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ABSTRACT

This paper describes the use of on-line ion chromatography as a tool for chemistry reaction
studies in small volume systems. The technique was used to study chemistry behavior in a
high temperature and high pressure autoclave system. A dual analyzer, multi-channel on-
line ion chromatograph (IC) was configured to automate the sampling and analysis of the
chemistry in the test. The analytical channels were set up for analysis of inorganic anions,
monovalent cations, conductivity, and pH. Conductivity and pH were measured by using the
IC as a flow injection analyzer.

The use of the IC system provides significant advantages over conventional sampling and
analysis techniques. These advantages include:

1) a significant reduction in sample volume (by about a factor of 10 for this testing) !
which results in much less impact of sampling on the process being studied;

2) a closed sampling system that protects air or light sensitive analytes from
breakdown in the sampling and analysis process;

3) around-the-clock test performance combined with automatic calibration and quality
control checking capabilities due to the automated nature of the technique; and

4) detection and tracking of reaction products or unexpected contaminants.

The method used to correct the measured chemistry concentrations for the effects of
sampling and the method used for the calcu_lationof control chemical loss half-lives are
presented. A limited evaluation of the flow injection analysis methods for conductivity and pH
is also provided.
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The Use of .On-line Ion Chromatography for
Hii.i.i.i.i.i.i.ig_hTemperature-High Pressure Reactio.rl S..tudies

Introduction

Many processes and applications require the ,_se of aqueous solutions under high
temperature and high pressure conditions. The study of aqueous solution behavior at high
temperature and high pressure is frequently required to optimize the process or application.
The success of the study is dependent in large part on the effectiveness of the sampling and
analysis techniques used. Conventional sampling and analysis methods require relatively
large volumes and may influence the chemistry system being studied. This paper details the
use of on-line ion chromatography for the sampling and analysis of high temperature and
high pressure chemistry systems.

Test Loop Description

The loop used for the testing discussed in this paper is shown in Figure 1. Electrical heaters
are used to provide heat to a closed recirculating water system. The recirculating water
system in turn transfers heat to the autoclave water through a tube array inside the autoclave.

The water inside the autoclave boils and the resulting steam passes through a condenser
before entering a makeup tank. To maintain a constant water level in the autoclave, a pump
is used to recirculate makeup water. Thermal-hydraulic conditions are controlled by varying
the heat source temperature, heat source water flow rate, and autoclave water flow rate. If
necessary, the makeup water temperature can also be varied by use of preheaters or a
regenerative heat exchat, ier. Chemistry additions to the autoclave water can be made
directly to the autoclave through a buret on the low pressure side of the makeup water pump
or by additions to the water in the makeup tank. Water can be removed from the loop
through sample taps in the autoclave, makeup tank, steam, and condensate lines. A variety
of controls and sample points exist in the heat source recirculating water system but are not
of interest for this paper.

The autoclave used in this work has a 3" inside diameter and was 21" long with a total
volume of about 2400 milliliters (mL). The actual volume of water in the autoclave at test
temperature (-500°F) was only about 1200 mL due to the location of the autoclave water
level controls and the volume occupied by the hardware within the autoclave. The makeup
tank volume was about 25 liters. The makeup tank was fitted with a sparge ring through
which high purity nitrogen gas entered for deaerating the makeup tank.
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The design of the loop permits testing at a variety of thermal-hydraulic and chemistry
conditions. However, the small size of the system presents a problem for the performance of
rigorous chemistry tests. The simple act of withdrawing an autoclave sample impacts the test
because the volume removed from the autoclave is replaced by makeup tank solution. This
dilutes the autoclave solution and introduces sub-cooled liquid that affects the thermal-
hydraulic conditions of the test. The impact of sampling is particularly significant when
conventiorlal bench analytical methods are used because the volumes required for analysis
are relatively large. Typically, sufficient sample is withdrawn for analysis of pH, conductivity,
the anions and cations in test, and any likely contaminants and reaction products that may
be present. This requires as much as 250 mL for normal bench chemistry methods. This is
more than 20% of the total liquid volume in the autoclave at test temperature and constitutes
a major perturbation in the test. Correcting the measured concentrations for the dilution
effect of tile makeup water is not straightforward because the dilution occurs throughout the
sample withdrawal period. Generally, instantaneous mixing of the makeup water and
autoclave solution is assumed and the measured concentrations are assumed to be

representative of the mid-point of the sampling period. However, the accuracy of this
assumption is unkr_own and may introduce significant error into the corrected concentrations,
thereby reducing the confidence in the subsequently derived chemistry reaction parameters,
such as reaction loss half-lives. First order chemical reaction rates were assumed.

