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and alcohols as well as aromatics such as benzene. When the carbon dioxide is

intended for use in an application that requires the carbon dioxide to be of high
purity, such as in the manufacture and cleaning of foodstuffs and beverage
carbonation, medical products and electronic devices, the sulfur compounds and
other hydrocarbon impurities contained in the gas stream must be removed to
very low levels prior to use. The level of impurity removal required varies
according to the application of carbon dioxide. For example, for beverage
application the total sulfur level in carbon dioxide (CO,) ideally should be below
0.1 ppm and aromatic hydrocarbons need to be below 0.02 ppm. For electronic
cleaning applications removal of heavy hydrocarbons to below 0.1 ppm is

required.

[0003] Various methods for removing sulfur compounds and hydrocarbon
impurities from gases such as carbon dioxide are known. For example, U.S. Pat.
No. 4,332,781, issued to Lieder et al., discloses the removal of COS and HS



I mpurities fromgases such as carbon di oxide are
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U S. Patent No. 5,674, 463 descri bes the use of
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Renoval of H2S by reaction with netal oxides can
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gal' Sfreei by contacting the gas stream with metal oxides, such as copper
oxide, zinc oxide or mixtures of these. It is also known to remove sulfur
impurities such as COS by first hydrolyzing COS to H,S over a hydrolysis catalyst
and then removing HS by reaction with metal oxides. Removal of H»S by
reaction with metal oxides can become expensive, since the catalyst is non-
regenerable and expensive, when impurities such as COS and HS are present
in more than trace amounts. Lower cost materials for the removal of COS and
H.S and other sulfur impurities such as mercaptans and dimethyl! sulfide are
desired to reduce CO, purification cost. Lower cost removal of other impurities
such as acetaldehyde, alcohols and aromatics such as benzene is also required.
Depending on the application (metals removal required for electronics and food,
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reduce CO2 purification cost. Lower cost renoval of
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prow des for a method of purifying a gas conprising
the steps of heating the gas and feeding the gas into
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to a reactor bed to renpve inpurities by oxidation;
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membrane and/or adsorption and reaction means; and feeding the purified gas to

a process requiring purified gas.

[0008] In an embodiment, the gas for purification comprises carbon
dioxide. In an embodiment, oxygen is added to the carbon dioxide before adding
the gas into the sulfur removal unit. Depending on the impurity levels in the feed

stream, all the steps in the process may not be required.

[0009] In another embodiment, the present invention provides for an

apparatus for purifying a gas stream comprising: first heating or first heat
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] While the specification concludes with claims distinctly pointing the
subject matter that Applicants regard as their invention, the invention would be
better understood when taken in connection with the accompanying drawings in
which:

FIG. 1 is a schematic description of the overall process for purifying and
analyzing the carbon dioxide that will be used in a manufacturing, cleaning,
packaging, filling or production process; and
FIG. 2 is a schematic description of purifying carbon dioxide in a carbon dioxide

production plant.
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overall process for purifying and anal yzi ng the carbon
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cl eani ng, packaging, filling or production process;
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[0014] For the purposes of this invention at least some of the sulfur
impurities such as hydrogen sulfide and carbonyl sulfide are removed at an
elevated temperature, a temperature of 50° to 150°C. In a production plant this
temperature may be obtained during the compression of feed carbon dioxide
after the final compression stage but before the aftercooler. In a point of use
application this temperature can be obtained by using a combination of heater
and heat exchange means. The impure carbon dioxide gas stream having been
raised to the proper temperature is directed to a sulfur reactor bed. This bed is
typically a vessel that will contain certain catalyst and adsorbent materials which

will either react with or adsorb the sulfur compounds.
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application this tenperature can be obtai ned by using
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the oxidation of various hydrocarbon impurities. The reactor temperature

depends on the impurity to be removed as well as the catalyst used.

[0017] The carbon dioxide gas stream which is sufficiently free of sulfur
compound impurities is directed to the above mentioned catalytic reactor after
passing through a heater and/or heat exchanger means to raise the temperature
of the stream. The catalytic reactor can contain a monolith catalyst or a catalyst
in pelleted form. The materials used in the catalytic reactor are typically noble

metals such as platinum or palladium on a particulate or monolith support. The
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alcohols such as methanol and ethanol, acetates such as methyl and ethyl
acetates and some of the trace sulfur compounds such as dimethyl sulfur
compounds. For these impurities Y zeolites have significantly higher capacity
than other zeolites and non-zeolitic materials. For aromatics such as benzene
and toluene other adsorbents such as activated carbon or dealuminated Y zeolite
(DAY) can be used.

