;e3ee bZZ[ TVAP|R 6_T HXU' ~ ~ L - "~ - —\yi . 700z *166166* AN ADSORBENT
FOR"A HYDROCARBON STREAM AND PROCESS l'ﬂ@ 'mml | nvention This
h

invention relates to adsorbents for t 5 trace el emant!%r\Mn 2002
hydr.ocar bon stream and a process for their*iestset More particularly, it

relates to an adsorbent for_adsorbin rcury, arsenic, sulfur, t al

hydri des and rel at’ty W HoRom %Yﬁ%%g‘gﬁpﬁoﬁTMﬂNDpr%Pgﬁggl y an
olefinic or paraffinic streamand a process for its use. 10 This invention
al so relates to a procdckgrowkh of SNSRI t he adsorbent. Renpval of
trace elenents or inpurities froma gas 15 20 25 streamis inportant in the
preparation of varTtous inpwdrsdarborelptedutosadFerbents ehentshorrgumiali fes,
such as sul fur, arsenic, nercury or netal hydrides and conmpounds which
contaif t hesecrdsireal ementist fhom enpiest{xrlorn gasreameans, or prbegsbntfenf ere
with the production of the hydrocarbon end products. To renove these trace
el enments or ivpuH+tihes. frogd GRS tSiigamI i woidi Fépseas types elagredust s
are comonly used: (a) adsorbents to adsorb these inpurities or (b)

catal ysts on mhi cluddesend MuLLLies a8ehbem cahky,’ eagkad. HdsaHRentsof
this'type are described in DE-A-2 319 532, This reférence discloses a
process for i f.vi hg S ont al,Ai o] | fide, f

i oxi do and docrty s eoMPbinda ERai e Bk PR 05 ae0eRY. | KiRE3AE0Y 2n,
r-oil ,, ., 2. JUL Z07? passed qver_an adsorhent conpri si al.um num

oxi de or a comTiTHttDnObf p%lrﬁrﬁ%rﬁ’rhcoﬁtcﬁeae{ﬁda’% Iﬁcé??o(r;‘lp%ﬁﬁ dgngéEﬁar‘rlsﬁatent
application DE-A-3 719 138 di_scl oses a conbustion unit, wherein in order to
preset@e t he BT iTTKEDS ioh 21fenseledes Fot @ AFSSEFEnEoratd e PFOSP IS eam
fromthe catal yst. The adsorbents are designed for the renoval of arsenic
oxi de from t het gadwe sadscanrertthe adsor bent product s

Removal of trace elements or impurities from a gas
stream is important in the preparation of ~various
hydrocarbon products. Trace elements or impurities, such as

15 sulfur, arsenic, mercury or metal hydrides and compounds
which contain these elements, must be removed from gas
streams, or they interfere with the production of the
hydrocarbon end products. To remove these trace elements
or impurities from a gas stream, two different types of

20 products are commonly used: (a) adsorbents to adsorb these
impurities or (b) catalysts on which these impurities are
chemically reacted.

Adsorbents of this®type are described in DE-A-2 319
532. This reference discloses a process for purifying waste

25 gases containing hydrogen sulfide, sulfur dioxide and dust-

like sulfur in small concentrations. The waste gases are

L
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can be used alone or in COﬂ]UﬂCtIOﬂ wi th other products. Silica gel, iron
OXIde manganese oxi de, titanium oxide, 10 nol ybdenum oxi de, alkallgq'qgét?mw
oxi des and zeolites can be used as an el enent of the adsorbent. DE-A-3

197 and DEpé&s3e02Dvi8 dhscadese-berithodsmb ot s fegowilngimydr ogeidsubki de from
gas m xtures containi ng hydrocarbons, wherein carbon-containing nol ecul ar

sieves or dSmBehh¥abgdoehalGRahudl 8xu88dang 3ds0ebBNESoxPEeA-2 822 235
di scl oses a nethod for renoving nercaptan from petroleumdistillates

whereby the disgLlant a%fe%c” 168G W tdh ppeakd y7bash g gand Qi 1@ghanger
resin. DE-A-2 530 091 discloses a nethod for selectlvely 20 renmoving

hydr ogen SH&%Q%EEH%HWW%BEQ g‘%g%g é;%‘) Sl AL, ! o S xf)h”g a

crystalliné zeo € i s uséd oses a ne e de
aro tlcatlﬁg and de- sulfurlzatlon hydr ocar xtures greln cation

exchangers i ?Qﬁﬁvﬁ?q?¥%ﬁ5«:QQ%ﬂF Ggﬁs arg. BEPCQ 2“§EEr%©%2 ¥hpdtfhds are

used. DE-A-3 512 352 discloses a nethod for renoving carbonyl sulfide from
li qui d hydFBERIBBR: f eddie IIIRATHG 13- ¢ i8S HBRPRdf OThé M@y Fdastled over
an adsorbent consisting of 5 an anionic ion exchange resin with an am no
function. Arsenic esApsuddomardeganrer dtingamenoVidie fadHn LR i paefest Hy
adsorption. In the past, activated charcoal was generally used for this

pur pose. Neaer badsosdnélpnedouct siif oronf sent Lo owpohnds hane whisblased in
DE-C-3 816 599 which 10 proposes a nethod for renoving arseni c conpounds
from wast esgnses whearei irdheocxkigen GnBfHrAidd NEx @St e tgasnismpasseate over a
sorbent having a |l arge surface area. The sorbent is based on titanium oxide

andomay, | RoddEEth@R ok Al kaline earth oxides and zeolites can be
used as an element of the adsorbent.

DE-A-3 029 197 and DE-A-3 029 188 disclose methods for
removing hydrogen sulfide from gas mixtures containing
hydrocarbons, wherein carbon-containing molecular sieves or

15 activated charcoal are used as adsorbents.

DE-A-2 822 235 discloses a method for removing
mercaptan from petroleum distillates whereby the distillants
are treated with a weakly basic anion exchanger resin.

DE-A-2 530 091 discloses a method for selectively

20 removing hydrogen sulfide from hydrocarbons wherein a
molecular sieve comprising a crystalline zeolite is used.

