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.COMPCSI TION Field of Invention The present invention relates to a bound or
conpr esseq g Biakq0xi de conposition 5 particle for use in rgMYINNGI267
contam nants, including sulfur conpounds, fromfluid and a nethod for
~maki ng such conpr essedOMPRESSE D 6 OB IONer ably, the
present invention relates to a conpressed pelletized iron oxide
conposition, with the binder prefierbifMnbaitigh a wat er i nsol ubl e
conposition. 10 Background of Invention It is well known to use netal

oxi des, part 'ﬁtué Edht fivemtidreBes (58 Ko o ddndpréRadinRtal Bide tompoIBME

cont am nants, pi cal l'y sul fur conpounds, especially hydrogen sulfide
«(H2S),, from.fluids, tvpicall K 3 u Y- I ved
Fromet | UTORIE S 408t (Rl ik cotaBunb b bl Wop RS, BER MG BENRLCC o
streans or_other fluids unsal able. s.that 15, contains too h sulfur is
known asheBed ?gagﬂ%sweﬂmprqﬁsme@%l hieRIERgsifiony OREiEFetgeb o i gpent

it

industries, it is considered necessary to renove sul fur conpounds from
f1uids, inventionirelgtes s a coppissicr pelletived tron oxidgsorpesition, with the bidesi d of
oxygen. (It is known oxygen can increase reactivity between a netal oxide
conposi tpreferabiylbeing bamterandobublle ampdsktion. r eason, there is a need for
products that renove sul fur conpounds fromfluids effici erPM'M‘@MM"ﬂWI
effectively. 20 It is further desired to have a nethod or t hat
does not require the inclusion of activating agents, such as exyg@en.

Unf of4 unat ely, nost commerci al %cﬁ%&hhﬂ;ﬁ:ﬁnwﬁﬁnwi de conpositions (the
nost  frequently used netal oxi ving sul fur) that operate
at anbient copditions and are necral | y non-activat.ed, . h .an a nt. of
sul fur equal & ‘XFl?R;B%‘f’n “%ewgai&xb%?’ %’Im “r\ag%f Ty Xlﬁ? gﬁ*@(?ﬁ’ea 5?8%%1‘%‘?% on.
More typically, iron oxide material 25 (like that _conpressed. in_the _present
pr ocess) todEmpVe epniaminagss dypigallosulir cpmpeyndspespegaly hydregenssuifite (Hel, fom
percent held is dependent, in part, on the particul ar species of iron oxide
used.) | fluidgagpgidalPSsabsanpt $ufur campaounds aforenioved fioni feids beqavss thewars, above
20% typically requires WO (12/2.1321> PCT/USI11/2'12G7 the addition of

a caust i gndWn of¥ARINake, Wiich hetestigBSmakiiae Birésindangksrdlisdsntalpble e Gas atak y
difficult, especially at high pressures. This is problematic because

appr fxi n?cﬁl%iﬂs %go{ﬁ@dchl Jul¥er fs%@lv#ﬁ?%g\h r%g%( iafli@ sIHOSHEE gh$ in'dﬂé’cﬁg ds wER'as F1hted

reason, frequent replacenment o oxi de is required. Consequently,

it is desired to . ncrease the percent b i o] | . t ot al
et o ox PRSP a1 FORERRG eLF R GO R E0hpding® ot fiotlok g ¢
of cubic_feet of gas.per day or on an_industrjal scale typically requires
the use P tgg'rd:geqeé]%&soqre b@2 IVidF’YQ:}g ofPx¥Eerh tilerS}‘P“ﬁk‘?’ﬁ’ég‘Eﬁﬂ} lgc%rasepr oduct .
Typically, this nedia is conprised of iron oxide and a carrier such as

nont nor i fdagtivityebatwesmmaietahpxide compesitipay andsogtantnas b For Bugeatons Bigkyis 2out s,
that is, the 10 replacenent of spent netal oxide nmedia (nmedia that no

| onger hasedsoi pridhiers et edniosietsylfin dompouhdfrpmviltids effivienty ahd cosi effectizeliya,

| arge or nunerous reactor beds are used. These reactor beds will either be

ver ya( al tt.is &RiHeP@dsirel tdha8Re metBbd B dnigYsRiohaR&IdOESnMrkduikeetht ineBdionbfi n .
succession so that a plurality of reactor beds will be used. If the reactor

beds are . Loy F1EW, i n Nt di fiast xiddi s 1S
because \a}\%gﬁtlﬁ e%%qtsgau{haér%%&g%\' lﬁﬁg@ﬁg@éilg?rgg%t cégﬁ?&rﬁgfrfy %Y%%glsel t oé( ldrf-lélt;t al
oxide found in.the netal .oxide nmedia wll..be rapidly reacte L0 . or to
have a sﬁ?lflp%q“é‘?ﬂse(g’t?dn‘i’sit #gq'éei?ﬁﬁ'ﬁ‘é?d Wt\glq%ﬂ? n@#gﬁbﬂégmgpgﬁggm%lgaéﬁp %rﬁ{e’l ron
oxide nedia is not required, large anounts of netal oxide st be used.
This is @aabigairoadisiensandire aa&saiﬁ poTptctivatgd Jipld appameynt ofigulturRgyak to gt

‘sul fur held by the metal or iron oxide conpositionis lowrelative to the
total weinmgist 2096 bytvesighted thet totad rdn oxide oonipositien. | Morecstypisaldy. fitagi axideymatexiali s 20
desired to have a product that holds a greater percentage of reacted sul fur
“per poundilef thhtdoddpréysediinche pBean pedcgss) Wik haldundverdge @ k2abs efjHpS/Bdoftimnr enove
sul fur can increase costs. It is desired to have the option to decrease the

total argaijeeamhd fidc ln‘P hé18 RISt ih Padi fthe pRrflalar bpecies o @dh beidetugedpl d a

greater anount of sulfur wth a decreased anbunt of netal oxide
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conpress the netal oxide. The amount of sulfur held by the netal oxide
conposition is 2 WO 02/ 24326 PCT/ USO01/ 29267 increased because there is
nmore avai MAb22243mt al oxide in the vessel. Normally, netal peq/gSoim4l aced
on a cargier, with the carrier conprising approxi mtely 80% by wei ght of
the met ateggflifigno Prﬁé%ﬁ“ﬁoesﬁ?iyz?@méh%@ﬁ@ga%wg@h is dangsrouspind ploteptieltynpr i sed of
an anount of binder equal to fromabout 1 %to about 20% by wei ght of the
pel | et i z&iffionli eenesiallpat high phesswes nThis ieprbblematio beciseEipabxinstdhP80% of the
significantly increased. The binders that have been used to formthe

pel | eti ztothl inratal oxidedroduat is wruesd. | Bt ke e T RIque S BN &1t oPRE rsdelide

conpositions, especially inorganic conpositions. The pelletized particles
made frogwédieea. LongRsntly) 98 ¥ediredh ! B Right 8 | e L Dathat it
appears that the ef ?ﬁﬁci%n}gi es have g%ﬁé#%&lv\grp%gpeg{n %lgﬁ{?ﬁ%ﬁ@éh%p}b\y%? of

the met gl 9 decreased. In particular, the anount of sulfur
held is 1(511 noe?aq?f{g%i {?‘@%ﬁ“y i ncreased over the anmount of sulfur held by

t he sane specéqf_%_of meaéal Zﬁgx&ée}ﬁarti cle on_a earner. For this reason,
prior attenmpt 3 FEPYROPACYR that trsats yb teymilkiope afcubimisetef gad pendayorenst ul
because of inadequate sul fur reactivity, in particular, holding capacity.
Thus, i tanigdysiaalssale jynienllyiraquives thewserof f4rge reablopbeds filtedswilth iheiimntoxidendi ng
of the metal or iron oxide particles without |owering the reactivity or

ef fi ci erogdiaiot prodhétc Typlvallg thisunedidiscompeidadlss @6LofiBSRYES carNBf Sich as
particularly, it is necessary to find a binder that permts the netal oxide

t o hol d mogheellehit@sPwbsd ips Ulnfdtder th BlipRTatd ﬁ'é'(#}lf%lhtn c@é%owé %]gﬁé‘,sthg ©

presence of a caustic or the addition of oxyge ( Stated, it

has 1pee QWM ' .0xi des. for use i.n renpying sul fur

co rrpg un g glhfa ro m%‘t |glt:l P‘%él k ﬁ%ﬁ& g’éfratglglgégll aaéll,le%% %?P@atégﬁ?r ! suﬁa%rf%g%ty Vithent ed
by Jha &l )'wiﬁmo di sc&ises a_ zj, n? ferrite pellet for use in hot coal gas
desul f urrZavi'BH: 1 Dol pEide mpdiz 95ge or pumeraphicreton heds @ipusede These readier and
i ron oxi dS bound together w th inorganic and organic binders, and a snall
amount  PEAs ML Gilles be verydplal fectnridghes, armeultiple rbastare miill be likedtp in  and
Portl and Cenent. The organi c binders include starch, nethylcellul ose, and

nol assesUccEssoned ihat s pluaality af wactyr bedovillie WEQJIGhe A8SIHPeROEASnlNEY ar e
used in beds having tenperatures 2S of at |east 650 C. Because of the high

t enper atfew gthe nidisl oxidpanilicheNpaelads fait. SPhi ' i '
mp £ @ANTICHAHpBRtans fAkt, SPhiB &l Koch@R%IG tféfahhﬁag%%%@{ 5 .

fragnmented and porous. Thus, the organic binders are inc

WO 132/ a3 823thBGT4ilSIthd @%@ﬁ%a@ P&fldlih g}}egg&ggaggg{ngﬁlg{vggbg rta,blggfrg'?étg(gf,&si .

together, initially, an en di ssipa

VWil e thi i i t i ng..f use, i.n hj gh nper at ur.e coal )

desul fut TS5 B AU AT e fredtht tiimaislr of felrats caraton owidovedia a
ambi ent .co(ﬁdi ti.ons, AsS i Iietd, it has been observed that inorganic binders
decr eas& THd® niargss 17! metpkorademusibesised. e This éndipastvantagedud der a As a
result, insufficient renmoval of sulfur will |ikely occur at ambient or near
anbi ent ce¥HE Pf ressenswiFst, iteoamgeunt of silfvd el tarthe use of rohonilictcbippsitibeiss
together. It should also be noted that it has previously been tl))el i eved that

or gani ¢l ndatie teghetotr aeigin vtierddict hedNASrdetd BtfattSadcRhcy? Mk Nt
condi ti ons, because the organic binders generally do not provide for a

pel pet tbdiediohate/d hlodhethatHolah ShiehE: [G1fipd LElent
reactivity, or the Ese of the bi n%ers Cribél%ag%ogg%atgféﬁesﬁquﬁ%%r'ﬁ?ﬁgﬁ%%f;‘?%l

pr ohi bi biodgct. IHBES i he present invention relates to bound or
conpr esisjéad et al ogy’cffeléglg%@ﬁflta?%ﬁg%% i @ PO FsTUT fiar} ierepss eastsy t[b‘f;

cont am ] ref.erabl. ul fur c ounds, from fluids, and 15 met hods

rel at edﬁ‘?s{lyeerag? g‘?v 808{5‘?\{?1)&’ §@Bser1'g‘tang‘?tg]tﬁ?%%’6‘?ﬁp@s¢mpﬁﬁ%r In ether wignds, be
conpri sed gf .ag apopunt of netal oxide equal to at |east 80% by wei ght of
the confreeedgd ipheld agreater aneniind of sulfm withra decreasediaidourit ofialetay pxidee
conpressed netal oxide conposition particles have a crush strength equal to
at | eastompesitiathd, nore preferably, a crush strength equal to at least 3.5
kg. The conpressed netal oxide conposition will also retain an average

amozfnt of suDhewa3Go exepuedse @ aiouneaiul AP Held)in Web4thdr vebsel X80 gg’ﬂ&fzﬁﬁe‘j met al
oxi de conposition particle and, nore preferably, an anount sul fur equal

to at | resOHe RyetvRixiHat a i de conmposi.tion
particle. : mortanthg{éhﬁfg%ﬁgse Eﬁrrg?%gbg‘;%&ed%e%g?rffggfz?rf’ng?fnb%‘?i cle will
hold a greater anpbunt of sulfur than i# the particular netal oxide species
used to formthe conpressed netal oxide conposition particle was used in
association with a carrier. 25 CGenerally, the conpressed netal oxide
conposition particle will be able to hold an anmount of hydrogen sulfide
(H2S) equal to at |east 0.27 per pound of conpressed netal oxide 4 WO
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nmetal oxide will have a particle size rangi ng between about 0.1 m crons and
_about 100 m crons, which neans that the nmetal oxide will be simlar to
dust, al sqgpepeas fines. Any of a variety of netal oxidggwNighRne
reactive with sulfur conpounds nmay be used to formthe_conpressed t al
-oxi de cdngessetiibecaupa titerecisasore Mvaitableroétel exis/in the sessel Aormeailyangipl 9x1921510 of
the formula MeXOy, with Me selected fromthe group consisting of row 4, 5,
6, and 75RHn% catfidrhwith eR@krié@ohpiisgnpproaimataly s9beby weighabf the niptéalneen 1
and 4. I't is nore preferred if the metal oxide is an iron, zinc, or
”anga”eso‘?cic?é‘éo‘i‘ﬁ o%ﬁi&?%;&dv&@el agpdiE RGyPRAR caipried oh&y&nb@&rbflﬁﬁmﬂe%@l

