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CHAPTER I

INTRODUCTION

The purity of water and steam is very vital to the power

production industry because the chemical environments within

modern steam generators and turbines often cause turbine

failures. Records showed that the number of turbine corrosion

incidents has increased significantly over the last decade.

It seems to be an industry - wide trend - the group at

Westinghouse had knowledge of over 45 units that had

experienced corrosion distress and failure during the previous

years (1).

The central problem of turbine corrosion involves

corrosive impurities. Hickam et al. (2) set up an analytical

protocol by which they were able to identify corrosive species

in the steam used to drive the turbines. They then measured

the concentrations of the corrodants, and studied their

sources and sinks thoughout the plant steam- water cycle.

Extensive testing and analysis undertaken by Westinghouse

researchers (2) showed that the corrodants of primary concern

were chlorides, sulfates, caustic (NaOH), and oxygen. ."Even

trace (ppb) concentrations of corrosive impurities can cause

1
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excessive deposit formations leading to corrosive attack or

distress" (2).

Accurate determination of trace level ions is a common

analytical problem in modern laboratories. In addition to the

corrosion analysis, applications include: (1) determination of

rainwater composition; and (2) analysis of fuel cell

effluents. Methods for the analysis of sodium and chloride at

the trace level concentration will be dicussed below:

Determination Of Sodium

Atomic absorption spectrometry is a widely used technique

for the determination of trace metals. The equipment is

generally available. It can be found in analytical trace

metal laboratories and in a variety of biological, clinical

and environmental research and routine analytical

establishments.

Atomic absorption detection limits depend on types of

atomizers used in the sample matrix (3,4,5). Generally, these

are of the order of micrograms per milliliter to below

nanograms per milliliter, the latter being the case when a

furnace atomizer is employed. These detection limits are

usually adequate for determining trace metals in a wide

variety of samples such as soils, sediments, sludges, and

rocks. However, for waters and biological tissues it may

sometimes be necessary to employ some methods of
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preconcentration prior to the determinative step. In

addition, when determining background levels it may be

necessary to employ preconcentration techniques for almost all

samples prior to atomic absorption analysis. The analyst must

beaware of the many tables of elemental detection limits (6)

that have been obtained by atomic absorption analysis of

distilled water containing very low concentrations of the

elements in solutions.

In 1972, Pickford reported analysis of high purity water

by flameless atomic-absorption spectroscopy and claimed that

multiple aliquots of solution would be introduced

automatically (7). By 1976, a flameless atomic-absorption

technique had been developed for the determination of sodium

in water at levels of 0.1 ppb or lower concentration. A

practical limit of 0.011 ppb has been determined and the

method was shown to be unaffected by the presence of ammonia

at concentrations of up to 8 ppb in water. No anion

interferences had been found for the anions chloride, sulfate,

and hydroxide (8).

In 1985, sample preparation was achieved by dissolution

in water, or acid, or fusion of hard to dissolve materials.

The sodium signal is reduced in the presence of high

concentrations of mineral acids. Addition of 0.1% potassium

or cesium solution supresses the ionization. High

concentration of calcium may interfere at 589.0 nm due to
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noise caused by Ca-OH bond emission. No interferences have

been reported in air-hydrogen flame, but the sensitivity does

change in this flame.

Standard Sample

A 1000 mg/L standard sample solution can be prepared by

dissolving 2.542 g of sodium chloride in deionized water and

dilutint it to 1 liter (9)

Instrumental Parameters

*liMI

wavelength*

slit width

light sourc

flame

sensitivity

detection limp

optimum range

589.0 nm

0.4 nm

Hollow cathode lamp

air-acetylene, oxidizing

(clean, blue)

0.001 ppm

0.0005 ppm

0.1-1.0 ppm

*secondary wavelengths

589,5 nm

330.2 nm

and their sensitivities

0.02 ppm

2.0 ppm
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Although atomic absorption technique for the analysis of

cations has available for some time, the analysis of anions

has suffered from a deficiency of highly sensitive techniques.