[0019] For multiple impurities the adsorbents in the bed need to be
layered. A typical bed arrangement for feed from the bottom will be a water
removal adsorbent in the bottom followed by a Y zeolite in the middle and an
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parlglaNg; uheddl o N itag wiopcaR bShzshen e 2B fifhe
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Inpurities at various stages of the process are

anal yzed by a sul fur analyzer and a hydrocarbon

OB 2L TRl B RE S A e e 4 o

lnoﬁi\ﬁ@@éla&ﬁ’fu\d Bpbsies i iy fded, 8aRbYSproce¥astayes and huthedimal
Ci/uﬂtocar bon inpurities can be concentrated to increase
pra

r Rordwvesage grade eathpn alioxide hastoly SUFHF By e Ripguct
exﬁgﬁﬁ%ﬁ}ﬁ&r:&l&lé pfe§&§ Y@bb %‘é?ov?@ail &Wa':md JJI]LE d|o°fxlde needs to

or ~rnpuri enzen

bewnﬂ@m1ap@mreqU|red to be rennved to bel ow 20 ppb for
beverage applications. [0021] The sul fur analyzer unit
wi Il analyze either the total sulfur or

[0022] The hydrocarbon analyzer will analyze both the total hydrocarbons
(as methane) or individual hydrocarbon species in the feed, various process
stages and in the final product. For beverage grade carbon dioxide the total
hydrocarbons in the product need to be below 50 ppm with different limit for
individual components such as benzene (<20 ppb), acetaldehyde (<0.1 ppm) and
methanol (<10 ppm).

[0023] Various combinations of purification and analytical techniques
described can be used to address various CO purification needs. For point of
use purification such as purification of carbon dioxide prior to beverage fill or

electronic manufacturing the impure carbon dioxide will be transported from a



i ndi vi dual sulfur species in the feed, v

: _ , various process

stages and in the final product. For beverage gPade
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dieyide wilhleaye t{‘ﬁé‘ ppﬁ{fjp%}rﬂ%mi’necgagng Snfihexefful Rt Wed 40.
The sulfur removal bed contains various materials such as supported
carbonates, hydroxides and oxides for the removal of various sulfur impurities
such as hydrogen sulfide, COS and mercaptans. A sample can be taken through
line 12 and sent to the analyzer skid 65 to provide real time readings of sulfur

impurity concentration levels in the sulfur reactor bed.

[0025] The impure carbon dioxide which is now essentially free of most
sulfur impurities is directed through line 11 to a second heat exchanger 50 where
its temperature is raised to over 150°C. The impure carbon dioxide exits the
second heat exchanger through line 13 and is further heated to a temperature

between 150 and 450°C in a heater not shown. The heated carbon dioxide



carbon dioxide flow fromtank 10. The first heat
exchanger 20 will raise the tenperature of the inpure

w@ a00pomwse8 oxi de from about anbi ent to about 40PAROSDE/030918
The heated inpure carbon di oxi de | eaves the first heat

enf¥s AaABE st rebold B0l dortaininCa pelistati or a3Monbhithecatalyst. Various
. tenperature is mmintained at around 50-1500C, For )
impwitiesi s\ci asbenzane andaldshydes imihedeed seagiayitihexygen in the

ca‘{:éwéféirgﬁ,%t%g aﬁB &1 }ﬁv%@&ﬁ & cér%oﬁ_?cﬁgﬁlﬁe Usadviier] BOhR&8fthe

erature of t stteam npure car bon
rerdaipirigisulfur lilplidte®int the feedtneay barcongérted tesgiferdioxidedn this
the sul fur renoval bed 40. The sul fur renoval bed
regcd@it ai ns various materials such as supported
car bonat es, hydroxi des and oxi des for the renoval of
various sulfur inpurities such as hydrogen sul fide,
[0028] and Teecmm assentially popfied carbdredibaiklergashstoeah leéavas the

ool b b G e ot B SR G

j yf: -ofl s j
It SR R 2985 ot PR 0Ra B B 3to an
analyfioali skick§5 ivtheatte tlee carbarhdioxigh dasrstreBin issanalyaediar purity.
heat exchanger 50 where its tenperature is raised to
over 1500C. The inpure carbon di oxide exits the second

[062?1a eXC"mBgﬁfrifi*ehrdélﬂs&n HidXiclGasBeam 1B RTe S¥ndcheat
to tenperature between 150 and 4500C in a heater not
exshanger thteeighdinecty aad indiredtediinfedhe dirst heat sxahgrger 20 where