For this work it was desired to study the behavior (reaction loss half-lives) of a chemical
system with a variety of chemistry combinations and under a variety of thermal-hydraulic
conditions. The test matrix consisted of four different chemistry combinations with four
distinct thermal-hydraulic conditions to provide a total of 16 unique combinations. Because
the reproducibility of the test technique was unknown, but of significance for the work (i.e.,
the differences between the loss half-lives for some of the combinations were expected to be
small), three replicate runs were performed at each condition. Thus, the overall test matrix
design included 48 runs. Several runs were repeated during the testing and a total of 55 runs
were actually performed.

Each run was performed by adjusting the test loop to the thermal-hydraulic conditions for the
run and then adding the control chemicals to specific start-of-run concentrations. Test runs
lasted about 16 hours with autoclave samples withdrawn at 0, 1, 2, 3, 4, 8, and 16 hours after
the addition was made. The samples were analyzed to determine the concentrations of the
chemicals during the run for subsequent calculation of loss half-lives. Withdrawal of samples
on this schedule provided good characterization of the concentration changes. The
autoclave samples, as well as samples in the condensate and makeup tank, were also
analyzed for reaction products and contaminants. Analysis of condensate samples also
provided information on the volatility of reaction products.

-2-



a

WAPD.T-3009

In addition to the concern already expressed for the impact of the sampling volume on the
process being studied, two other aspects of the testing resulted in considerable reluctance to
using conventional sampling and analysis methods. First, one of the species being added to
the test was easily oxidized, and exposure of samples to air would bias results. Second, the
available technician coverage for this test was limited to one shift (...81/2hours). By the time
the test loop was stabilized and the test run started each day, only the 0, 1,2, 3, and 4 hour
samples could be taken. To improve the accuracy of the loss half.life determinations, longer
runs (-16 hours) were desired to increase chemical reactions and changes in concentrations.
All of these problems limited the chances for a successful test with conventional sampling
and analysis techniques.

To resolve these concerns, an on-line ion chromatography system was configured for this
testing to sample and analyze the solution from the makeup and autoclave automatically.
That system is described in detail below.

On-line Ion Chromatography System.

The ion chromatography (IC) system used for this work was a Dionex model 8000 on-line ion
chromatograph controlled by a Hewlett-Packard 310S microcomputer running Dionex AI-300
On-line software. A Hewlett-Packard 2932A printer was attached to the microcomputer. The
IC system was set up as two distinct analyzers, one for the autoclave and the other for the
makeup tank. The autoclave analyzer was set up with analytical channels for pH,
conductivity, anions, and monovalent cations. The makeup tank analyzer was set up for just
anions and monovalent cations. Different analyzers were used for the makeup tank and
autoclave because the concentrations in the autoclave (---1 to 500 ppm), where control
chemicals were added, were significantly higher than those in the makeup tank (-0 to 1
ppn;). In the makeup tank analyzer, larger loading loops were used to increase the sensitivity
of the analysis, and in the autoclave analyzer smaller loading loops were used to prevent
overloading. To measure pH and conductivity, the IC channels were set up for flow injection
analysis (FIA). In these channels a carrier was used to replace the eluant. Large loading
loops (500 _,L) were used to maintain a slug of sample that was not mixed with the carrier
solution. Mixing of the sample and carrier begins at the edges of the sample slug and
progresses towards the middle. The larger the loading loop the more time it takes for mixing
to reach the center of the sample slug. Conductivity and pH FIA channels were not included
in the makeup tank analyzer because analytical methods had not been qualified for the low
ionic strength solutions (conductivity less than -5 i_S/cm) in the makeup tank. However, this
did not limit the adequacy of the test results because the reactions of primary interest were
occurring in the autoclave where the solution ionic strength was sufficient for FIA pH and
conductivity analysis.
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Each analyzer was configured with the loading loops for each channel in series so that a
single sample flowed through all of the loading loops at the same time. This ensured that the
loops were all filled with the same sample solution at the time of analysis. After the loading
loops were flushed and filled, the injection slider valves changed position. Each channel in
the analyzer operated independently and in parallel with the other channels. Figure 2 shows
a schematic of the on-line IC analyzer that was used for the autoclave samples.