Determination Of Chloride

Gravimetric Analysis.

A classical method for the determination of the chloride

ion is a gravimetric procedure based on the formation of a

silver chloride precipitate. Such a precipitate is collected

by filtration, washed, and then dried. A example calculation

is shown below:

One liter, 10 ppb Cl~ is determined with Ag+

10 x 10-6 g
[Cl] = _6 = 2.81 x 10~7 mole/L

35.5 g/mole x 1 L

Ksp(AgCl) = 1.8 x 10-10 = [Ag+] [Cl]

1.8 x 10-10
[Ag+] -x ~ me/L_ = 6.39 x 10~4 mole/L

2.81 x 10~ mole/L

weight of Ag+ needed in one liter aqueous solution:

6.39 x 10-4 mole/L x 108 g/mole = 0.069 g/L
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The precipitate of AgCl here is too small for accurate

quantitative measurement. In fact it is even difficult to

observe the precipitate being formed. Also, silver chloride

easily forms a colloid which further complicates this

particular method.

Ion Selective Electrode Method.

For a chloride electrode (Cole - Parmer Instrument

Company), the detection limit is 1.8 ppm and the operation

must avoid CN-, Br~, NH3 , OH-, and S-2 ions (10) . Although

this method is quick and easy, the high detection limit does

not apply in low ppb concentration.

Neutron Activation Analysis.

This method is most applicable to the determination of

trace elements. The accuracy and precision of the method are

the order of 2 to 3%. The detection limit of chloride is 0.1

ppm (11). The important advantages of neutron activation are

(1) high sensitivity for many elements, (2) simultaneous

multielement capability, and (3) nondestructive examination of

the sample. the major disadvantages are (1) a neutron

generator (usually a nuclear reactor) must be available for

sample irradiation, (2) it is not a good method for routine

analysis work, and (3) it is more expensive than the other

techniques which are discussed here.
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Ion Chromatograph (IC) Methods

The term "ion chromatograph" was first applied during the

mid-1970's to a narrowly defined technique combining

ion-exchange separation with electrical conductivity detection

(12). The detector was coupled to the separator column by a

suppressor column which removed buffer counterions prior to

detection (13). Small et al. described IC principles which

use conductometric detection to monitor ion-exchange

separations as well as the ion-exchange resins used. This

system enables very sensitive, accurate, and precise

measurement of several ions during a analysis. Ion

chromatography has also shown to be accurate and precise when

compared with conventional wet chemical techniques (14).

These features suggest that IC would be an ideal method for

performing trace ion determination (15).

Anions and cations can be separated and measured at trace

level in such samples as condensed high-purity steam and

rainwater, provided a preconcentration step is included in the

analytical procedure. Separation is usually accomplished by

passing a relatively large aqueous sample through a small ion

exchange precolumn. A switching value then is turned so that

eluent sweeps the accumulated ions from the precolumn onto the

separation column. Ion concentrations down to the very low

parts-per-billion range can be determined by this method.

Concentration of dilute samples can also be achieved by



8

injecting a larger than usual sample volume directly onto the

separation column, but this may cause a broad dip or peak in

the chromatogram as the sample plug flows through the

separation column (16).

Advantages Of Ion Chromatograph

The determination of ionic compounds in solution is a

classical analytical problem and a wide variety of techniques

have been used.

A major advantage of ion chromatography is the

possibility of simultaneously determining a number of

individual compounds in a sample, especially for ppb level

ions. Thus, in a short time, one obtains anion and cation

profiles which can provide information about the composition

of the sample and can also avoid the necessity of performing

several single eluent determinations.

