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A chromatographic method including chromatographically 
separating sample ionic species in an eluent stream, detecting 
the separated sample ionic species, catalytically combining 
hydrogen and oxygen gases or catalytically decomposing 
hydrogen peroxide in a catalytic gas elimination chamber, 
and recycling the effluent stream from the chamber to the 
chromatography separation column. The residence time 
between the detector and the chamber is at least about one 
minute. Also, ?owing the recycle sequentially through two 
detector effluent ?ow channels of an electrolytic membrane 
suppressor. Also, applying heat or UV energy between the 
detector and the chamber. Also, detecting bubbles after the 

(21) Appl.No.: 12/036,147 chamber. Also, a Platinum group metal catalyst and ion 
exchange medium in the chamber. Apparatus for performing 

(22) Filed: Feb. 22, 2008 the methods. 
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ION CHROMATOGRAPHY SYSTEMS WITH 
FLOW-DELAY ELUENT RECYCLE 

BACKGROUND OF THE INVENTION 

[0001] Since it Was introduced in 1975, ion chromatogra 
phy has become a Widely used analytical technique for the 
determination of anionic and cationic analytes in various 
sample matrices. In ion chromatography, dilute solutions of 
acids, bases, or salts are commonly used as the electrolytes in 
chromatographic eluents. 
[0002] Traditionally, these eluents are prepared off-line by 
dilution With reagent-grade chemicals. Off-line preparation 
of chromatographic eluents can be tedious and prone to 
operator errors, and often introduces contaminants. For 
example, dilute NaOH solutions, Widely used as the electro 
lytes in eluents in the ion chromatographic separation of 
anions, are easily contaminated by carbonate. The prepara 
tion of carbonate-free NaOH eluents is di?icult because car 
bonate can be introduced as an impurity from the reagents or 
by adsorption of carbon dioxide from air. The presence of 
carbonate in NaOH eluents often compromises the perfor 
mance of an ion chromatographic method, and can cause an 
undesirable chromatographic baseline drift during the 
hydroxide gradient and even irreproducible retention times of 
target analytes. Therefore, there is a general need for conve 
nient sources of high purity acid, base, or salt for use as 
eluents in the ion chromatographic separations. 
[0003] The continuous operation of an ion chromatography 
system can consume a signi?cant amount of eluents. The 
consistent preparation of such large amount of the eluent as 
Well as the disposal of the used eluent can pose serious logis 
tical challenges to the system operators in terms of costs and 
labor, especially in cases Where unattended or less frequently 
attended operations are required. Even though it overcomes a 
number of issues associated conventional approaches of elu 
ent preparation in ion chromatography, the use of on-line 
electrolytic eluent generation devices still requires a constant 
supply of high purity Water from an external source for con 
tinuous operation and Waste disposal issue remains. 
[0004] US. Pat. No. 7,329,346 describes ion chromatogra 
phy systems capable of recycling eluents. In one embodi 
ment, the electrolytic suppressor is operated in the recycle 
mode. The net result of the electrochemical processes in an 
electrolytic suppressor is that the combined ef?uent from the 
suppressor anode and cathode chambers is a mixture of 
hydrogen gas, oxygen gas, and the aqueous solution contain 
ing the eluent components, the ions from the sample injected, 
and possibly some trace components derived from the opera 
tions of the separation column and suppressor. The e?luent 
from the outlet of the electrolytic suppressor regenerant 
chamber is passed through the catalytic gas elimination col 
umn packed With a Pt catalyst that induces the reaction 
betWeen hydrogen gas and oxygen gas to form Water. The 
catalytic gas elimination column serves several important 
functions. First, it provides an elegant means to conveniently 
eliminate the build up of hydrogen and oxygen gases and thus 
facilitates the operation of continuous eluent recycle. Second, 
the Water-forming reaction of hydrogen and oxygen is sto 
ichiometric in the column, and the amount of Water formed is 
expected to be in principle the same as the amount of Water 
consumed originally to produce hydrogen and oxygen gases 
in the electrolytic operation of the suppressor. In the above 
embodiment, an analyte trap column is placed after the outlet 
of a conductivity detector to trap analyte ions. Additionally, 
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ion exchange eluent puri?cation columns packed With appro 
priate ion exchange resins are used to further purify the regen 
erated eluent for use for re-use as the ion chromatographic 
eluent in the separation process. 