. t 60. tai nj | et ed _
s SR RP TR odPutd Bsf L aB G PR AT Bl garbon dioside
gadlstsdiy desvdsthb TRst 1eesl gxeRahgar thiouvIRN19 to Bhaptional

catal ytic reactor and are converted tg carbon di oxi de

mesmarafm dyer Bmdase Mok of dhavatergrreapmiup thensarhqn goxide gas

strpf 3B, AR, 4008 dfekil¢ loalle theBplibndiihgmbrane

drybgqmdd%)hlgﬁn% 31 ard@entes\wrsaddtrbent dd/80 wvhietauilbserve ds a

o 8 5 e i) B e PSSR, i s

in Féarﬁg\ﬂﬂggdng)ﬂn Eriflas tidt SfRby %)'ﬂf’?ént ik Earbeh&disxii&@as
carbon”di oxi de gas streamis analyzed for purity.

streanR T a Tiemipranief drgdr isaudeaifod watérdenuyaval the adsorbent/86 will

TR A SR D BHR 08 A LS tver orthe
removal of aldehydes, alcohols, acetates and DMS, and an activated carbon
layer for the removal of aromatic impurities such as benzene and toluene. The
activated carbon layer may be impregnated with carbonates, hydroxides or metal
oxides for the removal of residual sulfurs such as hydrogen sulfide and carbonyl
sulfide. If the membrane dryer is not used an additional adsorbent layer
consisting of activated alumina or silica gel or zeolites such as 3A, 4A, 13X and
NaY is needed for the removal of moisture. This adsorbent bed may be
thermally regenerated with a stream essentially free of impurities at temperatures
between 150 and 300°C. Part of purified carbon dioxide may be used as the

regeneration gas.
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its tenperature is reduced to |l ess than 400C. The
cool ed purified carbon dioxide gas steam | eaves the
wo poog19set exchanger through line 19 to an ope¢DN81006/030918
menbrane dryer 70 where nost of the water present in
[UUIZBLC&r 3Wsrdgmsiadmlgaﬁpﬁﬁﬁ&ﬁﬁ@ﬂb@n{&@ﬂﬁ%@mtiﬁb&q@% fd mdurned
on di oxi de | eaves the optional menbrane
to the aupimtigal skidBy thipudla fipe 4 tarph@@!gé%%w I q@ﬁmt Ry still

begﬂ %E?rﬁ%‘f SrbrPGibkidR éoag; détg% 2 'e%éj%n’if%%rcal?ﬁ@ré Bfbxide

he su ur renoval assist in renovin
exidnthe agsorbentbed tabughyine 23 to \kaévqa?m:e thid valvé epb’rartbe rcarbon
di oxi de gas str S use

I d
diciespas shtaam U aebe Stosan diecly e ki Mledling
opbY%o‘?ﬂfn J{?‘Eﬁné 25%518 abduf qgl% [<Edjpdtdd Prﬁo@ N iR @7t thf'bugh a

| ayer e renoval of al dehydes, al cohols acet ates
chitled 8D Jiqaety cartbai dioxidesand tinb @9 tbaay/kackugr pureecarbem digxide
t‘ﬁh gronatlc impurities such as benzene and tol uene.
@activated carbon | ayer may be inpregnated with
carbonat es, hydroxi des or netal oxides for the renoval
of residual sulfurs such as hydr ogen sul fi de and
[Oeaebonyl Asalyticabskid fcontainsreraainznie congentrator Abe aneeer raare

cefi i ar He EFAPHAGha S nBiRLS e B RE g0 icthes

hyarstalgohd, aroeaees ah@lox ZQ@ét@m)WHe sﬁmmlc@n@éﬁtratﬁm@typucauy
adsorbent bed may be thermally regenerated wt

based earmdsoseiinn af ijpurities for ajlepdihiof tiexe and t@m@e%ﬁrmr@s‘fhem
mtprg@&@g%cgﬂgrg grlhq?ﬁﬂgr%g iofi3hfi mjeﬂébrtérf) P?%fl?&&)&?&t&ibﬁ?hﬁ@n

ener a I on
detsvioh) eanfbepused fc&dwydmdwbom @rodmhes lahdrtg<ygeda’®@ isSFPD

(ﬂ%ﬁé?r{h%f%nteﬁ@&ﬁ%@m 5 540 fia e dsrge aftettdn can
; f h
bel iR BT SRoBAS e Rl M ori ty of the

eX|ts the a ent bed through |ine 23
to valve 25A. This valve splits the carbon di oxi de gas

am s h t hat about, 90% goes rect to the .

