitably eliminates sulfur contaminants at higher

tem : " i .

peratures. 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 FM| (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

2 C ey
m’/gm. The Hoover oxide is believed to be a much smaller grade material with little or no

18



cMC %
ML 15None36Weakl. 477 FML 120. 0075 0w
MSEvenks oa 1130. 15100/06CI|\:/CS6V\éak1 508 FML130. ‘\975% Cl\/C48V‘éak1 495 MAR i :

CME36Veakh o946, 130, 30Fragi | el. 78%
o 190, 00FS K ol 451 130 CMAR 2008 e 031 24526 IR Joo67
St ar Ch%bé’ﬂ? “The jrb@ (M&B xga% ienégﬁa?tﬁ VEFioHs typestof bingets, with Bid biddermB486 St ar ch

.

50' 3.5 oA GBI LA 0,4 3 oover lngths wore uaed. Toeow
variations were made to determine what combination would result in iron oxide particles
having sufficient crush strength. A pelleting press ma’nufactmed by Kahl was used to form

5  all the iron oxide pellets, with the pellets formed from the press having a diameter of 6 mm.
To assess the strength of each pellet, a Kahl Pellet Hardness Tester was used. In order to
derive accurate data, tests were made on ten pellets manufactured according to each method,
with the results then averaged. The Kahl pellet tester-is manufactured by Amandus Kahl
Gmblt & Co., Hamburg, Germany. The following table shows the results of the tests, the
10 particular type of binder for use in forming each of the pellets, the die length used to form the

pellets, and the average crush strength.

TABLE 3
LCI TEST SUMMARY
Dieway
Oxide Water %  Binder* Length 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 ———

19




7 FML 17.3
FM 17 1.0% Starch 6 0 1.6 FM 19.2 1.34% Starch 6 O

% on basis of dry
M 33% StarchO 5.98 *Bi nder . R 2005
1. 33% Starch 60' Ay Fg/\/ayatzér (%OBl nderLen hStrength kgDensi F57es 16 MA 7
Fvein. 31 0406 SO TEBH' Y 5315 1 FNRI5. 31. 04% St ar ChbOL 01 4

W 0

3
92. 349 Biewayh48s. 31. 321.
Fe18. 92 34%MCh487 6_?%%28 18” 2. 34% Fensth366. 01S®&iath kg ng fgl

FM218. 92. 34% St ar ch486. 8

ta

nder listing is the percen

FMR18. 92 34%IHmar ch366. Op]. 231. 7r9§§lﬁﬁb' 30 38

starch on a dry weight basis fou
FM1 15 12.5% Bentonite 30 4.3 1.542
Hoover 17 1.0% Starch 30 5.1 o
FM2 17 1.0% Starch 30 1.6 ——maen
FM1 19.2 1.34% Starch 60 —
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 E_;Zv_gg Strength kg Density Fines
FM2 15.3 1.04% Starch 60 3.1 1.33 15.1
FM2 . 15.3 1.04% Starch 60 1.9 1.45 7.6
FM2 18.8 2.36% Starch 60 6.65 1.17 5.3
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 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

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

of the pellets.
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5 pellets. The percent water represents the anount of binder and water
solution mxed with the /rretal oxide material. The dggsity of the pellets
appears to be unrelated to'the crush strength of the)pellets. 20 WO

02/ 24326 P& b5N3429267 6 MAR 2005 As can be seen fTom t hpcf@ksyobdie 14$ MAR 2005
of .starch and bentonite provided for excellent crush strength in th%]l

pel | ets for medAf Kt s sesinromche dafay the nes ofstarch anslhenioaile provifed forexgellans

having insufficient crush strength. Additionally, it was determ ned that a

di e | engt prugh stzangthl in 4ka pediptsifommedsherefromy (GachoxsmiestyinelleloS: refuited im e pekbét

