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INTRODUCTION

This is the 618t annual report of the U.S. International Trade Commission on Domestic production and
sales of synthetic organic chemicals and the raw materials from which they are made. The report consists of 15
sections, each covering a specified group (based principally on use) of organic chemicals as follows: Tar and
tar crudes; crude products from petroleum and natural gas for chemical conversion; cyclic intermediates; dyes;
organic pigments; medicinal chemicals; flavor and perfume materials; plastics and resin materials; rubber-pro-
cessing chemicals; elastomers; plasticizers; surface-active agents; pesticides and related products; miscellaneous
end-use chemicals and chemical products; and miscellaneous cyclic 'and acyclic chemicals. Data have been supplied
by approximately 800 producers.

Each of the 15 statistical sections is headed by a short paper on recent developments in part or all of the
given end-use group. This is followed by a summary of the statistical data. The first table in each section
gives statistics on products and groups of products in as great detail as is possible without revealing the opera-
tions of individual producers. Statistics for an individual chemical or group of chemicals are given only when
there are three or more producers, no one or two of which may be predominant. Moreover, even when there are three
or more producers, statistics are not given if there is any possibility that their publication would violate the
statutory provisions relating to unlawful disclosure of information accepted in confidence by the Commission.!

Data are reported by producers for only those items where the volume of production or sales or value of sales
exceeds certain minimums. Those minimums for all sections are 5,000 pounds of production or sales or $5,000 of
value of sales with the following exceptions: Plastics and resin materials--50,000 pounds or $50,000; pigments,
medicinal chemicals, flavor and perfume materials, rubber-processing chemicals, and elastomers--1,000 pounds or
$1,000. They are usually given in terms of undiluted materials; however, products of 95 percent or more purity
are considered to be 100 percent pure. Commercial concentrations are applied to dyes, certain plastics and resins,
and a few solvents; such concentrations are specifically noted.

The statistics given in this report include data from all known domestic producers of the item covered and in-
clude the total output of each company's plants, i.e., the quantities produced for consumption within the producing
plant, as well as the quantities produced for domestic and foreign sale. The quantities reported as produced,

therefore, generally exceed the quantities reported as sold. Some of these differences, however, are attributable
to changes in inventory. '

The second table in each section lists all items for which data on production or sales have been reported, by
primary manufacturers, identified by manufacturers' codes. Each code consists of not more than three capital let-
ters which is assigned on a permanent basis. ’

The third table in each section is a directory, alphabetized by the codes of the manufacturers reporting in
that section.

Table 1 of the Appendix is a directory, alphabetized by the names of the manufacturers reporting in all sections
and includes their office addresses.

Table 2 of the Appendix summarizes and gives the competitive status of U.S. general imports in 1976 of benzenoid
intermediates and finished benzenoid products, entered under schedule 4, parts 1B and 1C, of the Tariff Schedules of
the United States.

Table 3 of the Appendix lists synonymous names for cyclic intermediates. Information on all synonymous names
of the organic chemicals included in this report may be found in the SOCMA Handbook: Commereial Organic Chemical
Nameg, published by the Chemical Abstracts Service of the American Chemical Society, or the Colour Index (Revised
Third Edition), published jointly by the Society of Dyes and Colourists and the American Association of Textile
Chemists and Colourists.

As specified in the reporting instructions sent to manufacturers, production and sales (unless otherwise
specified) are defined as follows:

PRODUCTION is the total quantity of a commodity made available
by ORIGINAL MANUFACTURERS ONLY within the customs territory
of the United States (includee the 50 states, the District
of Columbia, and Puerto Rico). It covers synthetic organic
chemicals, specified crudes from petroleum and coal tar, and
certain chemically described natural products, such as,
alkaloids, enzymes, and perfume isolates. It is the swm--
expressed in terms of 100% active ingredient unless other-
wise specified in the reporting instructions--of the quan-
tities:

Produced, separated, and consumed in the same plant or
establishment. A commodity is conmsidered separated
either when it is isolated from the reaction system
or when it is not isolated, but weighed, analyzed,
or otherwise measured. This includes byproducts
and co-products that are not classifiable as waste
materials;

! Title 18, U.S.C. 1905 and Title 44, U.S.C. 3508.