The IC sample delivery system consisted of small bore metallic tubing (0.020" ID) running
from the autoclave or makeup tank to IC sample manifolds that were external to the IC
system. The total tubing runs were about 25 feet. Metallic filters (2 to 5 micron) were placed
in the tubing runs several feet from the autoclave and makeup tank to remove any
particulates that might interfere with the analysis. Low dead volume fittings and valves were
used in the tubing runs to minimize the total volume required to flush the tubing and IC
loading loops. Coolers were not required in the IC autoclave sampling lines because of the
very small size of the tubing lines. Within several feet of the autoclave, the autoclave IC
sample lines were cool enough to touch and at the IC, the sample was effectively at room
temperature. The valves in the IC manifolds required pressures of <30 psig. Because the
makeup tank was at low pressure (-2 to 3 psig) a pump was installed at the makeup tank to
deliver flow to the IC sample manifold. A pump was not required for the autoclave sample
runs because the autoclave was at high pressure (-500 psig). While the autoclave pressure
was useful for delivering sample, it was too high for the IC sample manifold valves. To
achieve the required pressure drop from the high pressure autoclaves, a run (--12 feet) of
0.012" ID tubing was placed immediately before the sample manifold. The resistance of this
small bore tubing provided significant pressure drop. Small bore tubing was used to reduce
pressure rather than a regulating valve because our experience with the valves was poor,
apparently because the required pressure drop was too large. The regulating valves could
only achieve the desired pressure drop in the "barely cracked open" position, and they
tended to close over time as flow passed through them. To provide protection to the
manifold valves, a pressure relief valve set at just less than 30 psig was added to the system.
The valve resets when the pressure drops below the relief set point. Dionex DQP pumps
were placed between the sample manifolds and the IC system to provide sample at a
constant flow rate (-4 to 5 mL/minute) to the IC. if a pump was not used, sample flow rate
would vary with autoclave pressure. This would complicate the determination of the actual
autoclave volume removed and the subsequent calculations of sample effect on autoclave
chemistry. At the beginning of the testing the actual sample volumes removed during
flushing and sampling were measured at all of the planned test thermal-hydraulic conditions
to provide data for those calculations. The actual flush and sample volumes ranged from
about 25 to 32 mL (~2.1 to 2.7 percent of the autoclave liquid volume at temperature).

The analytical methods used in the channels on the IC system are detailed in Tables 1
through 4.
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IC Calibration and Test Schedule

Calibration of the IC system was performed daily for the anion and monovalent cation
channels and weekly for the pH and conductivity channels. For the anion, monovalent
cation, and conductivity channels, a point-to-point curve fit was used. For the pH channel a
linear curve fit was used. The selection of curve fit type was based on prior experience with
the IC system. On the autoclave analyzer, four calibration standards were used for the
conductivity channel, three for the anion and monovalent cation channels, and two for the pH
channel. On the makeup tank analyzer, two calibration standards were used for the anion
and monovalent cation channels.

The calibration of the anion and monovalent cation channels were performed automatically by
the on-line IC system about one to two hours before the start of the normal daytime shift at
7:00 AM. This automated approach to calibration allowed the test operator to begin actual
testing very early in the shift rather than spending time performing calibrations. The pH and
conductivity calibrations were performed by manual injection of standards, prepared from the
actual test matrix, that had just been measured on the benchtop.

The first several hours of the manned daytime shift were used for adjusting thermal-hydraulic
conditions and making autoclave and makeup tank chemistry adjustments to achieve the
start-of-run thermal-hydraulic and chemistry specifications. The IC sampling schedule was
begun when the specifications were achieved. The 0, 1, 2, 3, and 4 hour samples were taken
during the daytime shift, the 8 and 16 hour samples on backshifts. To provide a quality
control check on the calibration of the IC system, calibration standards were run as samples
during the backshift schedule. This schedule generally resulted in completion of the test run
(16 hour sample) at about 2:00 or 3:00 AM.