SUMMARY OF THE INVENTION 

[0005] In one embodiment of the invention, a chromato 
graphic method is provided including the steps of (a) injecting 
sample ionic species into an aqueous eluent stream from ah 
eluent source, (b) chromato graphically separating the sample 
ionic species in the eluent stream by ?oWing the same through 
chromatographic separation medium to exit as a chromatog 
raphy e?luent, (c) ?oWing the chromatography e?luent 
through a detector to detect the separated sample ionic spe 
cies in the chromatography ef?uent to exit as a detector e?lu 
ent stream, (d) catalytically combining hydrogen and oxygen 
gases or catalytically decomposing hydrogen peroxide, or 
both, in the detector e?luent stream by ?oWing it through a 
catalytic gas elimination chamber, to form Water and reduce 
the gas content of the eluent e?luent stream exiting the gas 
elimination chamber, and (e) recycling the catalytic gas elimi 
nation chamber e?luent stream from the catalytic gas elimi 
nation chamber to the chromatography separation column, 
the residence time for How of the detector e?luent stream 
betWeen the detector and the catalytic gas elimination cham 
ber being at least about one minute to facilitate decomposition 
of unstable oxidative compounds. 
[0006] In another embodiment, a chromatographic method 
is provided comprising the steps of (a) chromatographically 
separating sample ionic species in an aqueous liquid eluent 
stream ?oWing through a chromatography separation 
medium, to form a chromatography e?luent, (b) suppressing 
the chromatography ef?uent from step (a) by ?oWing it 
through a chromatography e?luent ?oW channel in an elec 
trolytic membrane suppressor to exit as a suppressor e?luent 
stream, (c) ?oWing the suppressor e?luent stream past a How 
through detector to exit as a detector ef?uent stream, (d) 
?oWing the detector e?luent stream from step (c) through a 
?rst detector e?luent ?oW channel in the membrane suppres 
sor on the opposite side of a ?rst ion exchange membrane 
from the chromatography ef?uent ?oW channels the detector 
e?luent exiting the ?rst detector e?luent ?oW channel as a 
recycle stream, (e) ?oWing the recycle stream through a cata 
lytic gas elimination chamber to catalytically combine hydro 
gen and oxygen gas, or catalytically decomposing hydrogen 
peroxide, or both, to form Water thereby reducing the gas 
content in said recycle stream, and (f) ?oWing the recycle 
stream from the catalytic gas elimination chamber to the 
chromatography separation medium, the time for How of the 
detector effluent from the ?rst detector e?luent ?oW channel 
to the catalytic gas elimination chamber being at least one 
minute to facilitate decomposition of unstable oxidation com 
pounds. 
[0007] In another embodiment, a chromatographic method 
is provided comprising the steps of (a) injecting sample ionic 
species into an aqueous eluent stream from an eluent source, 
(b) chromatographically separating sample ionic species in 
an aqueous liquid eluent stream ?oWing through a chroma 
tography separation medium, to form a chromatography 
e?luent, (c) suppressing the chromatography ef?uent from 
step (a) by ?oWing it through a chromatography ef?uent ?oW 
channel in an electrolytic membrane suppressor to exit as a 
suppressor ef?uent stream, (d) ?oWing the suppressor e?luent 
stream past a ?oW-through detector to exit as a detector e?lu 