INTRODUCTION

Produced and not isolated, but directly converted to
a finished or semifinished item not included in
this report (e.g., polyester film, polyurethane
tires, nylon fiber, bar soap, ete.). (See specific
instructions in individual sections);

Produced and transferred to other plants or establish-
ments of the same firm or 100%-owned subsidiaries
or affiliates;

Produced and sold to, or bartered with, other firms
(including less than 100% owned subsidiaries);

Produced for others under toll agreements (see gen-
eral instructions);

Produced and held in stock.

PRODUCTION EXCLUDES:

Purification of a commodity, which is purchased by, or
transferred from within, your company, unless inclusion
of such processing is specifically requested in the
reporting instructions for individual sections;

Intermedwte products which are formed in the manufact-
uring process, but are not isolated from the reaction
system--that is, not weighed, analyzed, or otherwise
measured; except such products as described above as
being produced and not isolated, but directly converted
to a finished or semifinished item.

Materials that are used in the process but which are
recovered for re-use or sale;

Waste products having no economic significance.

SALES are actual quantities of commodities sold by ORIGINAL
" MANUFACTURERS ONLY. Sales include the quantity and value of:

Shipments of a commodity for domestic use or for

 export, or segregation in a warehouse when title
has passed to the purchaser in a bona fide sale;

Shipments of a commodity produced for you by others
under toll agreements;

Shipments to subsidiary or affiliated companies, pro-
vided the ownership is less than 100%.

SALES EXCLUDES:

All intra-company transfers within a corporate entity;

All shipments to 100% owned subsidiary or affiliated
companies;

All resales of imported or purchased material, including
materials obtained by barter;

All shipments of a commodity produced for others under
toll agreements.

VALUE OF SALES is the net selling price f.o.b. plant or ware-
house, or delivered price. F.o.b. prices are preferred,
but if they are not readily available from your records,
delivered prices are acceptable.



SUMMARY

Combined production of all synthetic organic chemicals, tar, tar crudes, and primary products from petroleum
and natural gas in 1977 was 306,566 million pounds--an increase of 7.4 percent over the output in 1976 (see table"
1). Sales of these materials in 1977, which totaled 161,106 million pounds, valued at $33,961 million, were 6.1
percent larger than in 1976 in terms of quantity and 0.6 percent larger in terms of value. These figures include
data on production and sales of chemicals measured at several successive steps in the manufacturing process, and
therefore, they necessarily reflect some duplication.

In 1977, production of all synthetic organic chemicals, including cyclic intermediates and finished products,
totaled 174,502 million pounds, or 9.8 percent more than the output in 1976. Each section showed an increase in
production in 1977 over 1976. Flavor and perfume materials (150 million pounds) led the increase ‘with a gain of
16.7 percent; miscellaneous end-use chemicals and chemical products (19,348 million pounds) increased 16.0 percent;
plastics and resin materials (34,623 million pounds) were 15.4 percent greater than in 1976; plasticizers
(1,792 million pounds) increased 12.9 percent; elastomers (synthetic rubber) (5,813 million pounds) increased 7.5
percent; miscellaneous cyclic and acyclic chemicals (86,968 million pounds) increased 7.5 percent; cyclic inter-
mediates (18,726 million pounds) increased 5.8 percent; rubber-processing chemicals (402 million pounds) increased
4.6 percent; dyes (264 million pounds increased 3.2 percent; surface-active agents (4,718 million pounds) increased
3.0 percent; medicinal chemicals (241 million pounds) increased 2.1 percent; pesticides and related products (1,388
million pounds) increased 1.7 percent; and organic pigments (69 million pounds) increased 1.4 percent.