Loss Half-Life Calculat.ions

To calculate loss half-lives for the control chemicals in test, the concentrations were corrected
for the effect of dilution due to the flush and sampling losses. That correction was made by
assuming instantaneous mixing of the makeup water with the autoclave solution during
sampling. The flush volume was about 25 to 32 mL (-2.1 to 2.7 percent of the liquid volume
in the autoclave). The actual sample volume analyzed by the various IC channels in each
analyzer was about 1.5 mL. Because the actual sample analyzed was the final 1,5 mL of the
total flush and sample volume, it was assumed that the measured concentrations were the
actual concentrations in the autoclave at the end of the sample period (instantaneous mixing
assumed). Based on these assumptions, no correction was required for the first sample in
each test run because the measured concentrations in the first samples were the real
concentrations in the autoclave after the first sample was taken. The measured
concentrations of the second samples were the concentrations of the diluted autoclave after
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the second sample was taken and were corrected for the dilution of the autoclave by the
volume percent of the second sample (-2.1 to 2.7 volume percent). The third sample was
corrected for the dilution volume of both the second and third samples (i.e., the dilution
corrections are additive). Each succeeding sample was corrected for the dilution volume of
the sample itself and the preceding samples (not including the start-of-run sample). Table 5
provides the measured and corrected concentration data for a typical control chemical for
three replicate test runs. Conductivity and pH data for the autoclave are also listed. Figure 3
shows the corrected and uncorrected concentration vs. time curves for the first run to
demonstrate the effect of the corrections on the control chemical loss.

The half-lives for the control chemical losses were determined by using the following
equation.

t,,_= [-In2/In(c,/Co)](t,-to)

where,

t,/, = half-life
c1 = concentration at time tl
co = initial concentration at time to
t1 = time at end of half-life period
to = time at beginning of half-life period

A variety of half-lives can be determined with this equation, depending on the two points
selected. For this paper, the half-lives are based on the second (1 hour) and last (16 hour)
samples. The second sample was used rather than the first to avoid any effects that might
occur at the start-of-run. The last sample was used to maximize reaction time and the
measured concentration differences.

On-Line IC .System Perforr#ance_and Test Resu!ts

The on-line IC system performed extremely well during the test program. The rate of loss of
the control chemicals was well characterized by the on-line IC system. Figure 4 shows
corrected concentration vs. time curves for the three replicate test runs listed in Table 5.
Figure 5 shows' the same three runs plotted as the logarithm of the corrected concentration
vs. time. Evaluation of that data reveals very good reproducibility of the test chemistry
behavior with loss half-lives ranging from 5.3 to 5.9 hours for the three replicate runs. The
relatively good linearity of the curves in Figure 5 indicates that the assumption of 1st order
reaction rates was reasonable. Figure 6 shows the corresponding pH vs. time curves, and
Figure 7 shows the corresponding conductivity vs. time curves for the autoclave chemistry
during the same three replicate test runs. A series of similar curves was generated for all of
the control chemicals in test for every test run. Literally hundreds of curves were generated
and half-lives calculated. In addition to monitoring the control chemicals in the test, the on-
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line IC system also detected and tracked a reaction product that formed during the test, The
results clearly demonstrated the power of on-line ion chromatography for qualitative and
quantitative reaction studies in small volume systems.

The effect of dilution on the loss half-lives is significant. The uncorrected loss half-lives for
the Table 5 data range from about 3.6 to 4.0 hours compared to the corrected loss half-lives
of about 5.3 to 5.9 hours.

Because the use of on-line IC for FIA pH and conductivity analysis is not well documented in
the literature, a limited evaluation of the technique was performed. Manual samples were
occasionally taken and analyzed on the bench for pH and conductivity before or after test
runs for direct comparison with the on-line IC measurements. The manual samples were not
taken during test runs to avoid the dilution effects of the manual samples on the test results.
Table 6 lists the comparison pH and conductivity data for about a three.week period. The IC
FIA and benchtop pH data vs. time are presented graphically in Figure 8 and the IC FIA pH
vs. the benchtop pH data are presented giaphically in Figure 9. The IC FIA conductivity and
benchtop conductivity data vs. time are presented graphically in Figure 10 and the IC FIA
conductivity vs. the benchtop conductivity data are presented graphically in Figure 11.
Evaluation of these data reveals that the average difference between the benchtop and the IC
was 0.04 units for pH with a range of 0,01 to 0.09 pH units. For conductivity the average
difference between the benchtop and IC was 78 i_S/cm (-,-7%)with a range of 4 to 183
i_S/cm (--0.4% to 11%). Linear regression analysis was performed using the method of least
squares to determine the linearity of the IC FIA pH and conductivity curves in Figures 9 and
11, respectively. That analysis revealed good linearity for both the IC FIA pH and conductivity
with the squared correlation coefficient (R2) being 0.95 for pH and 0.90 for conductivity.

