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ABSTRACT 

Spectrophotometry measurements are used in a great number of Industrial processes (chemical, 
pharmaceutical, farm-produce...} In nuclear environment and with optical precision components. Especially the 
evolution of a chemical process or of an optical coating could be followed by these measurements. 
Spectrophotometers, using optical fibers to transport the signal out of the Instrument make possible the 
measurement 'in-sltu* and In real time. 

The advantage of tiding a diode array to detect the signal is an Instantaneous measurement all over the 
spectral range without moving parts. It allows an excellent reproducibility of the measurements. The 
Instrument is controlled by a micro computer. The spectrophotometer will be described and Its technical 
performs presented. 

An extension using optical fibers on a "classical" spectrophotometer (a H.P. one) will be also described and 
Its technical performs with such a system presented. 
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In the industrial environment the means of control allowing non-destructive and continual measurements 

made in-siiu, in real time are more and more sought after. 

Because of the absorption spectrophotometry the evolution of a chemical process can be followed. The 
quantity of each component could be measured at different phases of the process. This technique is particular 
Interesting in nuclear, pharmaceutical, farm-produce, petrochemical industries and also for following the 
different coating phases on optical components with a great precision. 

The use of optical fibers to send light out of the spectrophotometer to the location place of the analyzed 
product and retain, alows to apply such a technique to on-line control, with the following advantages: 

- Direct measurement on the product, without taking a product sample. 
- Easier measurement with dangerous matters (in particular nuclear or explosive matters) and in hard 

environment. 
- No losses of high-cost products in pipes or measurement cells. 

In 1974 the CEA began to develop fiber optic coupling devices to spread the use of spectrophotometers In 
radioactive environments (1). Since a great number of their installations has been fitted out 

with such devices. Under CEA (French Atomic Energy Commission) licence, PHOTONETICS develops fiber 
optic spectrophotometers. 

The described systems, usuable in a laboratory or in an industrial environment, allow the instantaneous 
reproduction of absorption spectra. 

One of the two described devices is a commercial spectrophotometer which has been up-dated with optical 
fibers. The other one has been specifically designed to use optical fibers. The detection part is a diode array 
which gives the advantage of having no moving pieces (the studied spectrum is focused all over the surface of 
the linear array). 
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2.SPFCTROPHOTOMETER: SPFCTROFIP 8452 

?,1, Description 

This fiber optic UVTVIsible spectrophotometer Is realized from a spectrophotometer HP 8452 
(Hewlett-Packard). 

A mechanical system which takes the place of the cell holder allows, with a kit of lenses and miror, to 
couple Into the fiber the light beam of a Deuterium lamp. The light is then sent through the fiber to the remote 
measurement cell. 

After having gone through the studied sample the light beam is coupled in another fiber to go back to the 

spectrophotometer. At the end of the fiber the light is focused on the entrance slit of the spectrophotometer In 

the way to minimize insertion losses. 

The detection part is mainly composed by a concave grating and a 323 photodiodes linear array; 

The principle of the coupling device Is shown on figure 1. 

TO MEASUREMENT CELL 

Hgure 1. Coupling device 

2.2, Performances, 

The technical performances are those of the spectrophotometer HP 8452 except for the dynamic range of 
the measurement. The insertion losses of the coupling device and the measurement cell of pencil type are a 
little more than 10 dB (1 absorbance unit) (in fact 11-12 dB) in the visible spectrum (400-820 nm). 

The main problem is for the UV field (250-400 nm) because of the high fiber attenuation in this wavelength 
range. Studies on different types of fibers have proved that the choice of the fiber is very important and 
delicate to obtain good performances in the UV range (2). 

With the chosen fiber the attenuation of the device vs the wavelength is shown on the next figure for 
different fiber lengths. 

