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Preface

As always, the aim of this book is to present an up-to-date
account of the many facets of as broad a cross section of
the chemical process industry as is reasonable in a single
volume of this size. Since the last edition, which was
published in 1974, the industry has continued to demon-
strate that is is still in a period of dynamic change and that
-while some segments are more mature than others, none
can be described as static. Indeed, developments in some
areas of the industry can only be described as revolutionary
and exciting. This edition brings together the contributions
of thirty-four experts from industry, academe, and govern-
ment. Many of these are probably known to the reader for
their numerous contributions to scholarly literature.
Through their excellent work, contents of the chapters
from the previous edition have at the least been updated
and revised. Several of the chapters, which now have new
authors, have been completely redone, using new approaches
and different perspectives.

The contributors have ‘done an outstanding job, and
credit for the quality of the individual chapters goes to
them. Errors of omission or duplication, and shortcomings
in organization of the material are mine.

Grateful acknowledgment is made to the editors of
technical magazines and publishing houses for permission to
reproduce illustrations and other material and to the many
industrial concerns which contributed drawings and photo-
graphs.

Comments and criticism by readers will be welcome.

JAMEsS A. KENT
Birmingham, Michigan
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Economic Aspects of the
Chemical Industry

F. E. Bailey, Jr.*

Within the formal departments of science at the
traditional university, chemistry has grown
to have a unique status because of its close
correspondence with an' industry, the chemical
industry, and a branch of engineering - chemical
engineering. ' There is no biology industry,
though drugs, pharmaceuticals, and agriculture
are closely related disciplines. While there is no
physics industry, there are the power genera-
tion and electronics industries. But, connected
with chemistry, there is an industry. This
unusual correspondence probably came about
because in chemistry one makes things—chem-
icals—and the science and the use of chemicals
more or less grew up together durmg the past
century.

Since there is a chemical mdustry, which
serves a major part’ of all industrialized eco-
nomies, providing in the end synthétic drugs,
fertilizers, clothing, building materials, paints,
elastomers, etc., there is also a subject, “‘chem-
ical economics,” ‘and it is this’ subject, the
economics of the chemical industry, which is
the concern of this chapter.

*Union Carbide Corporation, South Charleston, West
Virginia 25303.

DEFINITION OF THE CHEMICAL
INDUSTRY

Early in this century, the chemical industry was
considered to have two parts: the manufacture
of inorganic chemicals and the manufacture of
organic chemicals. Today, the Standard Indus-
trial Classification (SIC Index) of the United
States Bureau of the Census defines “Chemical
and . Allied Products” as comprising three
general classes of products: “(1) basic chem-
icals such as acids, alkalis, salts, and organic
chemicals; (2) chemicals to be used in further
manufacture such as synthetic fibers, plastics
materials, dry colors, and pigments; and (3)
finished chemical products to be used for
ultimate consumption as drugs, cosmetics, and
soaps, or to be used as materials or supplies in
other industries such as paints, fertilizers, and
explosives.”!  An even broader description
that is often considered is “chemical process
industries,” major segments of which include:
chemical and allied products and petrochem-
icals; paper and pulp; petroleum refining;
rubber and plastics; and stone, clay and glass
products. g
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THE PLACE OF THE CHEMICAL INDUSTRY
IN THE ECONOMY

The total .value of manufacturer’s sales and
shipments in the .United States in 1979 was
about $1.7 trillion. In comparison with this
total, the value of sales and shipments of the
chemical and allied products’ industry was
about §$149 billion. For perspective, these
chemical sales were equal to 60 percent of the
total value of food and food products and
about two-and-a-half times that of paper prod-
uct shipments and sales and about the same

sales value as that of all primary metals. In

Table 1.1, these chemical sales to selected
markets are indicated for 1971'. It is inter-
esting to .note that “Chemicals and Allied
Products” is the industry’s own. best customer,
reflecting the sale of reactive chemical inter-
mediates used in the manufacture of more
complex chemical products.