Exanple relates to testing the pelletized FMI FM, and Hoover iron

oxi des t ohawiag inadfficichecrogpdaitenyth! Wddittbnelly, iicw &y deyerfiinedakdl acdRAgthiofan i n

renovi ng hydrogen sulfide fromgas. Three reactor beds were filled with

‘the threeleditfI0er@Mastpydteged®f iron oxide. Two pounds of the pelletized iron
oxi de material was placed in a 4-foot glass reactor bed 10 tube. This step
was repeajgdmbfys.each test conposition listed in Table 4. A sour gas stream
containing 3,000 ppm by weight of H2S was passed over the various
pelletized irom 0Xi onmposi.tions. Specificall as S _passed over

the FM2 bed onglclze ,re?%éE Pl felgfey ﬁrt@m&%%#gﬁwm\ﬁ%ggrm ee
times, all Qf which are listed in the chart below . The flow,k rate of the
cont am n a?’é‘gesgt&@"(a@te Hheeactivity and pificioncy pf eash gpmpesition inremengng bydrogen ¢ er s
per mnute 15 (Umn), 3.75 L/mn, or 5.09 Umn. The outlet H2S was
recor ded #dfide fromeas.ofhree reartopbeds were fillodwith tig thtegifferentdypefiofiron oxidems how
much H2S was held on the Hoover and FML types of iron oxide at flowrate
of 2.09 URKimo poendsrof ther pedlietizadnimmgixidef ma2iSal ovas piaced in 2\idodtighisatdaytor bedy. 7
shows how much sul fur was held on the sane type of iron oxide used to form
the FM | tubsp@histsiepvas 2épeatetl fov dabh tebeconipoBition ligRd iiPTa1€d. Alsodr E@'stre@h. AS
can be seen, the pelletized iron oxide held significantly nore sulfur. In
Fig. 8, tgs 3tdo bi [ AW rate,
5. 0o U oy e o v AN R P LS Bon DY o
gas had a

The' sy: _ _ our
Jar enti 1 RIS SERian e boe sHeiied JURMERREAN SIS (O oo R %10
ppm 25 Lfhel UBR oo this@ pindhs 21 & WS tisfod B e Rart BEHOW T oSS

check to

rate of the contaminated gas (Q) was set at one of three different rates: 2.09 liters per minute
15  (IL/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 péig, 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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WO 02/ 24326 16 MAR 2005. PCT/US01/ 29267 The rate constants (k) were
calculated froma determ nation of the outlet H2S, with the outlet H2S

(I bs.) equation as follows: E[H2S reacted over At (lbs.)]. Fig. 3 JU
the rate consW8¥2&6sus t he pounds of H2S on the bed for FM oxi de

material. Three di rates were used. The (Bran's) BoHYsMRe267
was hi ghest at thﬁe T gé‘%sf“{“l?s\g(]@ Patecalsplatedoom aretermafitee o Sh0 BRI, 5 Gith the

curve equat etsoﬁﬁgt gg(eﬂrate of reactivity over tine. The steeper the curve,

the faster Bsyieayatiginlas foltowse R{EBS reabdSvet i of the lines in
Figs. 4, 5, and 6 indicate reactivity. Fi g.a 6 shgws?ltb%gﬁ%g ‘I?lﬂfsﬁ]&"&ée Fi g.

4, except theonstafvershsi@ Péith ver ecies. Fig. 5 relates to the

sane data as in Fig. 4, gxceg{s %? ﬁlf_ggng?efqeag%rr#Mtly’ﬁ@gn@ﬂteﬁal.o'ﬁhmxﬂﬁ&sentmﬁe

tested. 10 ThResk t ighest rate of reactivity, followed by the FML
Wiz ta?ég}hoﬂl\k/]\}(é(gﬁ 5%08 ICP%ﬁtﬁmi

Bot h conpositions vasthighiestyat thetfestés0 AR raf¥Rlr 8100a! /RS

obser ved 40 ?ﬁe‘ﬂﬁée&ﬁP%OOd a candidate for use as the other two materials.
From t he k deter furve puates o thetratd of ezactreityshes ERRC ThY sfoBbe %lc%—\?eg H2S
by the oxi def determ ned using linear regression analysis of ‘& p th of

k versus | bs.a\é\%"fsm%‘faéflv‘m‘gﬂbbﬁteﬂeceﬂedhuih& f6pd mﬁ&ﬁhé&%’?ﬁswg EI}Jeé St|Edtet )

bel ow. Furthr%{a" ,1581 hg 1S1| ope of the linear regression analysi's
the speed offREXHYi &ig. Bshowsethetshae engss MBI L1k Al the. H2S, this is R
The x intercept of the plots gave the ovlgrgal’le cgﬁg%ﬂfof}"&f({gt"ﬁ"ét fEPRYeral s.

