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- C. Wayne Jenkins

The Savannah River Site is operated by the Westinghouse Savannah
River Co. for the Department of Energy to produce special nuclear
materials for defense. R&D support for site programs is provided by
the Savannah River Laboratory, which I represent.

The site is known primarily for its nuclear reactors, but actually
three fourths of the efforts at the site are devoted to fuel/target
fabrication, fuel/target reprocessing, and waste management. Ali of
these operations rely heavily on chemical processes. The site is
therefore a large chemical plant. There are then many potential
applications for process analytical chemistry at SRS°

The SRL has an Analytical Development Section of roughly 65
personnel that perform analyses for R&D efforts at the lab, act as
backup to the site Analytical Laboratories Department and develop
analytical methods and instruments. I manage a subgroup of the
Analytical Development Section called the Process Control & Analyzer
Development Group. The Prime mission of this group is to
development online/at-line analytical systems for site applications.

Today I will discuss three systems that the PC&AD Group is working
on to give you an idea of some of our efforts, progress and problems
in process analytical chemistry work: absorption spectroscopy,
approaches to online hydrogen measurement and high quality gas
analysis by Laser Raman spectroscopy.

For nearly I0 years a group led by Pat O'Rourke has been developing
an online absorption spectroscopy system. The system is composed of
an xenon arc lamp light source, fiber optic cables, a multiplexer,
sample interfaces or probes, a spectrophotometer (normally a diode
array in the uv/visible) and a compater running chemometric
software. The multiplexer allows connection to several different
sample locations to the same spectrophotometer as well as to a
standard and reference. The system continually checks a reference
cell to make corrections for changes in performance of the system as
a whole due to variations in the lamp, fibers, coatings on the sample



cells, etc. It also continually checks the standard as a QA check and

will give an _rror message if the standard is out of limits. With the
diode array _tpectrophotometer the system takes a spectrum every
0,1 seconds, averages several and uses the chemometric software

.... with its calibration set of spectra to deconvolute the spectral data
into a concentration value for the analyte of interest.

We have found the system to be easy to install, since all that sees the
process is a small sample cell, and reliable. The cables are pulled just
like electrical cable. The only problem to date has been with the
computer.

The sample cell is a critical part of the system. Here are some
configurations. They are simple and rugged. Here is a moving mirror
probe that we plan to test in a monitoring well at SRS. You can see
the screen around the cell to keep sand out. We will be monitoring
several wells for a dye injected in another well to determine the
hydraulic characteristics of an environmental remediation site.

One of the installed applications is for the measurement of uranyl
nitrate. We can measure uranium to 2% accuracy and 0.05%
precision, nitrate to 0.lM with 0.05% precision over the range 0.05 to
SM,

Another application is the measurement of acid concentration in
actinide streams. This shows the effectiveness of a chemometric

model for measuring nitric acid in the near infrared. An NIR
spectrometer with a lead sulfide detector was used . Of course what
we are measuring in the NIR is the response of the water cage
around the H+ ion. In a more complex matrix containing nitric acid,
sulfuric acid and aluminum nitrate, we get not as good a prediction,
but still not bad. This is sufficient for our purpose, which is for use as
an online monitor and interlock system to prevent sending high acid
to ion exchange columns. We will actually use this system in streams
contaiining plutonium. Adding Plutonium to the matrix increases the
error of acid prediction by 0.lM. This is still acceptable, but we hope
to improve by changing to an indium-gallium-arsenide detector and
doing more calibration work with plutonium standards.

We also have a system using NIR to measure the quality of D20
moderator. We have demonstrated excellent precision. Here we are
actually measuring the amount of H20 impurity in the D20 since D20
is transparent to the NIR but H20 absorbs strongly.



We continue to improve this system. Present work includes an effort
to reduce the_ size of the package, work with AOTF devices and
increasing th_ probes or sample probe capabilities. Here is an in-tank
probe that uses a moving mirror to alternate between sample
measurement and referencing. Tihe mirror is down for sample
measurement; a blast of air or process fluid forces the mirror up for
a reference measurement. Here is another mirror p_obe that moves
the mirror to any desired pathlength using a high precision stepper
motor.

One area that we are pursuing strongly is the development of in-situ
sensors for use with the system. We have been successful in making
pH sensors by binding a polymer to the fiber optic lens and trapping
an indicator in the polymer. Using bromophenol blue as the indicator
trapped in a polybenzimidazole matrix we had a sensor that
responded well in the 3-6 pH range, but the indicator leached out at
pH 7 and above. We have been working on development of pH and
metal ion sensors. We have Prof. N. Datta-Gupta of South Carolina
State University under contract to work on synthesis of porphyrins
for metal detection. He has collected unique spectra of various metal
ions bound to porphyrins in solution. Now we need a way to bind the
porphyrins to a fiber optic lens. Due to our past experience with
indicators leaching from polymer matrices, we feel that we need a
direct binding of the porphyrin directly to the lens. We also are
seeking to work with Prof. Bruce King of the University of Georgia on
the problem of binding indicators to glass.

Needs in the absorption spectroscopy area: someone to build probes,
market entire systems, indicators that will attach to lenses.

One of the problems that we find in many of the site processes is the
need to monitor for hydrogen in hostile environments containing
water vapor and NOx. This doesn't sound so hard but we have found
nothing that will do the job reliably. We are working to install
process GC's in some critical applications, but we really don't think
that is the way to go long term. We want something reliable and
trouble free.