To further gauge the place of chemlcals
in the economy of the United States, com-
parisons_in growth can de made with the
gross national product’ (GNP). . The gross
national product, an index of the size of the
economy, is the sum for any one year of a
nation’s output in terms of expenditures for
goods and services by consumers, government,
business, and foreign interests; that is, it is the
total of personal consumption, government pur-
chases, gross private domestic investment, and
net export of goods and services. For 1979, the
gross national product of the United States was
over two-and-a-quarter - trillion dollars (Fig.
1.1). In terms of current dollars (reflecting
both real growth and inflation) the United
States’ GNP doubled between 1950 and 1960
($286 billion to $506 billion) and essentially

TABLE 1.1 Chemical Industry Sales to
Selected Markets in the United States, 1971

Market Percent of Sales _
Chemlcal and Allied Px;oducts 46% |
Textile Mill Products g 16
(Including apparel industry) Vi3

Rubber and Plastic Products 11
Food and Farming 6

« Paper and Allied Products 4
Petroleum Industry 3

400 1200 1600 2000 2400

800.
BILLIONS OF DOLLARS

Fig. 1.1. The gross national product (GNP) of the
United States in current dollars for the years 1950~
1979.

doubled again by 1970 ($982 billion). These
figures indicate average growth rates for the
GNP of about 7.2 percent per year of which
about four percent represents real growth in
output of goods and services and the remainder,
inflation factors.

In these terms, the chemical and allied -
products industry kept pace with the general
economy. Sales in 1950 amounted to about
$15.4 billion and in 1960, $26.3 billion. In
1970, sales amounted to about $50 billion -
essentially doubling in dollar value each decade,
producing an industry annual growth rate of
7-8 percent per year.

In the decade of the 1970’s, howevet, inflation
became an enormous factor in the economy. In
1979, the GNP of the United:States in current
dollars was $2369 billion. While a number of
factors have been identified as the basis for in-
flation, the principal factors in the chemical
industry have been the cost of energy ‘(power
and heat) and the cost of raw materials (petro-
leum and natural gas). It is instructive, then, to
put the GNP in terms of constant dollars, so as
to be an index of the “volume” of goods and
services produced. In Figure 1.2, the GNP is
expressed in terms of 1972 dollars in which
case the GNP in ¥970 is $1075.3 billion and in
1979, $1431.6 billion. In terms of either of
these indices, GNP in current or constant
dollars, the chemical industry grew in the
1970’s at a’pace faster than that of the overall
economy. Chemical and allied products sales
in 1979 in current dollars were about $149
billion (Figure 1.3). H
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Fig. 1.2 The gross national product (GNP) of the
United States for the years 1950-1979 in constant
" dollars (1972). 3
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" These average growth rates for an entire indus-
try cover a broad spectrum of rates-of growth
fot various product classes. The historic growth
of chemicals has been characterized by rapid
development of new products which in time
achieve the status of high volume, bulk- -ship-
ment products having an established place in
the economy with correspondingly slower over-
all growth. . Meanwhile, new materials are intro-
duced which grow at a more rapid rate. The
net result is an industry growing with the
economy and an aggregate growth somewhat
faster than GNP.

A spectrum of the chemical indust‘ry is
examined in more detail in Table 1.2. The in-
dustry growth rate in the 1970’s in value added
was about 12 percent per year. The highest
growth rates in value added tend to be in high
technology areas with new products (Table
1.2). Agricultural chemicals is an area of both
increased demand and high technology, reflect-
ing the leadership of the United States in agri-
cultural technology and production. On the

“Yoeo [EmTen

TABLE 1.2 1972-1977 Growth Rates in

- Value Added in the United States for Selected

Parts of the Chemical Process Industries

Agricultural Chemicals 24.0%/year
Surface Active Agents 17.9
Plastics Materials 12
Adhesives and Sealants 148"
Industrial Gases 12.4
Toilet Preparations 12,2
Chemical and Allled Products 12.0
Paints 11.8
Pharmaceutical Preparations 8.9
(Human and veterinary)* ’

Organic, Non-cellulosic fibers 8.0
Soaps and other Detergents 7.8
Cellulosic Fibers 6.7
Synthetic Rubber 32

other hand, synthetic rubber in the 1970’ ex-
perienced a relatively low growth rate, reflect-

' ing the importance of the automobile tire

(decline in sales growth) in this market as well
as rapid inflation in raw material costs,

While growth in total dollar volume of the
chemicals produced has kept pace or exceeded
the growth of the total United States’ economy,
the actual production of chemicals has grown
even faster. In terms of physical volume—the
tons produced annually—the chemical process
industries have grown faster than the indus-
trial average represented by the Federal Re-
serve Board index of industrial production

(1967 = 100). (Fig. 1-4.) Relative to 1967, the

industrial production index in 1979 was 152.1,
while that for chemical and allied products was
210.4 and plastic products was 270.5. These
industry indices cover a broad spectrum of prod-
uct classes (Table 1.3), ranging in growth from
the huge increases in plastics, syrlthetic fibers,

L
80

Fig. 1.3. Chemical and allied product sales in the United States for the years 1950-1979.



