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The Determination of lodide in Brine

INTRODUCTION

Feed brines for chlor-alkali cells must be relatively
free of alkaline earth metals and iodide. Brines high in
alkaline earth metals shorten membrane life due to the
interaction of these metals with iodide at the membrane
surface.

In this Application Update, ion chromatography
coupled with pulsed amperometric detection is used to
determine iodide in brine (approximately 30% sodium
chloride). This method is specific, sensitive, and rapid.
Sample preparation is a simple sample dilution. lodide is
separated on the lonPa&S11 column, which contains a
hydrophilic resin that is well suited to the chromatography
of iodide, a relatively hydrophobic anion. Using a nitric

acid eluent, the iodide ion elutes from the column in under Injection Volume:

five minutes. Although iodide can be detected by direct
current (dc) amperometry on a silver working electrode,
a pulsed amperometric waveform is used to improve
the reproducibility of iodide analysis'he linearity and
reproducibility of iodide detection by pulsed amperometry
have been demonstrate@he detection limit of iodide

using pulsed amperometric detection is in the g

range.

EQUIPMENT

Dionex DX-500 Chromatography system consisting of:
GP40 Gradient Pump with vacuum degas option
LC25 or LC30 Liquid Chromatography Module
ED40 Electrochemical Detector
EOL1 Eluent Organizer
AS3500 Autosampler

Dionex PeakNet Chromatography Workstation

REAGENTS AND STANDARDS
Deionized water, 17.8 Bl-cm resistivity or better

Concentrated nitric acid (16 M), ultrapure (J.T. Baker)
Potassium iodide (Fisher Scientific)

CONDITIONS

Column: lonPac AS11 Analytical, 4 x 250 mm
(P/N 44076)
lonPac AG11 Guard, 4 x 50 mm
(P/N 44078)

Expected Operating

Pressure: 6.5 MPa (950 psi)

Degas Interval: 10 min
5QuL

Injection Loop: 10QuL

Eluent: 50 mM Nitric acid

Flow Rate: 1.5 mL/min

Detection: Pulsed amperometry, silver working

electrode, Ag/AgCl reference
Waveform for the ED40 Detector:

Time (sec) Potential (V) Integration
0.00 +0.1
0.20 +0.1 Begin
0.90 +0.1 End
0.91 -0.8
0.93 -0.3
1.00 -0.3
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Collection Rate: 1Hz
Expected

Background: 7-20nC
Temperature: 3eC
Autosampler

Cycle Time: 11 min
Injection Mode: Pull
Needle Height: 2 mm
Flush Volume: 40QuL

PREPARATION OF SOLUTIONS AND REAGENTS
50 mM Nitric Acid

Add 6.25 mL of concentrated nitric acid to approxi-
mately 1000 mL of degassed 17.8\Mm deionized water
in a 2-L volumetric flask. Dilute to the mark with degassed
deionized water.

I0DIDE STANDARDS
1000 mg/L Standard

Dissolve 1.31 g of potassium iodide in 1000 mL of
deionized water. Use this primary standard to prepare a
10 mg/L secondary standard, from which working stan-
dards can be prepared on the day of analysis. Freeze the
primary and secondary standards. Because iodide is light-
sensitive, exposure to light should be minimized.

80 — 1 lonPac AG11, AS11, 4 mm
50 mM Nitric acid
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Figure 1 Determination of iodide by ion chromatography with
pulsed amperometric detection

Electrode Preparation

Polish the silver electrode with the white fine polish-
ing compound. Rinse the electrode well with deionized
water and wipe with a damp paper towel. After this initial
polish, the electrode should only be polished if it becomes
discolored or if it has not been used for a month or longer.

Sample Preparation

Dilute a brine sample 1 to 10 with deionized water.
The concentration of the diluted brine shouldlfe52 M
(3% sodium chloride). To evaluate recovery in the matrix,
add appropriate volumes of a 1 mg/L iodide standard to the
brine prior to dilution to yield concentrations of 25, 50,
100, 150, and 200g/L of added iodide.

RESULTS AND DISCUSSION
Chromatography of lodide

Figure 1 shows the separation of 1 mg/L iodide on the
lonPac AS11 column set using a 50 mM nitric acid eluent.
lodide elutes in under 4 minutes and is well separated from
the void volume. Compared to other anion-exchange
columns, the lonPac AS11 contains a very hydrophilic
pellicular resin that produces improved peak shape for the
hydrophobic iodide ion. The choice of the nitric acid eluent
also improves peak shape.