Wrh sul K’poﬂnds. e

readily reac ur co particular, iron oxide of t
formula FeaCb wi |l be preferred w.t e - e db
equal td° lé‘?’r‘ti/‘g? @’HBI ﬁfﬁ’% Wseﬁ%lﬁ,()?&hoe %géﬁl%e?(%ﬁg%a‘ﬁs %%%P%%l%n’l t?%n oxi de
of the fornmula Fe304 are nost pref.erred. of, a ri ety of organi

.bi ndér s aragunsef mstal oxdeppaanifigantlydnereassd; ?Bg BH&"F{S&@&&Y %ﬁ%?’h‘hf‘?é Ry s, by

formthe conpressed or bound netal oxide conposition particle. The hinder
sel ect edpetistizediesmonide hartinkes aiclusieicdmenioberdoniten and signilar eemparitions gspecially
conmpounds, and 20 nust al so provide for a bound netal oxide particle having
suf fi ci ebreahiéddniplobitings NThdpalktizat patigesmadd fromehesqbaiderphavevesdsve 1 kg,

as nentioned above, and is nore preferably equal to at least 3.5 kg. As

such, it rree(fgﬁﬂ g&ﬁ’%@l‘ém inGsht iNphesy tan et iBslessshaveeailop/cted xid thatha
|

conpr esse e conpositron particle conplying with the present
invention ate starch Sl y | Ll TS ELTER
t her eof _1eefathv&y %ﬁh %faiggf ﬁ%lé?sg&lg%g?%é%%%@ﬁﬂﬁ%é{eh%cagﬁnﬁgtsi tons. Vater

i nsol ubl e binders are preferred, wt ter i nsol ubl e cel | u .
conplibt {RoHEErRY (NEoHES oVt P oo el R {hR s Srdcls B st gxide
bentonite, and 5 WO 02/ 2- 4321 PCT/ US01/2' 121 >7 1ignosul f oHat may al so be
used as partidieran a ceingerbiFoa 8is teasorh prigpritemptotoneletiza metabxidehavs bR 3 npunt
equal to between 0.5% and 20% by wei ght of the metal oxide, and, nore

pr ef er ablynsidefedumsacgesstul Bauade df nddequaresulfir Sodctinity, 59pyicular.dietding t he

net al oxi de. The nethod of the present invention involves conbining the

cel | ul osg, %?%;.Chhﬁé itiDReQ s eniEabRtacdREL allows foit Sueficiettdinding dithpardtilc| es,
and thorOLPg% m xing the two constituents. Once the two constituents are

m xed, o Ix |t°]d igcsna g%@g ?I {ofes WAt RiRsing Pi]%:re?%?é'&ltzro? efRti@Ry vt Whith tssutRrpr essed

net al Ion particles. i ques uséed to conpress the

constituents to formthe. c resse t.al oxi de ] W can
bo. by oPoRPOHMISGEGHeBOVE e ML R B e aeeooitap T G HREpbl e
conpaction. Any conpression device or 10 netho cg& be useq, as |long as the
conpr ess sktatwade tojiokiba gwaisoameref sWiyn Wy Ragticylar, Hed AN PSPREF S ®have
sufficient crush strength. The current invention uses extrusion or

conpact i @audtio ot trgadelitsont dfeoxyeemin soriederni xt ure. The constituents can be
passed through an extruder to forma conpressed netal oxide conposition.
Conversely, thg $abstii haseseks kedim hepgiictizeneiahoxdenivpast inremoving swhflr
conpressed netal oxide conposition. A conpactor is a 15 device having at

| east t rigalauieah Sartitiiat U S UpRedt N BIB2i888, idiverted by its, etaber eby
comactrﬁaﬁ%ﬁgﬁ%&%ﬁ g%kzel?orrlpogi tion between them The use of either an

extryder or a conpacior h een Q ti tepbiisflofa \ue
suf f :igl erﬁﬁsctl:‘fsﬁ§ﬂg§'F&tﬁﬁﬁ‘é? R&Eﬂﬁgorruégﬁflwggé} %Qpﬁéﬁgfgﬁggﬁ]{nhﬂe , especially
sul fur conmpounds. Any of_ a_ variety of . actor .or ext.rusiol i may be
used. 20 CPRWosisep ceTpEchRkZRC P! %‘?EFpO‘g%Dﬁ“fc‘i‘%%‘Fﬂb"éir“f‘ 16P8r§aﬁ‘§¢qgé}gr%oﬁr&ned
into the desired particle size at the tinme of forpation or ma e formed
and t hen Hinddrgrand atsmallmenatet of astivator: elnoyganjcdrrderpinsiuge bﬁﬁ%mé%ﬁfﬁ&&éaﬁ met al
*oxi de conposition particles should have a final particle size equal _to

bet ween anfilind Cerfitnt! Thaloginifdersincltdeistarehp mefudesliblasetandiprlassehoBbof t he
conpressed netal oxide conposition particles within this range because the

“smal | er %%&fhagé alvBB, §pRBER prbduct dsinsteane tisyens askdintbads levingstenpempbses i on

particles Ich are powder or fines, and sone of these fines will enter

Into iShe c];tl a %aspéﬁdl&t Bedab§d & tﬁc?iﬁ%h télﬂﬁerﬁtiufl%,' the %Eéein?d in&ers dissipate leaving

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



VI % O 112/ 2. 1320 PCT/ USI | 1/ 2921i7 size is equal to between about .1 nmm and
about 20 mMm More preferably, the final particle size is equal to between
about .5 webvzmakbout 5 mMm Preferably, once the netal oxidecfigshigegshas
been conFre ed, it i?l P{.ok n aﬁart sQ as to form conpressed netal oxide
conposi t PETIFR{Peseed hgiding,be pelsts tngether dnitigily, ag SSIRAHAE SGapir IEae e

si ze increases the anmpunt of hydrogen sulfide which the conpressed netal

oxi de coBP8ET PPIsitHaMthilelthis dggign istruéstangingfop née inthgh tympesturapaalt conpr essed
met al oxi de conposition particles are then processed through a screener for
gr anul ar desufysirdtiongrocessespit dnesurot patvideefas sufficfintiemolel panibigt esndigoe. t he
correct particle size. Any oversize particles are discharged into a hamer

m |1, andstiphed; értas baekotisorviel ena GicR@BRE bind88 dbireRe thdBANM O Surpar © 10
recycled back into a batch of the conpressed netal oxide conposition. The

present jdmsel ib9’ﬂ)eil§ti2%ﬁ¥1§’é?£l%9(ﬁﬁk‘.sAfsereﬁltnﬁ{l:ff@'{cieglft I lfog@vf’{)‘@sru@‘»pvﬁij)‘j}g%@“' ar,

t he conpressed hetal oxide conposition par e t hat
can be u ' reactaor bed, whereby the product .reacts with a greater
amount oﬁ&gﬁ%’ﬁfﬁblg@ Yt %%?@&PE&I%B%WH?H igtpr@mcrhjpfqrgarpdg t0; brﬁn‘gﬂ@ react or
bed. This s desjrahle because a | esser anobunt of 15 overall space can be
used andp?ll?\%tf’g?t Slct B?ho\}’&@& be-retpd thabithas pregiouglybieer believhé that erganic t he
particles is advantageous because it allows for increased use of the total
mat er i al bind¢re wereweascertahle furiforming pallato used\eh ambipadoandities) Iseeaiise the
denonstrates that pelletized conpressed netal oxide conposition particles

can be fargarid birtets gememllydofriot prvidelfopg bélkt that Wad dFEsibAtbush BiksgtEaNS t hat
the particles are suitablie for comercial use, unlike many ot hetf known 20

pel lgti Z&i@reﬁ?h%hfﬁbfférﬁ?ea%ﬁ%ﬁ%ﬁtﬂeﬂ{l? of ﬁfeib‘?ﬁde%%gﬁtkfé h}g’lget Aat %J]&s%ﬁ%ié\f&ﬂg% Fig.

1 describes renoval of various s ur conpoun propane
streamusing pelletized iron oxide with neasurenents taken, initially, at 6
hours, 14 hours, and 22 25 hours; 7 WO (12/ 2321 PCT/ USULl/ 292C7 Fig. 2

shows the results of a standard_| aboratory performance test displaying the
effects of particle size of the%%ﬂﬂéw oxi de conposition on
renoval of H2S, by the conposition; Fig. 3 describes the same thing as Fig.
1, except a zThgpissandévenbtigrorsiatésdn baued aseunpresséd meta vride ltempodifiou
conpounds; Fig. 4 is a graph which relates three flowrates to a k (Bran's)
const antpareelenssetl ls theafmoval of contaminants, preferably sulfur compounds, from fluids, and

15 methods related thereto. The compressed metal oxide composition particle will be comprised
of an amount of metal oxide equal to at least 80% by weight of the compressed metal oxide
composition particle. Additionally, the compressed metal oxide composition particles have a
crush strength equal to at least 1 kg and, more preferably, a crush strength equal to at least 3.5
kg. The compressed metal oxide composition will also retain an average amount of sulfur

20  equal to at least 10% by weight of the compressed metal oxide composition particle and,
more preferably, an amount of sulfur equal to at least 30% by weight of the compressed metal
oxide composition particle. Importantly, the compressed metal oxide composition particle
will hold a greater amount of sulfur than if the particular metal oxide species used to form the
compressed metal oxide composition particle was used in association with a carrier.

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

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



H2S on an oxide bed; Fig. 5 describes the sane thing as in Fig. 3, except
it conpares three different types of iron oxide; 10 Fig. 6 describes the
same thingoas iig- 3, except it relates to a different tyge9fsohhesysoxide;
Fig. 7 discloses a conparison between non-pelletized iron oxide and two
‘types of conglosigtonperticlasod hexbopressdianetblyoxide ¢anpdsitionipartiad¢ stfedhdro t he pounds
of H2S on the oxide bed; and, 15 Fig. 8 relates to the sane thing as in

Fig. 6, fiaeBbedub b6t &gl shiffReendy rémsw Hulfuy pesméran@td @tlessalan 2607 GOxi de.
Det ai | ed Description The present invention relates to a bound or conpressed

met al - ox} e COMOS bl MtageBudl@r & hfbbfont BordiiidiRd for meking such a particle,
2 H h 2

and a nethod of using such a’ particle to renove contam nants, preferably

.sul fur conpoupds, fromfluids.. The conpress I j oSl 1]

arti ol e 1o phiseomsrred mEb Sk YamBBIBT B RE Tl e b RS AR o0 1
wel | suited, for renmovipg sul fur conmpounds, such as H2S, from f]uids. The

. conpries sagtahende, pasiealys pewder fosm %E‘F‘YIPB pemad\Parcle st g arbé’tdlﬁf ngﬁ%
greater anmount of the sul fur conpounds 25 than other netal oxide

conposi tmetaboxidtwilt bansrapastcle size anging hiswesyraboui 0.1 orickons andebiuh 180 aver age
amount of sulfur equal to at |east 10% and preferably 30% by weight of
the 8 M@rén FhicB2feanCilal fikQiétal0RGde wilhipy d@msladtondisglsokinden aefipesi Anyn
particle. The conpressed netal oxide conposition will sufficiently renove

sul fur atr 4 SIRES HHEBB0:@des! vARieh hf238actiol wihaRHut R ouRAY mRY B BéEto IR €
preferably, the conpressed netal oxide conposition w sufficiently renove

|

sul fur i C | tJ: h i : t he
corpr esag CBPERegRRE S8 oo RARARIRL:. Mo Bl IF HARCLAR RAIR ]
met al_ oxi nd i nder ., e hinder. capn be a starch ¢ osi.tjon

car b]Ic9<y n%f?tﬁQ ?Qf@“f%ﬂﬁs(gw W ﬁ‘g\q& S%E?tﬁifff)@ﬁge BIUPSERSIStEg qufgg'e“s’ Bi ﬁ&&ﬁg al so

i nclude cell ul ose conpositions. VWater insol uble cellulose _conpositions are
t he pr ef wetalsd Withrcrsual tprhstwasir s andris eanal bx befween fngad At g mosmpiekatedpe
sized to a final particle size equal to between about .1 nun and about 200
mm The ffitiadephotiie isandiore zins, @rednpandse pxalgieainpositipn, dsdheseamrctalvaides. 1 nm
and about 20 mm WMore preferably, the final particle size is equal to

bet ween ghRWeen RndWh #1@adiBoihetSvitsulfuf BEmPBIHASIIH partifulhy, o dxidg offithd Ng an
amount of netal oxide with an ampbunt of binder to form a honpbgenous netal

ong as HRAUEEAOY pERYBRAelitl LRl Se0eaP TRl 3 Rl o B, ret

éii 3 idﬁarg]nﬁ(.; rgw:lll'l? cglgl:raons?t(ijdns It}tlat Iiﬁcll?c{e%;o%rch?ge (t)tqhé’j1 goq'n}u?ach%bggleermtt)s(% the metal

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 least 1 kg, as mentioned above, and is more preferably equal to at
least 3.5 kg. As such, it has been determined that suitable binders, which provide for a
compressed metal oxide composition particle complying with the present invention are starch
compositions, carboxymethylcellulose, and mixtures thereof. Other suitable binders include