4 RIEGEL’S HANDBOOK OF INDUSTRIAL CHEMISTRY

INDUSTRIAL
PRODUCTION

b MLALS AND

|
l

¥ O temtarafl 5 T —
: |

‘.!, o } .
g l %

100 b

200 2
PRODUCTION INDEX

Fig. 1.4. United States Federal Reserve production indices for 1979 for mdustnal producuon chemical and

allied products and plastics products (1967 = 100).

and agricultural chemicals to the modest
growth in elastomers and paints.

If the amount in tons produced by the chem-
ical industry has grown faster than average
industrial production, while the total dollar
sales have grown at a rate closer to that of the
economy, the relative ‘unit price of chemical
products might be expected to have been less

subject to inflation. In Table 1.4, the producer

price indices in the United States for a number
of industries are given for 1978 relative to
1967. Relative to the economy, the price
indices for chemicals products have held about
even, reflecting primarily increases in raw
material costs. The two most disruptive factors

TABLE 1.3 Production Indices for Selected
Parts of the Chemical Process Industries

(1967 = 100)
All Basic Basic
Year Chemicals Inorganics Organics
~1969 118 98 125
1972 144 107. 155
1976 171 124 190
19795 210 134 =233
Synthetic Synthetic Plastics
Year Fibers Elastomers Materials
1969 140 118 © 149
1972 -189 127 217
1976 214 119 280
1979 21 131 416
Soaps and Agricultural
Year Toiletries Paints Chemicals
1969 111 112 106
1972 130 118 - 109
1976 143 123 185
1979 172 126 222

in the economy of the United States in the
1970’s, the cost of energy and the cost of
petroleum and natural gas, have been offset in
the chemical industry to a considerable degree
through chemical process improvements and
energy conservation. The chemical industry
actually consumed three percent less total
energy in operations in 1978 than in 19722
(Fig. 1.5.)

CHARACTERISTICS OF THE CHEMICAL'
INDUSTRY

Investment Trends

The chemical industry tends to be a high invest-
ment business. Capital spending by the chem-
ical and allied products industry in the United
States has been a sizable percentage of that
spent for all manufacturing, some ten percent
(Table 1.5). The amount spent for all chem-
ical process industries has been, of course, ¢wen
larger. For perspective, annual expenditures for
new plant and equipment in the United States
for chemical and allied products industry in
recent years has averaged about two-and-one-

TABLE 1.4 Producer Price Indices—United
States, 1978 (1967 = 100) ;

Refined Petroleum Products 321
Lumber and Wood Products 276
- Metal and Metal Products - 227
Industrial Chemicals 226
Plastic Resins and Materials 200
Agricultural Chemicals 198
Textile Products and Apparel 160
Drugs and Pharmaceuticals 148
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Fig. 1.5. Sources of energy used in cheniical industry
in the United States in 1978 as a percent of the total
used by the industry. :

half times that for iron and steel and about half
of the invested in the petroleum industry. For
the past decade a significant part of these
capital investments have been made in pollution
contro] projects.

Much of the capital investment in the chem-
ical industry is spent for facilities to produce
major chemicals (Table 1.6)-in truly enormous
- quantities. ‘The volume produced has been
reflected in the size of plants being built to
_‘achieve the required economies of scale. That
such economies are achieved is seen in the more
modest increases in the chemical producers’
price indices relative to the inflation levels.in
the general economy. (Economy of scale refers

to the relative cost of building a larger plant. A : )
- pounds -of coproducts.

rule of thumb is that the relative cost of build-
ing a smaller or a larger plant is the ratio of the

-productivities of the two plants being ‘con- -
In" ether-

sidered, raised to the 0.6 power.
words, the unit cost of producmg a chemical

TABLE 15 Capital Spending by Industries in .

the United States (Billion of Dollars), 1979
180

All United States Corporations

All Manufacturing i 80
Chemical Process lndustnes 30
Chemical and Allied Products g8 -
Industrial Chemicals ; 6.5

Capital Spending by Industries in the United-
States on Pollution Control Projects (Billions
of Dollars), 1979

All Mnnufacturing 4.0
Chgmical Process Industries 23
Chemical and Allied Products s

v

TABLE 1.6 Production of Selected Chemicals.
and Plastics in the United States, 1979

(Billions of Pounds)

Organic Chemicals Billion Pounds
Ethylene 29.2
Propylene 14.3
Styrene (monomer) 1.5
Phenol (synthetic) 3.0

Inorganic Chemicals
Chlorine 24.2
Ammonia 36.2
Sulfuric Acid 84.0.
Plastics
Low density polyethylene . 8.8
High density polyethylene 5.0
Polypropylene 3.8
Polystyrene (all types) 6.2
Poly (vinyl chloride) 6.1
Phenolics 1.8
Synthetic Rubber 2

: & _
decreases markedly as the size of the plant pro-
ducing it is increased, providing that the plant
can be operated near capacity.)