Chloride elutes at approximately 1.5 minutes. The
baseline dip at approximately 8 minutes is due to dissolved
oxygen. This dip is from the previous injection (elution
time of approximately 19 minutes) and varies from column
to column. An 11-minute injection-to-injection time
(autosampler cycle time) was chosen to place the dip
where it does not interfere with iodide chromatography on
either of the two column sets tested. Determine the
dissolved oxygen elution time to ensure that 11 minutes is
an appropriate cycle time. Although the iodide peak elutes
earlier using higher eluent concentrations, the separation is
subject to interferences from early eluting compounds and
consequently is not as reproducible as separations using
lower eluent concentrations.

lodide is detected using an amperometric detector with
a silver working electrode. The iodide from the sample
combines with the silver of the working electrode surface
to form silver iodide precipitate, oxidizing silver in the
process. Pulsed amperometric detection allows for detec-
tion in thepg/L range and has high specificity for the
iodide ion.
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80 7 Column: lonPac AGT1, AST1, 4 mm 80 — Column: lonPac AGT1, ASTH, 4 mm
Eluent: 50 mM Nitric acid Eluent: 50 mM Nitric acid
Flow Rate: 1.5 mL/min Flow Rate: 1.5 mL/min
Inj. Volume: 50 L Inj. Volume: 50 L
Detection: Pulsed amperometry Detection: Pulsed amperometry

e Electrode: Ag nC Electrode: Ag
Sample: 0.2% Table salt Sample Prep:  1:10 dilution
Peaks: 1. lodide Peaks: 1. lodide 16 pg/L
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Figure 2 Determination of iodide in table salt Figure 3  Determination of iodide in brine (30% NaCl)

The other halides are detected in the same manner, but
less efficiently. Because the formation of the Agl precipi-
tate is reversible, a small dip is observed after iodide
elution due to the dissolution of the Agl remaining on the 1200000
electrode and concomitant reduction of silver. This dip is 1000000 —
much smaller when using pulsed amperometry rather than 800000 —|

y =4672.6x + 65784
=1

Area

dc amperometry, and should not be integrated as part of 600000 —

the iodide peak. 400000 —
' 200000 —|

Sample Analysis 0

Figure 2 shows the analysis of iodized table salt. This 0 2 0 0 & 100 10 10 160 180 200

sample contains enough iodide to be easily detected in a Added fodice (uglL) .
0.2% solution. Using this dilution, chloride does not
interfere with iodide analysis. Figure 4  Linearity of iodide added to brine

High-purity brines (30% sodium chloride) typically

contain very low concentrations of iodide and therefore
cannot be diluted as much as iodized table salt. Figure 3 e e e,
shows that iodide can be detected in a 1:10 dilution of e
brine. The peak area RSD of 8 injections of this sample < ggggggg -
was 6.3%. To quantify the amount of iodithes sample < 3000000
was spiked with 25, 50, 100, 150, and ggQ. of iodide. 2000000

Figure 4 shows the averages of four injections of each | 1500000 ]
brine sample that was spiked with iodide plotted against 500000 7

. T . I I I I I I I

the concentration of added iodide. This figure shows that 0 20 40 8 8 100 120 140 160
iodide is recovered in the matrikherefore, the high Injection # 13895

sodium chloride concentration does not inhibit the . - o )

. L . . . Figure 5  Reproducibility of an iodide standard (1 mg/L) during
detection of iodide. The diluted brine containedu@f- brine sample analysis. The injections that display no data points
iodide (calculated using the line in Figure 4). The concen- Wwere injections of brine samples.
tration of iodide in the undiluted brine was 16§IL.

Figure 5 shows that the analysis of brine samples (the
injections that display no data points) does not alter the
detection of the 1 mg/L iodide standard. The iodide peak
area and retention time RSDs of the standard were 1.5%
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and 0.5%, respectively. In another experiment, 16 injec-
tions of a 1 mg/L standard were followed by 56 injections
of brine, and then 16 additional injections of the standard.
There was no significant change in the standard peak area
response after 56 injections of brine. Both experiments
show that repetitive analysis of diluted brine samples does
not inhibit the response of iodide. Temperature control of
the electrochemical cell and on-line degassing were critical
to obtaining these low peak area RSDs.

PRECAUTIONS AND RECOMMENDATIONS

The lonPac AS11 column is packed in a sodium
hydroxide solution. The column should be flushed with
water for at least 30 minutes before equilibrating with the
nitric acid eluent. If there is a loss of iodide retention time
and/or peak efficiency, the column can be washed with a
stronger nitric acid eluent. The AS11 column is stable in
the 0—14 pH range, so strong base eluents can also be used
for column cleaning. It is best to disconnect the column set
from the detector during column cleaning. Changing the
inlet column frit or the guard column may be a faster way
to restore retention time and efficiency. Installation of a
4-L eluent bottle (P/N 39164) maximizes unattended
operation. For best results, the Ag/AgCl reference elec-
trode should be replaced every 6 months.
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