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Preface

This book is written for those people with an interest in the formulation
of plastics and elastomers, and with an interest in applying computer
programming to that technical area. This particular double interest is not that
uncommon among formulators, because the same kind of challenge and
sense of creative accomplishment that makes formulating so enjoyable also
applies to computer programming. It is my hope that this book will allow the
readers to write useful programs for their own interests, sooner, and with less
effort. The methodology presented is the result of my own trial and error
attempts over a period of years.

Computer programs, which are written to facilitate various formulating
steps, can make formulating easier, faster, better, and less expensive. This
book discusses how such programs can be written and includes actual source
code for the sample programs. The chapters of the book should be read in
the order they are presented. Concepts are explored in the earlier chapters
and are used in the later chapters without explanation.

The programming language used throughout this book is Turbo Pascal
from Borland International Company. This Pascal compiler package can be
purchased at most any software store or by calling Borland (800) 331-0877.
The price for Turbo Pascal is quite reasonable and includes manuals. The
Pascal programs in this book require Turbo Pascal Version 4.0, or higher, in
order to run. Furthermore, these programs were written using Turbo Pascal
on an IBM compatible computer. Be advised that there are some minor
differences between Turbo Pascal for the IBM and for the MacIntosh
computers. If you intend to use a Maclntosh, be prepared to modify parts of
the programs. Your compiler will indicate where problems, if any, occur in
the source code.

The programs in this book can be typed at the computer and run using
the Turbo Pascal compiler. If this is too much typing for you, a disk
containing the programs can be purchased from the Publisher, Noyes
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vi Preface

Publications. An order form is attached at the rear of the book. The author
may be contacted at Formula Research Services, 19136 Nashville St.,
Northridge, CA 91236, (818) 366-1654, for consultation on custom developed
computer programs.

Finally, if you are not familiar with programming in Pascal, this book
moves too superficially through the basics of Pascal to be a suitable tutor.
The programs will run as typed, but you may want to change them or create
your own programs. To do this, a knowledge of Pascal programming is
needed. However this skill is not too difficult to acquire. There are numerous
books on introductory Pascal. Moreover, there are several good introductory
books on Turbo Pascal, which has many additional features not found in
standard Pascal. The books, which come with the Turbo Pascal compiler, are
also helpful.

Many thanks to Rocki French for contributing her enthusiasm and
dedicated hours of reviewing, editing, formatting, and typesetting.

Northridge, California Ralph D. Hermansen
November, 1990

NOTICE

To the best of our knowledge the informa-
tion in this publication is accurate; however,
neither the Author nor the Publisher as-
sumes any responsibility for the accuracy or
completeness of, or consequences arising
from, formulations for plastics and elasto-
mers devised by the reader.
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1

The Formulation Task

This chapter will serve as a background for the remaining chapters in the
book by providing a brief review of the activity of formulating plastics and
elastomers. The process of defining the acceptable formulation in meas-
urable terms, developing the plan of attack, and completing the task are
discussed.

REQUESTS FOR NEW FORMULATIONS

It could be said that formulators fall into one of two main categories,
namely: 1) Sellers, those working for material manufacturers/suppliers, and
2) Users, those working for material users wanting proprietary systems for
captive usage. In the sellers category, the requests for new formulations
come either from potential customers, secking a special material for their
applications, or from the marketing department, requiring a new catalog
material to fill a particular niche. In the materials users category, there is
generally a new or existing product being manufactured for which a special
material is needed. Presumedly, the latter material could not be found
among the existing commercial compounds offered by the first category of
formulators.

How is this new, perhaps nonexistent, material to be described? The
design engineers, who are seeking it, can describe its required cost and
engineering properties. These may be mechanical properties such as tensile
strength, shear modulus, or Poisson’s ratio. There may be electrical
properties such as dielectric strength, dissipation factor, or volume resistivity.
The property requirements may be specified over a certain temperature
range. The manufacturing engineers will add to the requirements list. For
example, they can describe the processing requirements for the material
consistent with the available manufacturing equipment and conditions.

1



2 Formulating Plastics and Elastomers by Computer

Processing properties may include green strength, homogeneity, viscosity,
rheology, work life, curing rates, etc. The combination of design and
manufacturing requirements defines the properties of the acceptable new
material.

DETERMINING REQUIREMENTS

The formulator presumably has the skills and knowledge to select and
combine ingredients in such a manner that the final formulated product will
satisfy the specified property requirements. However getting an accurate and
complete list of the desired properties is a necessary and important step
which must be done before the formulating activity can begin. This means
that the desired material properties must be expressed in terms of
quantitative, measurable requirements.

With seasoned professionals involved, you may find that the requested
material characteristics are in this form already and need no further
modification. However, it is more frequently true that the requestor is not
that conversant with the formulator’s task and will describe some of the
material requirements in vague or qualitative terms. This kind of requestor
is more likely to think in terms of the functioning of the assembled product
rather than in terms of standard material properties. The formulator usually
has to translate these requirements into properties that can be tested in the
laboratory. Additional specific requirements are added to the list based upon
the assumed behavior of classes of materials (e.g., reasonable shelf life, work
life, non-toxicity, etc.).

SELECTING TEST METHODS

Whenever it is possible, the formulator will select standard test methods
over special test methods to determine the properties of candidate
formulations. For one example of standard test methods, ASTM methods
are commonly used in industry to test the properties of plastics, elastomers,
and other materials. The advantages of using such standard tests include:
lower setup costs, lower testing costs, a standard language to discuss
properties by phone or mail, and available databases of complying materials.
On the other hand, if the available standard tests are too remote from the
application requirement, it is advantageous to develop a special test to be
able to properly assess the needed property. The special test may simply be a
modification of a standard test, or it may be a radically new test procedure.
In the latter case, the reliability of the test data usually needs to be
established. Remember that these requirements may be formalized into a