Today, a typical base petrochemicals plant

will consume the equivalent of 30,000 barrels -

per day of naphtha to produce about one billion
pounds of ethylene a year, plus 2.5 billien
To be economically
feasible, for example; vinyl chloride and styrene
monomer plants must be scaled in the billion.
pound-a-year range.

- Along w1th these very large plants and the

. - associated enormous mvestment most of the

chemical industry ‘is, charactenzed by high
investment versus. low labor components in cost
of manufacture. The National Industrial

" Conference Board statistics list the chemical in-

dustry as one of the highest in terms of capital
investment per production worker. The invest-

ment per worker in a base petrochemicals

olefins plant may well exceed a quarter of a
million dolldrs. Once again, however, such an

3 index covers a spectrum-of operations, and for

a profitable chemical specmltles manufacturer ;
the investment may be of the order of 25,000
dollars per worker. Employment in selected
parts of the chemical industry is given in Table
875 :
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TABLE 1.7 Employment in Selected Parts of
the Chemical Industry in 1979

Thousands of
Chemical Industry Workers

Chemical and Allied Products 1100
Plastics Materials 220
Drugs 190
Inorganic Chemicals 170
Organic Chemicals 170
Petroleum Products 200
770

Rubber and Plastic Products

Commercial Development and Competition
Factors 2

In an earlier period in the development of the
- chemical industry, chemical companies were
generally production oriented, exploiting a pro-
cess to produce a chemical and then selling it
into rapidly expanding markets. Plant sizes and
investments required to participate were small
fractions of those of today. Raw materials
were often purchased to produce chemical
intermediates for sale. Smaller plants operating
in smaller manufacturing complexes did not
present the obvious problems of environmental

pollution about which we have become more.

aware during the past decade. A new invest-
ment in chemical production today includes a
significant proportion to abate and control
environmental intrusion.

_As the industry has grown, there has been a
strong tendency toward integration both for-
ward and . back. Petroleum producers have
found opportunities based on their raw materials
position to move into chemical manufacturing.
Chemical companies, on the other hand, have
moved to assure their access to low-cost raw
materials.  Similarly, producers of plastic
materials have moved forward to produce fabri-
cated products, such as films, fibers, and con-
sumer items, while fabricators have installed
equipment to handle and formulate the plastic
materials in order to provide a supply at the
lowest possible cost.

With ever higher investment and increasing
cross-industry competition, increasingly greater
sophistication has been required of marketing
analysis and selection of investment. The
enormity of the investment required today to
participate successfully does not permit multiple

approaches for the private investor. Conse-
quently, a high degree of market orientation
tends to-predominate the chemical industry, as
well as increasingly targeted research and devel-
opment programs. :

Technological Orientation

The chemical industry is a high technology in-
dustry, albeit now more marketing oriented and
competitive than in its earlier period of devel-
opment. This orientation is seen in the number
of scientists and engineers employed in Research
and Development relative to other industries
(Table 1.8). In general, the chemical industry
is among the largest employers of scientists and
engineers, and it invests a sizable percentage of
the total United States business investment in
R&D (Table 1.9). :

The contemporary scientist and engineer
engaged in research and development in . the
chemical industry represents individually a high
investment occupation. Since the mid-1950’,
chemistry has become increasingly an instru-
mental science. The instruments now routinely -
used are both highly sophisticated and costly.
A major research project would not be under-
taken without access to a variety of spectro-
photometers, spectrometers, and chromato-
graphs, as well as the needed physical chemical

‘instruments for structure determinations and

reaction kinetics. Pilot plants are highly auto-

mated and instrumented. Both the basic re-

searcher and pilot plant engineer require access
to computer facilities. In 1978, the average
cost to maintain an operating R&D scientist
or -engineer in the chemical industry was
$74,000 per year. Impressive as these statistics
may be in représenting the business investment
in chemicals R&D in the United States, R&D

TABLE 1.8 Scientists and Engineers in
Research and Development in the United
States, 1979 (Thousands)

Aircraft and Missiles : 86
Electrical Equipment and Communications ' 490
Machinery i 64
Chemical and AHied Products - - 52
Motor Vehicles and other Transportation 34
Petroleum Refining o 1
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TABLE 1.9 United States’ Business
Investment in Research and Development, 1979

Billions of Dollars
All Business 377
Chemical and Allied Products 4.1
Industrial Chemicals 2l >

spending in the chemicals industry as a percent
of sales has declined from about four percent in
1970 to about 2.5 percent in 1980 (Fig. 1.6).
This decline has become -a concern in that
reinvestment in R&D, particularly in West
Germany and Japan, has remained at a higher
level as measured by this index.