DE-A-2 356 519 discloses a method for the de-
aromatication and de-sulfurization of hydrocarbon mixtures

wherein cation exchangers modified with basic nitrogen

o
v



transition netal oxi des, such as the oxides of vanadi um 15 and/ or

nol ybdenum or tungsten. Furthernore, the sorbent may al so contain

zi rconi um oxi de and/or clay or silica and/or alunosilicates and/or FuwMﬂd“mz
oxi de. U. ScolpbentisNare41:428,.889 di scl oses a hydrogen sul fide sorbent which
is regenerable. The preferable netals which , 20 are included in this

product includepglRc3agdsi §68, 9 COPREL AN rdt@dg %%ngém@QQnélHQ}ﬂgﬂ%%and
copper, nolybdenumand iron. In addition to adsorbent products fo

renoval of 0 s sty S re 3
e et P T T R re SRR o ./
such as sulf onpoun ncludln ydr en s e froma hydrocar
stream Th@?gkggt ‘aly gsflde % ?‘éﬁ b PR LY 62 Whl ch
di scl oses an al um na cat al yst mhlch na be 5 |npregnated wi th iron, nickel

andPor cob&hnt 2n3pniE- 69?36%08§§8F0§6§1§ piL&8ues P@ﬁnﬂeéﬁpFGﬁPElng a gas
streamutilizing manganese ferrite prepared by m xi ng an aqueous sol ution
of manganese saPESgRAct ecoppousdlst @Feh danaramlirunrsaPvedo foem agas
coprecipitant of manganic salt and 10 a ferrous salt of an

or gani c- i noiganresaby dad3Prgli @068 dilsclpeses acgavadesukharcealieas agent
using a ganma-iron oxi de-based agent. U S. Patent .No. 4,489, 047 discl oses
a process fenetralyi ngedy dicagemisuldimedg.omeerd i adpsosess gas@scusi ng 15
solid acceptors, wherein the acceptors are conprised of an al um na product

ont o whi chepbg akaéﬁﬂcaca%@hn@yQ@a%igblmdbﬁnaom@gﬁnﬁ@ ¥ dgn pkhi ron
oxi de, wherein the netal

10 proposes a method for removing arsenic compounds from waste
gases wherein the arsenic-containing waste gas 1s passed
over a sorbent having a large surface area. The sorbent is
based on titanium oxide and may, 1in addition, contain
transition metal oxides, such as the oxides of wvanadium

15 and/or molybdenum, or tungsten. Furthermore, the sorbent
may also contain =zirconium oxide and/or clay or silica
and/or alumosilicates and/or aluminum oxide.

U.S. Patent No. 4,729,889 discloses a hydrogen sulfide
sorbent which is regenerable. The preferable metals which

20 are included in this product include zinc and iron, copper
and iron, copper and aluminum, and copper, molybdenum and
iron.

In addition to adsorbent products for the removal of

various types of impurities from a gas stream, catalysts are
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constitutes 2 to 20 percent, preferably 7 to 10 percent, of the acceptor.

20 A nethod for renoving carbonyl sulfide fromliquid hydrocarbon /f)epg‘mi ? n
di sclosed in DE-A-2 526 153. In this nmethod, nickel, which is deposit o] m
a carrier 25t laaad fiom cliedecrioyvalsed awtierd adat alspsth aBESALZ W39 234
di scl oses a nethod for renoving sul fur 4 L' - ~.i - 112 JU 200 oxides
f r om gasesdiypomaas, ofinaladtiahy dtyddvagdn pkatésdan fraxi de Hyayrercaafocam
transition nmetal on a shaped refractory substrate with small surface area.
Both the suthsdamat e Biukbd hiteniyde d ayer divy:10@asi, StEoaf edanplaymbgxinds.

Copper oxide 5 is preferably used as the active material because it is

sul fated by.sWiureqd QHide PechndelO8n3dPuiss! 0581 Pocalidl HndiPlbe

renovi ng antinony hydride fromliquid hydrocarbon conpounds contai ni ng

ni ckel deplq%gg%c}j%@ @MSI#?%rﬁ&gél andlp%PEégﬁé]l@?A' 676 di scloses a

met hod fox renoving nercur ue ‘gases by contacting the gases with an
oxi dation cat al yst TB %al l.i c.mercur ortion s _oxidized and the ionic
nercury is then‘y i 430 g%g‘g n P RE LRSS r‘% I%écf L}c%n%iofs)é?ﬁb@g&aéﬁtlpg Fenoved
fromthe washing water hy precipitation 15 or adsorption-. Cenerally, a
denox cat HFBtSTRLAR S L 21R9 BRPEAPESR ERFAl S tPT ALY RY SHat i Rea A yst
for the hydrogenation of acetyl ene-al cohols is prepared by a process
wher ei n t RAYBRHDFENAG I &ft Faypganesst Sicns derdEs ofs e Widtalad
ni ckel , copper, nolybdenum and al um num and/or 20 iron and may or may not
cont ai n nmenganeEsenogdte. t¥hEbemmanyoptethpsbaptoddc mangam lige sgtlitl iazed f or
the renmoval of sulfur products, such as hydrogen sul fide, froma gas
stt@am i taifeirpos tanlt tdftasidpdanid Nxpenstve aesdr bent products be
devel oped for the renoval of & broad
JP 71-020688 discloses a gas desulfurization agent
using a gamma-iron oxide-based agent.
U.S. Patent No. 4,489,6@7 discloses a process for
removing hydrogen sulfide from certain process gases using
15 solid acceptors, wherein the acceptors are comprised of an
alumina product onto which is placed a metal oxide which may
be a manganese oxide or iron oxide, wherein the metal
constitutes 2 to 20 percent, preferably 7 to 10 percent, of
the acceptor.
20 A method for removing carbonyl sulfide from liquid
hydrocarbon feeds is disclosed in DE-A-2 526 153. In this
method, nickel, which is deposited on a éarrier, such as

aluminum oxide, is used as the catalyst.