The resul t s SReeiess HipeT fekae tashd salneQ4b: a5 | 4 2011 NEAR REGRESSI ON ANALYSI S
OF K VS. ACCUMULATED LBS OF REACTED D& @\E '4ﬁ3i€efér§BeEdlff°rent types of iron oxides

Mat eri al (L/ mwerg tistedest . Capacity k rangeR Per Pound LCl
(FM2) 5. 09-1. 60. 411. 35-1-150.976 LCl (FM1)2.09-1.20.300.70-0.560.992 LCl

(FML) 3. 18- 1. 50. 3G%e P41 na2e cl M 1)5.09-1.40.310. 92-0. 700. 975
gl%geslf Tate gf reactivity, followed by the FM1 . Both compositions

showed excellent reactivity. The Hoover material 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 lbs. of total H,S on the bed. The estimated capacity is listed below. Further
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 summarfzed as follows:

TABLE 4
LINEAR REGRESSION ANALYSIS OF K VS. ACCUMULATED LBS
OF REACTED H,S WITH THE BED

Est. Capacity

Material Q (L/min)  Slope per Pound krange R

LCI (FM2) 5.09 -1.6 0.41 1.35-1.15  0.976
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 -1.4 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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LG (FML) All data-1.704Z%0. 94-0.700. 959 LC 2005
k24 30. 151. 28- 0. 720.©¥AR

(Hoover) 2.W@02288 171. 72=0. 690. 982 LCl (Hoover) 3. 7°

22 WD 02,24326 1 6 MAR 2005 PCTI USO1/ 29267 Materi al Q (LPcTrgsofitepe per
Pound k range R LCl (Hoover) 5.09 =6-90- " 8.-90-0-58-0.992 | Cl (Hoover)
al | dat aMateriab. 8 0.13 1. 5599/ ) 0.§84. As cEit G3b8elly, " (he FMV and FML had
superi OrL.(Ele Io&é)for hol %I n anbunt of B O“BQr pouh(!amge i roR oxi de (see
Est . £y Pound) 2.%anpl e -6.9 5 They [eacti on raégoif),ﬁ,sf Loabgéanpl e 5,

was analmqﬂob@crpgjggtp ne_ whet her Eilge pel [ etl zed TTom oxt+te—h better
reaction efficirency tmamnor—petH-e B oxide. Fib58D.67s e.989nbi ned

.plot of outl e § read#hﬁg_ﬁd r%M ‘Eounds of H2S that has reacted WTIT a
bed of pell et| oe #4Id] he surferibijesultsHopheldihg aAhridafk Ay et | zed
iron ox:pglte é ?lals at a_flowrate of 2.09 L/nin. These curves relate to
the out P&tP9"B48 Hﬁ%%‘fiemsliﬁaﬁﬁ)wtypbhhodm)amunt of reacted H2S with the

bed, and directly illustrates the reactive speed of the materials. As can

be seen ﬂmlpf"gq- 7, two pounds of FM product reacted with 0.38 pounds of
H2S _before the outlet H2S reached 900 ppm This is conpared with

non-del | et i ZEhe ieactionaniede fromWhaahiha punds of iron oxide
reacted before the H2S reached agﬁ)l evg’r&ryfnxjggﬁﬁﬁﬁl%eﬁmﬁtw otherthet | et . Thi s

shows t pedletitdiarqradi@s hagelh ives. a superior result, and reacts
with a greater anount of éﬁglgﬁ?ﬂjgﬁdeﬁ%%eﬂféﬂ‘P@H%ume@aie Bigripise 7.