[oRBRE? ac: e paR R ashP e asEno! hscbiosbatiavenin srrdgsioned
to badFHsrseéHr%@rﬁé"'\WﬂH Q:Brtﬁdrﬂ@lo%ﬁjetlmﬁwﬁﬂs apéi’ﬂbulbﬁy vitth édtbon

' quefy carbon di oxide and |ine to a backup pure
dlme)enpfallankafdbetmkt csfmse[uoalze]nanﬁagmrer& proeds. By purifying

ontains a 54 once trator anpl ane [£
and analyzing at the ame |me Re operator or the pro QL acility can rely on
a steady supply of purified and quality assured carbon dioxide while the invention
can also supply a back up tank with purified carbon dioxide to be used in any
given situation where the real time supply of purified carbon dioxide is not
sufficient or available to satisfy the demand. This allows the operator greater
operating control over the purification process because the operator can stop or
pause the process of purification if the impurity levels are not satisfactory for

various impurities in the carbon dioxide.
[0031] Purification of carbon dioxide in a carbon dioxide production plant

using various aspects of this invention is shown in FIG. 2. Carbon dioxide from

source 100 is sent to an optional metals/pesticides removal unit 105. As
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detectors for the analysis of various inpurities such

as sul fur conpounds, hydrocarbons, aronatics and
wozypgemsies. The sanpl e concentrator is typicabCyUbHe€e0918

on adsorption of inpurities for a length of time and

uishessedesarnér mgs thiemayntansiief dabesiidre PrfcBtiéh pd@sses
i oni zati on, det ect or) or PI D (phot oi oni zati on
CW&P@?‘HP)“@QFP [0, MBI Wash ROl lenirestatisr pesinitatorand
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raera%% Ss{r%g%g r Oce?ii EBP e eﬁmpﬂXlH%Q Hunfingl sangeression stage
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uniit2@ g g@@lﬁ @nqaaw its hemperatire todratwbend5 ar’me1 specCaire is then

it 0 1 BT SR efouA L SRB v Serb i B SRe ea aaTeas
hydregemMy@fdé oearbanylE S el Meﬂ:a@%ﬂ% AR r’eﬁ{Hﬂ/eW Byf‘reac’uon with

puri fied carbon di oxide to be us any glv
m%‘ia! pxifesnhygiexides os qaélmnatewmrmppEyemthmgedfzmﬂites Some of

e B i RRLES R ot b SR aGisbad n ipartersuch as

actipetedtaangoie® ahd elctivated dlfvineuri fication process
because the operator can stop or pause the process of

purification if the inpurity levels are not

(05321 > o THISY i e el PR it Ko I PR sfurther
heatadioranoptiomd rmawuchamgbrﬁlwranwépma\r RS wm éﬁters the
hown in FIG 2. Carbon dioxid

opf PBéthhh%azﬁ'b’ﬁ‘\‘e/eeT%ggFé‘I@eﬁhet‘:@t%lw%iﬁactnmontams Supported noble
métBf GdtalyBeSShH Q@ﬁaﬂ&ﬁﬁ r d;ﬂﬁhﬁurﬁ% Pg ?ﬁ#@é{?@gﬁ%ﬁ% The

tnis unit may cohsist o e or no
caialgisaeastorcipesatesfat enteatzwaiuire betweeat $50 wad MSOGCLU'Gbend ing

pitator_or a filtratjon unit. The

oS A B R R b e i
watemandesa®onldifxitie ik &his ‘?eéétér Wﬁé%ﬂé&mt&lﬁgi% Ay PR

20 harg and oxygen is added to the conpre ream
cogled)in ﬁ@al@scham@rsﬁaoe@nd fauiher ngoleden fai waler coojadesftiroooler

14546 B3etchetle o RAMRRR or “unit 120 (o further
increase its t enper ature to between 75 and 150 0C and
[0b§3] hen The stream exiting aftercooler 145 is sent to an adsorption system
150 for the removal of moisture and other impurities. The size of the adsorption
beds depends on the impurities in feed stream 100 and whether or not reactor
140 is used. The adsorption beds in adsorption system 150 will have an
adsorbent for moisture removal, an adsorbent for the removal of oxygenates
such as aldehydes, alcohols and acetates, an adsorbent for the remaining sulfur
impurities such as DMS, and an adsorbent for remaining aromatics’ such as
toluene and benzene. A typical bed configuration would include activated
alumina, silica gel, zeolite 13X or 4A for moisture removal, a NaY zeolite or its
ion-exchanged forms for the removal of oxygenates and DMS, and an activated

12



sent to the optional sulfur renoval unit 125 where

sul fur inpurities such as hydrogen sulfide, carbonyl
wa@io7iodsis and nercaptans are renoved by react i POT/WE1006/030918

nmetal oxi des, hydroxi des or carbonates, or copper
carﬁﬁﬁtlﬁ‘w zééﬁtb'fbﬁﬁ}e PR P bf bﬂﬁnétﬁﬁ%h@ﬁtlﬂr%pghﬁ%? UTvo or

as sul may al so be adsorbed on supports such
moae:bedamlct aptoally be dsed foncandouats moﬁéatlomo@ls@]elrm@e bed

m ex| t onhal ILfur.m '
puiiifs ot BbddE soh bR el s LR fas Ridsb o 8
Stroah fRIEb i fies 1 $aurified cafier giokide epfingaasorptibalsysietn 150
reactor 14 The catal ytic reactor contains supported,