Figure 2 shows that, between 350 and 800 nm and with a two meter bi-fiber cable, the dynamic 
measurement range is about 25 dB and it is still 10 dB at 260 nm. With a 1 meter cable the dynamic range is 
still more than 10 dB at 240 nm. 
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Figure 2. Attenuation curves 

2 3 Technical specifications 

spectral range: 
resolution: 
measurement time: 
minimum time between 
2 measurements. : 
soltware: 

240-300 nm (depends on the fiber length} to 820 nm 
2 nm 
0,1 second 

3 seconds 
it is specific of the spectrophotometer HP 8452 
HP Vectra or PC type can be used to control the system 
The main functions are the following: 

- general scanning 
- concentration measurements 
- kinetics measurements 

3. SPECTROPHOTOMETER: SPECTROHP1000 N 

This device has been developped by CEA (Fontenay aux Roses 92, FRANCE) to control nuclear reprocessings, 
in particular the real-time on-line control of plutonium (VI). (3) 

3.L Description 

The spectrophotometer is of the single beam type. The optical source is a halogen lamp (20 W). The used 
principle to deport the right beam between the source and the detection part is the same as previously. The light 
from the returning fiber is focused on the entrance slit of the spectrophotometer and then collimated on the 
grating. The using grating is a plane one with 600 slides per millimeter. The light diffracted by the grating is 
focused on a diode-array of 1728 elements. 

Then the recieved signal (spectrum of the light after having propagated through the analyzed matter) Is 
processed, digitaJized and memorised before being analyzed by the micro-computer (Bull Micral or PC type). 
The link between peripherals and the computer is provided by an IEEE 488 interface. 

On figure 3 is the Block diagram of the SPECTROFIP 1000N. 
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Figure 3. Block diagram of the SPECTROFIP 1000N. 

An example of spectrum is shown on figure 4. 
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Figure 4. Neodynium Nit/at spectrum oblained with SPECTROFIP 1000N 
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ft 9 Technical specifications 

spectral range: 450-870 nm 
resolution: 1 nm 
measurement time: 0,1 second 
minimum time between 
2 measurements. : 17 seconds 
software: The following functions are executed: 

• reference acquisition and sample spectra as the mean of n measurements 
• optical density computation and smoothing 
• peak Identification 
- concentration computation 
- output on screen, printer and plotter 
- back-up on floppy disk 

4. MEASUREMENT CELLS 

Several types of measurement cells are proposed: 

- Pencil type cell (figure 5): 

This cell is particularly suited for in-line control and to wholly follow a chemical reaction. The 
optical path is constant, but with different ends (the miror holder can be changed very easily), it can 
be 10, 20 or 40 mm long. 

- Cell holder (figure 6) : 

This cell holder can be handled with mechanical arms. It is specifically designed to be used in 
glove lockers or nuclear radiations shields. The maximum size of the cell which can be introduced in 
the cell holder is 50 mm long . 

- Circulation cell (figure 7): 

This cell allows in line control and trace determinations. The optical path is constant for a cell 
type but can be from 5 to 500 mm long. 

- High-pressure cell ( figure 8) : 

This cell is designed to control gazes. It can withstand a maximum pressure of 250 bars. The 
optical path is 50 mm long. 

B 
Figure 5. Pencil type cell Figure 6. Cell holder 
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Figure 7. Circulation cell Figure 8. High pressure cell 

All these measurements cells are designed to be integrated into the previous spectrophotometers with the 
lowest losses. Tests have done to evaluate their resistance to acids, solvants, temperature and radiations. 

5. CONCLUSION 

Because of the use of optical fibers and a diode-array this two devices (developped under CEA licence) allow 
In-silu measurements, a quasi-instantaneous restitution ol spectra of absorption and a great reliability. 

The advantage of the SPECTROFIP 8452 is that it is based on a commercial spectrophotometer. It takes the 
advantage of the optical libers with a very good quality/price ratio while still working with a commercial, 
system which is familiar to the user. 

The advantage of the SPECTROFIP 1000N is that it is specifically designed to use optical fibers, which 
minimizes the insertion losses. Futhermore, its spectral range can be specially adapted for particular 
applications. 
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