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and aromatics such as benzene. Wen the carbon di oxide
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t he manuf acture and cl eani ng of foodstuffs and

beverage carbonation, nedical products and el ectronic
[0662] ces, Qanigors didxide isasedundsnianbensfiadustlyidt asaddbarestic

[ t d t t t. b d
applEions. Wi RVEIST [7eue e o Hestepde BRS R VATgus
mﬁ@r‘"ﬁé@ URRRINaEy V@b &S dRAGRY th@?wédofrér'ﬂ%eﬁﬁi%]l s68FdeRMsuch as

carbon dioxide. For exanple bever age
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alcohols, and 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] In order to ensure that the purification methods are removing
impurities to the required levels analysis methods to measure impurities such as
sulfur compounds, aldehydes, alcohols and aromatics reliably and cost-
effectively at very low (ppm and ppb) levels are needed. Various methods for the

analysis of these impurities are available and include gas chromatographs with
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gas streamusing a detector. [0007] In an enbodi nent,

the gas streamis a carbon di oxi de gas stream
[0006] The present invention also provides for an analytical method for

measuring the concentration of impurities during the production and purification
of carbon dioxide comprising: a) passing a gas stream containing impurities into
a gas adsorption means for a length of time at ambient or higher temperatures
to adsorb the impurities therein; b) stopping the flow of the gas stream; and ¢)
desorbing and analyzing the resulting gas stream using a detector.

[0007] In an embodiment, the gas stream is a carbon dioxide gas stream.
The gas adsorption means is a packed adsorption bed in a chromatograph. The
chromatograph is a gas chromatograph. The detector may be a flame ionization
detector (FID) and photometric ionization detector (PID) to detect hydrocarbon
impurities and a detector such as flame photometric detector (FPD), sulfur
chemiluminiscence detector (SCD) and pulsed flame photometric detector
(PFPD) to detect sulfur related compounds.
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detail ed description of the anal ytical skid. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0009] The carbon di oxi de
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the carbon dioxide, but in the production of products
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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, and carbon
monoxide. This invention describes novel methods for the analysis of some of
the impurities. The concepts of this invention are not limited to carbon dioxide

and are applicable to the analysis of impurities in other gases.

[0011] For the purposes of this invention various impurities in carbon
dioxide are analyzed by a sulfur analyzer and a hydrocarbon analyzer. Other
detectors can be used when analyzing other impurities such as halocarbons in
other gases. For carbon dioxide, the two analyzers could be in a single unit such
as gas chromatograph or they could be separate units. Prior to analysis, various
sulfur and hydrocarbon impurities are concentrated to increase their amounts in

the sample. This step improves the detection limits for various analyzers. This is



and are applicable to the analysis of inpurities in
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[0013] The sulfur analyzer unit will analyze either the total sulfur or

individual sulfur species during various process stages. For beverage grade
carbon dioxide the total sulfur in the product excluding sulfur dioxide needs to be
below 0.1 ppm and sulfur dioxide needs to be below 1 ppm. For the
measurement of total sulfur, sulfur impurities are oxidized to sulfur dioxide in a
catalytic reactor with a sulfur tolerant catalyst or inside an ozone generator
typically based on corona discharge. Sulfur dioxide after the oxidation is
analyzed using a sulfur specific detector such as sulfur chemiluminiscence
detector (SCD), flame photometric detector (FPD) or pulsed flame photometric
detector (PFPD). When speciation of sulfur compounds is required the sulfur
impurities may be optionally concentrated and sent directly to a separation

column and the detector bypassing the oxidation unit.



(FPD) can be used. [0013] The sulfur analyzer unit
w Il analyze either the total sulfur or individual

wao7erosspeci es during various process stages. PEDDS2006/030917
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FI DI det ecltor for analysis. [0015] Details of the

anal ytical systemare givenin FIG 1. | '
[0016] Line 30 directs the Séas sample into a concerr]wtrgko%élz]i&, el ' ne
separation column 43A and then into a detector 44. The analytical data gathered
from this detector is directed along line 48 to a signal to integrator/computer
which is not shown. For the analysis of hydrocarbon species a FID (flame

ionization detector) can be used.

[0017] A further portion of the gas sample is directed along line 14 to line
32 where it is combined with air that enters through line 34. This gas sample is
directed to an optional sulfur oxidation catalyst or a ozone generator 36 and
through line 38 to a multiport valve 28B. Line 39 directs the sample to a
concentrator 42B, a separation column 43B and another detector 46. For the
detection of sulfur impurities detector 46 can be a FPD (flame photometric
detector). Line 52 exits detector 46 and delivers the analytical data to a signal to

integrator/computer, not shown.



14 is the feed Iine to the anal ytical skid. Line 16
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to address concerns with carbon dioxide impurities, particularly with carbon

in

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 quality assured carbon dioxide.

[0022] The industries or customers where the present invention will have
utility include but are not limited to the manufacturing and cleaning of foodstuffs;
the manufacture of electronics, electronic components and subassemblies; the
cleaning of medical products; carbonation of soft drinks, beer and water;
blanketing of storage tanks and vessels that contain flammable liquids or
powders; blanketing of materials that would degrade in air, such as vegetable oll,

spices, and fragrances.
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for any of the col ums:

FID detector, sample concentration technique allows measurement of benzene
concentrations as low as 1 ppb using the same detector. The technique is
applicable to other impurities such as aldehydes and alcohols. The technique is

also applicable to other gases and other impurities.

[0026] The present invention is particularly suited for the analysis of
impurities in partially purified product or the final product since lower levels of
impurities in the gas streams do not require high adsorption capacity in the
concentrators 42A and 42B which operate at ambient or higher temperatures.
Also, the adsorbents in these concentrators need to be weak adsorbents (such
as Poropak Q for benzene) so that the impurities are easily desorbed as the GC
oven is heated. Strong adsorbents such as zeolites and activated alumina may

not work well as it will be harder to desorb impurities from them.