DE-A-2 439 234 discloses a method for removing sulfur



5 r-o~ ~1i 2 JUL 2002 range of inpurities from hydrocarbons streans,
especially olefinic gas streans. Therefore, it is an aspect of the]pt qm?nggoz
invention to provide an adsorbent for the renoval of trace quantities o

sul fur, nepeadgs dnsenigaseet by mednisdest amdceoppyandsvhdant apaaes t hnse

el ements or conpounds, from a hydrocarbon stream especially an olefinic
gas streanoxlitdel slafeddit aonatarasipgein ohet &l SohneendhQied ordex¥gEopr{n
adsorbent for the renmpval of catal yst poisons which may 10 adversely affect

the perforgapge rakePhalHWRAND Rl A WRLAL alysts Usedsubibine & 938
stream It is an additional aspect of the invention to disclose a process

for the pr CLl o] r . f.or |..qf; tra ntities of
sul fur, ne?ggr%%ngsgﬁggfaﬂ%?dﬁﬁg%“%§ r%ggéﬁgﬁgMﬁf§§SFés ?%ggggf&%§%§1a gas
stream It . is a still, further, aspect of the invention -to disclose a
progess fo%%ﬁﬁg?éﬁﬁﬁ%JyoFngaégpeF%ﬁeﬁF lgf’d?%%ﬁﬁ%glséFFﬁP?enﬁrcu}§,

nmetal hydrid ang i xtures thereqof  froma gas stream particularly an

ol efinic oﬁuggaﬁﬁ ag&iﬁPéfﬁﬁsdépﬁééﬁr It is an additional aspect of the
invention to disclose a process for renoval of inmpurities froma Cl to Cl2
ol efinic or parBEfPnidc 488 sBteamisclogegp~a catalyptjyfozo2ranesénand

ot her aspects can be obtained by the processes and product disclosed by the
present ineatntiimony Suhydrydeof frarentilomuidd acbgddeceebant h tbeppredent
invention there is 5 provided an adsorbent useful for the renoval of trace
el ement s suohtasnimpcuiykedr sepoeited b a Bepbdbriydinitdesaand conpounds
contai ning those elenents or conpounds, from a hydrocarbon stream

praberably an obgfcniyc20u pacahlissiesg3sasheensy oL erghsi-engbhyraukt to
Cl12 hydrocar bon gas
from flue gases by contacting the gases with an oxidation
catalyst. The metallic mercury portion is oxidized and the
ionic mercury is then dissolved in the washing water and is
subsequently removed from the washing water by precipitation
15 or adsorption. Generally, a denox catalyst is used as the
oxidation catalyst. An additional catalyst for the
hydrogenation of acetylene-alcohols is prepared by a process
wherein the hydrogenation catalyst contains the oxides of
the metals nickel, copper, molybdenum and aluminum and/or
20 iron and may or may not contain manganese oxide.
While many of these products can be utilized for the
removal of sulfur products, such as hydrogen sulfide, from

a gas stream, it is important that simple, inexpensive

adsorbent products be developed for the removal of a broad
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10 stream wherein the adsor bent conprises about 40 to about 65 percent

iron oxide, about 15 to about 50 percent manganese oxi de and abOUtI%OJmP 2007
about 20 percent carrier, wherein the carrier is preferably alum na,
titanla, sivansg of AfRuygibseshdreof hyiscrerianenst oerng, akspeaipldress

for the production of an adsorbent product for the renpoval of trace

el enment s ofolredricuiry gasuldurreamar.seni ¢, netal hydri des and conpounds
cont ai ni ng those el ements or conpounds conprising coprecipitating a

sol ution of sal tihedfefidven amdigBagangpecioentBeapeakeher ihOeREQEHCEOA
prelimnary product, which prelimnary product is washed, dried and

cal ci ned t Q. RFAHICENARGRASBERBNEENELRN PEMEL2GO0BRr LELRE BRQHE 1#0eE00ES
percent iron oxide, about 15 to about 50 percent nanganese oxi de and about

10 t0 about rc or i al -0~ <. = Z ~U=
Altg?nativgﬁéghgﬁe ?%%ﬁ%ggﬁdegggggﬁ%hgéﬁgéglofpfeJéﬁ?%rﬁ@h 8?% 8éﬁgéan be
produced by inpregnatign of the netal oxide onto the support .materjal. The
inventioniqgég%ﬁﬁ%Pﬁn ?ﬁﬁ;?%ﬁmﬁqﬁ§r%ﬁn@%Tp%Vngstrgigmegehﬁﬂfgcarbapsenic,
sul fur, nmercury, netal hydrides or conpounds containing those el enents or
compounds SR hFEFRFGE Y S &AL ipvist g2bISF 83l ef i nic or paraffinic
stream conprising contacting the gas streamw th an adsorbent product,
wherei n the prodiictiscerpridésiabaltagpeco dD Whcutinenidcsense deyalori de,
about 15 to about 50 percent manganese oxi de and about 10 to about 20

per cent supporddsmttenital foprefieradhgval unf noatakyde, poisansuwhoxhdeaysili ca
oxi de, or mxtures thereof. 15 The adsorbent product of the present

i nvient i on iasivarefenald §f eonprhs ese of otthend®l bdDWHhgt Enopoaadt paliaanunxi de,
manganese oxi de and a support material. The ratio of the iron oxide to

nmanganese Qxitda Sheuhkde Jit Hike o apge dempbout 3 to 1 to about 1 to 3.
The 20 optinum | oadi ng of the netal oxides on the support material shoul d

be in the range 1qf i%bgﬁxteaégiEQOﬁQggélsﬁgctp%f%e L PMeTe TBE @l ld?%g&g\g/%r are

not as effective for the renoval ¢ urities in gas streans. \
partial  absorfheney of ok MRHL! L 88uLR: 98% F1 L AR SAL S QY Arledebby Mt al
of trace quantities of sulfur, mercury, arsenic, metal
15 hydrides and mixtures thereof from a gas stream.

It is a still further aspect of the invention -to
disclose a process for the removal of trace elements of
arsenic, sulfur, mercury, metal hydrides and mixtures
thereof from a gas stream, particularly an olefinic or

20 paraffinic gas stream.
It is an additional aspect of the invention to disclose

a process for removal of impurities from a Cl1 to Cl2

olefinic or paraffinic gas stream.
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1 Z .~~1 2002 | oadings as l'ow as about 2 percent. In a preferred

enbodi ment, the percentage of the conponents of the adsorbent aréZfrJg[n 200
about 40 to about 65 percent iron oxide, 15 to about 50 percent manganese
oxi de, 5 and ab&bese0 vodabothe20 sappots naserike. Ohtainede Ppyefereed
embodi nent, the adsorbent contains fromabout 50 to 60 percent iron oxide,
20 to aboupr36epseseandnangdnesedaxtcilesedndyabbut pt@skatabautnP@oper cent
support material. The support material is preferably titania, silica,
alumna, 10 . or m xgumesri/hereohyefvE8npreferably alum na. The adsorbents
used according to the present invention may be prepared by conventi onal
processes for prpductionygh L hiys ypenal gdsorbent; Rroduc, %He!ﬁeasislS

coprecipitation, deconposition, |Inpregnation and nechani cal m xing.