TABLLE 1,--SYNTHETIC ORGANIC CHEMICALS AMD THEIR RAW MATERIALS
U.S. ProbucTION atD SALES., 1976 awp 1977

; ; SALES
. PRODUCTION : -
. : QUANTITY : VALUE
: :Increase,: H : Increase, : : ¢ Increase,
H : : or : : : or : : : or
: : tdecrease : ¢ decrease : : : decrease
1976 ¢ 1977 (=)»1977% 1976 : 1977  :(=),1977 : 1976 3. 1977 :(=),1977
: : over : H : over : : ¢ over
: : : 19761 : : 1976} : : : 19761
:Million :Million : Million :Million : Million :Million s
: pounds : pounds : Percent : pounds : pounds : Percent idollars *dollars Percent
[PRT I T LR — - 285,678 : 306,566 : 7.3 £152,112; 161,768 ; 6.4+ 533 024 38,254 . 12.8
Tar : 6,364 5,929 : -6.8 : 2,905: 2,924 ¢ 0.7 :

Tar crudes? : 7,182: (%) ¢ (%) ¢ 4,519: () ) : 285: (W)
Primary Crude products from Petro- . .

leun and Natural Gas —---—-———— : 112,873 :.126,133 : 11.8

59,083 : 61,008 : 3.3

h ¢ organic chemicals d : : : H : H : :

synt::::ﬁ : £159,259 : 174,502 ; 9.6 ; 585,605; 97,836 14.3 : 528,053 ; 32,434 :
Cyclic intermediates ———=————— ., 517,700"; 18,726 ; 5.8 : 7,664 7,986 : 4.2 : 2,387: 2,596: 8
Dyes . 256 264 3.2 . 250 255, 1.8 : 620 . 690 : 11.
Organic pigments—-—=———-=—————w-o : 68 69 . 1.4 54 ¢ 57 6.0 : 261 , 268: 2
Medicinal chemicals==—=mm=—u- - 236 241 . 2.1 161 ; 162, 1.0 : 742, 79 . 7

Flavor and perfume . . : . : . : . .
materials . 129, 150, 16.7 111 ; © 108 ; 3.1 : 195, 207, 6.

Plastics and resin i : . T . . . . s . :
materials: : 29,989 . 34,623 15, s 25,050: 29,799: 1 .0 : °8,785, 10,882, 23,

: 4 2

3
Rubber-processing chemicals——— 384 ; 402 224 . 238

Elastomers (synthetic

oo se e

rubber) : 5,386; 5,813. 7.9 . 3,710. 4,177 ;. 12.6 1,529 ; 1,940, 26.
Plasticizers : 1,587 '1,792: 12.9 . 1,466; -~ 1,668; 13.8 . 566 632, 11.
Surface-active agents——=——————- . 4,582, 4,718, 3.0 2,512, 2,515 ; 0.1 : 821: 875, 6.
Pesticides and related . . . :

products . 1,364, '1,388: 1.7 1,193
Miscellaneous end-use chem- :

icals and chemical products -
Miscellaneous cyclic and

acyclic chemicals =—————-—- ; 580,892 : 86,968

o ee es e

26,684 *+ 19,348: 16,0 : 90,101 10,855: 7.5 DS,402: 2,547 ¢

e er ee u

.

. . . 3 <
H H 3

96 : P

5,490 ; 5,820: 6.

247 278, 12.

7.5 :%33,110: 38,753: 17.0  : 57,088. 7,919, 1l.

o N WO

1,263; 5.9 . 2,410, 2,808, 16.5

.1

7

! Percentages calculated from figures rounded to thousands.

Because of rounding, figures may not add to the totals shown.
Estimated in part to avoid disclosing individual company operations.
Not available.

Revised.

(LI



In this report synthetic organic chemicals are classified on the basis of their principal use as follows:

‘GEMERAL
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cyclic

intermediates, dyes, organic pigments, medicinal chemicals, flavor and perfume materials, plastics and resin materials,
rubber-processing materials, elastomers, plasticizers, surface-active agents, pesticides and related products,

miscellaneous end-use chemicalsand chemical products, and miscellaneous cyclic and acyclic chemicals.
groups are further subdivided either by use or by chemical composition.

Most of these
As intermediate chemicals are used in the

manufacture of finished products, aggregate figures that cover both intermediates and finished products necessarily
include considerable duplication.

Total producﬁion of synthetic organic chemicals (intermediates and finished products combined) in1977 was 174,502
million pounds or 9.6 percent more than the output of 159,259 million pounds reported for 1976 and 66.6 percent more

than the output of 104,711 million pounds reported for 1967 (see table 2).

Sales of synthetic organic chemicals in1977

amounted to 97,834 million pounds, valued at $32,434 million, compared with 85,392 million pounds, valued at $ 27,888

million in 1976 and 55,177 million pounds, valued at $10,438 million in 1967.