The pr esedsthibifREyIHE I el | ed zinc oxide with SULFATREAT(r) (iron
oxi de on a nont nor(?.l({aagﬂ? Serea(g'Pgse(Fe’?m THeovadel HiSothat Ims teaced WithSa BedofaS

fol I owspelléiifed Rdedrful TSAL: the%lglwwl(ﬂht %0 It

oover), 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

10 i
amount of reacted H,S with the bed, and directly illustrates the reactive speed of the
materials.
A -
§ can be seen in Fig. 7, two pounds' of FMI product reacted with 0.38 pounds of H,S

bef iS i

elore the outlet H,S reached 900 ppm. This is compared with non-pelletized iron oxide
which i i |

ch had only 0.15 pounds of iron oxide reacted before the HaS reached a level of 900 ppm
15

at th . .
e 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

oxid 1lloni i
€ on a montmorillonite carrter). The conditions and results are as follows:

| Zn0O SulfaTreat
Bed Height
201t
20ft
Pressure 5 psig S psig
Flow Rate 270 cc/min. 270 cc/min.
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2.0 ft Pressure 5 psig 5 psig Flow Rate 270 cc/mn. 270 cc/mn. Est.
Capacity 23 16 MAR "2005 MO 02/24326 PCTIUS01/ 29267 TenpZnO Sul f aTr eat%aazggg,
F70 F Inlet Conc.3000 + ppm H2S .in N23000 ppm H2S Dia Teter1l.5 in. 1.%56 M.

Vei ght 1065 gi ns8 M0 ¢%243826\/obnne815 nl815 m, Total gas used12830 L14774 L
Total H2S renpved38.5 L44.3 L Days to_ Breakt hrough3338 The ZnO rBRT/USH/23%7
days before hydrogen sul fide broke th&!éﬂgh. This is 5 days su¥aQnwbg than

Sul faTreat ran at_the same conditions. Although the ZnO did not renove as
much sul fur as aTreat, the resul t°&re positive. ZnO i gpapinly used at

el evated 5 tenperatures and this test was run at roomtenperature and still
removed H2S. M‘P@-S. The present 3B8ampbts ML Ags to th eparation of
exenpl ary nmetal_oxide pellets used in the rem)vaIN;of sul f§96§P£q}1}ﬁ%ui ds.
The met hod was Pisetemt ed by obt ai ni ng sipsanpl e of bl ack iﬁ%n oxi de from
the Ironrite Products Company, Inc. of St. Louis, Mssouri:~The black iron

10 oxi de was ar¥kgited and determ nedlbgsdg nt ain an amount of noisture equal
to 3% by weight. Additionally, it was ermned that the8bi&ok iron oxide

had a bul k densidmef 1.558 kg/L. Tg go mthe nmetal oxide pellets, 9,000
gns of the black iron oxide were pIa’ad in a 815mL
Total gas used
gas us 12830 L 14774 L
Total H,S removed 38.5L 431
Days to Breakthrough 33 | 38

The ZnO ran for 33 days before hydrogen sulfide broke through. This is 5 days
shorter than SulfaTreat ran at the same conditions. Although the ZnO did not remove as
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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bl adekneader, manufactgdhed by Sigma Corporation, St Louis, Mssouri. To

t he bl ac‘lgoiom?smoxi de, ~en amount of binder soluti'ay/ was added. The bindere 206
sol uti o)r(lid;\/as ormed by mixing 15 118 gns of starch manwicamiseiegepy AU to
boi | i ngXigdacempositiar, Whitlewas Batkicades ' s.equal to 1.34% by wei ght
starch on a dry weight basis, so tha@%@%éﬁgﬁﬁfoﬁgmw'u idoygh ¥@sied to

t he bl ptzidubd’mat%%gﬁ\@f shalsy 17. 2% by weight. This fornmed a bi nder and
iron 24 WO 02/ 24326 r' vlv 6 gf?E@OOS PCT/ US01/ 29267 oxi de conposition,

whi ch was t{gd; - (A the bl adekneader for 5 minutes. A dough was
produced t hat Q‘ﬁ@aggﬁﬁ%wv&e"aﬁa e 2 prllet prose, Mpdal 14x0i7d¢mamfgttussds t hen