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

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



equal to fromabout 0.5%to about 20% by wei ght of the nmetal oxide. Mre
preferably, the binder is added to the netal oxide in an anpunt equal to
bet ween 0.ve0ward26% by wei ght of the netal oxide. Any of ap¢dfiisgie,gf netal
oxi des can be used in Hhe present invention, with the netal 20 oxi 3Qs

def i ned E‘ﬁ“?%ﬁlé%%? Ay £190:beciped am Rinders. e bindseancheeadlded tonthe mestajrozide in an
consisting of row4, 5 6, and 7 netals, with x equal to between 1 and 3,
and y eq@aiourieqyeltpdeiveendniboand RBYubypweigkt aftthy metdh oxides ald, awieipretfesably,
selected fromthe group consisting of FeaCbh, ZnO MO and conbi nations

t her eof , imart émeurteud) tebetalech 0.500aMESY bl weightDf thgheld] 66dal to between 1
and 4. Al so, hydroxides of the netal oxide nay be used. |ron oxide

conposi tions (heafehoddT tRE Frebdif ifRitioPIMSbRES @(?m th@¥l I(zﬁefé&vﬁ\}cﬁﬁ&hien the

present invention. Preferably, the bound netal oxi de par I'ncl ude

Fe304; . j i ' S0l d_ynder e name 9 WO 112/ 2. 32G
PCT/ US( | %%yfﬁ‘%@lﬁcgﬁ?’a%ﬁﬂp}éorﬁe%% e%%ﬁglg%@ng[t}l ?“%1?%81?“?‘?61?? 1346 Geosttypris.
preferre6 fog’l se in the present_invention. The netal oxide will have a
parti cl e 8PS HeWR GORSItIERIzare mixeds if s geoessary FopRIMRIAS the BUXIWIOD asite femsthand,
nmore preferably, between about 1.5 microns and 50 microns. As such, the
unpr oces S¥BPISESeE mptakoxide eoningsition @artickest dhmtechoiguesimstdrie tampress the pr oduct
will be fines, or in powder form Thus, a uniform body or bound particle
wi || be éamstibenfsitofore feaompesssarmétahexid@é@npaitionBastcled B HRany of b oaria e
preferably porous so that they are believed to have at |least 25 tinmes nore

surface af @ahifidR 0@ UBEEeY) IR OSSR Ir ehEPadimh | I of the
sane size. Theg?gare bel i eved t% be desirredﬁ?:har act r?)g{lérgsssml%lvgdﬁ?bi nder

ame si ze : Do i ff.J.ci ent. i ndi
oL, ot bt gl 00 e o4 9l B

strength.of at ast K an referably, 3.5 kg, as neasured by a Kohl
har dnes sf"t“élsaéP‘.ﬁﬁ Suétml%“scﬁ'ifgls e’?gfg' %Bﬁﬁ‘é‘?eqt FRyERtion uses ERITBSIOMOT cr ush
strength, but it should be such that it does not inpact the reactivity of

t he net aforBRAcHEN fasempieessthometal oxideumixture. The ¢anstitucaisicar e passed thieughi ander
shoul d be such that 15 it allows for the conpressed netal oxide conposition
parti cl esxtrudehtovierms ereonposssed mytal oxide campésitiors aPavietselyy thendvinstituents exbbe
reasonabl e use of the interior of a particle. Regardless, the binder should

al | ow t hplacshipraesagdcto toafora ddenpesBPfetal @ﬂd@@&ﬁlbséiﬁoﬁ.OArc%fr%h&o@ﬂ admount
of sulfur equal to at |east 10% by weight of the particle and, preferably,

at | East s thiinte ikt Bfo SEaALIvileis, FifpAJREAEARC AR dbapR Mot 2

oxi de in an anount equal to between y Werg nmet al-

oxi de, q‘frbq’,t] r r N an unt ual,to between 0.5% and 5% by
wei ght o %%H%E%Inq%% %@#é/qq{%pogﬁwa&ﬁ”?\gwmﬁ%nbb’hg Bé%oﬁe\ﬁ,\ﬁ‘tﬂ 1 SXURAEEPLA | vel y
wat er insol ubb? IE i S. necessary to prevent substantial dissolution of the
bi nder b§PTURACHY hpsbegndound,io nradyce pagiclesyvehicl Baveuifjcien smshistrangtbiand
environnment, |If water does dissolve the binder, the particles can

pot ent i dlERgiVEYgyitiieontasingnts, dspecially sulfur cornpdunige Anyafle. vaiibtysof campactosser

i nsol ubl e bi nder that does not degrade due to the presence of water, is

pr ef er r ezktrusion 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



of a variety of binders fitting this description can be used; however, it

is nost preferred to use 10 WO U2/ 2320 PCT/ US(11/292(7 an organi ¢ bi nder

that is mRifPusderably a water insoluble cellul ose composicy @ 26ds71 S
preferred if the cellul ose present in the netal oxide particle conposition

"i's equalsieds equial kebstweb@about SUMmIAiE ddoef 2 med Mordgeferably thedigd] phrisid ubl e

cellulose, or a mneral nodified cellulose. A5 binder conprised of nearly

100% watgfe ik Bgeh Whrb&wesh Avdu® SemhStoBeht Phgf.erred. Preferably, the binder
absorbs | ess than 60% by wei ght water. An aspect ratio of between 6 and 7

s preferred pAcdgiold o ol SLERLEIC LAARe 10 BULL ok 5rBLEl St BtlueT s PRI Cf €

size of the bin hou range bet ween m cron

-exanpl e of, a suitabl co rciall vai | abl e hi,nder. i s .TECHNOCEL . TM.2Q2,
o et 0o BOmPRERC G A PTHOs O BRI OBl Hosirachsidac DICR AUGh fnel

Maryl and. In addition to the netal oxide used to formthe conpressed net al
oxi dé campade sizeincerases the amourt of hydregen sulfde whithdhe eampressed mptal @&idean be
added to the m xture. The addition of the activator is intended to increase
t he reacdonyiosifionfpattiviesaoapble ssadortetEie rokedenparinpmpressedmeralrdxidd e and, in
particular, will cause the particle to nore readily react with sul fur

Conpoundgmpbgitidipasiclddtrdihdh padtkssed Girb@f Pictecer fo PRRlar QMdsélfcathltyer
oxi de, gold oxide, platinum oxide, cadm um oxi de, nickel oxide, palladium

oxi de, 'e‘?%ﬁ!re%’éie%tgr??%g%?baﬂ 'e‘l%av% I c8f‘r}e§’c%la{tfcﬁ’?ﬁké. ?ﬁ%gi%i?% g%%&%@h%“ de,

manganese oxi de, c nati1 ons ereo I'S NDS owever,

to use a,copper,.oxide, as this s _be nown to nost..readily ingrease the
eact v diseTReed iffSe st ulyfod e S BacCR 40 edeeter e s tsapiiRens
conmpounds, as specified by the ?0 Environnental Protection Agency. It:
shoully bécyrbedback e afatah afiiee sroppresssd metal 9xidg compasiHednese oxi de, the
activator will be any avail able activator other than manganese oxi de. The
acti vat or sholiebrbsentivcredtiomis advanagents fogaabmber éfireasoab ol papticdders theabout 5%
by wei ght of the nmetal oxide conposition used to formthe bound netal oxide

parti cl egonfpiesied Rtalrekide comipdsition partites Hidew roHuct that t4iebdiedlin #xi de
m xture is conpressed 25 to formthe conpressed netal oxide conposition.

Conpr ess; evsdad i ssed
Comr 50, A LA NPl W 06 08 i
02/ 2321

amount of sulfur is found in the reactor bed. This is desirable because a lesser amount of

15  overall space can be used and fewer reactor vessel change-outs are required. The size of the
particles is advantageous because it allows for increased use of the total material. The
present invention is also advantageous because it demonstrates that pelletized compressed
metal oxide composition particles can be formed that have sufficient reactivity with sulfur.
This means that the particles are suitable for commercial use, unlike many other known

20  pelletized metal oxide compositions.

Brief Description of the Drawings

Fig. 1 describes removal of various sulfur compounds from a propane liquid stream
using pelletized iron oxide with measurements taken, initially, at 6 hours, 14 hours, and 22

25  hours;



PCT/USI 1 129217 through a conpactor or an extruder so as to forma
conpressed netal oxide conposition. Any of a variety of devices and net hods
can be use®d d2i3icor m ng the conpressed netal oxide conposipdPUso1@52d70Ng as
sufficient reactivity with sulfur is maintained, and the particles produced
t her ef r om havigstshqvs tharesultpein stepdardlahoramsypedeseancatashdisplaying the
conposition 5 particles having the desired final particle size can be

pr oduc e ceféictsaftpastichyysizhef the compressedmetalnpades compofitiendagtmedalfof RS, athei cl e
size is equal to between about .1 nm and about 200 nun. Preferably, the
final pagdmpolsitorgi ze i s between about .1 mmand 20 mm More preferably, the
final particle size is equal to between about .5 mm and about 5 mm At

| east 90% of Fig.tes a@g&ﬁb@ssﬁegaslﬁg@% é?sxlj?li .euﬁ%95%9;ggg%cgﬁgiﬁ@mggrsﬁﬁnwslugw n

t hese ranges. I's not pos 0 ave Icles be in the
appr Qpri ause the small end of the range will include sone
part:%cl e%&gyégl%%ﬁﬁﬁ%ﬁ %ng” of powder, or fines, sone of which will end up
in the final roguct. | f conpressed netal oxide conposition particles

havi ng the deSgrbl &gaplh whichrplates tps Hoyrates janik i) conpang aciseelbsiof j s
not necessary to break themapart or screen them It is believed that these
condi ti df=> ot a1 oxidebed; in a particle having sufficient reactivity 15 and
crush strength. Preferably, however, the conpressed netal oxide conposition
is in large pFigcedesoribes the spasting 4ih®igls, tX@prio opRgies itvée iffefantBies bf 1S
t hen broken apart into conpressed netal oxide conposition particles of the
desi red jpsH §4igd.€ size. Standard nmethods in the industry for formng pellets
out of extruded material can be used. As such, the conpressed nmetal oxide

i 20 tual 1 ek UescBTnR e B 901, s Bl o P BP0 | e

particle size will be equal to between about .1 nm and about 20 mm Mbre
preferab?®%the final particle size will be equal to between about .5 nm
and about 5 nm The smaller particle size of the final product allows the
netal oxi de, Kifi taisplosqsracoamarison betwegrnnan-pélistized ison exide and tvto tynes ofcr eased
anount of the 25 H2S, thus, increasing the anount of H2S renoved. Note that
t he cr ugiellstizedriginoxide, wherebd outlWI{SLiR 1&latéd 26the@oihds 1L dntf2 6Xidpdet; cl es
wi || be dependent upon a variety of factors, including noisture content,
starch cgdgentration, and particle size. Besides conpacting or extruding
the nmetal oxide and the binder, other conpressed forns may be used. Anobng

the @vai | abl ef?igofm%'iﬁéssl%qhé Qa{n'??tgﬁ{ esgff ?Eé%sexc ﬁ’tﬁkg&lﬁ%af@%@}écéachﬁ%rgnﬁgéé?%g ? _

ri bbed rings, Tings, spheres, and ex I bns.
conpr essierﬂgt.tege1 Orreot?eoxi de together so that a carrier is not required, and
it can 8 Geed TW H'9%action bed. It is further desired to formparticles

i nstead of sinply adding netal oxide powder to a reaction vessel because,
For sufficient reactivity to occur, there nust be space within the reactor
to allowthe fluid to pass. Powder 10 would not allow for a sufficient flow
rate. \Wen the conpressed netal Dgiailed Peseriptidgn on is formed by extrusion,

it may be necessary to dry the pellets or particles so as to reduce

noi sture. AnyTh@presasinfverticli i¢iafg t6 abolied siSethprassed fideh] agidekRempaditios| es have
a total water content of |ess than 10% by wei ght and,
20  particle, a method for making such a particle, and a method of using such a particle to remove
contaminants, preferably sulfur compounds, from fluids. The compressed metal oxide
composition particle is preferably a compressed iron oxide composition particle that is well
suited for removing sulfur compounds, such as H,S, from fluids. The compressed metal
oxide composition particle advantageously retains a greater amount of the sulfur compounds

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

average amount of sulfur equal to at least 10%, and preferably 30%, by weight of the
8



nore preferably, less than 3% by weight. The tenperature used to dry the

.particles should be 15 any tenperature that will not breakdown or

i nci ner at p) nder, and whi ch does not oxidi ze the net j
( 6 ' : TH0TR9267
Pr ef erabl@,ot{} é tenperature will be 150 C or |ess, and, m?rce ﬁgfgezrabl Y,

"t he t enpenpressed mietal oide 90mpootion paticlel The somprewdanstaliaxidly gonpuositipalwilt s t o

maxi m ze the crush strength. Dryers that may be used include a rotary dryer
or belt suffiéntly rB@ovebdlfur abltengierdtare2 0f lRESther LeOP C Ahd ended ity Pebssuré. More
preferred to marunerize the conpressed netal oxide conposition particles,

formed bye@xiniy Hbnitedsi ﬁqelaﬂ%xia%%emgeaﬂgn L1 SUYEERARE rdn& @l ass and

abrasi on as neasured by the percentage of tfines in the treated conpressed

he- pr oauifer FORRRR, A el Simtliocdy ol o PR B cbb Bl Mg flag” "

mar uneri zer. 13 WO, (12/2-4322i PCT/US(11/29217 After, t canpr essed
.met aP oxeHwositigpo¥hich 6%00&&?_1%%63 Pégt la%séomglﬁ%wée sﬁl@aﬁzmﬁlar-;‘@&rmn frgan be

conpressed netal oxide conposition, the particles are processed through a
scr eenera ftach gempositen, chboxymptbalcelbwloseOred edmbingtionsitidreaf. Huetable bgtdarsged
into a hanmer mll, and then returned to the screener. The fines are

r ecycl edclsonihelude beltutdse@bnipbsitiomsrpWates adohbicadellalose eompogitisistarethe pafereed he
conpressed netal oxide conposition particles have been forned, they should

be pl acegnddd. &he Eéxﬁfnl%f%se\deiﬁé@l' 03 SmpPRitRe caR RicAteQfkewitd B fnhdcle size

contam nated wi th sul fur conpounds. The fluids wll include gas, |iquid,
d conbj nat.i t f ' d
and CorElR R SBER ) i eh? oA b0 CRE nd PSS RihLinamat e

Ano t he sul fur conmpounds,that .can be renoved usjing the present netal

o 0D papiebreed aapd bm g oD fn Mo SpretaE o toa RaRHE SEetsiiat bon
disulfide (CS2), D nethyl Sulfide (DMS), and nercaptans, such as Met hyl

Mer capt dretwemssiput St aniapewsk mm. ( Et SH), and Propyl Mercaptan (PrSH). It
shoul d be noted that it is likely that other contam nants found in fluids,
especi al | y hyThecmethbdis ipimtedcmynmbeang ammueht lof nteked ok ecvtiparessaht wEbmidenxi de
particles. These sul fur conpounds can be renoved under anbient conditions.