Obsolescence and Dependence oh Research

The high technology level that characterizes the
chemical industry, and which is reflected in
heavy investments in R&D, generally concerns
discovery and development of new products
and improvement in the manufacture of known
products. The first area is the more conspic-
uous: the pharmaceutical for a specific disease;
the narrow spectrum, transient pesticide; the
new, super-performance, composite system for
an internal combustion engine; or the new
composite sails on the 1980 entries in the
America’s Cup races. The second area, how-
ever, makes viable the circumstances outlined

1970 Nwl,. WWL ......

1971 m@m

1972 m R RRIID

1973 mw]wvwm

1974 REEEERCRRCRRRR | 2

1979 SRR, ToTeTaze

1976 X X

Ll RRRERER)
Tioire EETIIN IR
‘ 1979 BRI { 5 |

1-0 : 20 30 40

PERCENT OF TOTAL _SAL.ES
‘Fig. 1.6. ‘R and D spending by the 14 largest chemical
companies in the United States as a percent of total
sales for the years 1970-1979.

earlier under which increasing investments can
be made to produce larger quantities of ma-
terials. The development of a new, lower cost
process for a commercial product can permit
development of a profitable opportunity, or
spell disaster for a company with existing in-
vestment in a now obsolete plant. Major reduc-
tions in manufacturing cost can be achieved, for
example, by reducing the number of reaction
steps required, changing to a lower cost or more
available. raw material, or eliminating coprod-
ucts or costly separations. The ability of a
process scheme to contain or avoid a pollutant
can be a deciding factor in continuance of a
mz'mufacturing operation. Examples of the
above factors will make clear the economic
consequences. ) e

Acetic acid production in the United States
has increased eightfold in the last 30 years.
From the 1930, acetic acid was produced by a
three-step synthesis from ethylene: acid hydrol-
ysis to ethanol, then catalytic dehydrogenation
to acetaldehyde, then direct liquid-phase’ oxida-
tion to acetic acid and acetic anhydride as co-
products.

H, SO
CH=CH, ———2 CoH.OHr~——»
H,0 Cu/Cr

0
// b
CH,C 0
o /
CH3 CHO — 0O+ CH3C
Co L
(lia) CH3C\ OH
o)

In the 40’s, a major process change was intro-
duced—direct oxidation of butane to acetic acid
and coproducts (such as methylethylketone).

a. /
C4 HIO —y CH3C\
OH

1 Cﬂg—ﬁ—C2 HS

+ etc.

Fewer steps in synthesis were reflected in lower
cost and investment. In 1969, another advance
was announced. synthesis of acetic acid from
methanol and carbon monoxide with essentially
no coproducts®# .
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i .

4 MR |
CH;0H + CO E’ CH;,C\
"OH

Lack of coproducts reduces costs and invest-
ment in distillation and other separations sys-
tems, very attractive process features in an
industry where the principally accepted mea-
sure of business quality is return on investment .

‘Acetic anhydride is needed as a process inter-
mediate in acetylations. To obtain acetic anhy-

dride from acetic acid, acetic acid is first.

pyrolized to ketene which then reacts with
recovered acetic to yield the anhydride.

A |
CH3C</ = CH,=C=0

OH

0

P odels o
CH=C=0+CH,¢] —
NOH  CH,C

N

In 1980, the Tennessee Eastman unit of
Eastman Kodak announced that it would begin
. construction of a plant to make acetic anhy-
dride from coal®*®. This decision reflected the
changing of the raw materials base of much of
the chemical industry due to such factors as
the rising cost of natural gas and of petroleum
and the large coal reserves of the United States.

In the new process, Eastman will make syn-
thesis gas (carbon monoxide and hydrogen)
from. coal and then from synthesis gas, meth-
anol. Up to now, methanol has been chiefly
produced from natural_gas methane.