fed ing ekl e ress, Moddel 14-175 (manufactured by Kohl). The pell et
press o)glgrga 'egh%i)e%ﬁmrs?)?ﬁeéﬂﬂl %&d@oéﬁfﬂiap@wsmuippal\ﬁimﬁ(ﬁhﬁdiebﬁwm@aa 5 60
mﬂgore(?é@/ Ier&%t%g. The energy input for the pellet press was equal to
about T 5 engHe Eha engegydnputdorthupsller ftoss whoeqftokboRel sPRYr - After

extrusigon, the pellets were processed in a marunerizer (nade by 1Cl
Corporaéﬂitb‘?l?’“mﬁ@ﬂlréﬁet\ms efyinal t2 22k @pdrhays, With an 8 nmfriction plate
turning at 300 rpmfor 10 seconds. The pellets were then oven dried at a

t enper at ur e’xﬁtfreabosibn,ZH&)pdﬂetsWeE{g)cx%gq%%,g%ﬁ%%ia}abg%ﬁ&?e pellets had a

bul k density of approximtely 1. was determ ned

t hat tCuppetidsiChallagk, r ual t0 apout 6.0 kg. Exanple 9. An iron
oxi de pellet was for rrgld&‘fﬁhéaut? .néﬁﬂ‘ﬁ“e"dl %mt% Cﬁf”c’JQg‘t‘b‘iuﬁ‘li%gf.it3‘13Kie;'1:>1]!1rfcn:ess of

f or matlioGecoMAs 7B PV e 2 20 1. |n a tank, 64 1 bs . of water was added
to 50 I bs of cell @Jose aﬁctiheﬁiof(g'&l.%“?l.atﬂéi‘??er&@(ﬁpﬂﬂbgutlﬂmiﬁmdiowhﬂe with a

M) St WeRnhR of 1% or |less was added to the cellulose and water

m xture. 3. @E}ﬁ{e&i Ehgr%hf’tf 8@41?@ BsiiYi of @pproniniately 1 R5ripge nAdGtBARR i WaS

for rre'q, The end was then pressed at 45,000 psi to formthe pellets.
25 ptefpine o h

The resu Hpio Peligts Badog hartheess equabtu abguc®ORgsi ti on: Cormponent % By
Ve ghhxample 9.

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.

The constituents were mixed unti] a homogenous blend was formed.

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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lron 89 Cellulose 5 Witer 6 25 J6 MAR 2005 WD 02/ 24326 PCT/ USO1/ 29267

Thus, there has been shown and described a nmethod relating to the USf ﬁA 2005

conpressed netal oxide conpositions for renoving contam nants from B gs,

and a method f¥O 326y such conpressed netal oxi de conposi tigg@ﬁhﬁi{é&/

fulfill all the obpget vapt ages. sought therefore. It i to
e R aRowd 3 o

those skilled in the ar stemRedatmeiled relingan et 1isd 85 compressed
nodi ficati Onﬁnetﬁ%‘}jcpt her uses and applications for the subject conpressed

metal oxi de conposit i SRS HADS PEfMeIEneecataysaithirem m,aﬁ@ﬁ)nﬁ%afgmwg,
vari ations, difications, and other uses and applications which do no
depart from fHE OPtRressedmgtal exide corpositinms whichfui N alPihe nge%ﬁ%gd%‘?"a?‘?a govered
by the inventFionl&/hich iz limted only by the clainms whic of ToW %% 1 6
MAR 2005 Ol aPHehl therdors: dtis appanett a0 thowd skellc@QRBRSH b rgicles for
renovi ng 5's)ul fur conpounds from fluids, the conpr esg‘é}a@e@n’etﬁléﬁm%%‘é“gcs’
conposi tidn pnatoos,esodifications, ahd Bthef @es nd . t .conprises a netal
oxi de, hydrated forns of the netal oxeisde, rgéz%)ﬁ%g?or{éﬁ? %m’é“fﬁ@%réi‘s,‘adm@ei n
the netal oxoxide barBparitiodsFHE teRods Yo wi.th Me being selected fromthe
group consi sting of periodic t abl e%%rpgv%{%?@g,agﬁﬁﬂcwwgéﬂ, ¥ariggiopsi ng
between 1 anfodificatithsYardcd tween nd 4, and wherein the powder
conprises at |east 88%2) by tﬂm%ilgﬁst ofapPli‘@%o%‘ﬁlb‘F’éégéﬁF depetifronxihd epicio ambstopd On
particles; ({Pm jc.binder for binding the powder in the formof the
conpressed neta &c‘),%irltg%rugg%e@% ' b cpysred by g inventiorawhizhtis liléte® b9 by the
di stributi onCIm%er ”}1{351 | east about 90% of the