Mor e paribifsith @ hbiogsttub Wietfl QXRRUAESurs AAnY endileiomatixiMpehic the coBinRhtddhie | S
equal to, or less than, 70 C, with 200 C being the highest tenperature. Any

4 W anhi . itk th
]Pr eSS ur &, NR 14RES th%&%tlmts%%gﬁg&;%%%rgggg %&Erhlﬁﬂrg%@tgiéﬂs hRiAleya t he

| uid streamcan passed over t net a conposition

a5, B P e R R S B R SR e 22,
particl ef;squglatrc]) éo%g g\iatl)’]ut%%‘%\{c? gt?o%? Zg%ob%ln\}veig{lt 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
20  oxides defined by the formula Me,Oy, whereby Me is selected from the group consisting of
row 4, 5, 6, and 7 metals, with x equal to between 1 and 3, and y equal to between 1 and 4.
More preferably, the metal oxide is selected from the group consisting of Fe,Op, ZnO, MnO,
and combinations thereof, with a being equal to between 1 and 3, and b equal to between 1
and 4. Also, hydroxides of the metal oxide may be used. Iron oxide compositions (Fe,Op)

25  are the most preferred metal oxides for use in the present invention. Preferably, the bound

metal oxide particle will include Fe;04 . This composition is commonly sold under the name
9



sul fur equal to at |least 10% and preferably 30% by weight of the
conpressed netal oxide conposition particles, and have an H2S hol di ng
capacity equal4sm at | east 0.27 pounds of H2S per pound ofpEpuRhgssed net al
‘oxi de conposition particles. Also, the nmetal oxide particles 25 should have
a densi t>b1%°éfﬁ§4nrf§ﬂ‘geet%ééﬁ sychy blagh ren mxides anppreferred far usam the pewsael uded t hat
the conpressed netal oxide conposition particles have increased sulfur

hol di ng wagdmnty. 14 VWO 112/ 232G PCT/ USI | 1/292(i 7 The fol |l owi ng exanpl es
are for illustrative purposes only and are not neant to limt the clains in
any way. ExanPhemetal &xideplikhdve fpdreisle sive sarppiidbtivesh dbdudolahitidmg ahlne

ef fecti veness of extruded pelletized iron oxide in renoving sul fur species

cont am naRLE 100 Mfdréil 44, @Y%%ﬁﬁ?ﬁbl?,lﬂe{vb&ﬁ’abw lb?ﬂﬁéroﬁé’%ﬁd Sj@mll(&gﬁsc apd ans,

and possi bly carbon disulfi The’test was Initirated by packing a 2 inch

by 1Z i i 0Xx] ely 1.25.pound of _approxi mat.el

Tncnds, gl Hothd ARRNHLARRI e RHBe BruRl mRRRATE PR vilthe
conprised of hlack.ron oxjide and_a starch_binder. An inlet valve was

| ocat ed €8y N BEYAHooR- ¢ Sm%‘%‘@%%@%%@%&%m forgsddrammter ed t he
colum at the bottomand exited the top of the colum. The gas to be

“puri fi eceramdan erduiedngenplandse dhe pariielas ard prdfetablyroreusssoghitithey arpbelieed to
contam nants, including hydrogen sulfide, carbonyl sulfide, and Iight

mer capt diave aleast @Seimertmoteaurfatecdrai than biter asim-poloudparsivlel siichlds sedt am nant s
were made when the gas entered the colum and when the gas exited the

col um, MiridledGRRERABHLS TR Arcbelidldd t%rb%rzfesi}éd@aracﬁérﬁﬁcsl shows t he
initial anpunts of various sulfur conpounds entering the colum. The

| f
contq@m nants red.i ight.. . The specific.conditions
in t]‘?i)e react Oﬁ@n@%ﬁﬁ%?&g% ‘IQ@ {é% r@%ﬁ@\?‘v}l%;ﬁf) %a!bgm%:a S@% ergﬁ)mfi&gat er

T shgth'so'as 0 foPin Sinetal GFp PRl R b oXush stremgth ofa east 1 ke,

............................ 65 Contact Tinme ........... ..............15
mLs/ mi n admredsrably, 3.5 kg, as measured by a Kohl hardness tester. Not only should the binders : 1
CEP-1. ... ... . . . FM 1 Extrusion Sanple

Pr essur eimpart.a sufficient crush.strength, but it should®@ speh thalid dbédhs impals theoreaddivimyay
| ength/ Di aneter in the die of the extruder. The sul fur contam nants were

det ect ecoflijic Hivtal@xide PARIRRSs Wit sudfuk CRlis hydtleized et tfel B8ddr RBoRABY Bhchathat
sul fur and contamnants in the liquid stream by its corrosivity to polish

coppsr s Eflcf’\fsr fg)}ln tl‘%%[)% t@ﬁ thebdl ll)?l"ﬁ% :coﬂigositiéﬂ%%{:l s ol s?%lpyﬁ;geti 1g92G7 As

can be seen e pelletized 1ron oxide resul ‘cel | ent

L; rr?xgl ptga{nlsgalrcépgaﬁﬁft?,g\%fu%ﬁ afiowg 96%Qc(>jrisablel use B?{hteiiﬁt%l-igrr of aHgg'ting.s Rrega?rg{elsgf tﬁee moved
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

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

between 0.5% and 5% by weight of the metal oxide. The binder should be such that it is
relatively water insoluble. It is necessary to prevent substantial dissolution of the binder by
water because the particles are typically used in a moist environment. If water does dissolve
the binder, the particles can potentially degrade, as the binder will no longer work. Thus, a

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

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



oxi de. Additionally, COS, CS2, and nercaptans were readily renoved. Thus,
it was concluded that the pelletized iron oxide provided for excellent

renmoval ofyoSplfises conpounds. 5 This was consi dered inport gt/ aeanse it was
known that previous iron oxide pellets did not sufficiently renove sul fur,

"as conpatesanic binder s id nase preferably iaavaterinsohyhle callulassipprwesitian.i ah oxi de
conposition particles of varying particle size were forned in order to test
t he ef f guefentd pithe caldossipresennintthemptat xidepatieleebnipoeition ipegmasiedor lessn oxi de
10 conposition. The conpressed iron oxide conposition particles were forned
using a gy, 159 onpacti on system by Hosokawa Bepex. The cel | ul ose bi nder,
TECHNOCELTM 202, was first hydrated in a Ri bbon Bl ender Mddel No. | ML6 by

-pl aci ng 100 ﬁf;&égkgéfeﬁfed gﬁﬁ%%&@ iﬁ&ﬁuﬁl@ cbiifodd! &“é’ﬁxﬁnofr%l%miﬂ&x Lk ender

on, and addi pounds of water for six mnutes an orty seconds at 40

psi. .Th .bﬁnder. ur ne for .an ditional. five 15 m.nytes to

e 1 6 mIgT ap Epel e e e et P s o8 e R st e

(Purple C_Io(%g 97 was added, and the bl ender turned on for an additional
B

five nirivedss absarbsslepy thaw 60kt Weighireatee AR psPee Tefe of kdweehé pvdiliés i on | evel

of the M5-75 Conpactor and placed in an Accurate Feeder. Two thousand
pounds dfreferred Axdedsitthaf/gragtenthan 76 govle isgirefer880d ha garticlecozefithd kindensi t y of
86 | bs/ft3 was rel eased by gravity into an Acrison Feeder. The feeder 20

t hen tr ahshidragtt BhRedn I mdEdbaand200 nib®nd UARekample dFadaitatlo conlBreiallye
TECHNOCELTM 202 bl end was nmetered to the Turbulizer fromthe Accurate

Feeder. i P@Eg eft JRENGEE ' T into
the Ms- 7a§’&fg%b}%g§}[d (lgfrl.%qr'ﬁ%ﬁg ender 2?2’213 was net gggﬁdﬁz? gl%lﬁ%ﬁlgﬁ%%%ow F Eﬂj’

co ct \éieﬁf’a Vﬁ@ilca feed screw. After conpaction, the flakes were

di schar g O™ &Y #%ke breaker, and then were mechanical ly conveyed to
the screener 25 for granul ar. cl.assification. The oversi ze naterial_ was

di schar ged i nifi¢dfiengothe metahexidsysed to josm thggempressed guatal qaide agmupppition o7

t hen conveyed back to the screener. The fines were recycled directly back
i nt o t hepattedel ancppemt ofartivateeoHmetl exidpcavbeiddgd tntheasiximee.eTheoddditianeaf. The
conposition specified to produce the granules was 87. 7% iron oxide, 4.4%

TECHNOCHAK{ MtR@r igirdided py mdfeasexthe esactvity Sf theauvapessed maalsoxidd @ngjosition

conpressed iron formul ation was screened to three different particle size
di-stri bujari@d)s andi$n pAGEMat, WillRBAR the pakABlk o hore readily react with sulfur compounds.
15 Among the available activators are copper oxide, silver oxide, gold oxide, platinum oxide,
cadmium oxide, nickel oxide, palladium oxide, lead oxide, mercury oxide, tin oxide, cobalt
oxide, aluminum oxide, manganese oxide, and combinations thereof. It is most preferred,
however, to use a copper oxide, as this has been known to most readily increase the reactivity
of a metal oxide without the ready formation of hazardous compounds, as specified by the
20  Environmental Protection Agency. It should be noted that when the metal oxide used is
manganese oxide, the activator will be any available activator other than manganese oxide.
The activator should be added in an amount equal to from about 0.5% to about 5% by weight
of the metal oxide composition used to form the bound metal oxide particle.
Once the metal oxide mixture has been mixed, the metal oxide mixture is compressed

25  to form the compressed metal oxide composition. Compression can be achieved in a variety

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



Distribution % by Wi ght Sanpl e 1Sanpl e 2Sanple 3+ 3/8" - 4 mesh47.800+4 - 6
meshl5. 930. 528. G+6 - 16 nmesh36. 369. 565. 3+16 - 30 nesh006.0 Basically, the
aver age pedai®esi ze decreases going from Sanple 1 to Sangdt®ushi/298710
shown in Table 2. TABLE 2 Sanple #Particle size range, nmmAverage particle
si ze, nrHmough@agompagfosor amextmdar sp5E 16 fumBa commBssed nigtdlxide @ingosiiod.

| aboratory performance test, the effect of particle size on perfornmance is
shown i PARY of a ParieBaapdavides anthirethods narebenesdd ttvefolatngethe cqapiesdendalaisden t h
an 15 average particle size of 4.5 mm took approximately 90 days to reach

the br eajoiositioh, 2dbME asldfficienté4RtivigwathlsdRur B%ih{%_{rilela, ér%étﬁégzrﬁefes‘l ppm of

hydr ogen sul fide detected, Sanple 2 containing particles n average size

of 2.5 ' ' 5 at_4 m of
vl oger SlcEE iRt B0 QPR e Iitndd Coluh bR MU 90 o BERR T
si ze .of onl . 0. di.d .nqt. show.a breakthrough of ..hydrogen sulfide at 4
ppm ant iﬂmé%%ﬁ'zlb%yf@ai?“fgémﬂ PATLGP sizg cn HﬁPrO%H‘ééed‘F%gM%g@&? FAUASE ¥ t hat
the decrease in average particle sjize increased the effective H2S renoval
capaci t \FOBIPaERE Ehgesired daalnartigle size ireeqpalitoibetveesn abeutvbmem3nd Feaut 286
procedure as Exan*f)l e 1 was foll onwed except pelletized zinc oxide was 10
t est ed imet daefersblypéid fnal pediclersize iobetseen Tt cbnuhi hnd2G mner Boaspreteratns :
Type of Treater ................... Single, Verticle Treater

Tenp. . . .the final particle size is-equal to between about-.5 mm and S5oukls QM DiAt8&dst S0%, of the
............................... Up Fl ow Cont act

Qe 1 | compressed metal oxide compositor it il n fhese ranges. i ppy possible o
Rat i;@. . ... . 07 o 4 o Aot ATt Tt B Te t nt s ep e e e e g e e e s 5:1 Sanmpl e Pressur
A8 - ave 100% of the particles bejahé, oAl st e tsihalledh okt @RV Uk ed
in Fig. 3. It was ohserved that the fpeI | eti zed zinc 15 oxide, in general,

r enoved Agude samms Rarticlgpizedigdhelevelnf powder, o ines, seme opwhickiwillend spie thexi de
resulted in suitable elimnation of nost sul fur conmpounds. This was

consi derféwl prpduett dhconeresnad snatal oprirle| cpmpbsition partieles hiatiap iy ddsirad finsles sul f ur
contam nants at higher tenperatures. At anbient conditions, zinc oxide wll

t ypi cal Ipartivid sizbarepeatucddbaut BYdenlt & not ukbdddiary BXBIRRAK theth aph@iSdrEciéBh € _
conducted to determine the relative crush strength of pelletized iron oxide