A new technique discussed here is developed by combining

cation and anion systems together and using two

preconcentrator columns (both cation and anion) for loading

low ppb samples. Sample enrichment on a concentrator column

permits the analysis of even carefully deionized water for the

presence of chlorides, sulfates, and sodium ions.
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CHAPTER II

EXPERIMENTAL

In this chapter a method is described to perform

simultaneous cation - anion determinations at the part - per -

billion level. For such a low concentration work, any

contamination will cause large error in the result. Careful

operation is essential in this experiment.

Sampling Process

The work reported here utilized both a cation

concentrator column and an anion concentrator column in

parallel as a preconcentrator system instead of the standard

injection loop. Samples were loaded directly onto the

concentrator columns by means of a sample loading pump. This

prevented any contamination by syringes and allowed for

analysis at the low ppb level. After the sample ions were

loaded, the concentrator column was placed in the eluent

stream in the same way as a sample loop. Sample ions were

then eluted onto and separated on the separator column. Load

and inject eluent paths in the sample injector for

simultaneous analysis of cations and anions are shown in

Figure 1. Problems of irreversible ion exchange of sample

10
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ions with the concentrator column were avoided by loading in

one direction and then stripping the sample ions by eluent

flow in the opposite direction. A six-port valve was used

to connect the sampling loop and separating loop. The

concentration system is loaded using a helium pressure

activated reagent delivery module for a specific time at a

preset flow rate. Samples were loaded at a 1.69 ml/min flow

rate and 2-5 ml amount of sample injected.

Apparatus

The ion chromatograph used in this experiment was a

Dionex ion chromatograph 2010i module equipped with a

conductance detector. A Dionex reagent delivery module using

pressurized helium gas was used for loading the sample. A

dual channel - dual pen chart recorder (Houston Instruments)

was used to record the chromatograms. Figure 2 shows a

schematic of ion chromatograph. Operating conditions are

shown in Table I.

Reagents

All solutions were made up in distilled - deionized

water. The salts used to prepare these solutions were ACS

certified quality. All glassware and plasticware were

thoughly rinsed and soaked in distilled - deionized water

before use.
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Waste

Eluent

Separator
Column

Sample

(a). Loading Sample

Paste

'AEluent

Separator
Column

Sample

(b). Eluting Sample

Figure 1. Sample preconcentration apparatus
using a six-port valve. The
flow paths used for loading (a)
and elution (b) of the sample
are shown.
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Flow During Sample Preconcentration

Pressurized
Helium

Container 'hthththur
Cation

Concentrator
Column

.:-.:-.:-|.: .:-.-.-|:-..-

Sample

"?" Anion
CatioConcentrator

Separator .%tColumn

Column

Flow

During

.-. Analysis

Anion -

Separator---

Column :.-

Detector

Chart Recorder

aste

Waste

D
Man
Ion

Chromatograph
Pump

Figure 2. Sample preconcentration parallel
column method.
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Table I

ION CHROMATOGRAPHIC PARAMETERS

Optimum eluent concentration

Flow rate

Injection sample volume

Concentrator column

Separator column

Recorder full scale

Chart speed

0.0005 M
Lithium hydrogen
phthalate and
phthalic acid

1.0 ml/min

2-5 ml

Dionex CG1 guard column
Dionex AS3 guard column

180 mm cation column*
Dionex AS4 anion column

1 volt

0.25 cm/min

*
see text for description.

\Mlll
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Sodium And Chloride Sample

The samples were prepared by the appropriate dilution of

1000 ppm Cl (from NaCl salt) standard stock solutions using

distilled - deionized water.

Eluent

The lithium hydrogen phthalate (LiHPH) eluent had been

prepared by mixing an equimolar solution of lithium hydroxide

and phthalic acid for 8 hours. Phthalic acid was used to

obtain the desired pH value of the eluent (2).