Preterably : or pent ial ar rod d cQurecipitatio
decgnpositP%ﬁslggé d%ﬁh&ﬁﬂ%%o§gﬁ:sﬁgéFﬁlgugggntégéig%@ﬁggﬁblgﬁdiéké%ﬁ t he
conponents. . The percentage of the support nmaterial_produce sing. t he
inpregnatiﬁ%eﬁ?Bgésfuf e ﬂ%rﬁVﬁ%'agrESBbF'9§U§§F5énfmﬁﬁg%;h%£$ﬁ% S while
the proportion of the adsorbent produced using the co-precipitation process
will not eXBeedCRPOYNASS Cﬁé}t@éﬁkl,ngb)ﬂ\ﬂeﬁegrﬂl,efﬁntt%@%mwd%tfe?‘i"&l . In
coprecipitation the catalyst is prepared by mxing the acidic netal salts
of iron, nanfaAsssazhenalafranym refarably an ollefZinigopoperpfeiriabl y
nitrates or sulfates, with a basic bicarbonate solution in a pH range from
about 6 tog8satstardmmpematar edeafemadnily ent Cllo aboUL 2 80t gariatuc eg@s

preci pitant, washing the precipitant product at a tenperature ranging from
5 aobi ent berabautwhéteihitheradgbrdentpreetipgpiilsant apoodued ab apbuenss
tenperatures, drying the precipitant at a tenperature range from about 100
to 160C, cpbebBhRYikRe REEWN Ay al R demghal e hEpmAbOHinddRe46 SO0C
and finally formng the product into the desirable size and 10 shape by
convent i onal BLOCAISESuBUEh A3 SXbaLS)eandLlableting:, Aferaativgly. the

product can prepared by a deconpositi d, such as is disclosed in

US 3,615,217, which_ is incorporated herein, by reference., In the -1
preparatioﬁaEF%?Fz%ﬁgpfﬁeeﬁgggﬁp%§$T} %’n%%%% falr%h?%%%’n%ﬁg%h%%%fgs

conpl exes are m xed with an appropriate formof the support naterial. For
exanpl e, i FPERE®Support material is aluminumoxide, it is mixed with the
iron and manganese conpl exes. The solution is then heated to about 120C in
a 28 contai ner €REhdnVERFECTY dEUFhSS AtPERARTEhtEDF S_rRr AFECt He pPbduct .
which is obtained is then post treated. The post treatnment procedure is
simlar toarhedscrbeddr oussbibt nfehetbepremppitatfortratchorlements rop~
| mpregnation of the solution onto a support can be carried out at any stage
during t hemprepawyati enlflRref eambéyicjt netadvanytbdagemss todspcaypounds x t he
sol ution containing the product onto the slurry of the support after 5
agi ng, washbfgaihihtraticbbser deyemgntihe BET subhpeenat t heoapsosbegt
product is at |east about 50 nz/g to about 250 ne/g. The specific pore
vol ume of EB?rééagriQ%r&tin%etaermm@im &8 patesi Bt rivds el gaabhiebeom
about 0.3 cc/g to about 0.5S cc/g. Specific pore 10 volune is determ ned
acegr di ng pachhe, merGyr pepgt natdan.dreshad- deseribed igrodliceyan.Biekel , et
al . Powder Techﬁ%loé&,JZQ, p. f?g%1981). ﬂ%radditi%ﬁgtﬁg:abébrbe%t pr oduct
preferably . Q. a | k_densy of . 4.t A1.a/ Once
t he naterigpgiéafﬁggﬁiéggggeﬁn%%dfgg%%%ﬁﬁiJﬂ%g%%¥p§%%ﬁ%n%gtﬁ%d 8%%é%e used
to formthe_final adsarben roduct, such as pelletizjng and_extrusion. The
adsor bent Bpod‘glﬁorgﬁﬁé’f%ereiﬁ y&% ‘f%ncqr%ﬁ%rfggtaob%tfdlfﬁggoeg%eE?ﬁfﬁlgi n the
form of spheres or pellets, preferably ranging in ,

iron oxide, about 15 to about 50 percent manganese oxide and

about 10 to about 20 percent support material.
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20 size fromabout 1/16 inch to about 3/8 inch across. The adsorbent is
preferably enployed in a process for the renoval of trace el enents Jof Ju 2007
mercury, arsenic and sul fur, or conpounds containing such el enents aloné
wi th net al Ahydrndesyesuchths PHbn ShkiBde annd Shkdgafiesa axide - adsorb@nt, ~UL
2002 hydr ocar bon gas stream preferably an olefinic or paraffinic gas

stream andppbaf.etaklay Mers Ryt igMmrpd eibuind catiae yhéras gkidézed in
the process. Preferably, the adsorbent can be used to purify ethyl ene,

propylene,OgggaegeSs@ggoggaﬁgggrggw_gas streans prior to introduction into
a hydrogenation reactor. The tenperature range of the gas streamis

preferably from-ghout, anhi et Lo about 500G, Ihe i Apur LELes. Lo, hg rgpoved
fromthe gas streambecone ounid o T he™ afsorvént products. e resi dual
anoynt of impuritiies 10 in the gas streamw || depend on the concentration
of Phe ori GPRSE ISTETGCES M s Sihdim ToroBAne: = herear ar evel s
up to about 2.3 ng/m_can be reduced to about 0.1 ng/m. COS |evels up to
about 100 BEMCRYRPHFGFe SORT W e FEaF S & R D. & ppTPARTIF el Y&l ers up
to about 100 ppm 15 by vol une can be reduced to about 0.1 ppm 12 r - o
~ 1 7 .Jbydzogarhenadsorgamonpeapsepbyyofan help¥BAEI G | BadeRbhsicat ed
in Table 1 where the invented product is conpared to six comrercially
avai | abl e adserbent somphé singevennadsoibgnt theodgess wereawbt winked and

pl aced into a | aboratory-scal e adsorption apparatus to evaluate their
capacity tadabsbehtr Gobodhiat , anitle AsHS. £ & renRas iddn@t igke st BBsatcadsotbent
products is shown on Table 1. Four of the adsorbent nmaterials were used

Wi tjlgout 10,B68ET @3t PtcentV0i fin t B adSORBENE REOGULt ho (R8s (RE&Se ARENEL32D