20 part itaé@S It id BEIRS el YIRE Pncdé céﬂdﬁiblﬁx’}iﬁ‘?eéﬁﬁquﬁfv& t%ﬂg{i{fﬂ}fﬁﬁ@&%ﬁ&ﬁit&%’ Five

(Ferrimagnetic 2), and Hoover were pelletized, ree types iron
oxi 4¢ b%ﬁgr@h@rgﬁmbl ack iron oxides. The FML and FM2 iron oxides are
ferrimagnetic pordus iron oxide particles believed to range in size from
1.5 mcrons t O,Mm crons ith a hypothesi zed surface area of 10 n2/gm
The Hoover o}ﬁ' Béraibg' ’ @Sﬁeg@eﬁ{et%mﬂéesgydrfﬂﬁtﬁls@ﬂ‘g‘? PUPPQFURTEIS i [2E2S RiFCERionee
little qQr no 18 WO 112/ 2321 PCT/US(11/2J217 porosity. The iron oxi de was
bl ended ttwastes\ihiongh therappanactor onexitrdes It i then brekenapatting comprdssed mitdlf er ent
amounts in solution. Al so, various extruder die |engths were used. These
vari at i exslewompositide padicthstod tin desiredipdrticle sizen Standardsethddy @shd indigiry foen

oxi de particles having sufficient crush strength. A pelleting press

manuf actfomsidg pylldtabit ofaxtrié@tmbteriflaibS usddl Adsuch! @8 c@fﬁg%s&ﬁh&@f ShideM th
the pellets formed fromthe press having a dianeter of mnm To assess the

strepgt Qo%oﬁﬁﬁﬂw@l‘?hb@é a cﬁsﬁ?&@n\%gleéf{ 4 Egaaglﬂ NSl g%r?i?:ﬁrsi nérq!&'lstg g‘?t&’\l;eggor der

to derive accurate data, tests re m nten et’s afa
accor di o] h h with the resul hen .avera . Th hl pellet
tester :Agmgrﬁa}\ ?}ﬁlgg?&u gléodl? %9 0 Rilin ]d)i?ger?(balﬁ’l tﬂ@s&i‘?’i pa&g@ﬁ size I‘Z\gﬁ‘gﬁ Fgl}ﬁ G%%?Fﬁ/ ¥ The
foll ow n ta?le shé)V\{)s tBe results of the tests, the

about .I mm and about 20 mm.” More preferably, the final particle size will be equal to

between about .5 mm and about 5 mm. The smaller particle size of the final product allows

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

25 H,S, thus, increasing the amount of H,S removed. Note that the crush strength of the
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10 particular type of binder for use in formng each of the pellets, the
.die length used to formthe pellets, and the average crush strength. Oxide
FML FML Ryp obABLE 3 LCI TEST SUMVARY Di eway Water % Bi ndgicr k@i E;g;h 18. 2
None 18 1 S None 18 15 0.0075% CMC 18 Strength k:= Wak Wak Weak Densi

"1. 690 1.ppatielas widlberdgpertdant mpain Fxariety ol ﬁmmw@@mmmmntcmm@b. 0075%
CMC36Weak1l. 542130. 0075% CMC36Weak1l. 508130. 0075% CMC48Weak1. 475130. 0075%
CMC6 0V adohcetitvhitid®, adpaticts drech 30 Fragile 1.359 16 0.78% Starch 30 Firm
----- 19 V1' O 112/2.132( Oxide FML FML Di eway Water % Bi nder* Length 17

0. 84% St ar ch BQidks céﬁﬁggﬁng%te%hdlﬁ%% h&al dlidednklthé %%@f the?Eérﬁ%%éEdkg
Densi Hoover 171.0% Starch 30 5.1------

00, ?- o A %@“z@ggﬁéwﬁﬁ‘%‘?@ Ginfiesed T g ﬁé}‘ i bl ey, ™

wei i deWat er 9Bi nder Length St rengt h
~ngg si #?X‘?’Pégﬂlg’\%@ S’dlf%ssiihe SXUY§OR3 15 | FMR15. 31. 04% St ar ch 60
1.91.457. 6FM218. 82. 36% St ar ch 60 6.651.175. 3FM218. 82. 36% Starch 60
4. 71. 462. AFNVRARY wsthodgasba pegd fagcomprsssingthe matal| axideogethersodhatia cagier is
8.31.321. 3FMR18. 92. 34% Starch 48 6. 81. 231. 8FM218. 92. 34% Starch 36

6. 01. 06210t Fipir8d, 3R d 3tiddn Btearsedin3breotiml bed3 It i Timthdyidesiead tb ifetm payticlss t he
percentage of starch on a dry weight basis found in the5 pellets. The

percent inwett&l of RRpBSRIAINE hétel FHBPSwa 1dh Fehetiohehs¥iciuss ot bifabieAi Xed Wi t h
themetal oxide material.The density of the pellets appears to be unrel ated

0 he Goushiss Saak R BELEE SiniPle R 0B ARG SPRTAUSHL2BoTcAS can

be seen from t he use St arc entonite pr OV

excel |l ent rus Iets formed therefrom

Car c?xyr?@? dpg ?lf gggsf"glé ?“ttzlawpfﬁ‘ 2 pellet having insufficient crush
strength. Additionally, it was determned that a die length of at |east 30
mm was pr ef er Vogn ths qempressed @eta#%dﬁF%@E?ﬂltlekﬁﬁBm%eer etagiongit f‘@é’tbieng t he
pelletized FML,, FM2, and Hoover iron oxides to evaluate the reactivity and
ef fi ci emegessarydadty thsrppﬂsfs i particles s@aviviradndeyaeisiyemn Ay priodess foralryipgsan Thr ee
reactor beds were filled with the three different types of iron oxide. Two
pounds djbeudsb@, a8 @brlgedsi the fartic e have ditdiBtabsricahtewpst 1dsahal10% bg whiglRahd, gl ass
reactor be

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

15  any temperature that will not breakdown or incinerate the binder, and which does not oxidize
the metal oxide. Preferably, the temperature will be 150° C or less, and, more preferably, the
temperature will be 90° C or less. It is necessary to dry the pellets to maximize the crush
strength.

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

20  preferred.

After drying, it is preferred to marumerize the compressed metal oxide composition
particles, formed by extrusion as this has been found to increase the hardness and abrasion as
measured by the percentage of fines in the treated compressed metal oxide composition. Any
of a variety of marumerizers may be used in the present invention. Rotary drying may

25  eliminate the need for a marumerizer.
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10 tube. This step was repeated for each test conposition listed in Table
4. A sour gas stream containing 3,000 ppm by wei ght of H2S was passed over
the vari owdD @al4mti zed i ron oxi de conpositions. Specificalpypushieogas was
passed over the FM2 bed once, the FML bed three.times, and the Hoover bed
three tines, 21 e cRMPLssed metal Qidgcompesitionaati¢lesar fymedihy treaking 2nag of
the contam nated gas (Q was set at one of three different rates: 2.09
liters péecampraseediBetal ¢xidagommosition, theiparticdes Be p®cegsad throdgtea smednet fo2S was
recorded as a function of tinme of the varying flowrates. Fig. 7 shows how
much H2 Sgramslahelhgdifivatibine Oviesize pattities bl disstaeseddhiol 4 A €], ahd fHeaw rat e of
2.09 L/mn before break-through of H2S occurred. Additionally, Fig. 7 shows
how muchreiithédio theserBéles PHe HAQ PRy LD 1Oh bafcBdF P é?;‘i-hgxlés%,fé'd ftl Bk t he
FML conposition, 20 but with the iroh oxide |ocated on carrier. As can be
seen,s th&rﬁﬁdsit%ﬁﬂ zed iron oxide held significantly nore sulfur. In Fig. 8,
the sane thing as Fig. 7 was shown, except a different flowrate, 5.09

L/ mn, was usged. The system was. pr.essurized at 6 psig,  and_the sour gas had
a tenperatur e88?e%§° : ﬁ%@%@ab@ggmgﬁﬂsgwwrﬁﬁgﬁwHaﬂgfqmaqht Dientific
TMX 412 el ectronic gas analyzer, calibrated with a standard 124 ppm H2S in
t ube mi xghorkd beplaged 1n azeacigrivaspshee aibdevantagicd avithsfluids eantamiohted kvithosudfonf i r m
the H2S | evels. 21 W O 1121 2-4321 PCT/ 11 S01/ 292C7 The rate constants (k)
wer e cal compiuads. f Tlenflaids etk invlwiatgasiiquid, ahé combinationdiBerend. tihistrhestout | et H2S
(I'bs.) equation as follows: E[H2S reacted over (err)t (lbs.)]. Fig. 4 plots

the rat eprefinet a0 tervy@esufuf finpAmas froff cofthenifited B8s RRGms Much W pRphsteand
material. Three different flow rates were used. The (Bran's) constant k was

hi g t t ] f urve
equ gl?zs I?Lﬁé%goinﬁé%f%égﬁk{e\% ittl?iflp oo\?g‘?o(&? flgfr{ém %?eb%s%glgb%# Qﬁﬁ%&g & &é\}gr,ltct he
faster the reactivity wll be redyce hus, the 0 the Ijn in
Fgs. | amgal GG piticlte dtn yoPebantice sy goend Refict oSl caboningios "ri
4, except_ the_irgn_oxide was the Hoover species. Fig. 5 relates to the sane
data as (GPaBijmethyl sulidsi(DM$)eendmercaptans, suglp@sMeﬁlyg reapsandMeST, Bthykst ed.
10 The FM2 had the highest rate of reactivity, followed by the FML . Both
conposi t Meresptah iasd e xmkPlopyl Mesaptan (PiSH). Thehotlddeanoteteihat it &l likehsthabser ved
to be not as good a candidate for use as the other two materials. Fromthe

k det er ndthert dontamihidets Sfiintd iR Fleids Repedd AUy RS %ﬁsf@ﬁh Heabslbb& b2@eby t he
oxi de was determ ned using linear regression analysis of a plot of k versus

| bs.150f doprbssERSeOil okide }Jﬂﬁﬁiﬁs:rh‘ﬁe&sstlﬂﬂ?fz&ﬂ?&ﬁﬂgg&f Ye }emdaeﬁhﬁ&erqtﬁgﬁ .

Further, 15 the slope of ‘the lIinear regression analysis relates

d of ' be. oxi ial.and the H2S. this is R Th
Tt or coptonaepio VGRE pARERGI Syt G S B BT e g Pl

't i zed .| ows; TABLE 4 LI NEAR REGRESS| ON ANALYSI S OF K
VS nccu PR bt 788 D sy e g S A e atre. CARREFpgure ca be

used, with ambient pressure preferred. Additionally, the fluid stream can be passed over the
compressed metal oxide composition particles at a velocity equal to at least 0.6 feet per
20  minute in gases and 0.1 feet per minute for liquids.

The compressed metal oxide composition particles can retain an average amount of
sulfur equal to at least 10%, and preferably 30%, by weight of the compressed metal oxide
composition particles, and have an H,S holding capacity equal to at least 0.27 pounds of H,S
per pound of compressed metal oxide composition particles. Also, the metal oxide particles

25  should have a density ranging between 1.0 and 1.5. From this, it can be concluded that the

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



Material Q (L/mn) Slope per Pound k range R LCl (FM2) 5.09 -1.6 0.41 1.35
-1.15 0.976 LCl (FMI ) 2.09 -1.2 0.30 0.70-0.56 0.992 LA (FM

) 3. 75- 1. 53Dy 9%- 0. 720. 998LCI (FML ) 5. 09-1. 40. 310 92‘0-7QQH%&§%é$u;FNﬂ)
All data---1,70.270 94-0.700 959LCl (Hoover)2.09-2.60.171.72-0.690.982LCl
“(Hoover) 3. 75The felloygng sxangplepge juglipstrativeypurppsysonipasl PeupUsednt t@limitlj 7

Est. Capacity Material Q (L/mn) Slope per Pound k range R LCl (Hoover)

5. 09 - 61 daihid iDa®Owdy.58 0. 992 LCl (Hoover) all data -- -5.8 0.13 1.58-0.67
0.984 As can be seen, the FM2 and FML had superior results for holding an
amount of H2S per pound of iron oxide (see Est. Capacity per Pound).
Exanple 6. 5 The reaction rate k, from Exanple 5, was anal yzed to determ ne
whet her the pelletized iron oxide h tter reaction efficiency than
non-pel |l etized iron oxide. Fig. 7 ig&%ﬁ%%%bined pl ot of outlet H2S readi ngs
(ppng % gou ds of H2S that has reacted with a bed of pelletized material,
-ei t her Fﬁ ‘1 ), (Hoover), or non-pelletized iron oxide materials, at a
flowrate of 2.09 L/mn. These curves relate to the outl et readi ngs of H2S
(ppm to theAigstavasrendented tofdetcapmingthe affeqiivengess pEextrusied pellstized jrpn oxide
illustrates the reactive speed of the materials. As can be seen in Fig. 7,
two poukdesmeivitEMulipr spigiss cortaminadtswinchiding? 8y rogerosilfide, e Boindfsolfiele; he out | et
H2S reached 900 ppm This is conpared with non-pelletized iron oxide, which

had onl yhetcaptanp,cind @osgiblyicashon didulfede; caetiesd wae intiged Bf phtking £26h@thyad evel
of 900 ppm 15 at the outlet. This shows that the pelletized iron oxide

gi ves ajRHRBIn% with %H;Bﬂogilﬁdiéé)}(r gm&%&@ﬁ gﬁpgeiiﬁﬁw ggﬁ%ﬁ% oggelré%%e& fan

non-pel l eti zed iron oxide. resent npar ed

R
E lc;)Vr;/] Eakglgrzllg%) Vaﬁvg w];g 1050at%3 iag th2e %gtt&%/o -t}ilei éolusn% fsg ;Il-lrateggntgrhi(l)la{eh liguglsein e:rgd7 0
the column at the bottom and exited the top of the column. The gas to be purified was liquid
propane contaminated with various sulfur species contaminants, including hydrogen sulfide,
carbonyl sulfide, and light mercaptans. Measurements to determine the amount of sulfur
- 15 contaminants were made when the gas entered the column and when the gas exited the
column, with measurements taken at different timeé. 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 .......ccoeenene Single, Verticle Flow Direction ..........cccecernuennnnen Up Flow
Treater Temp......coccovmirirnrrinnirnnenenenne 65° Contact Time.......c.cooeviruevnen. 15 mLs/min
L/D Ratio c.coovvvereeerceeerieenrnneenenenieneeinnns 5:1 CEP-1....oocvreririeerereiienens FM1 Extrusion
Sample Pressure........cccevvviinirenncas 360 psig

