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Introduction

The determination of trace amounts of HF is of importance in many

industrial processes, and in nuclear industry in the production of UF,,
b

Mass spectrometric and gas chromatographic methods are difficult to use for

this purpose, because of the highly corrosive nature of the samples.

Infrared Spectroscopy can be conveniently used with the required sensitivity,

and it has the added advantage that continuous non-destructive on-line

monitoring can be conveniently done. In our laboratory we have •designed,

tested and used, a non-dispersive infrared analyser for the determination

of HF in the ppm range, in UF. or any other gas. The details of the

instrument, and results of typical measurements, indicating its sensitivity,

are discussed below.

Principle of Design of the Non-dispersive Analyser

HF has its fundamental absorption frequency in the 4200-3800 cm

region. Though conventional infrared spectrometers can be used for analysis

of HF, they are very expensive, and hence not suitable in plant operation,

where continuous monitorirg at different locationsmay be required. Simple,

reliable continuous monitors can be built on the principle of non-

dispersive analysers. In such analysers, a narrow band interference

filter, passing the wave length of interest is used to isolate the absorption

region in the broad band continuum source. Changes in the intensity of

the radiation iti this narrow band region can then be measured to detect

absorption from the molecule of interest. An essential requirement,

of course, is that no other component present in the sample should

absorb in the same region.
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In Fig.l we show the infrared spectrum of an impure sample of UF,. The
6

sharp absorption peaks of the vibration-rotation spectra of HF can be seen

in the 4200-3700 cm region. It is clearly seen that there are no

absorption bands in this region arising from XSl' or other impurities, as

shown by the clean, flat backgrourd. This region can, therefore, be used

for the non-dispersive analyser. Though the entire region of 4200-3700 cm

is free from absorption frotr. any impurities in UF, or UF. itself, the
o o

lower half of this region corresponds to absorption of H O from the jy ,

and 1) OH-stretching modes. In a system designed for trace analysis

under plant conditions,this will create problems because of interference

from atmospheric water vapour. We have, therefore, taken only the

4200-4000 cm region for absorption measurements.

The general layout of the instrument is shown in Figure 2 and

details of the various components are given below:

Source : A quartz-iodine lamp, of the type used in slide projectors, was

chosen as the source, since these are readily available and can be operated

under varying conditions of power, and give a small, intense source, which

can be conveniently used with small optics. The lamp is operated with a

stabilised power supply at 1-2 amps, 30-60 volts. It has been verified

that the current or voltage is not critical, and does not alter the

sensitivity of the instrument to any noticeable extent, so that suitable

values can be used under the laboratory working condition* • A 10-15 cm

focal length quartz (or infrared transmitting glass-BK7) lens is used

to collimate the beam in the sample cell.

Absorption cell and sampling system: The details of the absorption cell

and sampling system are shown in Figure 3, The cell consists of a I D long,

25 mm diameter, stainless steel tube (SS-316), fitted with sapphire windows.

The collimating lens for the source is also mounted on the source end of

the cell, and the radiation coming out of the r.ell is focussed on to the



detector by a focusing lens of same type, fitted at the detector end of the

cell. Since the lenses are firmly fixed to the cell, which itself is

rigidly mounted on the instrument base, no alignment changes take place

over long periods of time. The lenses are also protected from the corrosive

gases by the sapphire windows. The detector end of the cell is connected

to a differential manometer, SS liquid N - trap, diffusion pump and rotary

pump. We have used a simple Fomblin oil manometer for calibration purposes,

though suitable capacitance manometers can also be used, if necessary.

The limb of the manometer, exposed to HF is made of transparent tygon

tubing, while the other limb can be of glass. Using Fomblin oil as the

fluid, pressures as small as 0,1 torr can be measured accurately with this

manometer. The source end of the cell is connected to a manifold contain-

ing a 15 cm infrared gas cell, pure HF, pure UF, and sample inlet. All

vacuum connections are made through SS-hellow sealed valves, and the system

upto and including liquid N -trap is made of SS-316, We have found that

the entire sampling system is sufficiently non-reactive to HF or UF over
6'

prolonged periods of use of several months, so that no problem arose from

any reaction of samples with gas handling system. Most of the time, samples

or standards were recondensed back into their respective containers, by

cooling with liquid N_. Any sample which has to be removed from the

system, was condensed in the liquid N trap, which was then disconnected ,

from the sampling system and the sample is suitably disposed off. After

craning and reconnecting the trap, pumping at 10 torr for a day was enough

to put the system in operation again.

