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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 H,S

from a gas stream by first removing the H,S from the hydrocarbon gas stream by
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thegtussatoshe vabstantially free of sulfur compounds, hydrocarbon and other
impurities, and because natural sources of carbon dioxide and industrially
manufactured carbon dioxide often contain sulfur and hydrocarbon compounds,
economic and efficient methods for effecting substantially complete removal of
sulfur and hydrocarbon compounds from carbon dioxide gas streams, without
concomitantly introducing other impurities into the carbon dioxide, are
continuously sought. Lower cost analysis methods for various impurities'are also
sought. Also, reliable methods for providing high purity carbon dioxide to
manufacturing operations are sought. The present invention provides a simple

and efficient method for achieving these objectives.
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and aromatics, providing analytical means to ensure purity of carbon dioxide and

supplying purified carbon dioxide to manufacturing operations. The method
additionally consists of liquefying part of purified carbon dioxide and storing it as
a backup.

[0010] The purity of the carbon dioxide is sufficient to meet the quality
assurance needs. In an embodiment, the carbon dioxide is analyzed using
detectors and impurities are concentrated prior to analysis. The operations in
which the purified carbon dioxide is used is selected from the group consisting of
manufacture and of foodstuffs and beverages, medical products and electronic
cleaning devices customers.



[0010] The purity of the carbon dioxide is sufficient
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operations which are usually continuous or semi-continuous. The present

invention provides a method for reliably providing high purity carbon dioxide to
manufacturing operations. Various point of use applications of carbon dioxide
include a beverage filling plant, a food freezing plant, an electronics
manufacturing plant and a fountain type carbon dioxide dispensing location.

[0013] An embodiment of the invention is shown in FIG. 1. In FIG. 1, liquid
carbon dioxide is obtained from a CO; production plant 300 located in the vicinity
of facility 310 where CO; is used in manufacturing operations. Facility 310 can
be a beverage filling plant or an electronics manufacturing plant. Carbon dioxide
is delivered to storage tank 315, vaporized in vaporizer 320 and a stream 325 is
sent to the analysis system 400. If the stream is within predetermined
specifications with respect to the feed impurities it is sent to purification skid 330.
A portion of stream exiting purification skid 330 is taken as stream 335 and

analyzed by the analysis system 400. If it is within predetermined limits with



manuf acturing plant and a fountain type carbon di oxi de
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impurities sulfur compounds such as carbonyl sulfide, hydrogen sulfide, dimethyl
sulfide, sulfur dioxide and mercaptans, hydrocarbon impurities such as
aldehydes, alcohols, aromatics, propane, ethylene, and other impurities such as
water, carbon monoxide. These impurities are removed in the purification unit
330 and analyzed in the analyzer system 400. The purification unit contains
several modules for the removal of sulfur impurities, hydrocarbons, oxygenates
and aromatics.

[0016] For the purposes of this invention, at least some of the sulfur
impurities such as hydrogen sulfide and carbonyl sulfide can be removed at an
elevated temperature, a temperature of 50° to 150°C. These temperatures may

be obtained by heater and heat-exchange means. Removal of sulfur impurities at



powders; bl anketing of materials that woul d degrade in
air, such as vegetable oil, spices, and fragrances.
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particulate or monolith support. The reactor bed purifies the carbon dioxide by
oxidation reactions and oxygen is added prior to the catalyst bed in appropriate
amount. Typical impurities removed in the reactor include propane, aldehydes,

alcohols, acetates, aromatics, methane, ethane and carbon monoxide.