CO +2H, — CH;0H
Methanol can then react with acetic acid to
make methyl acetate
(0]
/O ' il
C = e CH3-O—C—CH3
OH

CH;0H + CH,

" Acetic anhydride- is then obtained from the
catalytic carbonylation of methyl acetate with_

carbon monoxide*

0

» v

CH;—C

N\

0y
CHg_O'_A_CHJ +CO —>
 CH,—C

R

J

(0)

The attractiveness of this process is twofold:
(1) the raw materials base of synthesis gas from

~ coal and (2) the avoidance of the energy con-

suming manufacture of ketene by pyrolyzing
acetic acid. .

The increase in the production of vinyl
chloride, the principal monomer for poly(vinyl
chloride) plastics, which are used in vinyl
flooring, phonograph records, shower curtains,
rain coats, car seat upholstery, house siding,
pipe, and so on, is even more spectacular.
Production in the United States has fncreased
from 250 million pounds in 1950 (when it was
declared by many industry .economic fore-
casters to be a mature chemical commodity) to
over one billion pounds in 1960, to about 3.5
billion pounds in 1970, and to over seven
billion pounds in 1980.

During the early development period of vinyl
resins- in the 1930’s, vinyl chloride was pro-
duced via catalytic addition of hydrogen chlor-
ide to acetylene. :

CH==CH + HCl —— CH,=CHCl]
HgCl

Later, a so-called “balanced” process was intro-
duced in which, by addition of chlorine to
ethylene, ethylene dichloride was produced.
Ethylene dichloride could then be cracked to
vinyl chloride and HCI, with the hydrogen
chloride recycled to produce vinyl chloride
from acetylene

*CH,=CH, + Cl; —> CH, CI—CH, Cl

g CH, =CHCI + HCl.

At this point, vinyl chloride was being pro-
duced from chlorine, acetylene, and ethylene.
More recently, catalytic- oxychlorination has’
been developed in which vinyl chloride is pro-
duced from ethylene and hydrogen chloride.”

CH3=CH, + HCI [—Cou_’, CH,=CHCI + H,0

The hydrogen chloride can be ‘obtained via
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cracking of ethylene dichloride. The oxychlor-
ination process freed vinyl chloride from the

economics of the more costly raw material, -

acetylene (Deliberate acetylene manufacture is
energy intensive. Less expensive byproduct
acetylene from gas cracking has not been avail-
able in sufficient supply for the ‘large, near
- billion pound-per-year vinyl chloride units).
During the long period of development of
poly(vinyl chloride) into one of the major
plastics materials, several basic processes for
‘making PVC evolved. In all of these processes,
vinyl chloride was handled as a liquid under
pressure.  Otler than the relative ease with
which vinyl chloride could be polymerized by
free radical initiators, the monomer, " vinyl
chloride, was regarded as an innocuous, rela-
tively inert chemical. A number of producers
of PVC resins were caught by total surprise in
‘the 1970’s when it was found that long-term
(20 years) exposure to vinyl chloride monomer
could cause rare forms of tumors® . :
During the 1960’s, vinyl chloride sold in the
United States for five to six cents per pound.

In the presence of traces of air. (oxygen), vinyl .

chloride could form low concentrations of per-

- oxide which could collect in-compressors and -

on occasion decompose to blow out compressor
seals. Rather than recover and compress the in-
expensive monomer for recycle from stripping
and drying operations at. the end of the polym-
erization process, some manufacturers vented
it to the atmosphere. After discovery that vinyl
chloride was a carcinogen, ventif\g was not
permissible. Containment and recovery were
mandatory. Some older. processes and manu-
facturing facilities could not be economically
modified to incorporate monomer contain-
ment, so operations were discontinued. This
case is but one example of the impact of the
need for environmental controls on manu-
facturing processes and operations.

Propylene oxide is another basic chemical,
used in manufacturing intermediates for ure-
thane foams (used in cushioning and insulation)
and brake and hydraulic fluids. The volume of
" propylene oxide produced has increased from
310 million pounds in 1960 to two-and-a-
quarter billion pounds in 1979. The classical
industrial synthesis has been the reaction of

chlorine with propylene to produce the chloro-

“hydrin followed by dehydrochlcrination with

caustic to produce the epoxide, propylene
oxide, plus salt. In this case, both the chloripe
and the caustic used to effect this synthesis
are discarded as a valueless salt byproduct.