Production of all cyclic products (inter-

mediates and finished products combined) in 1977 totaled 41,942 million pounds or 5.2 percent more than the 39,870 mil-
lion pounds reported for1976 and 25.3 percent more than the 33,479 million pounds reported for 1967, however, the
transfer of several items, in 1976, from the cyclic intermediates section to the section on primary production from
petroleum and natural gas has caused the output of cyclic products to appear much lower in relation to 1967 and 1976

than would otherwise have resulted.

Production of all acyeclic products in 1977 totaled 132,560 million pounds, or

10.8 percent more than the 119,692 million pounds reported for 1976 and 86.1 percent more than the 71,232 million
pounds reported for 1967.

TABLE 2.--SYNTHETIC ORGANIC CHEMICALS:

SummARY oF U.S. PRODUCTION AND SALES

OF INTERMEDIATES AND FINISHED PRoDUCTS, 1367, 1976, anp 1977

thousands of dollars]

[Production and sales in thousands of pounds; sales value in

1967}

. Increase, or

decrease (-)

CHEMICAL 19762 : 1977 : 1977 over : 1477 over
: 1967 ¢ 1976
Organic chemicals, cyclic and acyclic, : : :  Percent Percent
Grand total: : : : :
Production 1104,711,357 :159,259,344 ; 174,501,873 :  66.7  : 9.6
sal 55,176,823 85,605,088 : 97,835,979 : 77.3 : 14.3
Sales value 10,438,453 : 28,053,140 : 32,434,301 : 210.7 : 15.6

Cyclic, total: : : : :
Production ¢ 33,479,469 : 39,869,736 : 41,941,778 : 25.3 : 5.2
sal ¢ 19,328,628 : 24,253,265 : 26,041,307 : 34.7 : 7.4
Sales value ¢ 4,610,293 : 12,433,093 : 14,170,157 : 207.4 : 14.0

Acyclic, total: : : : :
Production 71,231,888 :119,692,607 : 132,560,095 : 86.1 :  10.8
Sales 35,848,195 : 61,351,823 : 71,794,672 : 98.4 : 17.0
Sales value 5,828,160 : 15,620,047 : 18,264,144 : 208.4 : 16.9

1. Cyeclic Intermediates . .

Production 20,793,132 : 17,700,000 18,725,626 : -9.9 H 5.8

Sales 9,461,180 7,663,691 : 7,985,790 : -15.6 : 4.2

Sales value: 1,000,359 : 2,386,993 : 2,596,627 : 159.6 : 8.8

2. Dyes : : ‘ :

Production 206,240 : 256,250 : 264,369 : 28.2 : 3.2

Sal 198,592 : 249,887 : 254,516 : 28.1 : 1.8

Sales value: 332,049 : 620,294 : 689,992 : 107.8 : 11.2

3. Organic Pigments .

Production 53,322 67,727 : 68,707 :  28.8 : 1.4

Sal 42,867 54,211 : 57,434 : 34.0 : 6.0

Sales value 108,354 261,089 : 267,747 :  147.1 : 2.6

4, Medicinal Chemicals : : :

Cyclic: : : : :
Production: 110,129 : 136,374 : 153,922 : 39.8 : 12.9
Sal 70,120 : 79,581 : 83,586 : 19.2 : 5.0
Sales value 348,873 642,829 : 718,392 :  105.9 : 11.8

Acyclic: H : : :
Production 69,941 : 99,431 : 86,811 : 24,1 : -12.7
Sal. 56,804 : 81,253 : 78,798 : 38.7 -3.0
Sales value 36,402 98,692 : 75,626 :  107.8 s =23.4

See footnotes ‘at end of table.