One of the efforts to solve the hydrogen problem is the development
of a palladium based sensor. We have been working with Bob Lauf at
ORNL on the use of a resistance bridge device that takes advantage of
the fact that palladium changes electrical resistance when exposed to
hydrogen. One leg of the bridge is exposed while the other three are



masked. 15 volts potential is put across the bridge and the voltage isI

measured across the midpoint.

This slide shows that when the bridge is exposed to 2% hydrogen in
_ nitrogen, 90% of maximum response is reached in 94 seconds. If you

take the derivative of that response you get a sharp signal within a
few seconds that comes and recovers in 25 seconds. This would

appear to be the basis for a simple sensor. However the signal to
noise is not good. You would have a hard time seeing 0.2%. This
experiment should go better at elevated temperature, around 130 C.
The repeatability should be better since there would be less of an
effect from phase change in the palladium due to the absorption of
the hydrogen. What we have found is that the condition of the

' surface of the palladium is much more important. Any reactive gases
affect the response.

Therefore NOx is still a problem. This sample exposed to 90% NOx
slowed the response to 2% hydrogen in nitrogen. However, the
exposure to the hydrogen acts to clean the surface and will return

. the sensor to its original response characteristics. It still may be
possible to use such a sensor in NOx environment by alternating
exposure to sample gas and a cleaning gas mixture. However, what is
clearly needed is a good filter to let the hydrogen through and not
the NOx. We haven't found one yet and when you do, some of the
other means of hydrogen measurement may work also. This
approach does have the advantage of simplicity and ruggedness.

Another hydrogen technique that we are looking at that has the
advantage of not caring what gases are present is online laser Raman.
We are working with a system that uses fibers to both transmit the
laser light and to return the signal. To make a Raman system cost
effective will have to be able to multiplex the instrument through
fibers to several sample locations. A single fiber caries the laser light
and as many as six fibers bundled around the laser fiber pickup the
scattered light and return it to the detector. Actually we use a diode
array spectrophotorneter as a detector.

In this experiment we just looked in the air for nitrogen, which wi!l
act the same as hydrogen to the Raman. Although the signal to noise
is not good considering we would be looking for hydrogen below 4%
instead of 70%, if we increase the laser power to 5 watts and use 6
pickup fibers, then hopefully we would have a 4% hydrogen signal
that would look much like this. We need rugged, more compact and
cheaper lasers to make this system viable.
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The last effort that I wanted to mention also involves laser Raman.
One of our s_e products is tritium gas, which is produced to meet
very stringent and varied isotopic composition requirements. These
composition measurements are currently made by high resolution
mass spectrometers off-line or in some ca_es coupled to the process
by manifolds, piping and sample valves. Ill the best cases analyses
can be performed in 30 minutes. There are needs that require much
faster analysis. Also, in the heavy water design of the proposed New
Production Reactor there is a need to perform isotopic analysis of
hydrogen, duterium and tritium gas mixtures for process control that
lend themselves to online monitoring.

We have been working with online laser Raman for these
applications where more accuracy and sensitivity is needed than in
the previously discussed hydrogen monitoring case. Bob Sherman at
LANL has shown that laser Raman can duplicate the accuracy and
precision of mass spectroscopy for hydrogen isotope measurement in
an off-line situation.We have been able to get very good preliminary
results using a high pressure inline cell and fiber optic cable to
deliver the laser light (but not to collect the signal). As you can see,
The resolution of the different isotopes and the signal to noise in this
experiment are quite good. To optimize this as an online method we
need smaller, cheaper laser systems, which are being introduced ali
the time, because space is usually a concern in the very expensive
buildings that are required to house the kind of processes that we
deal with. Also we need cheaper detector systems. To get the
performance needed we can not use fibers to pickup the signals from
several sample points; so a separate detector will be required at each
sample location.

To summarize some of our needs:

Spectrophotometry- we need binding chemistry for applying
indicators to glass lenses; indicator molecules designed for better
selectivity. Let me add my personal opinion that we need a cadre of
graduate students working in this area because the development of
very simple, rugged, selective sensors is there for the taking if the
effort is put forth. We need better light sources with greater
brightness in the uv or better filters that will for example biot out
mercury lines. Improved infrared hardware" rapid scanning, rugged,
lower cost with greater wavelength range. We also need someone to
market lens equipped fibers and the various pieces of sample cell
hardware and fiber optic multiplexed spectrophotometer systems as
a whole.



Hydrogen measurement effective filters to transmit hydrogen
but not NOx.

Raman - Smaller cheaper lasers; fibers with better transmission
in the uv and farther out in the infrared.

General - Compact, simple ways to generate a plasma in gases
and liquids to allow in situ emission spectroscopy.

I can not acknowledge ali of the people that have and are
contributing to the programs that I have mentioned, but let me list
some of the primary contacts that you might be interested in talking
to if you really want to know something about any of these subjects:

Spectrophotometry - P. E. O'Rourke 803-725-2173
Bruce Buchanan (particularly NIR)

803-725-1963

Lewis Balyor (coated lens indicators)
803-725-1872

Hydrogen sensors - Stanley Nave 803-725-1355

Laser Raman - Bob Malstrom 803-725-3140
O'Rourke
Nave
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t, or nearly IU years a group ,
an online absorption spectroscopy system. The system is compose,
an xenon arc lamp light source, fiber optic cables, a multiplexer,
sample interfaces or probes, a spectrophotometer (normally a dic_
array in the uv/visible) and a computer running chemometric
software. The multiplexer allows connection to several different
sample locations to the same spectrophotometer as well as to a
standard and reference. The system continually checks a reference
cell to make corrections for changes in performance of the system as
a whole due to variations in the lamp, fibers, coatings on the sample
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