R&S were reduced "in situ" with hydrogen prior to the adsorption

experi nment IO, Was. d 0 or,t ur. i h
stream AlTaaggg%%Fig% stud?gg agpéédgﬁi %?tﬁg?gg éﬁggﬁ%gﬁ?ﬂbe%géggg? room
t enper ature_and. at nospheri c, pressure. The adsorpept _wa roduced.in_the

o Lot ng. TRRRGH A A B RBG-HRLAI S RITTaPE S5Tats on nae BheRks S8 by i €20l vi ng
22 . 04 kg of Fe gNOS) 3 9H20 in 40 liters of 20 deionized water. This

sol uti on wWR¥ifRenCki FeeftWires FP6TPPfers of a Mi(NO3)z sol ution that was
15.5% Mh by weight. A second solution of Na2C03 was prepared by dissol ving
21.1 kg in 105 |iter 8eeLrdailannz od katel LVEREIRXed netal sol uti on was

pl aced into a precipitation tank. The solution 13 )1
15 The adsorbent product of the present invention is

preferably comprised of the following components: iron
oxide, manganese oxide and a support material.
The ratio of the iron oxide to manganese oxide should
be in the range from about 3 to 1 to about 1 to 3. The
20 optimum loading of the metal oxides on the support material
should be in the range of about 50 to about 90 percent.
Lower metal loadings are not as effective for the removal of
impurities in gas streams. However, partial absorbency of

impurities in gas streams can be obtained with metal



.-~ Qs~ P~T~~ssaro0~2s ~ Z JUL 200z . _, p $31 E~~:..; ~~nicf~ .
.o L1y .. .. P .o
. . Z Zivov, 1999 .-~ .. vvas heat ed to 14%I’—JUL 2002
(600Q) V\nthlagduagsoas AbwlésOEb@GﬁCp pleecblaZ(I)B sol ution was punped into
the mxed metal nitrate solution at a rate of 1.2 liter/mnute. At the end

of the _ NazCO31addatipheféhee@H Masodinentline yieeCippiricahe aw@s agedc@é 5
140C (60C) for 30 minutes. The slurry was filtered through an appropriate

devi ce, sugBrgsnanth! Lgr o@{eesa?dscgf&ﬁeléfé gaka \Aleeu&esﬂourtra aw' shed

to renove excess sodium Two washings were adequate to | ower e SOdI um

evel ! The (111 et ok der.d ed el J00F, (3700 Lor. 1L AL Dhg, 10

pai nt the e was~ ground into oWdRr For ne

ext rudat es est| 0,5 adsorgent n~ oducts scherratl c of the e rﬁe“ ment
i s attached” tE O APPRERed Gs STRBPE L2 A <S5 bx pl ahfat Por"oFe t he
ternms 15 contal ned inrlGQJZL 1, In order to test the adsorption

capabi | i t | BESSFTERE PAPCOISSAds orben 2 IHTRANs A ST Girtht 28546158 he
trace elenents) to be absorbed was introduced into a helium stream The
trace el entft §0i PereenEed roncloxdeld . CAO il AxhE: Theoewrrerht rargamest t he
20 COSs and AsH3 was about 100 parts per million. After the gas wth the
trace el enertidepassed aduwugho t he adeatpricomerernt tswgsotteshatetDal .
determ ne the residual anmount of trace elenents. In order to test for
mercury, tijRegasp §<bfeaﬁawﬁlatl risd prx@ﬁeed\m@r Qliglanaa$h@ﬁ.eliclarfph11@ﬂin£275 m )
equi pped 25 14 AMENDED SHEET . . .o ~ i~ rnL.. ., =~~~

- - 10- ~-; ,arzmlxtureg thereof, : mdre- prefeerI§ Blumina.. = -----
.r.cr. ~=~r ,=4-~r~7cCr, . T .
~‘ ~/\| _ nmi
» T ~~a6|$hesaﬁs¥rben;s Lsea'accoraing yb’tﬂe—preifnt inventién: — -
. i ci eeem B

' fnay Vbe- prepared by gbﬁventlonal processes for production of
this type of adsorbent product, such as coprecipitation,
decomposition, impregnation and mechanical mixing.

15 Preferably the adsorbent material are produced by

coprecipitation or decomposition. The method chosen should
guarantee intense blending of the components.

The percentage of the support material produced using
the impregnation process can be as high as about 95 percent

20 by weight, while the proportion of the adsorbent produced

using the co-precipitation process will not exceed about 25

percent, by weight, of the adsorbent wmaterial. In

coprecipitation the catalyst is prepared by mixing the

acidic metal salts of iron, manganese and aluminum,



~ Z ~u~ zooi with a 25 nmthreaded disc (25-50 mcrons) and fi HEd?V\%tJUL
about 75 m of ACS grade mercury before the guard bed, which result 2002
the gas streamcontaining 2.3 ng/nB nmercury. The support for the adsorbent
was, a st aipdesfSsraileel nbtmates mesh suilfiatle swasvipackedbestih tieaatseEhent
product to be studied to give an approxi mate bed volune for an L/D equal to

7 or to lsgludepsndimgaoput kangestt ronOgRUthes aglsop bant apreeiel-avdse
installed, the entire systemwas flushed with helium After the helium

flush, theigstan@aend th tHace 30°6l egeptSakeseraes, Ragsed Jdugugh the
di fferent adsorbent products. The results of the mer cury adsor ption~studies

are shown qn %Wjep 1A % Ei %ds bent ﬁg%égg&lsgo d, city to
adsorb nercury%qjﬁo ver, th Tadsor be% p?o pro\(lisé?a qulq’gco %lng to
t he. present .i.nvention.wa q’JtQ r éhe best  adsorbent .product for JTercury
adgsor pti o R é‘?ulatb§u§‘f Ohg a%% ﬁiecFlé‘@s&?‘ﬁt POR FENE My TN s Rdwn on
Table 1, wherein the cat a:%st of the present invention also showed
si gni fi cart™Rit§H ty "SI STRE WrESul t sIBY 1RBe GBS adBEPFLPIR3PESt s2tar e 3al so
shown on Table 1, wherein the catal yst of the present invention also showed
signifi carﬁeﬂﬂqqqtﬂy‘?e Asargeedulom ofbete eRPertionehtQCitcpicinéag that the
adsor ption product of the present invention has great 15 -J~ 1 2 JUL 2002
utility f@radieitemvadtobh cemimEmtymesf odmt rhoatelleéents SaofiCasindr seni ¢
and nmercury which pollute gas streans, especially olefinic gas streans. 16
finally forming the product into the desirable size and
10 shape by conventional processes, such as extrusion and
tableting.
Alternatively, the product can be prepared by a
decomposition method, such as is disclecsed in US 3,615,217,
which 1is incorporated herein by reference. In the
-15 preparation utilizing the decomposition method, iron and
manganese complexes are mixed with an appropriate form of
the support material. For example, if the support material
is aluminum oxide, it is mixed with the iron and manganese
complexes. The solution is then heated to about 120°C in a
20 container either under vacuum or at ambient pressure and the
product which is obtained is then post treated. The post

treatment procedure is similar to the procedure used in the

coprecipitation method.