is ligoiefied madptioaslly distile %nlbéﬁ%andeﬁﬁnum Bfo%lcéts Qhage Via line

178 10 B POy o S5 5 et At o e

anéﬁ?ﬁ@él@lyﬁ’@n@ﬁeéﬁt\ﬂaéd’f@atﬂlet i Parified t:zht@oheﬂdmde rrm)amee'ﬂmg purity
hydrocarbon inpurities are oxidized to wa

t
recsinenunte canibgevanied Niasline1eh ard isrAet %Em’féaﬁf%rﬁ% Ayy non-
4 t er 130 and

conﬁ%@rf @{PS inog]é %roﬁﬁeagr\%ﬂlte(@&%g \flgﬁﬁgﬁﬁgr cooler 145 to a

tenperature close to anbient. [0033] The stream

exiting aftercooler 145 is sent to,an adso[ptio .

(08341 o 1 BbeARAUSTHGS PEATYAMEE WheTS It Breseat fRBfion will have
utif s B3t artottinfied o hBInafRLAkingREearRBRITIS0R8ILts:
the mufzrctwmof alectsanics, Riectefiocpmponenisdand subarsenphliesithe

clegbins/ah medleeLaee oy cos iR o SRSy by el

blaﬁl{%hn%%f ARG Hsiiks M Eod¥ets MAl casirriammatie # §|@ébﬁ'nt

e remarning sulfur inpurities such as
powdeesjmm@hmgqurmatenalsﬁhagwaubmgrage i giEhsueh @%N@@W@ble oil,

and ene. A typical bed configuration would include
SPILEPi %‘fé&%ﬁﬂ?ﬁsna silica gel, zeolite 13X or 4A for
noi sture renoval, a NaY zeolite or its ion- exchanged
fornms for the rermval of oxy g(enat es and DMS, and an
[0835] vat edbarineention ipAytberd|ligteated throHgh @XRBIRIS of
aromatics and other inpurities. Two or nore beds would
normal Iy be used for continuous operation wherein one
ExBathi@urifies the carbon dioxide streamand the other
is being regenerated with a streamfree of inpurities.
Purified carbon dioxide exiting-adsorption system 150

Testing was performed using a purification skid similar to that described in Figure
1 to purify carbon dioxide. The carbon dioxide feed conditions were as follows:

Pressure 17 bara
Temperature 25°C

Flow Rate 109.7 std m°hr
H2S 51to 9 ppm
COS 5 ppm
Benzene 2.5 ppm
Methanol 160 ppm
Acetaldehyde 11 ppm
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is liquefied and optionally distilled in unit 160 and
sent to product storage via line 170. The feed and

wEo7O1ses car bon di oxi de streans are anal yzed BGT/Df20061¢30918
anal ytical system described earlier. Purified carbon

Oxggéwi de not  neBbiUg0 ppri byerthdeinicure MeededfobE,S GOS8
via line 165 and is not sent to storage. Any
bemzanes reetaidenysle and methanaddewovak e renoved via Iine
155. [0034] The industries or custoners where the
present invention will have utility include but are
[0096] | i M ThRE suffut keactemiddwhs bpegateddt al teenpiengtuoé of 100°C and

f oodst uf f th f act f el I
contaigshint Jasral AsHBAEE aEbYs bnPrRIB S LA A WPt Rat

car&r tég: | ﬁg&%{%@ﬂ?%écﬁar Béd $sto rﬁréféiﬁsat BRPE A cHRfafied a

orage tanks a vessel s that contain
pallddinmeddated icatalyls. or powders; bl anketing of materials
that woul d degrade in air, such as vegetable oil,
spi ces, and fragrances [0035] The invention is

[0 571 her *l"l‘:lel!ﬁﬁtr\?é LRfOH € SR ERNESK aﬁd@ﬁ@bﬁ)d]uct was

i ng was per dusmgapurlflcatlon

analyaed asirigoa ghachoeeatogbaeh contRining en le@rmJFPQingcm and a

d
safo eomeenvigat aRD M At FONELd SEG BEDgP: exing
thet 8Rut réh%ﬂfé@éi 4b%Sninin&d BelRD @@% PREN R8RRARENBtBanol and
ppm Met hanol 160 ppm Acet al dehyde ppnxygen About

acétmlcmimdemretaibb@lnwdhe desection lfroit Oﬁmg lnéﬁﬁﬂeﬁéd gpéhan 10

ppp o b ateoRlon peral damul DBy natdl A dd g istedse n the
coﬁ@éﬁt?étﬁﬁﬁoﬂﬁydio@boﬁﬁm@ghtm@b?@ faetop @f ovep1 @y sijrifitantly

wth 20 wt % potassi um
increasing the detection limits for these impurities.