The biggest problem with the IC system during the test was the short lifetime of the cation
regenerant recycling cartridges which was only about 10 days. This problem has
subsequently been eliminated with the use of the Dionex self-regenerating suppressors (SRS)
which use only deionized water for the regenerant system and do not require regenerant
recycling.

A second problem encountered was interference on the pH channel by air bubbles that
collected at the electrode surface rather than passing through the flow cell. A daily check for
the bubbles was sufficient to prevent this problem from being significant.
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Conclusions

On-line ion chromatography is a valuable tool for the study of chemistry interactions in small
volume test vessels, including high temperature and high pressure work. The technique
provides significant advantages over conventional sampling and analysis methods. The
advantages include:

1) a significant reduction in sample volume (by about a factor of 10 for this testing)
which results in much less impact on the process being studied;

2) a closed sampling system that protects air or light sensitive analytes from
breakdown in the sampling and analysis process;

3) around-the-clock test performance combined with automatic calibration and quality
control checking capabilities due to the automated nature of the technique; and

4) detection and tracking of reaction products or unexpected contaminants.
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TABLE1

,ICAnionAnalysisM,.ethod

: z ,._-. ,, ,

Loading Loop Size 150 i_L(Autoclave Analyzer)
300 I_L(Makeup Tank Analyzer)

Guard Column Dionex AG4A

Separator Column Dionex AS4A

Suppressor Dionex AMMS

Detector Dionex CDM

Background Conductivity 15 to 20 i_S/cm

Eluant 1.8 mM NaHCO3, 1.7 mM Na2CO3

Eluant Flow Rate 2 mL/minute

Regenerant 10 mN H2SO4

Regenerant Flow Rate 10 mL/minute
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,,,,,, ,, I,, ........... ,

TABLE 2

IC Monovalent Cation Analysis Method,,
,,,

Loading Loop Size 150 I_L (Autoclave Analyzer)
300 I_L (Makeup Tank Analyzer)

Guard Column Dionex CG3

Separator Column Dionex CS3

Suppressor Dionex CMMS

Detector Dionex CDM

Background Conductivity 2 to 5 i_S/cm

Eluant 10 mM HCI

Eluant Flow Rate 2 mL/minute

Regenerant 100 mM Tetrabutylammonium hydroxide
(TBAOH)

Regenerant Flow Rate 10 mL/minute
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TABLE 3

IC pH Flow Injection Analysis Method

,.,, ,.... , ' T ,m_,,,77 ,u_ ,,,,,, '"'I ', ,,, ,i , _7 ,

Loading Loop Size 500 I_L

pH Electrode Sensorex 450C Flat Bottom Electrode

pH Flow Through Cell 50 I_LSensorex Flow Through Cell

pH Meter Radiometer Autocal PHM83 Meter

Carrier 1 mM KH2PO4,0.1 M KCI

Carrier Flow Rate 1 mL/minute
.... :' ,,,........ ,... , :_ ::_ , ,,,_ . .."_' ,., . ' , ,,_,,, ,_ ,,,,, ,,,..... ',, , ,
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_11_ Z I, , I, ' ,ill 1111 11 'r _ h ' 111 11 i ' ___ I_l_ , .............. ,,B, ; 11_1,,1 .....

TABLE 4

!C_Conductivity Flow Injection Analysis M_hod

,:_: - ±_ : , , ,,,,', ,, ",',' ',' , ,, ,, ,,, ,,',,II,,, " , ' , - _' ,,,,, ,',,',, i ,,, ,',,,',, , ,i,' ,

Loading Loop Size 500 I_L

Detector Dionex CDM
, ,,,,,,,

Carrier 10.0 mM H3BO3

Carrier Flow Rate 1 mL/minute
,'_:,', ,,,;', ......... , , , , , i , ,f ....... ;"
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,,, , r • ,,,, ,,,, ,, . ,, ,, ,,,,, , L ,,!,J , f' :_:z ' _ , ,,, , ,, ,,,, S,,,,,,,,r , " ,' i ,' : :¸ ,, I,, - ¸¸