20 L/D stands for Dieway length/Diameter in the die of the extruder.

The sulfur contaminants were detected by using a copper strip test, which identified
the amount of sulfur and contaminants in the liquid stream, by its corrosivity to polish copper

strips by ASTM method D-1838.
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WO 02/ 2- 432CPCT/ US01/ 29267Zn0Sul f aTr eat Tenp70 F70 FI nl et Conc. 3000 + ppm
H2S in N23000 ppm H2SDi aneter1.5 in. 1.5 in. Wi ght 1065 gi ns827 gi nsVol une815
m.815 m ,Jet@h4Pas usedl2830 L14774 LTotal HZS renpved38. Sdyddsedbdgays to
Breal . ~t hr ough3338 The Zn0 ran for 33 days before hydrogen sulfide broke
t hr ough. Thi S\ eandeggensiramdrisel, tl@ermilesm%m @dde reahltealtlnteﬁeelbah@myﬁmﬁ i ons.
Al t hough the Zn0O did not renmove as nmuch sul fur as SulfaTreat, the results
ar e posiviaiives sulfudcormpomidal In perticiilat, HoS eweatrexdily remeoyeltat the @slletivdd itohs t est
was run at roomtenperature and still renoved H2S. Exanple 8. The present

Exanpl e oxaleatAafitichall) CCOBLOSY, ahd aHered EtaﬂKW’é&J RadilyRhftlve@X THESs, Rekdset s used in
the renmoval of sulfur fromfluids. e nethod was initiated by obtal n| ng a

sanpl e r St
Tou's. PRIk oPK e .f?@ﬁ“d%?’ai‘.’l ok Bl ;*5%1 AR cohfifoun®
cont @i nan appunt nmoi st.ur u to 30/ b Addi 1.i.0n it was
det e fdte PRACI B g RERI Y GrBHNF e RO Rl it 97 o %E&yéeaﬂet To
formthe tal oxi de p*uéets 9000 gns of the black iron oxide were placed
in a bl &4 &F1 loYﬁaﬂﬁ ASFPBWArSd SIQHAXISS A WHFn, St. Louis, M ssouri.
To the bl ack iron oxide, an anmount of binder solution was added. The bi nder
sol ut i oExampleé dr ned by mixing 15 118 gns of starch manufactured by Argo to
boiling water. Starch was neasured so that it was equal to 1.34% by wei ght

starch on a Cﬁdnpiﬁssg@iroh@iid%,coﬁ@oﬁlﬂaﬁ auicleb @f%rghigﬁﬁﬁicléﬁhﬂbdeﬂoﬁﬁé@ﬁl to
the black iron oxide was equal to 17. %by wei This fornmed a bi nder and

I ron 24 orddfk) ek tiag f‘f%@tjo Grklc ﬁ%@ﬁ%%@rﬁﬁhﬁﬁe%ﬂﬁ%hﬁp&&@ed%ﬁgﬁt as then

kneaded in the eknea er 5 mnutes. A doug produce t was

Tl R Y &
100 o)
I e PR S U, B T

extrusion rate was equal to 224 kg per hour. After extrusion, the pellets
were pr d:é‘&tsm’ééﬂt‘i%mallﬁ@bglmﬁﬂqnﬂéﬁM(OgﬁH‘éo EYL6ty reeippi0Q pomdsofiar | otte, North
Carolina), with an 8 mmfriction plate turning at 300 rpmfor 10 seconds.
The pel ITEGNOCELMMQ02dr € Wender taming the blzadatan; endiddiip80 pdéHds of ward it
was 10 determ ned that the pellets had a bul k density of approximtely 1.25
kg/ L. Aciﬂf dik afidhttyand fort\g»%@cdiﬂs 8f 40 pd ThEBlenlidiSv el SnFedarpaditidRefpe equal

to about 6.0 kg. Exanple 9. An iron oxide pellet was fornmed that included a

cel Iy Q%ﬁlpmegﬂ?ﬁmfo%%ég%ﬂgﬁ%ﬁe ECF]%E@@?L sN@)ﬁ {(RJ dllbgvéﬁ“ c&ﬁé@}o&}g@ a tank,

|6§ I watercI Iose and m Xxe » , IgOO
cort ur osuk L Wm%@”g' ?ﬁ%@%"&s& e n 1o R Rigliva A, his "°

hom)genous bl end was then pressed at 4S 000 psi to
form t hél %@W@ttgansfpﬂ@d Iu@§QI Fheefﬁ@d mowtw@tl@vakef thed¥S{75 L qrapactiang placed m

conposition: Conponent % By Wight Iron 89 Cellul ose 5
an Accurate Feeder. Two thousand pounds of iron oxide having a moisture of 1.95% and a

loose bulk density of 86 Ibs/ft® was released by gravity into an Acrison Feeder. The feeder
20  then transferred the iron oxide into the Turbulizer Model No. TS8. The TECHNOCEL™ 202
blend was metered to the Turbulizer from the Accurate Feeder. The Turbulizer deposited the
TECHNOCEL™ 202 iron oxide blend into the MS-75 compactor. The blender feed was
metered to the rolls of the compactor via a vertical feed screw. After compaction, the flakes
were discharged into the flake breaker, and then were mechanically conveyed to the screener

25  for granular classification. The oversize material was discharged into the RD-8 hammer mill,
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Water 6 25 WO U2/ 2321 PCT/US(1 1/ 292C7 Thus, there has been shown and
described a nethod relating to the use of conpressed netal oxide
conposi ti QRsaiQse €Movi ng contami nants from fluids, and a p@tiggbfy meking
such conpressed netal oxide conpositions which fulfill all the objects and
“advant agE@n emvgyad hack tethsrsereener. The {impawersrecysladdizastly btk intb tha fedde art
however, that many changes, variations, nodifications, and ot her uses and

appl i cathoppér, it the loa-sizeredict geimples SReslcoiRt@t. oxi de conpositions and
nmet hods are possible, and al so such changes, variations, nodifications, and

other uses angheajp| 'o%bh%géciﬁéﬂ&gng&c@%e Ed whi @MdiRforS ;}\gé,h 4pd scope
of the invention are deened to be covered by the I nvention 'ch'is limted

only by i i~ch §0l | ow 2/ G Wiat is clained is:
PCT/ 1151’§WWMVI%2AQ€({OC% %%Seoé?%%&é% H%t%%'orrposi tion for renoving
contam nants fromfl ui ds, said conpressed netal oxide conpqsition .
“conpPi si ng: (/gfalalele|°ia§9m@ﬁféswe¥%r}%aeepﬁeowaf ﬁ%ewm#geﬁ%@t pRtiplene

selected from5 the group consisting of periodic table row 4, 5, 6, and 7
met al s, Sigerdistiibutinnsl axshopatindeblell. and 3, and y equal to between 1 and 4 and
hydrated forns of said netal oxide; and, (b) an organic binder to form
conpressed netal oxide conposition PpRABLElEs, wth at | east about 90% of
sai d conpressed netal oxide conposition 10 particles having a final

particlfe size equal tTo Between aboul .T pRwdutioaPRWy Wkt sal d
conpregsed netal oxide gonposition particles can ret'ain an average anount

of cont@ammant—equat—toTat—tegst 531G by werghigof cconpressed et al
oxi de clonposition. 2. The co i}me%lggd nmet al oxilsa'enp(l:%%posi tii on o$a‘EP£ﬁ m 1,
wher ei n—saj_d—bi-nder—-s

+3/8" - 4'mesh 47.8 0 0

+4 - 6 mesh 15.9 30.5 28.6

+6 — 16 mesh 36.3 69.5 65.3

+16 — 30 mesh 0 0 6.0

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

10  shown in Table 2.

TABLE 2
Sample # Particle size range, mm Average particle size, mm
1 1.0t0 9.5 4.5
2 1.0 to 4.75 2.5
3 0.5t04.75 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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15 added to said netal oxide in an amount equal to from about 0.5%to about
20% by wei ght of said netal oxide. 3. The conpressed netal oxide

conposi ti wo 24683 m 1, wherein said binder is a water insgttpkf6gd7 ul ose
conposition. 4. The conpressed netal oxide conposition of Claim1, wherein
sai d bi widmrnsofiydeegsnsulfidesietected, Samplp 2contining paytioks af an averdgecmemdsi t i on,
car boxynet hyl cel | ul ose, and m xtures thereof. 5. The conpressed netal oxide
conposi t2iomnofooKiuatimapprowheately Dayal 16 tobteakthranghde 4ippnsef Isali@gnisudidet he
group consisting of FeaGb, ZnO hydrated forns of netal oxide, and

conbi natde6ted! WRilEQimpleist donthidifis ah at Qa8 site BNENIS 2.Phsch BidSY ov 2
between 1 and 4. 25 6. The conpressed netal oxide conposition of Calmb5,

wher ei N sy ' [ i ] ' OXi with
i d act oA IB8LGen BRI RER oA 6L bty P B Saichiooll ey
consksti f unt s, of, copper oxide, silver.oxide, gold oxide, platinum
oo P ingRB: BhC R e RBRREE ptkiaE T iln PR e O etlio i S vy y
oxi de, tin oxi ge, cobalt oxi de, manganese oxi de, alum num oxide, and

conbi natFRATYY ohBiesompressedrmetat oxige padilesnet al  oxi de conposition of O aim 1,
wherein said nmetal S oxide is selected fromthe group consisting of MQ,
hydr at e®xpmme3of MO and conbi nations thereof. 8. The conpressed netal
oxi de conposition of Caim7, wherein said netal oxide includes an

activator of Thaistmeptaved@éiad Bxamplelt wai Bl1owkd ¥2dept paRtiesd Aflc briagwhage group
consi sting of amounts of copper oxide, silver oxide, gold oxide, platinum

oxi de, @é?s@éﬂiiiﬂﬁhé%%gﬁztedq}mmé?Xflﬁ%on@ﬁibh%fé@asngh&?s: lead oxi de, " mercury

oxi de, tin oxide, oxl de, al um num ox conbi nati ons t hereof.

9. The net al oxi.de,c esi ti on of m 1, wherein said
conpr es%&gp{f %ﬁgﬁki"dé'"cm‘égﬁlﬁ’i Harticles ?ggép'ar't'i“c1'°e""si'z-e"-r-aﬂgiSHg

bet ween Fﬁ%ﬁt P rmeand 20 nm15- 8. The co STES -att-oxi-de- - 360 psig
conposi EIBRDIECH G - wherei BEIQV conpressed netal oxide conposition
parti cl £90R&LEME. par+.i-ct-e-si-Zd Mbsiimg bet ween about .5 nm and about 5 nm
CEP-l...ooietirrereerecreerecrne, 2.0 extrusion
10

The results of thé test are disclosed in Fig. 3. It was observed that the pelletized zinc
oxide, in general, removed most sulfur compounds except COS. Use of the pelletized zinc
oxide resulted in suitable elimination of most sulfur compounds. This was considered

15 important because normally zinc oxide suitably eliminates sulfur contaminants at higher

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

sulfur.
Example 4.
Tests were conducted to determine the relative crush strength of pelletized iron oxide
20 particles. Three types of iron oxide known as FM1 (Ferrimagnetic 1), FM2 (Ferrimagnetic
2), and Hoover were pelletized, with all three types of iron oxide being similar black iron
oxides. The FM1 and FM2 iron oxides are ferrimagnetic porous iron oxide particles believed
to range in size from 1.5 microns to 50 microns, with a hypothesized surface area of 10

m?/gm. The Hoover oxide is believed to be a much smaller grade material with little or no
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11. The conpressed netal oxide conposition of Claim1, wherein said
.conpressed netal oxide conposition has been extruded to form an extruded
metal oxi {gy @hisRMposi tion. 12. The conpressed netal oxi del,(plqugfzbf(hon of
Claim1, wherzzgzl n said netal oxide and sai d bi nder have been conmpacte

‘toget he&)oﬂiﬁﬂﬁ TR&as bRide twas blshde@with VRAeisagpdsaifdindyd, dethaRepRddbds! lnﬁned 28
WO 02/ 2- 4321 PCT/ US01/ 29267 13. The corrpressed met al oxide conposition of

0 ai m Lin ek Bmd@hed o6 QITRAGR S8R0 BBl Gthiler SRTRRHILNIAR LGRS, SUI f ur

corrpouna% at tenperatures of l'ess er any pressure. ' 14.