10 .



Tabl e | Adsor bent Suppl i er Conposi ti onAdsor bent Pre- Tr eat nent Car bonyl Sul fi de
Ca~acitv g COS/ g Adsorbent W.%ercuiy Capacity g Hg/ g Adsorbent JuL 20m
W . 9% Arsine Capacity g AsH3/ g Adsorbent W. % nventi onUCl 55% Fe203, 2%‘%

Mh02) 15% A1203Nowete@e22{o16. 2Z0.(0234802u840n1861t> 18. ELRSE2UCE&9 Ag on
A1203None0. 02281 2. 280. 00229 0. 230. 0323 3. 23E-31 SCal si cat PbO on

A1203None0. &fdvled. 04000000 020 018ddgd . 03Tr2 w35 UGt ¥e% Midagation.
A1203None0. 00277 0.280. 00027 0.0270. 00377 0.38T-2550UCI 17% CuO) 29% Mi02 on

A1203None0. 8285 4130. QR0Q% %-&%%Q-a%%%ﬁ% 14 9623UCLe2%ib Q2 29%0,81i02, 10%
A1203Reduced0. 32088 “32." 10. 00218 0. 1280. 40268 40. 3G 132DUCI 55% CEO, 27%

Zn0O, 15% A : 520..00 . 2. L 0 UN
02 I 2000 NabT B P TEp RS O L G A Tgr O LT B GRBER Y1 ny
chl osri de Caci~nS - cs.ﬁ.bony7f. é,l| fide Asl—g -~ arsine 10 He - helium UHPHe -
ul tra hi gh Pty "Wel Tk o- A Y90 25 standard cubic
centinetersper m nute range) mass flowcontroller15(0- 2SO0 S MC - (O to
250 standard cubiR® cBRti REEERSEePinitift f4SifRO theideCd oy 1S at least
controller %lgpubbl er - ultra high purity heliumrouted through a20Sherer

i npi nger ( ZRPWL)5 @t fPeBOWRPRUE2BS AT 8t ed THES EPEZALEC BOELONS)L ume
andfilled with 75 nL of ACS grade nmercuryECDGC - gas chromatograph fitted
with an el ezt ridre2 Selgoinipea td etegetror nfecr bar sioneodeiseoEtay disd pasifevedly

Chem | um nescence Sul fur Detector forcarbonyl sulfide detectionlndicator
Tube - Mat hiasom- Kbbagave. Pr eei/si i Debeat orl3@subes/§or nepedt yidetpeat on 18

,~~-17 r'1 ~g9 PC ~ .tt~S9D~c~D~~9 , CLtvtS,. . ~ 2 ~u~ zooi .. .. .
10 -+ . volume: is- determined according to the mercury penetration
method described in J. wvan Brekel, et al. Powder
Technology, 29, p. 1, (1981). In addition the absorbent

product preferably has a compacted bulk density of about 0.4
to 1.1 g/cc.

15 Once the material is in this preliminary product form,
known methods can be used to form the £final adsorbent
product, such as pelletizing and extrusion. The adsorbent
product preferably is then formed into moldings especially
in the form of spheres or pellets, preferably ranging in

20 size from about 1/16 inch to about 3/8 inch across.

The adsorbent is preferably employed in a process for
the removal of trace elements of mercury, arsenic and
sulfur, or compounds containing such elements along with

metal hydrides, such as PH,, SbH,, and §&iH,, from a

11
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e e e . ... EPA? - Al'~ ~nirl'~ ~d _ [WGC-. . ...ao0...
cve we. .. . -.. P-83128 2 2 Nov.1999 Cains 1. An adsorbent for the JUL 0M
renoval of trace elenents of nercury, sulfur, arsenic, netal hydrides or
conpounds lopditadatinon tdws es tedteanme ntos edie rabigoandsléfdmia by dvacaf tioni st r eam
conprising 5 iron oxide, manganese oxide, and a support material, wherein
the percenjage styesei ghhdofpridie rabay oxhéelee and plwe: iranganes eOXideidm t he
adsorbent product is at |east about 50 percent and wherein the ratio of the

iron oxi decéeaiggtwa{@armﬁai%ddeiﬁy_m@gfgrdéeéoae.t weeprdftPafd1 gnd chd 0 3.
| O 2. The adsorbent of Claim1 conprising 40 to 65 percent iron oxide; 15

to 50 perc E@gg@n i f , 0 r f sqﬂg_q{

mat eri al . g@g e ads‘g%ge%( "gﬁee%r‘:gcl) ré“%l?%? EIZt{:hvzﬁleerrgele’nCgéatﬁksep }glueprgeo’rt na r{eeri al is
sel gct ed fromthe group consisti ng of al um num oxi.dgr ]85 {g_i.l i cQn oxi de,
titani um oXide CARF AKXt EsIRRefEOFA™E. PEEIOK procd8b PEF R8T prddactd on of
an adsorbent f or the renoval of trace elenents of nercury, sulfur,

arseni c, MeY@FoHSERrFYeR &raCHPFoundShe ofCEPRTRG Y Rese? M ensht $P6r Fohpounds
conprising 20 precipitating a solution of salts of iron and nanganese on a
support nmafeFer 9 W%ﬁﬁé&bf drrst |hearty apvédact toanBowashPAgs - drfiishg and
calcining the prelimnary product to produce the adsorbent product which
after cal cimpuylcoapricdse gravatved thram Sheperseat repvnbexprie owhdreimanese
oxi de and |l ess 25 than 50 percent of the support mar.erial. 19 AMENDED

SHEE' ~ .. the.adsorbent preductE. | The residdal .amount Wf rimpurities
= rw..v-.."a-- = _a..Iis 22-11-1399 . .. ~c~~~sss~00~~s t7 Z JUL 20~~~s -
10-- .- in-the gas -stream will -depend on- the concenkration of thed .
1. 111 1. . P-831 ~ " 5. The process of Caim4 wherein the

adsor bent PEOYUGk afhSty 6ol 1 G GOTR $5640 1 OF6E PRERENL, | FOR0x de, 15

to 50 pe~~ce~At nmanga 0 20 percent of the support.

