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PREFACE

This book is an outgrowth of my introduction to the world of industrial
chemistry by being assigned to develop on-line process analyzers in a large
industrial chemical plant. Analytical chemistry is the primary intrinsic charac-
teristic of process analyzer development. However, electrical engineering, chemi-
cal engineering, process control engineering, and broad knowledge of practical
manufacturing plant operations are also vital to the successful design, engin-
eering, operation, and maintenance of process analyzers. Because of the cross-
disciplinary nature of process analyzer work, I saw the need for a short, practical
introduction to process analyzers for reference by workers in process analyzer
manufacturing, engineering, installation, use, and maintenance.

Furthermore, I encourage the use of this text in the academic environment so
that students entering industry might be better prepared for the work which
awaits them. The text is also intended to be suitable for in-house or institutional
continuing education courses for individuals who already have worked with
process analyzers. The text is written at the college level so that individuals who
have completed basic chemistry and physics and some intermediate chemistry
will feel comfortable with the material.

The text is organized into four distinct parts: I, Fundamental Instrumental
Methods; II, Derived Instrumental Methods; III, Sample Systems; and IV,
Process Analyzer Project Management. Part I includes explanations of the six
analytical methods that account for most process analyzer applications in the
chemical and related manufacturing industries. Part II covers derived analytical
methods that are likely to be encountered in many manufacturing industries.
Part III describes process analyzer sample systems because, from a practical
standpoint, most of the effort in process analyzer applications engineering
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involves obtaining a sample suitable for the analyzer. Part IV is a discussion on
project management for practical process analyzer design, engineering, and
maintenance.

Each chapter in Part I includes a section on theory. However, this theory is
only intended to explain the basic physical principles that apply to the method
under discussion. The theory sections are not intended as descriptions of
academic research; to have included academic research material would have
detracted from the purpose of the book. Ratbher, the applications sections of the
chapters reflect the intention of the book as an aid to process analyzer manufac-
turers and users.

Each chapter can be read independently of the others, depending upon the
reader’s background and objective. For example, an engineer or chemist who is
faced with designing a gas chromatograph installation for air monitoring can
read only the gas chromatography and air monitoring chapters and carefully
scan the sample system chapter and the project management chapter for topics
relevant only to the job at hand. On the other hand, an instrument/analyzer
engineer may wish to read the entire text thoroughly in order to gain a broad
understanding of the equipment available for the solution of chemical analysis
problems. Process analyzer manufacturers should find the applications parts of
each chapter helpful in understanding the market and the sample systems and
project management chapters helpful in recognizing problems that process
analyzer users face daily.

Some process analyzer designs have been excluded. Those that are not
covered include X-ray fluorescence, color, Btu, and flash-point analyzers. This is
not a reflection upon the manufacturers and users of these analyzers. Rather, it is
a reflection of the limited uses of these analyzers and the need to put a practical
limit on the scope of the book. On the other hand, process mass spectrometers
were included because I feel that this is an underused process analytical method.

Lastly, I sincerely hope that this book will stimulate interest in and use of
process analyzers as economical, money-saving process control instruments. I
encourage readers to get in touch with me with comments, kudos, criticism, and
questions.

Gary D. NicHoLs

Geismar, Louisiana
March 1988
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PHOTOMETRIC ANALYZERS

INTRODUCTION

Photometry is the quantitative measurement of the concentration of a substance
based upon the property of the substance for absorbing electromagnetic radi-
ation and the existence of a method for measuring the quantity of radiation
absorbed. This broad definition of photometry could benefit from elaboration
and clarification, but the definition is sufficient for explaining the use of
photometry in process analysis. The “substance” to which the definition refers is
the chemical process stream, including the stream component of particular
interest in the process analysis and the chemical medium, whether desirable or
undesirable, in which the component of interest is carried. This definition
includes, but is not restricted to, visible light. The range of the electromagnetic
spectrum of primary concern in this chapter begins with the far infrared region
of the spectrum at about 25 wavenumbers (400 um) and extends into the
ultraviolet region at about 200 nm (0.2 um).

Photometric analysis is possible because those substances that absorb elec-
tromagnetic radiation do so in proportion to the number of absorbing chemical
species present. This phenomenon is commonly expressed mathematically as the
Beer-Lambert law:

A = ebc (1)
where A is the absorbance, ¢ is the molar absorptivity, b is the thickness of the

light-absorbing medium, and c is the concentration of the absorbing species in
the medium.