The co sed met 0 |t|o id oxi de
The_comyL 56 TP Ao BT A5, AOTRP T SoBB Bl MR %?0&?’9@6 BB o
least 0,6 feet/mnute for ndOlfeet/mnute qui ds. .15, The
conpr es $eynEEYcienk Frygh & w@& K Poletive repss AT tasEe PY] WA QLRI et al
oxi de conposition has an H2S hol ding capacity equal to at lest 0.2 |bs. of
-sai d5 newHithokeniexide pellats, wittothe pellephorvedrfoesthe grosehating g dipmetaraf 69nmi on of
Claim 1 wherein said binder absorbs | ess than 60% by wei ght water, has a
densi t y Tgrassdse thetshangth@f gadhipellatyd Kahl Beljee Elardrbs 'Destaw@smgemeltnmw t6 and 7.
17. The conpressed netal oxide particle of Claim21l wherein said netal oxide

particl %.eﬁ@éa&uf’a’iéléﬁa &Eit@%ﬁé}nm teh Belflts mBAhctirdi%ecdrinklo eddhon&@HRr essed

netal oxide particle of Claim1 wherein said metal oxide particle has a

2;‘&2? s sl Lo ey tgg%%%pl TR gl “‘eS?eZésh@a%faf%P‘é d S el R ! amoun
10%
oxi do cOERCH Contipmplik gn%i‘vifﬂwﬁeilﬁ%@gaﬂﬁﬁ%b& ol G nan

amount of netal oxide haV| ng a particle size rangi ng between 0.1 m crons
and 1900 peitiskisn &ypaed birder frs usoimmigrmingeach ofihe Religts, élhfb@lﬁtlellﬁh e deformghe or m a
netal oxide m xture, wherein Me is selected fromthe group consisting of
peri odi pellethlaadtloaaverage criish strengthnetal s, x is equal to between 1 and 3, and
y is equal to between 1 and 4 and hydrated forns of said netal oxide;

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 Fim e
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25 (b) conpressing said netal oxide m xture to produce a conpressed netal
oxi de conposition; 29 WO 112/ 2-4321 PCT/ US01/ 29217 (c) breaking apart
sai d conpwasm@ersmet al oxide conposition to produce conpresgeguysnisie;oxi de
conposi tion particles; and, (d) screening said conpressed netal oxide
conposition particles so that at |east 90DN&¥a¥sai d particles have a final
particl 2%8e equal Watey weBitderbut . 1 nhesgth ' 5 aStiengtinke nmDensity The
met hod of Claim 19, wherein said conpressing step is achi eved by passing
sai d metEM1oxi de mi Xt ure thr@84h Saccbnpacd®@r. 21. Thé.8ret hod of -G-ai m 19,
wherein said conpressing step is achieved by passing said netal oxide

m xt ur e KMt ough an Ext ruder . 12A8%XBentohie nBdhod of C 4i3m 21, wherndi4d said
conpressed netal oxide conposition particles are dried at a tenperature
rangi ng between anbient and | ess than 150 C. 23. The nethod of C aim 22,
wherein said conpressed netal oxide conposition particles are manuneri zed.
24. The Himiveod of d7ai m 19, wbeyrSthrehsai d s@npressed gt al oxi de-conposition
15 particles have a final particle size rangi ng between about 0.1 nm and
about 2G@mm 25. They net hod pbyStaich 19, wderei n sai ¢ gconpr essed..net al

oxi de conposition particles have a final particle size ranging between
about O0.f¢vm and abput 5 mm 13§, StMéh O 1189 2- L32( PCIL115111/292fi7 (a)
form ng conpressed netal oxide conposition particles fromnetal oxide and a
bi nder mned to forma netal 1 g3d,dRaoh Xt urgg whereby ggi d netal oxide

m xture is passed through a conpactor to forma conpressed netal oxide

conposi tgyp, said §rpnpressphonBialy 0xi dggconpositigrygi s broken_apart to
formsaid conpressed netal oxide conposition particles, said particles are

then screened so that at |4®34er9% % s1§6f ght%&&e have a fi nal particle
size equal to between about .1 mm and abou 0 and, (b) passing the
fluids over said conpressed netal oxi de conposition partlcles t her eby
causi ng renoval of the sul fur conpounds fromthe fl uids. w0 021 2321
PCT/115111/29217 27. A method for renmpving sul fur conpounds from fluids,

conprising: (a) forning conpressed neMe¥a¥%xi de conpositi on particles from
netal oX@¥deand Watenm¥er Bindey to fobﬁn&!mti_mﬂﬂnﬂsm wheFisey sai d

nmetal oxide mxture is

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 53
FM2 18.8 2.36% Starch 60 4.7 1.46 2.4
FM2 18.9 2.34% Starch 48 7.65 1.03 32
FM2 18.9 2.34% Starch 48 8.3 1.32 1.3
FM2 18.9 2.34% Starch 48 6.8 1.23 1.8
FM2 18.9 2.34% Starch 36 6.0 1.06 2.1
FM2 18.9 2.34% Starch 36 6.05 1.23 1.7

The binder listing is the percentage of starch on a dry weight basis found in the
5  pellets. The percent water represents the amount of binder and water solution mixed with the
metal oxide material. The density of the pellets appears to be unrelated to the crush strength

of the pellets.
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extruded to forma conpressed netal oxide conposition, said conpressed
netal oxide 5 conposition is then broken apart to form said conpressed

met al oxi gy @@IpRsi tion particles, said particles are dri g@Bis®/29267
tenperature rangi ng between anbient and | ess than 150 C, said particles are

‘mar uneri zed, A%fap beaseen &ppstha data; the yse ef wergk and bentonite provided fr egodllest sai d
particles have a final particle size equal to between about .1 mm and about
200 mm camsh, strbfgthbn thegwdlietsgotnhel therefrdm. dVeboxgmathyl cstimlase sexlilind ired peliet de
conposition particles, thereby causing renoval of the sulfur conpounds from

the fl uiglsing3dsuffiM¥hl ckheH strefigid]l ARAdTdARNN A} #ad dd8rmined B3PS @RIBKbINBF & OXi de

conposition for renoving contam nants from fluids, wherein said conpressed

-metal oL 36 3R k&G rbp cCoOnprises: (a) at least one netal oxide of the
formul a MexOy, V\n'g]tsdh Me sel'ected fromthe group consisting of periodic table

row 4, 5Exa la%d 7 metals, with x equal to between 1 5 and 3, and y equal
‘to b8t weeh 1IP&nd 4 and hydrated forns of said netal oxide; (b) an organic
bi nder to form nmetal oxide conposition partjcles, wherein said netal oxide
conposi tion chif Mesent Fxamplgyelaiss i waingihe pelletad M hAM2. apd Bloove iman | east
10% by wei ght of said netal oxide conposition; and, (c) an activator of

sai d netcedidesxp degluaie the readtivityand efficdency eff eadthemniposithon e rebtovimlyslrogansi st i ng
of amounts of copper oxide, silver oxide, gold oxide, platinum oxide,

cadm um sutfidtefromigak eThrex kéhetor Padd wekie Yille@ Withethe kig-asldidfeteh® typeB bEMSY oide.de,

tin oxide, cobalt oxide, manganese oxi de, al um num oxi de, and conbi nati ons

ther eof ; Ty Bbis of ik ﬁ@feﬁ&edqﬁrp@xid@ﬁﬁ%ﬁiafwg%( gé‘erd’ in%?ﬂfo%@ la¥eQitofbda M xed

to forma netal oxide mxture, sald neta e mxture s conpressed

N h . . _ Cd Cion,
wni ittt <o PRRSkRwap Sene el S SRR B R I Bl o R B PR BRI e,
Thous o oonmi ka0 aR bbb e Pk el B b Al 55, A

conpressed nmetal oxide conposition for renoving contam nants from fl uids,
wher ei n eappsitional Specifirallyothp 83 Whopassed exerrfire Mg bed aficeathe [BdE bed theearet al
oxide of the fornmula MeXOy, with Me selected fromthe group consisting of
peri odi ctithed)hnd thevidhvebbedthregrtines, ok bfivhichwrd listed mghathdrobdled wdda flbwd and
3, and y equal to between 1 and 4 and hydrated forns of said netal oxide;

rate of the contaminated gas (Q) was set at one of three different rates: 2.09 liters per minute

15  (L/min), 3.75 L/min, or 5.09 L/min. The outlet H,S was recorded as a function of time of the
varying flow rates.

Fig. 7 shows how much H,S was held on the Hoover and FM1 types of iron oxide at
flow rate of 2.09 L/min before break-through of H,S occurred. Additionally, Fig. 7 shows
how much sulfur was held on the same type of iron oxide used to form the FM1 composition,

20  but with the iron oxide located on a carrier. As can be seen, the pelletized iron oxide held
significantly more sulfur. In Fig. 8, the same thing as Fig. 7 was shown, except a different
flow rate, 5.09 L/min, was used. The system was pressurized at 6 psig, and the sour gas had a
temperature of 68° F. The H,S was measured using an industrial scientific TMX 412
electronic gas analyzer, calibrated with a standard 124 ppm H,S in tube mixture. Also, a

25 Kitagawa tube was used as a cross check to confirm the H,S levels.
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(b) an organic binder to forma netal oxide particle, wherein said netal
oxi de conposition can retain an average anount of contam nant equal to at

| east 10%wayoymBght of said conpressed netal oxide conposipépiso@ek7 (C) an
activator of ,ﬁaid metal oxide, with said activator selected fromthe 10
group consi st Wg’a@fcoaﬁﬁlﬁfﬁ?@ pre celgplated dxqmy @ determipafionqf the outles HpSowithdhe

pl ati num oxi de, cadm um oxi de, nickel oxide, palladium oxide, |ead oxide,
mer cury amxlietl,S (Ibs)) enuatien acfiltialve: OfHI®reatRAGRBEAILOY]. dtg. Aplers the' FteX1 de,
and conbi nati ons thereof; whereby the netal oxide, organic binder, and

activator_are mx to for tal .oxid I xtuye, said tal. oxide m xture
is corrprcgls@%‘? %eﬁpggbehpo 8%%&%%@? &F&Gaé‘?rﬁq@i é“{fdﬂfF s er?éi‘%?reli ki de
conposition, which is broken apart to form conpressed netal oxide

conposi ARV Ysed) dbe pBxansy censtant kiwas dighest as thy fastegiifloveraireef5.0bbmind. 1 nun
and about 200 mm said conpressed netal oxide conposition particles are

dri ed atThe slapepdithet euree equatyis g theehised neaatibity overdindk. | Birsstéepanthd 50rve, theai d
particles are marunerized, said particles are then screened, so that at

| east 9@ast@fths dadtiviar wWilthbemdhcude muﬁ,itn@hlog@mhe liBe$indBeL AU anki® iAQichRt ween
about .1 mm and about 200 mMm 34 WO |12/ 2~32(~ PCT/%J8111129267 30. A

met hod frefetib By "FIR0 6 GRIWE BS8kle rﬂi‘ﬁhghs P{g‘ ﬂ?e)&%ﬂéir{)ﬁ %ﬁgf%& \'}\% lgﬁ?v%?pab' e of

hol di ng an anbunt™ of contam nant equal” to at” | eas of said

conpres et i sition part.icles i d hod conpr.i sing:. (a)
mix ng S ut DS SRR RTeT R e d ReortReca SRR waRTY i i 5
0.1 mcrons,and 100 mcrons and of the fornmula MeXOy with an anount of

bi nder B¢ K% a metal oxide mixture, wherein Me is selected fromthe group
consisting of periodic table row4, 5 6, or 7 netals, x is equal to

bet Ween 1 and't® FM2 bad thedighgataiate: of reastinigrfollowedibyl therRM hy Baih ecinpesitimsof
said netal oxide; and, (b) conpressing said netal oxide m xture to produce

conpr es shawektxakllentireketiiily.c THpHBLVdrafatexddl twaglobServéd toltRamt aPB%6dof candiddte
particles having a final particle size equal to between about .1 nun and

about 208 §88as IR otfer thodnASriAs. From the k determinati i
N9 A A AR A AT A AR ARG o the Xytelermmanon, jhe gitimateqperpeund o A 9. AA.

A39. A A%aﬂcit@%r h%lé(ﬁg 'f—‘ﬁg‘@ $ddite was 3&ermined using linear regression analysis of a

plot of k versus Ibs. of total H,S on the bed. The estimated capacity is listed below. Further,
15 the slope of the linear regression analysis relates to the speed of reaction between the oxide
material and the H,S, this is R. The x intercept of the plots gave the overall capacity of the

materials. The results are summarized as follows:

LINEAR REGRESSION ANAL];(ASI;; 1(3); KVS. ACCUMULATED LBS
20 OF REACTED H,S WITH THE BED
Est. Capacity
Material Q (L/min) Slope per Pound k range R
LCI (FM2) 5.09 -1.6 0.41 1.35-1.15 0976
LCIFMI) 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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7kB} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] cRa] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] cha]calU]ca! B_

IW Al | #&{R8%k s | (1 ((2))) EX**NeY++zupkf al W] ca] ca] ca] ca] s&) gahpadesal cal ca
] ca] calca) ca] ca] ca] call ca] ca] ca]ca]lc”a]ca]ca] caJca]ca]calca ca+ca cal ca! +,
N\, ,*..../0y23457778"888E999L: : ; R, Est. Capacity

;; U<<=i Mrateriahc” Y] ] | ca] ca) geinsia) Cadlepk cal cg&,cp']lﬁﬁi cal cg p‘g,]gga] cagca] ca]calc
a] ca] cal ca] cal)ca cal] ca] cikca] cal] ca] ca] ca] cal =

SS>>? Hoovgr : ABTBRRCO CCCPEEI % smhe Ynhe/00-0.868] ca9.893 ca] cna]

ca] ca] cajgatbeatGphicaligal cal cal ca] calgal cal cal] ca 1.58-0. 4
W] cal
>g] ca] ca

Teacal ca) car arbar sy AR AN R G0 o et stoto

VWAWAK] XXX . : .