GEHERAL

TRBLE 2.--SYWTAETIC ORGANIC CAEMICALS: SuMMARY oF U.,S. PRODUCTION AND SALES
OF INTERMEDIATES AND FINISHED PRODUCTS., 1967, 1976. AND 1977--CONTINUED

{Produccion and sales in thousands of pounds; sales value in thousands of dollars]

Increase, or decrease (-)

: 1 : . H H
CHEMICAL : 1967 : 1976* : 1977 : 1977 over : 11977 over
: : 1967 : . 1976
5. Flavor and Perfume Materials : : : : :
H : :  Percent Percent
Cyclic: : : : : :
Production : 57,978 : 55,090 : 58,452 ; 0.8: so.1
Sal : 47,285 ¢+ 48,503 : 46,809 : <1.0: -3.5
Sales valu : 52,866 : 125,479 134,628 : 154.7 : 7.3
Acyclic: : : : : :
Production : 53,558 : 73,756 : 91,964 : 71.7 : 24.7
Sal : 49,311 : 62,445 : 60,756 : 23.2: -2.7
Sales value H 40,495 69,843 : 72,473 ; 79.0: 3.7
6. Plastics and Resin Materials : : :
Cyclic: : : : : :
Production : 5,033,497 : 9,252,262 : 10,802,389 : ©114.6 : 16.8
Sal : 4,224,121 7,898,224 1 9,444,644 ; 123.6: 19.6
Sales value ¢ 1,036,940 : 3,278,777 : 4,275,111 : 312.3: 30.4
Acyclic: H : : : :
Production - : 8,759,452 : 20,737,169 : 23,820,652 : 171.9: 14.8
Sal, : 7,753,242 : 17,151,982 : 20,354,360 : 162.5: 18.7
Sales value : 1,635,690 : 5,505,923 : 6,606,712 ;. 303.9 : 20.0
7. Rubber-Processing Chemicals : :
Cyclic: : : Co : .
Production : 220,139 : " 334,735 : 335,549 : 61.5 : 6.2
Sal : 169,970 : 186,393 : 202,251 : 19.0: 8.5
Sales value : 116,318 : 218,263 : 243,756 : 113.9 : 14.0
Acyclic: : : : : :
Production: H 43,994 : 49,688 : 46,464 5.6 : 6.5
Sal, : 30,878 : 37,879 : 35,833 : 16.0 : ~5.4
Sales value H 15,477 : 28,594 : 29,009 : 87.4 : 1.4
8. Elastomers (Synthetic Rubber) t : :
Cyclic: : HN : : :
Production s 2,297,637: 3,146,083 : 3,449,123 : 50.1 : 9.6
Sales : 1,940,099 : 1,970,636 : 2,157,680 ; 11.2 : 9.5
Sales value : 439,580 : 560,386 : 760,128 : 72.9 : 35.6
Acyclic: : : : : :
Production: : 1,524,908 : 2,239,717 : 2,364,113 : 55.0 : 5.6
Sal : 1,321,945: 1,739,501 : 2,019,749 : 52.8 16.1
Sales value H 434,657 ¢ 968,676 : 1,180,132 : 171.5 : 21.8
9. Plasticizers : :
Cyclic: H : : . s
Production H 929,871 : 1,185,909 : 1,407,084 : 51.3 : 18.6
Sal : 865,084 : 1,110,869 : 1,390,319 : 60.7 : 25.2
Sales value : 167,827 : 360,453 : 474,781 : 182.9 : 31.2
Acyclic: . : . : :
Production: : 332,908 : 401,525 : 384,956 : 15 : -4.1
Sal : 296,767 : 354,842 : 277,308 : ~6.6 : 221.8
Sales value H 93,142 : 205,812 : 157,549 : 69.1 : -23.4
10. Surface-Active Agents : : :
Cycl:i.g::3 : : : H :
Production : 1,418,444 2,312,728 : 989,564 : -30.2 : -57.2
Sal : 852,238 1,393,489 : 469,432 -44.9 : -66.3
Sales value: : 95,810 319,422 : 200,244 : 109.0 : -37.3
Acyclic: : : : : :
Production :  2,060,851: 2,269,670 : 3,728,608 : 80.9 : 64.3
Sal H 897,786 : 1,118,596 : 2,045,151 : 127.8 : 82.3
Sales value : 220,877: 501,818 : 674,778 : 205.5 : 34.5

See footnotes at end of table.
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Although these chemicals are typical products of the usual coke-oven
process (requiring a temperature of at least 9000 C), others are possible
depending upon the temperature of the coking operation. At temperatures below

about 7000 C, for example, the liquid products are mainly paraffinic rather
than cyclic in structure.