Example 2

[0038] To check the operation of unit 80 in FIG. 1, a feed containing 145
ppm meth’anol in carbon dioxide at a pressure of 14.6 bara and a temperature of
25°C was passed through a bed containing 0.295 kgs of 6x8 mesh NaY zeolite at
a flow rate of 19.8 std liters/min. No methanol breakthrough (<1 ppm methanol in
product) was seen for 170 hours and an equilibrium methanol capacity of 16.4

wt% was obtained.

[0039] While the present invention has been described with reference to
several embodiments and examples, numerous changes, additions and
omissions, as will occur to those skilled in the art, may be made without

departing from the spirit and scope of the present invention.
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carbonate. The catal ytic reactor bed was operated at
250 0C and contai ned a pal |l adium coated cat al yst.
WO 0®3/6)95The unit was operated for over a week BCTUS1006/030918
product was anal yzed using a gas chromat ogr aph
contai ning an FID and FPDClAIMS ors and a sanpl e
concentrator. During the testing period the total
sul fur in product exiting the sulfur renoval bed 40
WhESHRI dsifhdieisow 0. 05 ppm and benzene, net hanol and
acet al dehyde were all below the detection [imt of the
instrument, | ess than 10 ppb each. An adsorption based

1 n?gﬁ concgﬂst at or..al | owed tthe increase in the

- conCEhERRR? PIYBHRG: 2 98S e FPRPESINGY a fact or of
over 100a5ﬂ|r§f‘héét‘“e%bbb’e>kdh%rngésrh8 g:he detection linmits
for these inpurities ??)038] To check the

oper at i o® $flfuinemogal mﬂaF$G 1, a feed containing 145

ppm net h noI in.carb i oxj.de at a pressure of 14.6
bar a and%a < R@&%ﬂtﬁﬁ%e%fexfbaww sed through a
bed cont ai ekebrbedSnckes of 6x8 mesh NaY zeolite at a
flowrate of 19.8 std liters/mn. No methanol

br eakt hr @ugaelipghh e@bﬁxﬂmmmana, product) was seen for
170 hourg t hanal capacity of 16.4
wt % was oQt al RZ@‘&FM@%%'W npgeqsh@ resent invention

has beenadescrecbedrywhbhng.ef erence to several
enbodi nents and exanpl es, nunerous changes, additions
and om ssions, as wl| occur to those skilled in the

2. artyy H&p he s irit and
scope%pgﬁeﬂg%g'sﬁl nven |on%\6E%F{Qéﬂ a&pgpmlses
catben dioxida. apparatus for purifying a gas stream

conprising: -a first heater/heat exchange neans; a
sul fur renoval neans; a second heater/heat exchange

3. Meanke oppafRasYs Aethd®iRtaim 1 wherein the sulfur removal means
comprise a sulfur reactor bed.

4, The apparatus as claimed in claim 3 wherein the sulfur bed contains a
catalyst that reacts with H,S and COS.

5. The apparatus as claimed in claim 4 wherein the catalyst is selected from
the group consisting of carbonates and hydroxides, carbonates on activated
carbon, carbonates on activated alumina, metal oxides, metal oxides supported
on a microporous adsorbents, and CuY zeolite.

6. The apparatus as claimed in claim 1 wherein the reactor bed is a
particulate or a monolith reactor bed.

7. The apparatus as claimed in claim 1 wherein the monolith reactor bed
contains one or more catalyst materials.
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a cool i ng/ heat exchange neans; an adsorption
purification neans; and a gas recovery neans. 2. The
wappeErasus as clainmed in claim1 wherein the gRETAIIS2@®a/N30918
conpri ses carbon dioxide. 3. The apparatus as cl ai ned
8.i n cTla appanstes as cldimedsnlcfain T @RBRh {8 88501HBBRHUSIACAoN
sul fur reactor bed, 4 . The apParatus as clained in

MEART AISONR O ST afisoskentipatesialscont ai ns a cat al yst
that reacts with H2S and COS. 5. The apparatus as
claimed in claim4 wherein the catalyst is selected

9.f r onthehapparratys asckbimed iy claim@whersit ése actVated alumina and

oxi des, carbopates gn activated carbon, carbonates
132%&;6&??’%%% g?%ﬂf]ﬁ%‘?h 1 oxides, metal oxides
supported on a m croporous adsorbents, and CuY
zeolite. 6. The apparatus as clained in claiml
10herenapprratusaas olaimed i slaimSafurthencatnprisingaa MefYotddlite

aor\ﬁﬁﬁ?énq.r bed. 7. The apparatus as clainmed in claim1l
erein the nonolith reactor bed contains one or nore

catal yst materials.8. The apparatus as clained in

claim 1 wherein the adsorption purification neans are
Tone Tdte ARparalitesas plaimedin eleinaiSswhareirmthe aggmabanumatesials are

in PEe pEbgod BoRet Holts iR ol Bt Safliates.

