CD Carbonate Removal Device 300 (CRD 300)
for Carbonate Eluents

Since the introduction of suppressed
conductivity in 1975, carbonate eluents
have been extensively employed in anion
separations because they are easily
suppressed to relatively low-conductivity
carbonic acid species. However, the
residual conductivity of the carbonic
acid has several undesirable effects on
the performance of ion chromatography
(IC) employing a carbonate eluent. At
trace levels, carbonic acid can mask
small peaks, decreasing the limit of
detection (LOD). In a background of
carbonic acid, the linear range of most
species is limited. The residual back-
ground conductivity creates a large void
dip which can hamper the integration of
early eluting species, such as fluoride,
acetate, and formate. The CRD 300 is a
device used to remove the carbonic acid
from the suppressed eluent, providing
hydroxide-like detection to systems
using carbonate eluents.

The CRD 300 is installed between
the suppressor and the conductivity
detector cell. This placement reduces
the background caused by the residual
conductivity of suppressed carbonate
and carbonate/bicarbonate eluents.

The CRD 300 provides the following:
* Removal of carbonic acid generated by
the suppression of carbonate eluents

e Lower limits of detection for most
analyte species

¢ Improved integration and quantifica-
tion of early eluting analyte peaks, par-
ticularly fluoride, acetate, and formate

¢ Wider linearity range
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For optimal performance, Dionex
recommends using the CRD 300 with a
Reagent-Free™ Ion Chromatography sys-
tem with Eluent Generation (RFIC-EG™
system) equipped with an EluGen®
EGC I K,CO, cartridge and Eluent
pH Modifier (EPM), an ASRS® 300 or
AMMS® 300 suppressor, and a carbonate
compatible column (such as the Ion-
Pac® AS4A-SC, AS9-HC, AS12A, AS14,
AS14A, AS22, or AS23). For systems
employing hydroxide or borate eluents,
Dionex recommends the CRD 200.

Now sold under the
Thermo Scientific brand
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Solutions to Analytical Challenges

For more than 30 years carbon-
ate has been the eluent of choice for
many IC operators because it acts as
a relatively strong eluting species, has
good pH buffering characteristics when
carbonate and bicarbonate mixtures are
used, resists absorption of CO, from
the air, and suppresses very easily to
the relatively low-conductivity species
carbonic acid. In recent years many
analysts have abandoned carbonate as
an eluent in favor of hydroxide because
the residual background conductivity
of carbonate eluents limits the level of
detection, causes a large void dip that
interferes with the integration and quan-
tification of early eluting peaks, and
has a relatively narrow linearity range.
However, some analysts have not been
successful in the migration to hydroxide
eluents for various reasons, includ-
ing rigid SOPs and cost of ownership
issues. Removing the residual carbonic
acid prior to detection eliminates the de-
tection limitations of running carbonate
eluents and provides ‘hydroxide-like’
detection.

Hydroxide still remains the eluent
of choice for many applications because
of its compatibility with gradient eluent
profiles. Although the CRD 300 enables
‘hydroxide-like’ detection with carbon-
ate eluents, it does not enable gradi-
ent carbonate eluent profiles. For the
ultimate in separation, selectivity, and
sensitivity, hydroxide eluents coupled
with the CRD 200 are still the recom-

mended solution.

CRD 300 Design and Operation

The CRD 300 is based on the same
design as the CRD 200. Both consist of
a gas permeable membrane that has a
silicone coating selective to CO,
(Figure 2). However, the increased
length of the CRD 300’s gas permeable
membrane increases its carbonic acid
removal capacity. The CRD 300, like
the CRD 200, is plumbed between the
suppressor module and the detector cell.
The regenerant channel that encloses the

Injection
Eluent
or DI water Valve
Column
1. Eluent in
2. Eluent out
3. Regen in
4. Regen out CRD 300
—
ASRS Suppressor
Regenerant/
20550-03
Figure 1. CRD 300 plumbing schematic.
Regen In Regen Out
C0;” (carhonate)
. €0, (gas)
To the Conductivity From the Eluent Out Port
Cell Inlet Port of the Suppressor

Sample Volume

€O, (ga

C0;> (carhonate)

e External regenerant or vacuum for CO, removal
© Formats: 2-mm microbore and 4-mm standard bore available

20563-02

Figure 2. CRD 300 design and operation.

CRD 300 membrane is either flushed with
a basic solution provided by an external
pump, or evacuated with a vacuum pump
and flushed with a slow bleed of air, to aid
the removal of the carbonic acid as CO,.

The CRD 300 removes the carbonic
acid as CO, from the suppressed eluent as
per the following equilibrium:

H,CO, T H,0 +CO,

As the carbon dioxide is removed by
the CRD 300 membrane, the equilibrium
shifts to the right, facilitating further
removal of carbonic acid. Additionally,
if base is pumped through the regenerant

channel, this basic environment allows
a quick conversion of the removed CO,
to carbonate anion. If the regenerant
channel is kept evacuated and a slow
bleed of air flushed through the channel,
the CO, is swept away. The net result of
these steps is a significant reduction in
background conductivity.

The CRD 300 can remove high lev-
els of carbonate (up to 15 mM), result-
ing in a background conductivity below
1 uS/cm for the suppressed eluent.