S winch rollow.
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conpressed netal oxide conposition particles have particle sizes that‘ are
bet ween 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
conpressed netal oxide conposition particles of claiml wherein the binder
is added to the powder in an anmount equal to from about 0.5%to about 20% - -
by weight of the powder. 3. The conpressed netal oxide conpositi drg MAR 2005
particles of claim1l wherein the orgapiagndi nder is selected fromthe group
consisting of a water insoluble cellulose conposition, a starch
conposition, carboxynethylcellulose, and a m xture of the starch

conposition and th r hox Ayl .The.co resse net al oxi de
conposition parti cfe C@? spéﬂﬁal%mgfgﬁﬁgﬁlﬁ%n paﬁ'g?lﬁ gqréqg?ggg g g“frrl bution is
such that at ¢e@stunadfbin fAR36, te dohtpressedinets eLideesmpositiod sleticlesTposi ti on
particles have a particle size that is between about 0.1 mmand 20 mm 27 1
6 MAR 2005 5.COopmEIsgigipr essed netal oxi de conposition partl cl es of cI aim1l
wherein the article he
conpr essed rref al oxi des(h)zfgr%g%%rtﬂlh%%&ﬁlgﬂ?éss"lIﬁ&gméélgegahy&rat ?gll%e %ﬁ}i{% it tl i
bet ween about 0.5 oxideaoticabisitiatidns tieredd, whéreinahepices seide ties & Foroxi akef

conposition particles of claim.1l having the ability.to retain_an average
amount of sul fur Y&y vghMe P@agﬁelmﬁ@;f femithe.groupsppsitting pf petiedie, ess

metal oxide composhi) 8 6Pdl7 HbGS, fbeﬁx%%'ef@zekng%ﬁ%' Qn& Sel BURREn 133d
particles sizes that are between a out 1 an bout crorret ers. 8.
The conpressed netdlandwheeircthepowider amprses atdeass 8@ btyl\mlghtbfltim/i ng the

ability to renove sulfur%%onggun s from.fl uids at tenperatures that are
less than 200C. $FOmMpRessebmsialexide comPOF iR mosi ti on particles of

claim1l having a H2S he) g BGakidBitidet Yortb'i}ﬁfmgﬁle?sbwh@laiﬁtthcgfo%nlﬁﬁ‘t@ H2S per
kg of the conpressed netal oxide conposition particles.

compressed metal oxide composition particles;

S

(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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10. The conpressed netal oxide conposition particles of claim1l wherein the
bi nder absorbs | ess than 60% by wei ght water, has a density greater than 70
gnm L, and has an aspect ratio that is between 6 and 7. 11. The conpressed
met al oxi de conposition particles of claim1 having a crush strendtghMAfa0s
is at least 1 kg. 12. The conpressed netal oxide conposition particles of
claim1 having a crush strength that is least 3.5 kg. 13. The conpressed

metal oxi de C0”po.sg.tlih%r?:oﬂf?ﬁésgé\dzrﬁlétg%xr%g% gtg i (isgm a?ﬂ.i&e%cléiﬁi Bh&eindfle fr om

the group consisting of 1ron, nc, , and conbi nations thereof.
28 1 6 MAR 20pdtidlé siz¢kdéstiilutipnés st tha tableasi ¥08eo fthepaapiessed npaaltoxedees of