YYY. ZzZ 2R paupd o iropoide (sqedist-Capasihe B PRPed) ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ¢
aJca] ca] calcal ca]ca]calcalca]ca]calcalcalca]cal[\i\\"]z]]2"""@ __;

“““ bExample&dee, fff @gi {vql gb] X]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caV] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calcalcalcaliaigijiuil|ili
1] Uj | ; kkkOThk reaetioicrai©k, from Example 5, was analyzed to determine whether the

o\ oj oopwpppp| w mhc”Y] ]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

. I I "~ . <ttt
B R A € 1 i B L AERA O B Y i o S SRS S 1R SR
! ———
AL R b
liz( pE(ul79H mhb
Tt Ca] OSTULPL AR DG e R b Fi0aY< hPERTBpILPed Toh UOFEHIrINg 604 o) co] o
a] ca] ca] ca] ca] ca! %/vsthk<BN\/gn~yt ni d_ZU] ca] ca] ca] ca] ca] c™a] ca]ca]c”a]ca]c
na] ca] calowatecd] 2 l/minc 3 hes] cviaes adlats]te Hiecnitleticadingad ] C@pmte theca) ca! &<
xot : ;
AD[ 9 R{ amoghd ofireacfdd] K]Scw]th slectadds aldcditeed) ¢insaales dleasdctnbhpalictlieal cal c a] cal
cMa] ca] ca] cha] ca] ca] ca] c”a] ca] ca] cMal] ca] ca] ca] ca
R 36 BHMvaads | wr mhe” X] c] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!. 8F.9va

hz{ vpkf " ~al.cake A

a1 cal cal cal oo EaPEATRATEDE 2 R BRLER P DAL B I RRB SR T
Co) ool cRbR] B bERkaRxs e Soh pake Ttk e aka iRl a Rt atlardsgl s ool ¢
-@L| wnmhehY] ] c] caéca] cal] cal ca] ca] ca] ca] ca] ca] ca] cal] ca] cacha] cagca] cajcalc
a] ca] caPdughdidoahe & RpeRdsof jroajoxidedaacied wdoredias HeS ranohadreclevgljof PEAPPa] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] c&j capethy ontletl This@hofvs that the pelletized iron oxide gives a superior result, and reacts with

| YwO} xsnid_Z]]c]]ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalca]lcalcalc
a] ca] cahgedater lafifohGed IR AdiE-pEILHZE@Ir6@bide.

(86%7-/2: DK/ | vpke [ V] ] ca] ca] caV] ca] caV] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
| ca] ca] gghamhcl cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca! 04) wMT; nc;

| wmhc”Y] ] c]cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca]ca]ca]cal

cal calcalca calecalcalcal cal :.75&6a hElor ; .
| vv]r nhl:"Y} ] c} gg%ge?%:ng?% Y W@Eﬁ ¢ Jc%‘i%%%@&f%%%%ﬁ”ﬂﬁi ggPéWa‘}mé;j@éﬁT% a] ca] ca]
| 0 "()-9 "10%& () -

%gglg(?/ié%](i%%L%%&%}r\%%ljg%cgrgg .C%Le(:: go>n 1t£ogn's al%} 9eéﬂlctj§ arga)as %ollo%wos:/&& O

T&I10% & ()-!'S & 10%<& ()-MdE!' " & %0%& ()-L"10%& ()- " !'109%& () -

Ly@109%<& ()- &L10%<& ()- F10%®()-/~ dE"& @10%Nlfalredt 10%<&' () -

- S6$109%& () - s-"109%& ()-+:$109%& ()- ~,#"10%& ()-m>&

bCl &s10BRd Heidgi®g#10%&' ()-" 1028 ft) - 109&' ()- 10< 10< AOf"'=109%& ()-&

- 7kdEbC!I "% 0% () - Y@@109&' ()-$10%& ()- Y& 109 ()-3&M 109%&' ()- 9 "109& () -
kB_ dE: Prekbure 5 psi 5 psi

-10f " <s109%&' ()-::!'109% () - Fsf 8$10‘;&' ()-2Z/"10%& ()-m $1%°/%L' ()-CA#10%' () -p?,

MH L f BRIRQUFFE ()-! N FS %4 L () -1 1FS %0% ( &) - QUA0% & () - 31 #
gcmocy((gﬁ’(‘\/?%égw&(()g/((&' ()-3 %@Mﬁ‘ﬁf _=f FS &7 omd 07 & () - 31 #)
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%409 $10983& ()- @ 10( 10( 10( " <10% & ()- /9%40% & ()-! @%40% V V& ()- FS
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SU0%@' ()-398&& o' ' 1 (dEQ\ =f @m&wg 10%& ()- |11 zS8ulfaXgeat). S

10%<& ()-L&IO%& ()-L "10%& ()- 9310%& ()- '(}((2)))E*dEg\=f FS

940! ! 100y () - LF#109%<& () - L#AKE ()- L "10%& ()- [P RBO%S& () -

L" 10%<& () - E*** N+Y++, dEg\ =f FS 940! sy)! 10%& ()- 9 's10%& ()- YUWMO%& ()-
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olume 15 mL 815 mL
Total gas used 12830 L 14774 L
Total H,S removed 385L 443 L
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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10  determined that the pellets had a bulk density of approximately 1.25 kg/L. Additionally, it
was determined that the pellets had a hardness equal to about 6.0 kg.
Example 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 1bs of cellulose and mixed.
2. Next, 1000 1bs. of iron oxide with a moisture content of 1% or less was added
to the cellulose and water mixture.
3. The constituents were mixed until a homogenous blend was formed.

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

20 pellets were of the following composition:
Component % By Weight
Iron 89
Cellulose 5
Water 6
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(b) an organic binder to form compressed metal oxide composition
particles, with at least about 90% of said compressed metal oxide composition
10 particles having a final particle size equal to between about .1 mm and about 200 mm,
said compressed metal oxide composition particles can retain an average amount of
contaminant equal to at least 10% by weight of said compressed metal oxide
composition.
2. The compressed metal oxide composition of Claim 1, wherein said binder is
15 added to said metal oxide in an amount equal to from about 0.5% to about 20% by weight of
said metal oxide.
3. The compressed metal oxide composition of Claim 1, wherein said binder is a
water insoluble cellulose composition.
4, The compressed metal oxide composition of Claim 1, wherein said binder is
20 chosen from the group consisting of a starch composition, carboxymethylcellulose, and
mixtures thereof.
5. The compressed metal oxide composition of Claim 1, wherein said metal
oxide is selected from the group consisting of Fe,Op, ZnO, hydrated forms of metal oxide,
and combinations thereof, with a equal to between 1 and 3, and b equal to between 1 and 4.

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

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



eF1Cv0%OY40%08' ()-B O¥0%0& ()-B %0%08 ()-B %40%0& ()-B #3n29840%0& ()-B
eA1CY4.0#3n2%0YA 0%0% ()-B %40%08 ()-B %0%0% ()-B %40%0& ()-B #3n2% "', -;
=dJ+C%A. 09 (2)24 B4 0908 () - B #3n29840%08& () - B %4.0%0& (é g& PEO0E% 202678

%4 0% -B =?CDEdC+C%4.0%0& | 9%40% & S# 10% & %40 %

;%22%&89@%%‘)3@ a}@@u)@p( f:omaeé@x@(l);}g_ S oxide, go(id 0)(c1)de, platlnum(o)x1de cadmium
)940% & ()-' NY0% & ()-)9%0% & ()-)9d0% & ()- ' 10% & () - eE+CYd0%0&

) 9%4.0% &'oxide) wiaked exidy. paladdant oxjde, Ky ORislE' merchsyl O%AE, (i -dxidd, WobhlC oxide,
410% & ()-)%0% & ()-' % 9% 0% & ()-)%0% & ()-)%0% & ()-' %145679Hv U4
109" s&nigngh &k oxieYalumiun odide,1d Omblraliohs thetepf, 9 %40% & () -

L6"10% & ()-H Q| [:vU4 10%' s& ()- y10%' s& ()- 10%' s& ()- 10%' s& ()-

10%' s& ()- 7'910 096 ai
&10ty2 2& 8 fere @gsfeﬁﬁreégls%g Iget‘égﬂmde ]\%ﬂ%ﬁgﬁgﬁ% gf_ ?%%f th@%ﬁ said metal

1096”50 2% FEATRTERTIR, Bl Fé%e%t?n@g oS i a0, ang

fYdOoU & ()=  .1f YO&O(V & ()- YL3'109 & ()-W|[:bUs F+109 & ()-F

Fos 109 £0Epinafigps, Y- 110% & ()- LGLOY&S& ()- @LGLO% & () - @ ?bUs
SF+10% & () - sF+1O & ()-sF+10% & ()-sF+10% & ()-sF+10% & () -

&Y710% & () - '8/ 5z Zhgepmpressed metal oxide composition of Claim 7, wherein said metal

SF+10% & () - SF+10% & () - SF+10% & () - SF+10% & () - SF+10% & () - ) ?569EHMSzZ: bU4

sF+109%) &xide-inélud@oAnadtivatdr-of Gafdsinéinl sXidd, 00l shill- Rbva0LSdedtyd Framminefdeow: bUs
SF+10% & ()-sF+10% & () -sF+10% & ()-sF+10% & () -sF+10% & ()-) ?qruzZ: bU4

SF+109 S0%
V10088 (110" o' 10° W SCLONE () VR s0 & (1 SHTao () SEE CEH 1

U016 Chri Bad g f Aag%xg%}i@e}?@%}gﬁ%,éﬁw il it G

CV&O%& (diUIDlnllm OXI(PG angfl égmmet]ions I%GI'GOf WO%BE ( )

0. The compressed metal oxide composition of Claim 1, wherein said
compressed metal oxide composition particles have a particle size ranging between about .1
mm and 20 mm.
15 10.  The compressed metal oxide composition of Claim 1, wherein said
compressed metal oxide composition particles have a particle size ranging between about .5
mm and about 5 mm.
11. The compressed metal oxide composition of Claim 1, wherein said
compressed metal oxide composition has been extruded to form an extruded metal oxide
20 composition.
12. The compressed metal oxide composition of Claim 1, wherein said metal
oxide and said binder have been compacted together by a compactor to form a compacted

metal oxide composition.
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200° C and under any pressure.
14, The compreséed metal oxide composition of claim 1 wherein said metal oxide
5 removes contaminants from a fluid stream having a velocity equal to at least 0.6 feet/minute
for gas and 0.1 feet/minute for liquids.

15.  The compressed metal oxide composition of Claim 1 wherein said compressed
metal oxide composition has an H,S holding capacity equal to at lest 0.2 Ibs. of said metal
oxide product.

10 16.  The compressed metal oxide composition of Claim 1 wherein said binder

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

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

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

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

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

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

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

oxide composition;
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(d) screening said compressed metal oxide composition particles so that at
least 90% of said particles have a final particle size equal to between about .1 mm and
5 about 200 mm.
20.  The method of Claim 19, wherein said compressing step is achieved by
passing said metal oxide mixture through a compactor.
21.  The method of Claim 19, wherein said compressing step is achieved by
passing said metal oxide mixture through an extruder.
10 22, The method of Claim 21, wherein said compressed metal oxide composition
particles are dried at a temperature ranging between ambient and less than 150° C.
23. The method of Claim 22, wherein said compressed metal oxide composition
particles are marumerized.
24.  The method of Claim 19, wherein said compressed metal oxide composition
15 particles have a final particle size ranging between about 0.1 mm and about 20 mm.
25.  The method of Claim 19, wherein said compressed metal oxide composition

particles have a final particle size ranging between about 0.5 mm and about 5 mm.
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passed through a compactor to form a compressed metal oxide composition, said

5 compressed metal oxide composition is broken apart to form said compressed metal
oxide composition particles, said particles are then screened so that at least 90% of said

particles have a final particle size equal to between about .1 mm and about 200 mm; and,

(b)  passing the fluids over said compressed metal oxide composition

particles, thereby causing removal of the sulfur compounds from the fluids.
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' herdin said compressed metal oxide compos1t1011 1S comprises:
(a) at least one metal oxide of the formula MexO,, with Me selected from the
group consisting of periodic table row 4, 5, 6, and 7 metals, with x equal to between 1

5 and 3, and y equal to between 1 and 4 and hydrated forms of said metal oxide;
(b) an organic binder to form metal oxide composition particles, wherein said
metal oxide composition can retain an average amount of contaminant equal to at least
10% by weight of said metal oxide composition; and,

(c) an activator of said metal oxide, with said activator selected from the
10 group consisting of amounts of copper oxide, silver oxide, gold oxide, platinum oxide,
cadmium oxide, nickel oxide, palladium oxide, lead oxide; mercury oxide, tin oxide,
cobalt oxide, manganese oxide, aluminum oxide, and combinations thereof: whereby the
metal oxide, organic binder, and activator are mixed to form a metal oxide mixture, said
metal oxide mixture is compressed through a compactor to form said compressed metal
15 oxide composition, which is broken apart to form compressed metal oxide composition
particles, at least 90% of said particles having a final particle size of between about 0.1

mm and about 200 mm.
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metal oxide mixture is compressed through an extruder to form said compressed metal

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

20 between about .1 mm and about 200 mm.
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