apparatus as claimed in claim9 further conprising a
2I\IaY_rﬁ\eoI ite adsorbent. 11. The apparatus as clainmed in
12¢1 aile2RAREARISAS flaimed 8 daim 1nubereinine adserpiion perification

m&AHRPE Eri?@sagéﬁva?%g?tb?n.pomer’ mesh, rings,

nonol 1 ths or extrud 12. The apparatus as cl ai ned

in claiml wherein the adsorption purification neans
ises ac car bo The, apparatus as

13C0 {i vat eld. ‘ﬂ 1%. )

el ai' BEFRRATAIUS; 35 qlajipeq & Hain i yvhereingsald thegasremerakmeans
comprises valve means for directing the gas to either a manufacturing, cleaning,
packaging, storage or filling process or device.

14.  The apparatus as claimed in claim 1 further comprising gas analytical
means for sulfur and hydrocarbon impurities.

15.  The apparatus as claimed in claim 1 further comprising the removal of
bacteria, pesticides and heavy metals from the gas.

16. A method of purifying a gas comprising the steps:
a) feeding the gas to a first heater/heat exchanger to increase the
temperature of the gas;
b) feeding the gas from step a) into a sulfur removal unit to form a
substantially sulfur free gas;
c) feeding the substantially sulfur free gas to a second heater/heat
exchanger thereby increasing the temperature of the gas;
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conprises valve neans for directing the gas to either

a manufacturing, cleaning, packaging, storage or
woi2bd7ingsipr ocess or device. 14. The appar at us BET/US2006/030918

clainmed in claim1 further conprising gas anal yti cal

nmear f orfesdingjune gad thyadeacir bed to memoveiigpurifiss; The

apparatus_as. clained,in cJajm 11 further conprising the

omital - dpodad e Cas ta Gosieshaatexshenaedvsanstaradidedie gas

the gas. td@pefutirs:hod of purifying a gas conprising

the steps: a) feeding the gas to a first heater/ heat

excKhngeifeeding seiccaasta adsdrptipre patificationf mehasgasd  b)

e Ao T BBl A e

f eethiRingt bepasiesding bictds¥ or delide, free gas to a second
heat er/ heat exchanger thereby i ncreasing the

tenperature of the gas;d)~ feeding the gas to a

y i, es: f eedi t h
17 o doapfiod s R ERn 15 \Fipre et Etghgsed Srbon
dicédmpegaature; f) feeding said gas to adsorption

purification neans; and g) feeding the gas to a
manuf acturing, cleaning, filling, storage, mxing, or

. . : ; Ui med
o o AR BRI Re REVBER 103 P R IEE r8e8s Tpeans
coggsise B8sulllineeastohbddas cl aimed in claim 16 wherein the

sul fur renoval neans conprise a sulfur reactor bed.
19. The nmethod as clained in claim 18 wherein the

19sul ' i '

O nd a8 gey Gl Fnt AR 1B wichan Ry bbb oo 4

cataist thatabgets with ble® ende@OBr om t he group consi sting of
car bonat es and hydroxi des, carbonates on activated
carbon, carbonates on activated alum na, netal oxides,

20net The neiHSE FFBMIEER claim 19 wherein the catalyst is selected

from the group consisting of carbonates and hydroxides, carbonates on activated
carbon, carbonates on activated alumina, metal oxides, metal oxides supported
on a microporous adsorbent, and CuY zeolite.

21.  The method as claimed in claim 16 wherein the reactor bed is a particulate
or a monolith reactor bed.

22. The method as claimed in claim 16 wherein the monolith reactor bed

contains one or more catalyst materials.

23.  The method as claimed in claim 16 wherein the adsorption purification
means are activated alumina and 13X zeolite.

24.  The method as claimed in claim 23 further comprising a NaY zeolite
adsorbent.
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on a mcroporous adsorbent, and CuY zeolite. 2 1. The
met hod as clainmed in claim16 wherein the reactor bed

WO g0o/opesig i cul ate or a nonolith reactor bed. 28CT/Ubm06/030918
met hod as clainmed in claim 16 wherein the nonolith

25.T CaFROMAAGSH aovianned ivoRir23wheralatisd gdsonventriaiedals are in
23. The nmethod as clained in claim16 wherein the

the shrepemfibeadpuri fi cati on nmeans are activated al umi na
and 13X zeolite. 24. The nethod as clainmed in claim23
further conprising a NaY zeolite adsorbent.25. The
26. ”ei‘hhl@' rr{ﬁh@cﬂ ab @Mm’ﬁd in Ir?aéim 2Bwivkeziritine tHsorption faiication
materials are. in the shape of beads. 26. The neth
me@ﬂ%\?‘%@?ﬁ%’“&ﬂ”&ﬁ%@'vﬁﬁ?@r 'ROPhe adsorpti on °d as
purification nmeans further conprises activated carbon.
27. The nethod as clained in claim 16 wherein said the
27 gasThe msitabd ssatamechiprdaies 1§ aheeinsait tHeogasirereeyal ngeans

cordisas Iy g6 4Pyt CoBHO T SHeLh Gl 2o gt T oEess
or #hgé%%ﬁ%é}wsq,l;\g[taﬁ%ysi ng gas anal ytical means. 29.