CH;CH=CH2 +Cl, + H,0—
OH

' ,
CH;CHCH, Cl
- OH
I - < o
- Caustic

A more economic process has been commer-
cialized. In one version, a hydroperoxide is
produced by catalytic air oxidation of a hydro-
carbon such as ethylbenzene. Reaction of this
hydroperoxide with propylene yields propylene
oxide plus a coproduct. This peroxidation can
be carried out with other agents to give ‘dif-
ferent coproducts such as t-butanol or benzoic
acid 219

o]
Orem b

'C2 H4 OOH

»@—C,H.OQH+CH30H=cH,'——+ »

0
VAR
CH;CH—CH, + QC,H,.OH

When the economics are balanced, a significant
cost reduction is achieved by eliminating the
coproduct, salt, which is of low value and pre-
sents a disposal problem. Further, a process
can be designed to produce a coproduct which
can be used or sold as a chemical intermediate.
If a company is in the business of making and
selling products such as acetic acid, vinyl chlor-
ide, propylene oxide, or other chemicals and,

has plans to stay in business and to expand its’

facilities to serve growing markets, it must -

have at least economically- competitive pro-
cesses. Today, this means being competitive

with new processes in the United States;

Western Europe, Japan, and the Soviet Union—
for the chemical industry is a world-wide indus-

A\
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try. Further, the processes which are operative
must be environmentally compatible—all toxic
or carcinogenic by-products or waste must be
contained and disposed of harmlessly. Even a
relatively innocuous by-product such as salt
must be disposed of so as not to intrude on the
environment. ;

The profound effect of
cerns on the manufacture of a chemical is re-
flected in the history of aerosol pressurized
products. These products are familiar to the
consumer as the aerosol spray can containing
hair spray, deodorant, desert cream topping, or
insect spray (Table 1.10). The market for these
products grew enormously -in the 1960’s, with
rapid consumer acceptance of these conven-
ience, packaged products' 2.

The aerosol spray product is a pressurized
" formulation with a propellant gas. During the
rapid growth of these products, the major
propellant gases were chlorofluorocarbons.
Then in 1973, uncontrolled release of chloro-
fluorocarbons into the atmosphere was linked
to possible depletion of the ozone layer in the
Earth’s atmosphere. Since stratospheric ozone
provides - significant protection at the Earth’s
surface from ultraviolet radiation from the Sun,
depletion of the ozone layer could be forecast
to lead to skin cancers, reduced seafood and
grain crops,and alteration of the carbon dioxide
level in the atmosphere.

‘The most easily controlled source of chloro-
fluorocarbon discharge into the environment—

aerosol propellants—was removed from the.

marketplace. These products have been re-

moved from the marketplace and replaced by -

formulations in which the propellant gas is

TABLE 1.10 Aerosol, Pressurized Product
Sales in the United States in 1978

Use Percent of Sales
Personal Products and Toiletries 33%
Household Products 28
Coatings and Finishes 14
Automotive d
Food Products 6
Insect Sprays 6
Industrialized Products b
Animal Products 3
Miscellaneous 0.5

environmental con-

3.0

BILLION

units 20

Fig. 1.7. Billion units of aerosol-pressurized products
sold in the United States for the years 1972-1978.
The year 1973 marked the announcement of the
potential effect of chlorofluorocarbons on the strato-
spheric ozone layer.

hydrocarbon or carbon dioxide. The con-
sumers, however, have registered their concern
by switching away altogether from aerosol
products. This consumer concern was noted in
the rapid decline is sales of these products from
1973 until 1977 (Fig. 1.7). Since then, con-
sumers have begun to return to the convenience
products as an understanding of the new propel-
lant systems has been accepted. Meanwhile,
one of the fastest growing chemical product
markets of the 1960s, the fluorocarbon propel-
lant gases, has abruptly ended. However,
typical of such situations in the chemical indus-
try, replacement systems have been rapidly
developed. :

WORLD-WIDE CHEMICAL INDUSTRY

The major chemical producers in the United
States have developed very significant overseas
business through trade and investment (Table
1.11). In. companies such as DuPont, Union
Carbide, and Monsanto, foreign -assets and sales
amount  to about 25 to 30 percent of total
business, while Dow-Chemical derives an even
higher proportion from overseas investment? .
The major chemical companies truly do busi-
ness on a world-wide basis, as with the estab-
lished and familiar pattern in the petroleum
industry. As United States producers have

. expanded abroad, competitors based in the

large economies of Western Europe and Japan
have developed comparably in size with those
in the United States. These chemical com-
panies compete .in exports to developing areas
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TABLE 1.11 1979 Overseas Busineu of United States Chemical

Producers
Foreign Assets ai a : Foreign Sales as a
. Producer Percent of Total Assets Percent of Total Sales
DuPont 26.0% © 31.7%
' Dow. Chemical 52.6 © 50.5 h ]

Union Carbide . 286 30.3

Monsanto 30.7 33.1

Celanese 19.9 21.1

W. R. Grace . 23.1 29,9

Allied Chemical 1358 25.5

and in United States domestlc markets by

both trade and investment.