Ul fur - rebRURyS B Ao npas Red  ar TRBotds HontaTAT Ry FRoSE N entt & or

compounds {19 2 MYGLOCELEED. 058 L1 SAMSOTGb A, BN ASLLAT L ne
reduced to about 0.5 ppm. Arsine levels up to about 100 ppm

15 by volume can be reduced to about 0.1 ppm.
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mat exi al conprising at |east 50 percent iron oxide and manganese 10 oxide
and | ess than 50 percent of a support material, wherein the ratio gfz ngUE 02
iron oxide to manganese oxide is within a range of 3 to 1tol to szg
process of Claim6 conprising contacEkagpike hydrocarbon gas streamwi th an
adsorbent 15 material conprising 40 to 65 percent iron oxide, 15 to SO
percent mangane§éeoxi ddsampgtiont o Qoppeicent of a Suppornveatewpnal . i8. The
process of Clains 6 ox 7 wherein the hydrocarbon gas streamis maintained

at a tenpedatsnetofatabi eAt THO0GC QheThe phecessvariteady paaeivet Cigi ns 6
to 8 wherein the 20 hydrocarbon gas stream contains | ess than about 1 ppm

oxygen. 10coiRRARIPCESS Ak aBymABe-Ph1 H aidmi6 4 O whaskebantBe hygracarbon
stream conprises an ol ~finic or pa.raffinic gas stream 11. The process of
any sone of g\,@nrrsa@s he ial; e from
t he group consi sti ngé%f)é]TQC V\ﬁ?{fgh?—r’%. gg\%g%%@%sa_ %l C%dsg{%

PCTI ~3~s~ l%%EBr%tory 8%51%0755§55pt10n appar%&us to eva%uate Ehelr

P- 831 aI uni num .oxi o&é Si I i con oxi de, ti tanl um oxi de, . or m Xxtures

f-he-réoi‘- 123PPd Pt d@ s anGOBne sy @l RS -t o ﬁkie APBRPRF IR BEefi nic

gas streamcontains Cl to Cl2 hydrocarbons in gas or I|qU| d phase SRC :
duim10 C \LOrFrECRARPIERNIPBOCSUPATENFSESPMPCPICI4e3 10 | W,
i~ 21 - o~ ~ L'~ gjray~r-ies 4w tr 0 =30,

. ASL. Af M Af e. AGFRUAT . 7S, AphASRAIBOKbEAE] . NOBEALALA W . AseAl ARLABOUYr QTWZn
ThLMPV] |

ENzipkf a\ Wpeakecahcakaa) caTedad £ at lea | adaddfloatea] qa:]ca:a]crrzs] cajzcsa]m&] aaficalca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cal] ca] c<a! NOO i
132D R&S were reduced “in situ” with hydrogen prioxr to the
adsorption éxperiment. Reduction was done at 150°C for two
hours using a hydrogen stream.
All adsorption studies were done with the adsorbent bed
15 at room temperature and atmospheric pressure.
EQIII]atJ' on Qf adSQrbEDt Qf tbe j n::entj on:
The adsorbent was produced in the following manner:
A mixed metal nitrate solution was prepared by
dissolving 22.04 kg of Fe(NO;); * 9H,0 in 40 liters of
20 deionized water. This solution was then mixed with 7.6
liters of a Mn(NO,), solution that was 15.5% Mn by weight.
A second solution of Na,CO, was prepared by dissolving 21.1

kg in 105 liters of deionized water. The mixed metal

solution was placed into a precipitation tank. The solution

13



% & Va'b
} xsni al cal calca ~<ajc
a] cag]ec‘la‘]q%ﬁgca] ca] ca] ca] ca] ca] ca] cal 112 JUL] 2051 ol
dC#, 2h#$@Y{ |st3k} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] &pcaimdma] cajc
ajca] ca] ca] ca] ca] ca] ca] ¢a] ea] ea] catcaj caleaj-ea] c"a! f8s Q

+Q p}xsni d-Z]]]ca] ca] ca]-ca]_ca]-ca-] ca] ca] caeatcal ca] cal ca] ca] NoR] madcal ca]
ca] ca] ca] ca] ca] ca] ca] cal«catc(=] ca]~c-a] cal p*cU R i Szupkfa\ W ca ca] caigga] cal ca
] ca] ca] ca] ca] ealchadxziadt ajecakoad cadd’ca] eatie "wddtaalioa} cakk chit’a] d&Pe@] ca] ca] c
ajcalcajcal&nrs/jF J | t1Pi+1 1

I =1 >1 sl 1} xsni §hZ] ¥3£8} cxdlodlica] wa]scal]rmct:a]'l@a] thé crlxed aueted] safrsajeal cal ca
] ca] ca] ca] ca] ca]Lca] cal ca]ca]ca]calc

alcalcal ! 1111 BPLUTIGH Yot 'as FRE#SE $HRTETEEERINUER | (|Afr rﬁ?’@"?}‘]ﬂcafc’a‘]%a] cal ca

e il

a]:/ca])clgoga]lga% %%i%?fai@%ﬁtgi] céﬁyai%‘a’]’:cya]wcaa] AR R %98 <.
Ag%"[ca ? ? % £ ;[\Qs%a] C%L‘éa]ﬁf‘ter

V] c”MaV] ca] ca] ca] cal ca]calca
a] caj ca] Ca] caterd Galcabsal calLphaa! HBMRARs remove excess sod1 um.

AP G ] <<\ =555555>077A@ @ A~AAXBYBB} xsni d_Z] ca] ca] ca] ca] ca] ca] calca
] caj ca] ca] ca] gash gL alead ca&@@lﬂ ced cabeat cahealsedlam] aakel.  The
a] ca] ca] ca] ca] ca] cal BBCCsCy(|
DDDHDDDEES$F™ FEERECEaKZHA $ | dnyited] et[‘X,QQf’a‘] ca)ecd)cEpeal cajwzs].captaticid cMa] cal
calcalca]calcalcaljcaljcaUc ajJc aUc aJc alUc
a] ca] cH] ca] caperiraheafcatad Idake! V&9 IIRPP3E IV PIWIAT JFIY FPITRRKKK{Upj e* ZUP
leale-ale- gL 805 daleg e ade dle ade

Testing of adsorbent products.

