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Abstract

Fiber-optic sensor is widely applied in biological, chemical and martial industries,
because of its high precision, fast response, high repeatability and reliability, low price,
anti-electromagnetism interference ability, light weight, easy to install, and other
unique advantages. New fiber-optic sensor is still the research focus for its unique
characteristics and applications. This thesis is focused on the application of new
sapphire fiber evanescent sensors in extraction spectral information in suspension
solution and determination of low-level water content in deuterium oxide. The coiled
fiber-optic sensors based on evanescent absorption spectroscopy have been applied to
implement for in situ monitoring of H,O concentration in deuterium oxide and
chemical information in highly scattering turbid solutions. The main results were as
follows:

1. The bulk transmitted spectra of graphite flakes and glassy carbon suspension
with various concentrations were recorded. For graphite and glassy carbon suspension,
most transmitted signals were lost due to the scattering of suspension particles. Based
on the theory of evanescent field absorption of fiber-optic sensors, the evanescent
absorbances of coiled sapphire sensors in those suspensions were calculated. The
reasons for different influence of graphite flakes and glassy carbon particles
suspension on transmitted spectra were analyzed on the basis of particles morphology,
size and transmitted depth of evanescent field wave.

2. The transmitted spectra of a coiled sapphire fiber-optic sensor in deuterium
oxide with different H,O concentration were recorded. The intensities of transmitted
signals for the samples with high H,O concentration remain the same in the exclusion
noise effect. Those results demonstrate that the coiled sapphire fiber-optic sensor
based on evanescent absorption around 2.9um is not suitable for monitoring
deuterium oxide with high H,O concentration.

3. Based on the theory of evanescent field absorption of fiber-optic sensors, the
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evanescent absorption spectra of the sensors in those solutions with different H,O
concentration were obtained and analyzed. Principal component regression method
and classical least square method were utilized to build the calibration mode and
predict the H,O concentration, the standard error of predicted H,O concentration in
deuterium oxide solution is 0.3% and 0.08%, respectively. The present investigation
demonstrates that the coiled sapphire fiber-optic sensor based on evanescent
absorption spectroscopy is a feasible online, in situ candidate in the prediction of

low-level H,O content during deuterium oxide distillation.
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