[0018] The stream exiting the reactor beds or the sulfur removal beds is
cooled to close to ambient temperatures in heat exchange means and sent to the
adsorbent bed(s) for the removal of water and other impurities. The adsorption
bed can remove any residual impurities and the reaction products from the
catalyst bed as well as water or most of the impurities when the catalyst bed is
not used. Typically, an adsorbent such as activated alumina (AA), a zeolite such
as 4A or 3X or silica gel will be used for moisture removal. Other adsorbents
such as such as a NaY zeolite or its composite forms (mixed with other

adsorbents such as activated alumina) can be used for the removal of impurities
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used. Typically, an adsorbent such as activated
al um na zeolite such as 4A or 3X or silica gel
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[0021] The processes of the present invention are designed to address
concerns with carbon dioxide impurities, particularly with carbon dioxide supplied
at the point of use in the manufacturers’ process. By purifying and analyzing at
the same time, the operator of the production facility can rely on a steady supply
of purified and quality assured carbon dioxide while the invention can also supply
a back up storage 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
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Acetaldehyde 11 ppm
Oxygen About 50 ppm over the amount needed for H»S, COS,

benzene, acetaldehyde and methanol removal

[0023] The sulfur reactor bed was operated at a temperature of 100°C and
contained 17.1 kgs of activated carbon impregnated with 20 wt% potassium
carbonate. The catalytic reactor bed was operated at 250°C and contained a

palladium coated catalyst.

[0024] The unit was operated for over a week and the product was
analyzed using a gas chromatograph containing an FID and FPD detectors and a
sample concentrator. During the testing period the total sulfur in product exiting
the sulfur removal bed 40 remained below 0.05 ppm and benzene, methanol and

acetaldehyde were all below the detection limit of the instrument, less than 10
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a week and the product was anal yzed using a gas
chr omat ograph contai ning an FID and FPD detectors and
a



sanpl e concentrator. During the testing period the

total sulfur in product exiting the sulfur renoval bed
wdorensihied bel ow 0. 05 ppm and benzene, et haPol/us2vd6/030915

acet al dehyde were all below the detection Iimt of the

instrunent, |ess than 10pghAM&. An adsorption based

sanpl e concentrator allowed the increase in the

concentration of hydrocarbon inpurities by a factor of
wieads cli@ediigni fi cantly increasing the detection limts

for these inpurities. [0025] While the present

i nvention has been described with reference to several

enbqdi e . Ltion
1- and oRERRIE R BRaBMETHE Gy BTGP TIERAEREED A Fidrect
usaliin ppertiohe requieinyipubified ceear dibridef Mnbhﬁ)cﬁﬁd)mbtisiﬁgd
scope of the present invention. CLAIMS What is clai ned
is:al. AdpdYaTkW gasPoR sigyideForma PRRAStiondacilty taw locatian
L axi or:adi; in operations requirin
Wh%ﬁéf Pplnfel gé‘:l%%né'g%lggi'%gézb?ﬁég%t hog conpri Si ngqa) )
del byer i pgssiaglarbah dioiidie thraughavaricodusirifieatib@cinits for the

to | ocati.on re putjfied carbon dioxide is to be
rerGudl of S PyiSs Hofeum B GbeR s var i ous
urikfica [ : : d
Por & pur Py FagHBhE gl taNiaMBRIcTbr TR e, &g Bt loast
ong @niafyized arw bon di oxide for inpurities using at |east

one ,anal yzer.; and passi ng. ortion.of. the purified

car Bon- abastine erbniEnt itk SirbaRitigriae Matthbets'sroduct
pusityepecifeatibAs fo bpe@lighat i ons. 2. The nethod as cl ai med

in claiml wherein the direct use is at a renote

| ocation. 3. The nethod as clained in claim1l wherein

2. 5 PB4\ Jafhed I Qinf 3'viRSlefl Y difock BsBiS 4 &8 F8mote
location.

3. The method as claimed in claim 1 wherein a portion of the purified carbon
dioxide is provided as backup storage.

4. The method of claim 1 further comprising analyzing the feed to ensure

purity specifications.

5. The method as claimed in claim 1 wherein the impurities comprise sulfur

compounds, and hydrocarbons including oxygenates and aromatics.

6. The method as claimed in claim 1 wherein the purity of the carbon dioxide

is sufficient to meet quality assurance needs.
7. The method as claimed in claim 1 wherein each of the operations is

selected from the group consisting of manufacture and cleaning of foodstuffs,

medical products and electronic devices customers.