claim 13 wherein the powder further. co ises an activator selected from
t he group con%qr’él?qsﬁﬁ’“dg“\{gmf’ apartigle Slgflp tﬁ‘@‘e‘? EB%ea’éﬁb%ﬂdso B3 H’él,a%ﬁ\‘tasti num
oxi de, cadm ugpxide, nickel oxide, palladiumoxide, |ead oxide, nercury
oxide, tin oxide, cobalt oxide, alumnum oxide, nanganese oxide unless M
conpri ses nmanganese, and conbi nati ons thereof. 15. The conpressed net al

oxi de conposition ticles of,claim.14 wherein the actiwvat conpri ses
bet ween about 0.5 'Znilzpeé"ﬁ"gﬁ’lresg% 'Bf]%\‘/\%’f’ R orgPosHon pagtéﬁf)sr%ésc & %atvé?g Ri de
conposi tion pghitityab @&tainkd-avéfige aMBRAtRTSedurBRual toQKicde J090POEEk welghpar ti cl es
of claim15 wherein M is iron and the activator is copper oxide. 17. The
conpressed netal oxide conposition particles of claim16 further

conpri sing water 0 9 i r el . ks, Fe304
at Bbout 87 79 by vElegRpwTes i sKEledhun Rt BTG Be bl RO 17" 0,
by wei ght, angowd haopgtivies sibesttieraré Betdleem bisuiit 04. aibabyutEoghicroniders.The
conpressed netal oxide conposition particles of claim17 having a particle
size range that is fromabout 1.0 nmto about 9.6 nm and an average.
particle size of { M icl I . . IS
fromabout 1.0 nm ? '(t))% a%oghLP? e%gl%%#ﬂnggl}]ﬁg Qgrr@%é\?géﬁa %hggﬁtlz‘g?lgpg?%éﬁ%?kabout
2.5 mm or haubiligy o rp@oté silfar sompourris gent faids astefperahabothat Qe essithaho about
4.75 mm and ago(%\éer age particle size

9. The compressed metal oxide composition particles of claim 1 having a H,S
holding capacity that is at least 0.2 kg of H,S 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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of about 2.0 mm 19. A nethod for renoving sul fur conpounds froma fl uid,

the method conprising passing the fluid over the conpressed netal oxide
conposition particles set forth in any one of clains 1-18 to renove,th

sul fur compounds fromthe fluids. 20. The method of claim 19 wherei n1t9n§AR 2005
removal of sulfur conpounds from the fluid is acconplished at a

tenperature that is less than 200 C. 29 1 6 MAR 2005 21. The net hod of

claim 19 wherein the ThedbslpteSsed el dxiidd conspoRARRPArtRYR ofthiem 18QREGSSed

met al oxi de conposition particles at a velocity equal to at least 0.6

feet/ minut e. thepowder farhercemprises an astivgonselectddnfrorn shef groiplconsisting ofjui d t hat

i's passed ove . CONRS | . QX] C siti.on particl.es.at.a

vel ocity equa‘{OPP%%g(tl T gavgset(?%gﬁ% &ﬁ %gf“ %lﬂ‘%%ﬁggae’ﬁaﬂ@flﬁgaxp&meﬁl ﬂf“ﬁlﬁ’

conpr essed myiatiadiam chdde; dendasdidel, DiRrdquay bxide,am dxade, cHRIMVKIA akdihiuth ogfdgpounds
fromfluids that are able to retain an average ampunt of sulfur_ equal to
at |east 10%Bingapeseoxids uess M eomprisepmapgansse, andgombingtionsihereofan anount
of a powder with an anount of a binder to form a mxture, wherein the
powder conprises a netal oxide, hydrated fornms of the metal oxide, or
conbi nati ons t her etf. Thekemetessddnretabdxade compigitivaparticldswfielsim 1dfwhdeeiny |
with Me being,selected fromthe group consi periodic table row