T_BLE 5
i

_Datafrom Three Renlicate Test Runs

........ ', ','.:, ,_'.._k , j , ,,, ,_,, ,,,,, ,,, _ L, , ' ,,llf,, " , ' , .i ', ,,m :: ' : _ ' ' LJ '

Measured Corrected

Run Time Concentration Concentration Conductivity

..... (Hours! ....... (p.pm) L (ppm) .... pH .......... (pS/cm)

Run No. 1
,, .,,., ,,, ,, , , , ,, ,,. , , ,,,,,, ,,,, ,,,,, ,,__ ,

0,00 92 92 10.96 1272
,,, _ ,....... i, , ,, '........... q ,, ,, ,', • , ""'"' ''

0.92 85 87 10.97 1261
,, , .................... , ,

1.95 70 74 10.95 1224
.... ,, _ .... , , ....... , .... ,,,,, ,, ,,

3.00 55 6! 10.93 1175
l ,......... , ................. ,, , , , , ,i ,,,,, , ,,, ,,,,, , , ,, ,,,,, ,, ,,, --

4.05 40 47 10.90 1120
__ ......... , ,, ,, , _ ,, ,, ,. , ,i ,

8.40 16 23 10.88 1036
_ ,,, , _ ,.. ,,, J,

16.49 4.2 11.6 10.77 896
.... ,,,,.

Run No, 2
,. ...... ,....... ,. ,,, ,, ,,., --

0.00 108 108 10.97 1296
,,,,,, , ,,, _ ,., ,, L,,, ,. ,. , |, _ ,

0.92 95 98 11.01 1294
,,,. ,........ ,, , •, ,,,w ,, ,, ,...... ,

2.02 77 82 10.99 1237
........ _ .. ,.,,., ,,,,, , ,,,,,.,

2.98 61 67 10.98 1173
.............. ,, ,,._

4.00 48 56 10.97 1201
.,,, .......... .. ,,..... , ........ , , |

8.47 20 28 10.92 1029
....................... ,,,,, ,, ,,, ,,

16,90 5.1 13.5 10.83 910
............... , ............... i , ,,,, , , , ,,, ,,

Run No. 3
,, ,. • ....... , ..... ,,,,,.L ,, , ,,

0,00 110 110 10.98 I 1314...... ,, .........

1,03 100 103 10.98 1317
..... ,...... , | .............

2.03 86 91 11.02 1307
....... • ..... ,,,,,, ,,,, ,, ,, t__ ,.,. ,, ,, ,

2.95 72 79 10,99 1264
.............

4.05 57 66 10.98 1227
............. , .................. ,,, ,,,. ...........

8.42 26 35 10.94 1137
........... , ,, ,, ,

16.83 6.4 15,9 10.84 993
,,, : , ,.., , ,....... .- _ , , ::_ ; _ : :T,- .
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TABLE 6

Comparison ,of IC FIA, and Benchtop ,pH and Conductivity Dat,a,

IC FIA Benchtop Delta Delta

pH Conductivity, = ,,.,, ,,
I

Time Conductivity Conductivity (IC FIA- (IC FIA-
(days) pH (#S/cm) pH (#S/cm) Benchtop) Benchtop)

,,, ,,, , ............ --

0 10.93 1414 10.95 1381 -0.02 +33
, ,,,,, u ,

5 10.85 1379 10,76 1224 + 0.09 + 155
, , , ........ ,....... ,,, , = ,, , , ,,, • ,,

7 10.73 775 10.68 706 +0.05 + 69
....... ,, ,,,, ..... ,, ......... ,,,,, ,,

12 11.07 1647 11.08 1464 -0.01 + 183
, r, , ........ , .... ,,,

13 11.01 1192 11.09 1330 43.08 -138
, ,, , ,m..... ,,,, , ,,,,...... ,

14 10.95 988 10,98 975 -0.03 + 13
,,,, ,...,,, , ,,

15 10.91 1040 10,94 1036 -0.03 + 4
n,,,, , ,,,,, ,,,,,.,

22 10.57 805 10.55 773 + 0.02 + 32
• ,, ,,,, , ,,, - .... ,,,, , , ......... _,L,[ ,, , , ,

lta 0.04 78
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FIGURE1--Test Loop Design
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FIGURE2-On-Line IC Setup for the Autoclave Analyzer
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FIGURE .3
Effecf of Sample Di!ufion Correction

on Concenfrafion Dafa
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FIGURE I0

IC FIA and Benchtop Conductivityvs. Time
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