[0024] The sanple flow was stopped and nitrogen was
passed as carrier gas through the colum. The col um
W@@n/ovEs7 heated to 15Q0C in | ess than one m NECEUS2006/030917
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FI D detector, sanple concentration technique all ows
measur enent of benzene concentrations as low as 1 ppb
usi ng the sane detector. The technique is applicable
to other inpurities such as al dehydes and al cohol s.
The technique is also applicable to other gases and
other inpurities. [0026] The present invention is
particularly suited for the analysis of inpurities in
partially purified product or the final product since
| ower levels of inpurities in the gas streans do not
require high adsorption capacity in the concentrators
42A and 42B whi ch operate at anbi ent or higher
tenperatures. Al so, the adsorbents in these
concentrators need to be weak adsorbents (such as
Poropak Q for benzene) so that the inpurities are
easi|ly desorbed as the GC oven is heated. Strong
adsorbents such as zeolites and activated al um na may
not work well as it will be harder to desorb
inmpurities fromthem [0027] Wile the present

i nvention has been described with reference to severa
enbodi ments and exanpl e, nunerous changes, additions
and om ssions, as will occur to those skilled in the
art, may be made w thout departing fromthe spirit and
scope of the present invention. CLAIMS Wiat is cl ai ned
i S:



1. A nethod for neasuring the concentration of
inpurities during the purification of a gas
W@IpIIsSIhg: a) passing a gas stream cont ai ni NBCT/US2006/030917
inmpurities into a gas adsorption neans for a |length of
time at anbient or higherciemeratures to adsorb the
inpurities therein; b) stopping the flow of the gas
stream and c) desorbing and analyzing the inpurities
usi.ng, a det.ector. 2. The nethod of claim 1l wherein the
Whalds; ?"@gﬁﬂ%n di oxi de. 3. The nethod of claim1
wherein the inpurities are selected fromthe group
consi sting of H2S, COCS, dinmethyl sulfide, benzene,
1. al déhyethnd foswmerausiog the gonceriraiion efl igyribities dariag the
hydrocarbons,. 4. The method of claim 1l wherein the gas
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a) chr paBSing a¢ds stearm@ni@hihgdnPuridbintd 4 gdweagddiptibe means
gas is desorbed through the gas separation colum. 6. .
formiengéh rbimeratarabipntonpieher fenipriates topdserb the impurities
thé:rgrnonat ograph contains an anal ytical device to nmeasure
Or 'organi ¢ conmpound inpurities selected fromthe
b) gr ogfoppimpited flovg obthergag eeamabdehydes, | ow chain
Ien%th al.cohol s and, h 1‘grqcar baons. 7. The t hod of
)cla ﬁﬁ@fh}\ﬁ'ﬁb?@ﬁj@n?%'rt_% edMPYRHED YPIRPR EBRRIAti cat es
with an anal ytical device to nmeasure for sulfur
conmpounds. 8! The nmethod of claim 1l wherein the
2. det dbeanetrdsd] adaitre tl Wheveinahé Igasds carbionadibxidedet ect or
(FID) and photonetric ionization detector (PID) to
det ect hydrocarbon inpurities, and a flanme photonetric

3. det qheGhetddRdf. cisit 1 WherBRthk Wb eSS BesSl8EREtFRSm the group
(SCD) and pul sed flane photonetric detector i
consisting of HoS, COS, dimethyl sulfide, benzene, aldehydes, low carbon chain

length alcohols, and hydrocarbons.

4, The method of claim 1 wherein the gas adsorption means comprises a

packed bed in a gas chromatograph.

5. The method of claim 4 wherein the gas is desorbed through the gas

separation column.

6. The method of claim 4 wherein the gas column chromatograph contains
an analytical device to measure for organic compound impurities selected from
the group consisting of benzene, aldehydes, low chain length alcohols and
hydrocarbons.

7. The method of claim 4 wherein the gas chromatograph communicates

with an analytical device to measure for sulfur compounds.
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detector (FPD), sulfur

11. The method of claim 9 wherein the impurities are selected from the group

consisting of H,S, COS, dimethyl sulfide, benzene, aldehydes, low carbon chain

length alcohols, and hydrocarbons.

12. The method of claim 9 wherein the gas adsorption means comprises a
packed column in a gas chromatograph.

13. The method of claim 12 wherein the gas is desorbed through the gas

separation column.

14.  The method of claim 12 wherein the gas chromatograph contains an
analytical device to measure for organic compound impurities selected from the
group consisting of benzene, aldehydes, low chain length alcohols and
hydrocarbons.

15. The method of claim 12 wherein the gas chromatograph communicates

with an analytical device to measure for sulfur compounds.
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phot onetric detector (PFPD) to detect sulfur related
18.COMPRE M hod of claim 17 wherein the impurities are selected from the

group consisting of HxS, COS, dimethyl sulfide, benzene, aldehydes, low carbon
chain length alcohols, and hydrocarbons.

19.  The method of claim 17 wherein the gas chromatograph passes the
carbon dioxide gas stream containing impurities to an analytical device to
measure for organic compound impurities selected from the group consisting of
benzene, aldehydes, low chain length alcohols and hydrocarbons.

20.  The method of claim 17 wherein the gas chromatograph contains an

analytical device to measure for sulfur compounds.

21.  The method of claim 17 wherein the detector is selected from a flame
ionization detector (FID) and photometric ionization detector (PID) to detect
hydrocarbon impurities, and a flame photometric detector (FPD), sulfur
chemiluminiscence detector (SCD) and pulsed flame photometric detector
(PFPD) to detect sulfur related compounds.
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