Detector Assembly: The quartz envelope of the source, and the sapphire

windows and glass lenses, restrict the radiation transmitted through the

cell to the range of visible to less than hfA/m. Appropriate choice of a

detector will further reduce the range of frequencies measurable. Detectors

of the lead sulfide type have very high sensitivity in the 1 - 2,5/un

region and these, could be used for the present studies. We have chosen

Optoelectronics type OE-20 lead sulfide detectors. These are unpackagei],
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flat plate, photo conducting detectors, with an element size of 5 nun x 5 mm,

operated at room temperature. The detector is used with an optoelectronics

type 11596 preamplifier. The necessary details are shown in Figure 4.

The change in intensity of the radiation incident on the detector, due

to absorption of trace impurities will be very small, and in order to

measure this decrease accurately, it is necessary to keep the unwanted

radiation to the minimum possible. This is achieved by using a narrow

band-pass filter in front of the detector. The transmission of the n.b,

filter used in the present system is shown in Fig,5, The filter has a half

width of about 70 nm, with its peak transmission at 2,46^m, thus covering

the strong lines of the R-branch region of HF absorption band.

A high sensitivity for detection of small concentrationsis not often

sufficient for a continuous on-line monitor for in-plant operation. The

instrument should also have good short and long-term stability, and

reproducibility so that frequent recalibration can be avoided. This can

be achieved by comparing the out put of the detector measuring the intensity

of radiation of interest, to that of another detector which will detect

unwanted changes like changes in source intensity, loss of radiation due

to window absorption, scattering due to particles etc. We have therefore,

used a reference detector in the detector assembly. The optical layout

of the complete detector assembly is shown in Figure 6, The radiation

coming out of the sample cell is partly reflected on to the reference

detector by a thin glass plate, while the major portion of the radiation

is transmitted to the sample detector. The interference filter in front

of the Bample detector restricts the radiation seen by that detector to the

region of 2.46/tom, while the reference detector sees the entire range of

l-3yfc.ni (An interference filter could be used in front of the reference

detector to select a suitable reference wave length, say l-2jt*m, but we

found that this is not necessary, since only sufficient band pass is

provided by the optics and detector range). If now there is a small

absorption due to HF, this will be seen by the sample detector, while it
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will not be detected by the reference detector since the absorption range

forms only a very small region of the total range for this detector. On

the other hand, any overall change in the radiation intensity due to

source fluctuations, window deterioration, scattering etc, will be felt by

both detectors and can thus be eliminated, thus increasing the sensitivity

and stability of the instrument very much.

Recording System: The radiation falling on the two detectors is chopped

at 700 Hz using a variable frequency light chopper. The out-put of the

detectors are given to a EG & G Model 124A lock-in amplifier, equipped with

a model 119 preamplifier, A reference signal from the light chopper

provides the locking frequency. The preamplifier operates in the

differential mode, when its extremely high common mode rejection assures

an almost total rejection of unwanted signals which appear at both inputs

at the same phase and amplitude, the usual case for ground-loop interference.

Also since the preamplifier sees the potential difference between the

A-input and B-input, corresponding to sample and reference detectors, it

is easy to adjust the intensity of radiation falling on the two detectors

to give a zero signal With empty cell. In addition to correcting any

changes from window deterioration, dust particles, source fluctuation etc,

this allows a very high sensitivity to be used, without overloading the

lock-in amplifier, which single input operation, even with zero off set,

may not achieve.

The change in intensity of radiation on the sample detector is

directly read on the panel meter or given to a recorder.