A schematic of the experiment is attached as FIGURE 1.

Attached as Table 2A is an explanation of the terms
15 contained in FIGURE 1 | In order to test the adsorption
éapabilities of the various adsorbent products, a small
quantity of the trace element(s) to be absorbed was
introduced into a helium stream. The trace elements
introduced included COS and AsH;. The concentration of the
20 COS and AsH,; was about 100 parts per million. After the gas
with the trace elements passed through the adsorption bed,
it was tested to determine the residual amount of trace
elements. In order to test for mercury, the gas stream was

first routed through a Sherer impinger (275 ml) equipped

25

AMENDED SHEET
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a Urc naUc alJc a Uc *alUc ajc aUc a Uc "alUc a Uc "a]c
a] ca] c™a] ca] c”*a] ca] c”a] ca] cakKKKKK4LoLLLM Me MVVNONNONOOOOPPP+Pf PPPPRQLASEQ780?
snic”MX]c.]cMalcalc”Ma]calcalcalcalcalcalc a]c

a] ca] ca] caych ca] 23] om] takealed] dapcal(@&]-64) cdlccahead] @ajcc ) ida]ech]wciddtEQ Q QS
SSSSSSSSTTAT_ T TWAANWNE W VWK XXX| vpkf * [ Vni ¢~ X] ] ca] ca] c*a] ca] cal] ¢

ay] ca] cal] saduwa] o]t alcalealdeamealaalcbifalkeatnal guatd doed, which
a] cal] ca] cal] cal] ca] ca] c™a] ca

XYYY+[[[\] &4 Med]id]thd]§dssEdrebR " c66€4ZH 0L Z i ‘S?)qwtau&a]x@a.] ca] ca] caU

]caljcaUcalca]lc ajJcalJc a W]c aV]lc a W]c aUc a]Jjc aUc a]Jc

a] ca] ca] ca] ca] oplcakepbealcalhal €RE Cadsorbent tainl teel
c ddddXe\ eAeceeeeeeeeglge&A+")L(%g"_ccccztsgjre@ilUniwca’\s)q C-El:aLsJ] gé]ncg]sga]scaﬁecaU] caJc

?(l:J]a gLfJ]aI:g %{Jja}lée;ﬂa’cmigﬁhca acsallj]aé:é(ﬁ]d cd 551 Elg] %% Rarea %5?%ua to be

a VA< (100 dd - P& () WP Qe Ted Wo1ume for an /D equal

to 7 or to 15, depending on the test. Once the adsorbent

product was installed, the entire system was flushed with

helium. After the helium flush, the test gas with trace

10 elements present was passed through the different adsorbent
products.

The results of the mercury adsorption studies are shown
on Table 1. All of the adsorbent products showed some
capacity to adsorb mercury. However, the adsorbent product

15 - produced according to the present invention was clearly the
best adsorbent product for mercury adsorption.

The results of the arsenic adsorption tests are also
shown on Table 1, wherein the catalyst of the present
invention also showed significant utility.

20 The results of the COS adsorption tests are also shown
on Table 1, wherein the catalyst of the present invention
also showed significant utility.

As a result of the experiments, it is clear that the

adsorption product of the present invention has great

15
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(0 - 25 SCCM) MFC - (1 to 25 standard cubic centimeters
per minute range) mass flow
controller

15

(0 - 250 SCCM) MFC - (0 to 250 standard cubic centimeters

per minute range) mass flow controller

Hg bubbler - ultra high purity helium routed through a

20 Sherer impinger (275 mL) equipped with a
25 nm fitted disc (20-50 microns) and
filled with 75 mL of ACS grade mercury

ECD GC - gas chromatograph fitted with an electron

25 capture detector for arsine detection and a
sieves Chemiluminescence Sulfur Detector for
carbonyl sulfide detection

Indicator Tube - Matheson-Kitagawa Precision Detector

30 tubes for mercury detection

18
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10y810%&' ()-9g& $10% & () -! F&ZY%40% " " & () - IVI>>({? @%D A} Ng2 @LLELGA0%

& ()-1 "10%& ()-!109& ()-'F 2 2 Nov, 1999

$109& ()-,!109% ()-!$10%ks () -' AFA~AAABSC}[ 9~ @! " 9984 0%e& ()-!)

990A0%& ()-!399%A0%& ()-Vs!]10%& ()-! @109 ()- @ 10%

& () -sCvOnWCxCyClICCCCARQ laldsB+heft &of) the OPehOYRL ( p£5 tPat8%& 1ekebtOURE() - 10
10 10S8s10%& () - f CDHDDDXEE| Z8"<0! @ %4 0% f & ()-! V@ % 0% () - &

109K () -! " Pea0oEy() sBlErmlevgetyc 5 mesado%yd ides5EESFOERRRdE c@it@ining
109&' ()-S109%& ()-"10%& ()-&10%& () - &L0%&' () - &F10%&' () - FGDGCGHZHIEN<0! @
S) 109%& () - YRlPRE E)eBeDLR ) compupgls( from a hydrocarbon stream comprising
109 ()- 109 ()-zZH 11111 @<0!'=*10% ()-S 0 :"'10% & ().-3) 07 ,

5 iron ‘oxide, mandanese oxide, and a support material, wherein the
percentage by weight of the iron oxide and the manganese oxide
in the adsorbent product is at least about 50 percent and wherein
the ratio of the iron oxide to the manganese oxide by weight is
between 3 to 1 and 1 to 3.

10 2. The adsorbent of Claim 1 comprising 40 to 65 percent
iron oxide; 15 to 50 percent manganese oxide and from 10 to 20
percent of a support material.

3. The adsorbent of Claims 1 or 2 wherein the support
material is selected from the group consisting of aluminum oxide,

15 silicon oxide, titanium oxide and mixtures thereof.

4. - A process for the production of an adsorbent for the
removal of trace elements of mercury, sulfur, arsenic, metal
hydrides or compounds containing these elements or compounds
comprising

20 precipitating a solution of salts of iron and manganese on
a support material to produce a preliminary product, and

washing, drying and calcining the preliminary product to

produce the adsorbent product which after calcining comprises

greater than 50 percent iron oxide and manganese oxide and less

25 than 50 percent of the support material.
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10. The process of any one of Claims 6 to 9 wherein the

hydrocarbon stream comprises an olefinic or paraffinic gas
stream.
11. The process of any one of Claims 6 to 10 wherein the

25 support material is sslected from the group consisting of
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