10



4. The nmethod of claim 1 further conprising anal yzing

the feed to ensure purity specifications. 5. The
woredoiowsas claimed in claiml wherein the i npuPCT/UBR06/030915

conpri se sul fur conpounds, and hydrocarbons incl udi ng

oxygenat es and aromati cs. 6 The met hod as claimed in

8. ¢l a i3 eéﬁﬁ%ﬁ%is”cléf?ﬁeoo}g{&% ﬁé}glnct%ﬁﬁﬂlf@bﬁ gﬁ'ﬁ%%omprise

suf to neet qu y assurance

a sutfuhoshciar twchi med in claim 1 wherein each of the
operations is selected fromthe group consisting of
manuf acture and cl eani ng of foodstuffs, nedical

9. pr OﬂHétrﬁetﬁBﬁ £ & HéH‘in%l%ﬁY?Q/\aﬁégfg\fthg'%fﬁr Bed ﬂt ins a

as clainmed in claim e puri ion

catalyist that veqets sdtheHsSilahdrC@8act or bed. 9. The rret hod as
clainmed in claim8 wherein the sulfur bed contains a
catal yst that reacts with H2S and COS. 10. The net hod

10as Thainmafol %s%l@h@cﬁm%@ih?s mvﬁé?smctﬁb%amzsti i§ sBRIcBSd R9m the

fromthe group consistin % carbonates a
gropparansisdiag, of carberrtes andmydoviides, edrbendies oncmtibateat esbon,

V. e taI oxi des
ca BpBf g2 A et Blsde it et BT e S RaHed p.a
mickbporBive atioRsshtasne IGuiYTRsblite, ! ai m 1 wherein the
purification units further conprise a particulate or a

m)nolith reactor bed. 12. The nmethod as clained in

1.0 L betiOf ol dairi DT whietefi e MRl B Ricfher
cormpmsmerpmmculam e nfonedith wactoride’]. f urt her conpri se

beds containing activated alum na and 13X zeolite. 14.
The nmethod as clainmed in claim13 wherein the

12.2?;1(;?;(@%%%66 W31 AMnRCintckin £ WHaYEh&He $8at8P08E BAkfhs one

or more catalyst materials.

13.  The method as claimed in claim 11 wherein the purification units further

comprise beds containing activated alumina and 13X zeolite.

14.  The method as claimed in claim 13 wherein the activated alumina and 13X
are layered on top of each other.

15.  The method as claimed in claim 13 further comprising a NaY zeolite

adsorbent.

16.  The method as claimed in claim 9 further comprising activated carbon
adsorbent.

17.  The method as claimed in claim 1 wherein the carbon dioxide removal

means comprises valve means for directing said carbon dioxide to either a
production process or storage or both simultaneously.

11



15. The nmethod as clained in claim 13 further

conprising a NaY zeolite adsorbent. 16. The nethod as
waeb@roesisn claim9 further conprising activat AT/T8200€030915

adsorbent. 17. The nethod as clainmed in claim1

18wherléiermetiodcelr daim dicorplisingeamalydingniiaa sathompdipxide purity

sl e CRRTBt ForP i el B34 DAL B A8 ©
si mul t aneously. 18. The nmet hod of claim 1 conprising

analyzing the carbon di oxide fpurlt usi ng detectors
19and lé@d@éﬂ”ﬂ%ﬁ AGinne@ in eplm i1t uebepecpr@pnsnogawa‘uygn@lytlcal

méedhs A}'}‘&h i suﬂ%&faﬁélgt:"{% %Scl aim1 further

conpri si means and hydr ocar bon
anal ytical means. 20. The nethod as cl ai ned |n clarnrl
whi ¢h operates at . a pressure of about 1.7 to
20par d hepnethorhas aigimed inelap d; whigh opeatas at @ nrﬁswr@ccn‘ about
[ on units operate at tenperatures of about
15?8%235%@% out 300C.

21.  The method as claimed in claim 1 in which purification units operate at

temperatures of about 40°C to about 300°C.
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