US 2009/0211980 A1 

ent stream, (e) ?owing the detector e?luent stream from step 
(c) through a ?rst detector e?luent ?oW channel in the mem 
brane suppressor on the opposite side of a ?rst ion exchange 
membrane from the chromatography ef?uent ?oW channel, 
and then through a second detector ef?uent ?oW channel on 
the opposite side of a second ion exchange membrane in the 
membrane suppressor from the chromatographic e?luent 
?oW channel, the detector ef?uent exiting the second detector 
e?luent ?oW channel as a recycle stream, (I) ?oWing the 
recycle stream through a catalytic gas elimination chamber to 
catalytically combine hydrogen and oxygen gas, or catalyti 
cally decomposing hydrogen peroxide, or both, to form Water 
thereby reducing the gas content in said recycle stream, and 
(g) ?oWing the recycle stream from the catalytic gas elimina 
tion chamber to the chromatography separation medium. 
[0008] In another embodiment, a chromatographic method 
is provided comprising the steps of (a) injecting sample ionic 
species into an aqueous eluent stream, (b) chromatographi 
cally separating the sample ionic species in the eluent stream 
by ?oWing the same through chromatographic separation 
medium, (c) detecting the separated sample ionic species in 
the eluent stream ef?uent from said chromatographic 
medium, (d) catalytically combining hydrogen and oxygen 
gases or catalytically decomposing hydrogen peroxide, or 
both, in the eluent stream in a catalytic gas elimination cham 
ber, to form Water and reduce the gas content in an eluent 
stream, in an e?luent stream ?oWing from said catalytic gas 
elimination chamber, and (e) detecting bubbles in the cata 
lytic gas elimination chamber e?luent stream. 

[0009] In another embodiment, a chromatographic method 
is provided comprising the steps of (a) injecting sample ionic 
species into an aqueous eluent stream, (b) chromatographi 
cally separating the sample ionic species in the eluent stream 
by ?oWing the same through chromatographic separation 
medium, (c) detecting the separated sample ionic species in 
the eluent stream e?luent from the chromatographic medium, 
(d) catalytically combining hydrogen and oxygen gases or 
catalytically decomposing hydrogen peroxide, or both, in the 
eluent stream in a catalytic gas elimination chamber, to form 
Water and reduce the gas content in an eluent stream, e?luent 
exiting from the catalytic gas elimination chamber, and (e) 
betWeen steps (c) and (d), applying energy to the gas elimi 
nation e?luent to decompose at least a portion of any unstable 
oxidative compounds therein. 
[0010] In another embodiment, a chromato graph apparatus 
is provided including (a) a chromatography column de?ning 
a column lumen, (b) ?oW-through chromatographic separa 
tion medium disposed in the column lumen, the separation 
medium de?ning liquid ?oW-through passages, (c) a detector, 
(d) a conduit for an aqueous liquid eluent stream providing 
?uid communication betWeen the detector and the chromato 
graphic separation medium, (e) a catalytic gas elimination 
chamber in ?uid communication With the conduit and includ 
ing a catalyst for combining hydrogen and oxygen gases, or 
for catalytically decomposing hydrogen peroxide, or both, in 
the eluent stream to form Water and reduce the gas content in 
the eluent stream, and (f) a delay conduit disposed betWeen 
the detector and the catalytic gas elimination chamber, the 
delay conduit having a total ?oW-through volume of at least 
0.5 times the total volume of said separation medium ?oW 
through passages. 
[0011] In another embodiment, a chromatography appara 
tus is provided including (a) chromatographic separation 
medium, (b) a detector, (c) a membrane suppressor compris 
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ing a chromatography e?luent ?oW channel, ?rst and second 
detector e?luent ?oW channels, and ?rst and second ion 
exchange membranes separating the chromatography e?lu 
ent ?oW channel from the ?rst and second detector e?luent 
?oW channels, respectively, (d) a ?rst conduit providing ?uid 
communication betWeen the separator medium and the chro 
matography e?luent ?oW channel, (e) a second conduit pro 
viding ?uid communication betWeen the membrane suppres 
sor chromatography e?luent ?oW channel and the detector, (f) 
a third conduit providing ?uid communication betWeen the 
detector and the ?rst detector ef?uent ?oW channel, (g) a 
fourth conduit providing ?uid communication betWeen the 
?rst and second detector e?luent ?oW channels, (h) a ?fth 
conduit providing ?uid communication betWeen the second 
detector e?luent ?oW channel and the separation medium, 
and (i) a catalytic gas elimination device in ?uid communi 
cation With at least one of the ?rst, second or third, conduits 
and including a catalyst for combining hydrogen and oxygen 
gases in at least one of the conduits. 

[0012] In another embodiment, a chromatography appara 
tus is provided including (a) chromatographic separation 
medium, (b) a detector, (c) a conduit for an aqueous liquid 
eluent stream providing ?uid communication betWeen said 
detector and said chromatographic separation medium, (d) a 
catalytic gas elimination chamber in ?uid communication 
With the conduit and including a catalyst for combining 
hydrogen and oxygen gases, or for catalytically decomposing 
hydrogen peroxide, orboth, in the eluent stream to form Water 
and reduce the gas content in said eluent stream, and (e) a 
bubble detector doWnstream of the catalytic gas elimination 
chamber and in ?uid communication thereWith. 