System Compatibility

The CRD 300 can be installed eas-
ily in any Dionex IC system equipped
with an ASRS 300 or AMMS 300
suppressor and requires no software
control. If base is pumped through the
regenerant channel (chemical regenera-
tion mode), then an external pump is
required. Dionex provides a two-chan-
nel peristaltic pump for this applica-
tion. If the regenerant channel is to be
evacuated with an air bleed (vacuum
mode) then an external vacuum pump
is required. Dionex provides a vacuum
pump with bleed tube assembly for this
application. The CRD 300 is available
in 4-mm (for 4- and 5-mm columns)
and 2-mm (for 2- and 3-mm columns)
formats.

Recommended Applications

The CRD 300 is recommended for
both routine and trace level work with
carbonate and carbonate/bicarbonate
eluents when ‘hydroxide-like’ detec-
tion is required. Figure 3 compares the
background signals of anion separations
using carbonate eluents, with and with-
out using a CRD 300. The background
signal is more than an order of magni-
tude lower with the CRD 300, and the
void dip is virtually eliminated. Fluoride
analysis (peak 1) is simplified when
void dip interference is minimized.

Both vacuum mode and base regen-
erant mode provide low backgrounds
and low noise, as shown in Figure 4.
Vacuum mode is recommended for the
analysis of trace anions in ammoni-
ated waters. For cation analyses, the
CRD 300 can also be used in vacuum
mode to remove ammonia from the
sample before it is injected into the sys-
tem. This is useful in reducing the am-
monium peak and improving quantifica-
tion of analytes that would otherwise be
interfered with by ammonium.

Column: lonPac AS9-HC
Eluent: 9.0 mM Carbonate
Flow Rate: 1.0 mL/min

Inj. Volume: 25 pL
Temperature: 30 °C

Detection: ASRS ULTRAII, 4 mm
AutoSuppression
recycle mode, 59 mA
Peaks: 1. Fluoride 1.0 mg/L
2. Chloride 15
3. Nitrate 50
4 Phosphate 7.5
5. Sulfate 75
Background:  w/o CRD 300 23.0 pS/cm
w/CRD300  0.87pS/cm
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Figure 3. The CRD 300 reduces the background conductivity of suppressed carbonate
and carbonate/bicarbonate eluents to levels similar to those achieved using suppressed
hydroxide eluents.
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Figure 4. Comparison of CRD 300 operation using vacuum and base for carbonate
removal. Vacuum mode may perform better in some cases, such as pursuing trace anion
analysis in ammoniated waters.




Summary

The benefits of using carbonate elu-
ents are well established. The CRD 300
Carbonate Removal Device improves
detection when using carbonate eluents
to ‘hydroxide-like’ levels. The CRD
300 reduces background conductivity
to less than 1 uS/cm, improves the limit
of detection for most analytes, simpli-
fies integration and quantification of
early eluting peaks by minimizing or
eliminating the void dip, and widens the
detection linearity range.

CRD 300 Configurations

The CRD 300 is available in both
2-mm and 4-mm formats for use with
2-, 3-, 4-, and 5-mm ion chromatogra-
phy columns. The 4-mm CRD 300 has
a typical delay volume of 225 pL and is
recommended for 4- or 5-mm column
applications. The 2-mm CRD 300 has
a typical delay volume of 80 uL and is
recommended for 2- or 3-mm column

applications.
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CRD 300 SPECIFICATIONS

Hardware Dimensions (h x w x d): Void Volume:
20cmx44cmx7cm 2 mm: 80 uL
(0.8 in. x 1.7 in. x 2.8 in.) 4 mm: 225 pL

Membrane Dimensions:
2 mm: Length = 200 cm

i.d. =209 um
4 mm: Length =300 cm
i.d. =300 um

ORDERING INFORMATION

To order, using the following part numbers, contact your local Dionex office or
distributor nearest you. In the U.S., call (800) 346-6390. In other regions, refer to
the phone numbers below.

Description Part Number
CRD 300 (4 mm) Carbonate Removal Device...........cccoevvrevvieeicieeecieeenns 064637
CRD 300 (2 mm) Carbonate Removal Device...........cccocvveeeeevinreeeeencnnneen.. 064638
CRD 300 (4 mm) with Peristaltic Pump .........cccccoeveviniiniiieeeceeen 064905
CRD 300 (2 mm) with Peristaltic Pump .......c.cccccoeoeniniininiiniecnceeee, 064906
Santoprene Tubing for Peristaltic Pump........c.cccoceevieviniinininnnncenenee. 068518
Peristaltic Pump/CRD 300 Ship Kit.......ccoceceveineineiniinieeeeeeeenen 064911

(One ship kit is included with parts 064905 and 064906. Order an additional
ship kit if configuring two CRD 300s with one peristaltic pump.)

CRD 300 (4 mm) with VP Vacuum Pump.........ccccocveviiiniiniiiniiiiieeene, 068475
CRD 300 (2 mm) with VP Vacuum Pump..........ccccccevciriiiniiniiiniiiceen 068474

Reagent-Free, RFIC, and RFIC-EG are trademarks and AMMS, ASRS, EluGen, and IonPac are registered trademarks of Dionex Corporation.
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