Preparation Of Cation Separator Column

A 1.51 g of cation exchange resin (200-400 mesh, BIO -

BEADS, S-X2) was submerged in 80 degree thermostated

concentrated sulphuric acid. After 2.5 hours, the solution

was placed in the ice bath in order to stop the reaction. The

solution was filtered to remove the acid but traces of acid

could remain in the pores which, upon dilution in the aqueous

solution, could result in the breakage and peeling off of the

thin, active shell. Sulphuric acid could be completely

removed by washing the resin with 10 ml acetone twice.

Acetone does not swell the resin and undergoes a rapid

reaction with sulphuric acid. Then the sulphonated resin was

washed with 10 ml ethanol twice and air - dried (1).
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Identification Of Peaks

The first method we tried was manual peak collection by

injection 100 ppb NaCl sample. We then measured the potential

of each peak using an Orion chloride electrode. From the

chromatograms, we calculated the concentration of the sodium

and chloride ions and they are 47.8 ppb and 43.0 ppb

respectively. The detection limit of chloride using an ion

selective electrode is 1.8 ppm, so it is too high to measure

the sample solution. The ion selective electrode method is

unsuitable for ppb level analysis.

The system was separated into two independent, single

cation and anion systems. The concentration of Cl~ sample was

prepared by diluting concentrated hydrochloric acid and a 2.3

ml sample was injected in anion system. Na+ sample was

prepared by directly dissolving sodium metal in distilled -

deionized water and a 3.4 ml sample was injected in cation

system.

Figure 3 and 4 show the Na+ and Cl~ peaks in two systems.

From the chromatograms, a system peak showed up right in front

of the sodium ion peak.

In addition, a group of various sodium salts was used

to confirm the chloride peak identification and a group of

alkali chlorides was used to confirm the sodium peak
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Figure 3. Ion chromatograms of laboratory
pure water and sodium ion.
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identification. Presence of Na and Cl ions in water is made

difficult because Na+, Cl~ peaks are always present.
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CHAPTER III

RESULTS AND DISCUSSIONS

Low capacity (0.007-0.500 mequiv./g) surface -

sulphonated low - capacity exchangers can be produced from

unswollen polystyrene - divinylbenzene copolymers. The

functional groups are restricted to the surface of the

exchanger, thus the ion diffusion process is significantly

reduced and the speed and efficiency of the separation are

improved. The cation separator column was a low capacity

column used here. Results proved that the cation system is

more sensitive than anion system and this will be discussed

later.

A helium system was used instead of the old pump which

was the first chosen for loading samples. The main problem

had to do with contamination from the sample loading pump.

used a six year old pump, a newer pump may not have given me

this problem. So a clean helium system was necessary to

replace the old pump. To avoid contamination a new six-port

valve and new lines were also used instead of the old ones.

21
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Concentration of Eluent

Lithium hydrogen phthalate (LiHPH) is an excellent choice

for monovalent cations and anions separation (2). The

phthlate ion is a commonly used eluent for single column ion

chromatography and lithium salt of the phthalic acid will

provide a high concentration of cations, and hence a stronger

eluent than the phthalic acid itself. The first work which

was done was determining the best concentration of the eluent.

0.002 M LiHPH was the first concentration tried, and then I

diluted the eluent until 0.0001 M. The different

concentrations of eluent give the different conductance

responses which are shown in the Figure 5. At 0.0005 M, the

sodium ion has the highest response and also for chloride ion

by considering three responses.

pH Variation

The pH value of eluent used here is critical. At higher

pH levels, the response is less sensitive and more system

peaks show up than with a lower pH eluent (Figure 6). Slight

pH variations in this eluent may result in different sodium

and chloride eluting strengths due to the equilibria between

the various protonated forms of phthalic acid. This can be

explained from two ways. For the anion system, phthalate ion

is the one eluting chloride ion from column. So the

concentration of phthalate ion effects intensity of chloride
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ion in chromatograms. The expression for the equilibrium

constant for phthalic acid dissociation process can be written

H2 PH = H+ + HPH~

[H+] [HPH~]
Kal = (1)

[H 2 PH]