[0013] In another embodiment, a chromatography appara 
tus including (a) chromatographic separation medium, (b) a 
detector, (c) a conduit for an aqueous liquid eluent stream 
providing ?uid communication betWeen the detector and the 
chromatographic separation medium, (d) a catalytic gas 
elimination chamber in ?uid communication With the conduit 
and including a catalyst for combining hydrogen and oxygen 
gases, or for catalytically decomposing hydrogen peroxide, 
or both, in the eluent stream to form Water and reduce the gas 
content in the eluent stream, and (e) an energy generator 
disposed betWeen and in ?uid communication With the detec 
tor and the catalytic gas elimination chamber. 

[0014] In another embodiment, a catalytic gas and ionic 
species removal device is provided including a liquid ?oW 
through housing, a platinum group metal catalyst for catalyti 
cally combining hydrogen and oxygen gases, or for catalyti 
cally decomposing hydrogen peroxide, or both, disposed in 
the housing, and ?oW-through ion exchange medium dis 
posed in the housing. 
[0015] In another embodiment, a method is provided of 
catalytically combining hydrogen and oxygen gases, or for 
catalytically decomposing hydrogen peroxide, or both, and of 
removing analyte ions, counter-ions, or both, in a ?oWing 
liquid sample stream, the method comprising combining 
hydrogen and oxygen gases or catalytically decomposing 
hydrogen peroxide in a liquid sample stream containing ions 
by ?oWing the liquid sample stream through a ?oW-through 
catalytic device containing a platinum group metal catalyst 
capable of catalyZing the combining or decomposing, and 
removing the ions from the liquid sample stream in the ?oW 
through device by contact With ?oW-through ion exchange 
medium disposed in the device. 
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[0016] In another embodiment, a chromatographic method 
is provided including the steps of (a) injecting sample ionic 
species into an aqueous stream, (b) chromatographically 
separating the sample ionic species in the aqueous stream by 
?oWing the same through chromatographic separation 
medium While applying an electric ?eld across the separation 
medium, to exit as a chromatography e?luent, (c) ?oWing the 
chromatography ef?uent through a detector to detect the 
separated sample ionic species in the chromatography e?lu 
ent to exit as a detector e?luent stream, (d) catalytically 
combining hydrogen and oxygen gases or catalytically 
decomposing hydrogen peroxide, or both, in the detector 
e?luent stream by ?oWing it through a catalytic gas elimina 
tion chamber, to form Water and reduce the gas content of the 
eluent e?luent stream exiting the gas elimination chamber, 
and (e) recycling the catalytic gas elimination chamber ef?u 
ent stream from the catalytic gas elimination chamber to the 
chromatography separation column. 
[0017] In another embodiment, a chromatography appara 
tus is provided including (a) a chromatography column 
including chromatographic separation medium disposed in 
the column lumen, (b) spaced electrodes in electrical com 
munication With the separation medium and disposed to pass 
an electric current through the separation medium, (c) a 
detector, (d) a conduit for an aqueous liquid stream providing 
?uid communication betWeen the detector and the chromato 
graphic separation medium, and (e) a catalytic gas elimina 
tion chamber in ?uid communication With the conduit and 
including a catalyst for combining hydrogen and oxygen 
gases, or for catalytically decomposing hydrogen peroxide, 
or both, in the eluent stream to form Water and reduce the gas 
content in the eluent stream. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1-8 are schematic representations of appara 
tus according to different embodiments of the present inven 
tion. 
[0019] FIGS. 9-16 are graphs illustrating experimental 
results using the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The system of the present invention is useful for 
determining ionic species Which are solely anions or cations. 
Suitable liquid samples include surface Waters, other liquids 
such as industrial chemical Waste, body ?uids, beverages or 
drinking Water. The term “ionic species” includes molecular 
species in ionic form and molecules Which are ioniZable 
under the conditions of the present invention. The term “elu 
ent” refers to the solution ?oWing in a liquid chromatography 
system Which carries a sample to be detected. At times herein, 
the term eluent also refers to the electrolyte in that solution. 
The eluent normally is Water-based but can include an organic 
solvent so long as it is electrochemically stable. 
[0021] In certain embodiments, the invention includes a 
suppressor. The purpose of a suppressor is to reduce the 
conductivity and noise of the analysis stream background 
While enhancing the conductivity of the analytes (i.e., 
increasing the signals/noise ratio), While maintaining chro 
matographic e?iciency. 
[0022] In other embodiments, the invention relates to 
improved catalytic gas removal devices and methods and to 
improved systems forusing catalytic gas removal devices and 
systems disclosed in US. Pat. No. 7,329,346, incorporated in 
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its entirety by reference. The invention Will ?rst be described 
for the embodiment of FIG. 1. 