_ as clainmed in claim16 further conprising
renmovi ng bacteria, pesticides and heavy netals from

t he b i oxide. 30. A .
O e
medhgxi de gas streamto a sulfur reactor bed to renove

sylfpr cont ai ni ng conmpounds present in the carbon
di oxi de gas streamto forma substantially sulfur-free

carbon di.oxi ea f i : : i
295 b3 R0 BBy GRTE i, 0 (e Qg Mg comoying bacterta
pedtidi@ashAd hbady haleliiorn ehevanpnidxidear bon conpounds

present in the carbon dioxide gas streamto forma

substantially hydrocarbon conpound free carbon di oxi de

30983 ASHERRT for the treatment of carbon dioxide comprising:

a) feeding an impure carbon dioxide gas stream to a sulfur reactor bed to
remove sulfur containing compounds present in the carbon dioxide gas stream to
form a substantially sulfur-free carbon dioxide gas stream;

b) feeding the substantially sulfur-free carbon dioxide gas stream to a reactor
bed thereby removing hydrocarbon compounds present in the carbon dioxide gas
stream to form a substantially hydrocarbon compound free carbon dioxide gas
stream;

c) feeding the substantially hydrocarbon compound free carbon dioxide
stream to a dryer and/or an adsorption bed to form a substantially dry carbon
dioxide stream;

d) concentrating the impurities in the carbon dioxide stream and feeding the
substantially dry carbon dioxide gas stream to an analytical skid to measure for
the presence of any impurities in the substantially dry carbon dioxide gas stream;
and

e) feeding the purified carbon dioxide stream to either the manufacturer’'s

operations or a carbon dioxide storage tank or to both simultaneously.
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c) feeding the substantially hydrocarbon conpound free
carbon dioxide streamto a dryer and/or an adsorption
whed7vesiorm a substantially dry carbon di oxi dRCHUSB®a6)30918
d) concentrating the inpurities in the carbon di oxi de
31 St r eaERAH0E esdiiaithddia dairs8amihicrtinythd tyeatmenboomprises
di oxi de gas streamto an anal ytical skid to nmeasure
puliifying the qareeeAEXidst any inpurities in the
substantially dry carbon di oxi de gas stream and e)
feeding the purified carbon dioxide streamto either
321 he TRBHHétABH Wselaisnaxbier clhinoBO witeraindheteatoienk cadprises
storage tank or to both simultaneously.3 1. The nethod
analyzmgghﬁ@arbw ¢ipxid®r 30 wherein the treatnent conprises
purifying the carbon di oxide. 32. The nethod as
clainmed in claim30 wherein the treatnent conprises
33analmyiaimethbleascelainoed i daimi80 vdtereifhiberteaaiognadés conducted on
.claimed in claim30 wherein the treatnment i s conducted
sitdn site. 34. The method as clainmed in claim30 wherein
the sul fur renoval neans conprise a sulfur reactor
bed. 35. The nmethod as clainmed in claim34 wherein the
34sul fThe rhethodars eainsedircalabmn BStwhdrein theastigir igmpvaseans
and, COS. 36. T&e thod as clainmed in claim35 wherein
compélsgg’t%l@gtre@ Oggggct ed fromthe group consisting of
carbonat es and hydroxi des, carbonates on activated
carbon, carbonates on activated alum na, netal oxides,

35net Jiheoxethes asigpimedin daim 34 wheeht hessuiys begdeantalgs @
Y.zeolite, 37.. The as clained in claim30
Ca%\éﬁ‘téh?\t rteﬁ‘étsc‘%'zrbgiﬁg(ﬂ'&(e‘igggr enoval means conprises

val ve neans for directing the carbon dioxide to either

a production process or storage or bc;_lt h .
36si milheamethes! g8 claimed in claim 35 wherein the catalyst is selected

from the group consisting of carbonates and hydroxides, carbonates on activated
carbon, carbonates on activated alumina, metal oxides, metal oxides supported

on a microporous adsorbent, and CuY zeolite.
37. The method as claimed in claim 30 wherein the carbon dioxide removal

means comprises valve means for directing the carbon dioxide to either a

production process or storage or both simultaneously.
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