When adding more phthalic acid in eluent, the

concentration of hydrogen ion will increase. Thus the ratio

of [HPH-] and [H2 PH] will go lower. Although a low value

[HPH-]/[H 2 PH] was produced, the individual [HPH] and [H 2 PH]

had been incresed. This process increases the hydrogen

phthalate ion concentration in the eluent which turns

stronger. When [H+] increased, the eluent grew stronger for

cation system too. Both hydrogen ion and lithium ion are

efficient cation eluents. In Figure 6, the shortest retention

time and highest responses have been obtained from pH = 3.33

eluent due to a strongest eluent which had been produced.

Figure 7 compares responses in different pH values of

eluent. The same amount of sample injection should get the
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same peak area. For a sharp peak, peak height changes faster

than peak width resulting in higher sensitivity.

In other respects,

AG ( ( Xs - Xe ) x Cs (2)

AG: the detector response.

Xs: the equilibrium conductance of the sample ion.

Xe: the equilibrium conductance of the eluent ion.

Cs: the concentration of the sample ion.

At lower pH value, Xe increased due to the higher

concentration of hydrogen ion.

Detection Limits And Sensitivities

Data from 2 - 5 ml injection of 6.4 ppb, 32 ppb, 64 ppb

sodium ion and 10 ppb, 50 ppb, 100 ppb chloride ion were used

to plot standard addition calibration graphs (Figure 8 and 9).

In Figure 8, a straight line was obtained below 0.016 g of

sample. When loading an amount larger than 0.016 pg, a

horizontal line will start to show up. This is because the

concentrator column becomes overloaded and excess sample goes

down the drain. So the maximum loading amount of sodium is

0.40 pg in this system. 0.062 pg of sodium in distilled -

deionized water was obtained from extrapolation of three
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standard addition curves and is the blank value. Detection

limits under these conditions were 0.013 pg of sodium.

In Figure 9, the system could not detect chloride ion at

a loading amount equal to or less than 0.019 pg. The system

also lacks sensitivity for the chloride ion. It is difficult

to get the detection limit from these three calibration

graphs.

According to equation (2), the detector response is

dependent on the difference from equilibrium conductance of

sample and eluent. The equilibrium conductances of phthalate

ion, chloride ion, sodium ion, hydrogen ion and lithium ion

are 45, 76, 50, 350, and 39 (limiting equivalent ionic

conductances in aqueous solution at 250 C) (1). The small

difference between hydrogen phthalate and chloride ions caused

a small response as the chloride elute. The difference

between sodium and hydrogen ions is large, so a sharp, high

intensity peak shows up. This explains why the cation system

is more sensitive than the anion system.

Effect Of Background NaCl In Laboratory Pure Water

The pure water was collected from Corning Mega - Pure

module on different days.
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Below list Na+ signal in water:

Day Peak Height Of Na+ In Water (cm) *

1 3.8

2 3.7

3 3.4

4 3.9

5 3.1

6 3.8

Average X = 3.62

%RSD = 8.5

*3.4 ml water sample was injected.

One day's work may not be able to be reproduced the next

day using a different batch of water. So the variable blank

value in the water affects the detection limit.
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CHAPTER IV

CONCLUSION

The method of simultaneous part-per-billion

determination of sodium and chloride ions is a valuable

technique. There was a problem when this method was used in

our laboratory. The peak sizes may not be reproducible

because of the different amounts of sodium and chloride ions

in laboratory pure water. This problem may be improved by

using a new water purifier. A new Nanopure Cartridge Water

Purifier (Cole - Parmer Instrument Company) does not need to

store water, so it can avoid contamination from tank.

The method described here has several characteristics

which make it a useful analytical technique.

(1) The instrumentation is simple and inexpensive.

(2) The technique is rapid, for sodium and chloride ions only

require about 12 minutes to analyze.

(3) The technique provides a method which is adequate for

routine analysis.
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