[0023] Referring to FIG. 1, a simpli?ed apparatus for per 
forming the present invention is illustrated. This system 
includes a suppressor With recycle of the ef?uent from a 
detector to the suppressor. That portion of the system is simi 
lar to the general system illustrated in US. Pat. No. 5,248, 
426. In the present invention, the e?luent from the suppressor 
is recycled to the separation column, preferably after mixed 
With an eluent in an ef?uent reservoir, as part of the eluent 
electrolyte used for separation. In a preferred embodiment, 
one or more eluent puri?cation columns such as ion trap 
columns are used in the system to remove contaminants, 
typically in ionic form, in the recycled stream prior to use as 
an eluent in the separation column. 

[0024] Referring again to FIG. 1, the system includes chro 
matographic separation medium, typically in the form of 
chromatographic separation medium chromatographic col 
umn 10. (As used herein, the term “column” refers to a ?oW 
through housing With an interior chamber in any con?gura 
tion for performing the indicated function). Any knoWn 
chromatographic separation medium may be employed 
including ion exchange resin in a resin bed, monolith, or other 
form, a porous hydrophobic chromatographic resin perma 
nently attached to ion exchange sites, and medium used for 
mobile phase ion chromatography (MPIC). 
[0025] Arranged in series With column 10 is a suppressor 
12 serving to suppress the conductivity of the electrolyte of 
the eluent from column 10 but not the conductivity of the 
separated ions. The ef?uent from suppressor 12 is directed to 
a detector, preferably in the form of a ?oW-through conduc 
tivity detector cell 14, for detecting the ion species resolved in 
column 10. A suitable sample including ionic species is sup 
plied through sample injection valve or injector 16 Which is 
passed through the apparatus in the solution of eluent from an 
eluent source or reservoir 18 draWn by pump 20 Which then 
passes through injection valve 16. The chromatography e?lu 
ent solution leaving column 10 is directed through suppressor 
12 Wherein the electrolyte is converted to a Weakly conduct 
ing form. The chromatography ef?uent from suppressor 12 
passes through detector 14, schematically illustrated as a 
conductivity cell, in Which the presence of ionic species pro 
duces an electrical signal proportional to the amount of ionic 
material. Such a signal is typically directed from detector 14 
to a conductivity meter (not shoWn). Any other knoWn detec 
tor useful for detecting ionic species in a chromatography 
system may also be employed including absorbance and elec 
trochemical detectors. 

[0026] In one embodiment, the ef?uent from conductivity 
detector 14, referred to as the detector e?luent, is directed in 
a recycle conduit 22 to at least one ?oW-through detector 
e?luent ?oW channel 24 in suppressor 12. An ion exchange 
membrane 26 separates detector e?luent ?oW channel 24 
from chromatographic separation ef?uent ?oW channel 28 
Which receives the ef?uent from chromatography column 10. 
In the simpli?ed version illustrated, only a single detector 
e?luent ?oW channel 24 is used. The system of the present 
invention is also applicable to other membrane suppressors 
such as the sandWich suppressor type illustrated in US. Pat. 
No. 5,248,426. In a sandWich suppressor, the chromato 
graphic separation ef?uent ?oWs through a central ?oW chan 
nel ?anked by tWo detector e?luent ?oW channels separated 
by ion exchange membranes. In this embodiment, the detec 
tor e?luent ?oW channels may be supplied With the detector 




