ting of
4,5,6, and 7 MEpSf@torcopprises hetw oyt Gy gn ?b‘éﬁétywb%@@ﬂbtoﬁfh?meen 1 and 4,
wher ei n the poIiREssBRMePARbkIdE cEmPbEfisn pditledr € bet ween about 0.1
m cronmeters and about 100 m croneters,” and wherein the amount of the
powder is at | east 80% by weight of the m xture; (b) conpressing the

m xture to produce onpressed netal .oxi de conposition; . (c), _breaking

apart the conpres s]e(ﬁl Tﬁﬁggﬁl‘pffﬁf%énitﬁ%@q ‘fqn?ﬁ?s’ﬁ'(?nr??ﬁt'fﬁféé’r} c!?ﬁfﬂﬂﬁ e et al
oxi de conpositfe@irOmhnd the Astivatstds téppep6xiggni ng the conpressed netal oxide
conposition particles so that at least 90% of the particles have a final

particle size that is between about 0.1

17. The compressed metal oxide composition particles of claim 16 further
comprising water at about 3.5% by weight, and wherein the powder is Fe;04 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 9.6 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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mm and about 200 mm 24. The nethod of claim 23 wherein the anount of the
bi nder is between about 0.5%to about 20% by wei ght of the powder. 25. The
nmet hod of claim 23 wherein Me is selected fromthe group consi sti ng 4 émAR 2005
iron, zinc, manganese, and conbi nations thereof. 30 1 8 MAR 2005 26. e

met hod of cl aim 25 rein the. pgowd urther conprise n anoynt f an
activator that is %gﬁﬁrﬁ?}h#}ﬁ]ﬁﬂﬁb%wg?ﬁmcﬁﬁgf‘@ﬁ&aﬁa‘agﬁﬁ’ﬁésr"g(?)‘(?rcf ©
silver — oxi degq e i4a. ' 0 pai€icles aEATV 4B IB X481 tork fast 0.9X1 de,
pal | adi um oxi de. g%ﬁég?i(’é‘gi,e%{ri’gﬂls prficlesate oxlfyélée(f,ii cobal t oxi de,

al um num oxi déeet/mamganese oxi de unless Me conprises nmanganese, and

conbi nati ons thereof, and wherein the anobunt of the activator is between
about 0.5 and about 5% by weight of the m xture. 27. The nmethod of claim 26

wherein Me is ironp)ard h&tBod6t d1¥igt PI whéreiOBE Blido iadRuidBat if passebierd of
claim 23 wherein the conpressing step. is performed by passing the m xture
t hrough a configspmpressal metgboxide pryapesition partislesnt wyslosity eawd teeidpast8di ng
step is perfore%g%?pl# passing the m xture through an extruder. 30. The

nmet hod of cla Brt her conprising drying the conpressed netal oxide
conposition particles at a tenperature that is between anbient and | ess

than 150 C. 31. The nethod of claim30 further conprising nmarunerzing the
dried conpressed AatAmeshadder fsmngssompsessphmetat pyide composttien partiplgsioss

cl ai m 23 wher gj . Sﬁﬁi] i i L L

screened so tﬁégpo Jélgg?ugglg?sﬁg 0 0 @h‘gh%@ﬂ}% giﬂ%g‘ avé&lgﬁﬁnnaglg{agg?}tn?c t?f‘sai ze
t hat is betweeunlfizlequil tO atlleasn] a%cofaheititvei2fit, tha mathod ¢rapnshgtod of cl ai m 23
wherein the conpressed g?t al. oxi de conposition tBarti cl es cre(fned SO

. re
that at |east 90% of t h) BU¥inganamopat apowdss vith apamoupt of 2,hinderfo formg
bet ween about 0.5 am;aRet AReHin feP8Wddrlcomprises a metal oxide, hydrated forms of

the metal oxide, or combinations thereof, wherein the metal oxide has a
formula of MexOy, 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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26. The method of claim 25 wherein the powder further comprises an amount
of an activator that is selected from the group consisting of 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
unless Me comprises manganese, and combinations thereof, and wherein the amount

of the activator is between about 0.5 and about 5% by weight of the mixture.

27. The method of claim 26 wherein Me is iron, and the activator is copper

oxide.

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

passing the mixture through a compactor.

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.

31




	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32