For the overall economy of the United States,
the United States chemical exports are a very
. important factor. This importance is empha-
sized if the United States balance of trade is

examined (Table 1. 12). In 1969, the United -
‘States enjoyed a favorable balance of trade of

over one billion dollars. If just the balance of
trade in chemical products were counted,’ the

1969 “chemical balance of trade” was over two

billion dollars. At that time the preponderance
of chemical trade was with Western Europe.

In the decade fiom 1969 to 1979, the dollar
‘value of United States trade has increased five-
fold; however, principally due to oil imports
. and a fifteenfold increase in the price of im-

‘ported oil, the Umted States’ trade balance in

/

1975
1976
1977

1978

1979

0. 5
BlLL!ONS OF DOLLARS

10 15 20
Fig. 1.8. The total chemical expom from the United

~ States in billions of dolhrs for the years 1975-1979.

TABLE] 12 United SumhhnceoandeandMajorChemml

Tradmg Areas (Millions of Dollars)
: 1979 1969
. Total Chemical Exports : $17,306 $3,383
- Total Chemical Imports © . 1,485 11232
* Chemical Trade Balance ® +9,821 42,151
All Export Trade $181,639 $37,314
All Import Trade 206,327 36,052
Official Balance of Trade 24,688 R
Chemical Trade - Exports to (1979) Imports from (1979)
" Western Europe $5,585 $3,449
Canada 1,991 2,362
Japan 1,652 616
. Latin America 3,814 405
All Other Areas 4,264 653
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TABLE 1.13 World’s Largest Chemical Companies

Company Country
Hoechst Germany
Bayer Germany
BASF ‘Germany
DuPont United States -
ICI United Kingdom
Dow Chemical United States
Union Carbide United States
Montedison Group Italy
Rhone-Poulenc France
Monsanto United States
Exxon (Chemical Sales Only) United States
Celanese s United States

Total Sales
J Millions of Dollars in

1969 1979
$2,550 $15,870
2,550 15,079
2,430 15,018
3,655 12,572
3,250 11,389
1,876 9,255
2,933 9,177
(Montecatini) 2,620 8,224
1,840 7,940
1,939 6,193
1,004 5,807
1,250 3,010

1979 was a negative 25 billion dollars. The
“chemical balance of trade,” however, was very
favorable, nearly ten billion dollars (Fig. 1.8).
While Western Europe remains the largest
trading partner of the United States, trade
within the Americas has enormously increased,
as has trade with other areas of the world.
While the United States is the world’s leading
chemical producer—and many of the largest
chemical manufacturers are located principally
in the United States—there are European-based
chemical concems that are of comparable size
in sales and resources (Table 1.13). The three
giants of West German chemicals, Hoechst,
Bayer, and Badische Anilin & Soda Fabrik
(BASF) have grown enormously and have been
notably successful in international trade. All

TABLE 1.14 Major Japanese Chemical
Producers

1979 Sales
Company (Millions of Dollars)
Mitsubishi Chemical 2,967
Sumitomo Chemical 2,716
Asahi Chemical 2,359
Toray Industries 2,094
Mitsui Toatsu 1,767
Teijin Ltd. 1,756
Showa Denko 1,706
Mitsubishi Petrochemical 1,558
Dainippon Ink and Chemical 1,416
Sekisui Chemical 1,300

three operate in the United States through sub-
sidiaries. '

In recent years, the Japanese chemical indus-
try has also grown to rank with the world’s
giants (Table 1.14). The industry development
in Japan has been carefully guided by the
Ministry of International Trade and Industry.
Capital demands have been met by cooperation
within the industry through joint ventures in-
volving the most basic processes to produce, for
example, methanol, olefins, and ammonia. The
basic plants in Japan are “world-scale,” that is,
approximately a billion pounds of annual ca-
pacity. The Japanese chemical industry is
active both in export and also investment
abroad as a means of introducing new tech-
nology on the world market.

The trend of “foreign” expansion in the
chemical industry on a world-wide basis by
companies based in Japan, Europe, and the
United States can be expected to continue.
The chemical giants are multinational in seeking
raw materials and markets for the increasingly
high technology products of the chemical indus-
try. Operating from the strong investment and
technological base in the United States, the

- chemical industry in the United States in one

of the country’s major assets in world trade.
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