Calibration and Analysis of Samples

Though the instrument can be used for analysis of HF in any sample,

in our laboratory, it has been built, specifically for analysis of HF in

nuclear grade UF,, The specification for such samples require a detection

limit of 150 ppm by weight of HF in UF,. This corresponds to a partial

pressure, of 1,9 torr in 760 torr of sample pressure, UFg at room

temperature has a vapour pressure of about 120 torr, and it was decided to
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avoid higher temperatures., to increase the total pressure since this

increases the corrosive action of the sample. It was thus necessary to

detect HF equivalent to 0.33 torr. Our initial experiments showed that

this could be easily achieved by about 1 m path length, and the absorption

cell path length was thus fixed at 1 m tor the present instrument.

It was difficult to prepare UF,, without trace amounts of HF, Hence
-' o

calibration was done with pure HF, This should not introduce any error,

since, UF, has no absorption in the HF region.

For calibration, or analysis, the cell is connected to the manifold

containing pure HF, UFg and a small infrared cell. The entire system is

thoroughly evacuated to pressures lower than 10 torr. The initial evacu-

ation is done for several days, until it is seen that an HF or UF, sample,

introduced into the cell, did not show any reaction. This can be veri-

fied both by checking that the pressure of the gas in the cell wfrieh-

remains constant over a reasonable period, and also by checking the

detector out put which will remain stable, if there is no reaction, A

system, initially prepared like this, and maintained in vacuum when not

in use, can be routinely used for analysis at a short notice.

The parameters of the various components in the system are now

optimised to cover the range of analysis. For this, the source is turned

on, applying 30-40 volLs (1-1,5 amps current) from a stabilised power

supply. If the instrument is being operated for the first time,

adjustment of source, cell and detectors are necessary at this stage.

Provision is made in the instrument for small adjustments of the positions

of source, cell and detectors. Using these adjustments, the source is

adjusted to be at the focus of the first lens LI (Fig.2) so that a clean

colligated beam passes through the cell, without being cut off by the walls

of the cell. The lens L2 at the other end of the cell will then give a

clean focused image of the lamp at its focus. The detector assembly is

now installed in position without the beam splitter BS, in such a way

that detector A(Sample detector) ia at the focus,, and gives maximum out

put. The beam splitter ia *ov placed in its slot;, and its position
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adjusted so that the reflected beam falls on Detector B (reference

detector). Small adjustments in this beam splitter can be made so that

the outputs from the two detectors are more or less equal and in phase.

Final adjustments are now made with the wedge W, so that the two beams

give equal output and (A-B) is as close to zero as possible. The

instrument is now ready for calibration.

When used in the high sensitivity range, the instrument will be able

to cover only a small range of concentration whereas when a large range

of concentrations are to be covered, the sensitivity will be necessarily

low. To set the instrument in the desired range of sensitivity, as well

as to avoid frequent calibration with actual gas standards, suitable

neutral density filters can be used as secondary standards. For the

range of interest in the present work, a thin microscopie slide, producing

a loss of about 5% in the transmitted radiation served as secondary

standard. This standard glass is placed in front of the sample detector,

and source current, detector supply voltage, and lock in sensitivity

are adjusted to obtain the required range. In the present range of

concentrations of HF, this corresponded to 40 mv output signal for (A-B);

that is 40 divisions of meter displacement, when the full scale sensitivity

is set for 100 mV. The system is then evacuated thoroughly and zero

reading is taken, without any HF. A known amount of HF is then introduced

in the cell and the reading is taken again. This is repeated for various

HF pressures covering the range of interest. Typical calibration curve

obtained this way is shown in Figure 7. The calibration curve shows t̂ e

very good linearity and high sensitivity of the instrument.

The use of the glass plate (or neutral density filter) as a secondary

standard eliminates the necessity of frequent recalibration with gas

standards. In fact even without a secondary standard, for the same

settings of source current, detector voltage and lock-in sensitivity,

the readings are not changed from day to day. Any small changes ovar

larger periods of time is taken care of by taking the ratio of absorption
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of calibration samples to absorption of the glass (neutral density filter)

for construction of the working curve. Concentrations of analytical

samples can then be read from this curve, by noting the ratio of absorption

of sample to that of the glass.

A non-dispersive infrared analyser for determination of HF in UF,
b

in the concentration range of 50-2000 ppm has been fabricated and tested.

Xhe instrument has been shown to possess high sensitivity and good long

term stability, so that it can be used as an on-line monitor for non-

destructive, continuous analysis.
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