Additional variables in the production of chemicals from coal include the
type of coal used, oven design, timing of the coking cycle, and the severity
of the distillation of the resulting coal tar. Thus, there can be much
variation in the quantity, quality, and type of chemicals obtained as coking
byproducts. Of particular concern are high manufacturing costs, sulfur
content problems, and the increasing tendency of producers of light oils to
sell these oils to petroleum refineries, which process them along with their
petroleum fractions. However, this does not mean that the traditional
coke-oven processes will be entirely replaced.

Most coke-ovens are built today to provide metallurgical coke, much of
which is used in blast furnaces for iron and steel production. And, although
the consumption of coke per ton of metal produced is decreasing because of the
use of supplemental fuels which displace coal in blast furnaces, and other
advancements in technology, steel production is expected to continue to
increase. It can, therefore, be concluded that the byproduct chemicals from
coke-oven operations may be prevalent for some time to come. The challenge is
to improve the traditional processes and develop new ones so that improved
quantity and quality of chemicals result without sacrifices to the coke
characteristics.

Review of recent developments in chemicals from
coal research and development

Many of the proposed and demonstrated new processes to obtain chemicals
from coal are closely tied to the research to change coal into another fuel.
In the ordinary burning of coal for fuel, it pollutes the atmosphere and
leaves an ash which is dirty and difficult to dispose of. Therefore,
chemicals from coal research may receive indirect help from the research
expenditures on processes to convert coal into other fuels such as synthetic
natural gas, methanol, and synthetic crude.

Coal can be converted into synthesis gas, which is a mixture of carbon
monoxide and hydrogen. This synthesis gas is almost completely convertible
into chemical products, particularly methanol or ammonia, without the
production of any fuel byproducts. Although the production processes to make
these two chemicals from synthesis gas are well established, it is possible
that olefins (now the major-tonnage chemicals from petroleum), can also be
produced from synthesis gas in future years. For, example, possible methods
would include:
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— steam cracking of hydrocarbons obtained from a
Fischer-Tropsch reaction using synthesis gas; 1/

. the dehydration of alcohols from methanol homo-
logation to ethanol and propanol and the
dehydration of ethanol to ethylene and propanol to
propylene; 2/

— the dehydration of linear primary alchohols from a
' Fischer-Tropsch reaction; 3/

— the cracking of methyl ether made from methanol which
was in turn made from synthesis gas. 4/

The most promising routes to the olefins from coal appear to be those
involving methanol as an intermediate. 5/

Another possibility for the manufacture of chemicals from coal is through
the liquefaction of coal. Those processes under development include COED
(Char 0il Energy Development Process), Garret Flash Pyrolysis Process, Toscoal
(Toscoal Low Temperature Pyrolysis Process), Lurgi/Ruhr Gas Flash
Carbonization Process, and the Lurgi Pressure-gasification Process. 6/

Indeed, the currently-practiced coke—oven operations are examples of coal
liquefaction by pyrolysis.

Coal liquefaction can also be accomplished by hydrogenation. In this
process, coal is treated with hydrogen while in liquid suspension, whereas in
pyrolysis the coal is destructively distilled. The hydrogenation processes in
general are versatile and can produce natural gas, paraffins of low-molecular
weight, synthetic crude oil, and heavy fuel oils. Process variations have
been developed by Hydrocarbon Research, Inc., U.S. Department of Energy, Gulf
0il Co., Consolidated Coal Co., and Exxon Co.

In summary, coal can be gasified into synthesis gas or liquefied or
pyrolyzed into liquids. The synthesis gas can be used to produce olefins and
chemicals now made from natural gas. Coal liquids, on the other hand, are a
rich source of cyclic organic chemicals. It does not appear to be

economically feasible to make cyclic chemicals from synthesis gas or olefins
from coal liquids. 7/

1/ Chem Systems Inc., Chemicals From Coal and Shale: - An R&D Analysis for

National Science Foundatiom, June 1975, p. 178,
— 2/ 1bid., p. 193.

3/ 1bid., p. 202.

%/ 1Ibid., p. 212.

5/ 1bid., p. 218.

€/ Ibid., p. 229.

7/ 1bid., p. 136.
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European developments in coal processing

Because of relatively abundant supplies of domestic coal, Europe has kept
abreast of the world's latest coal technology developments. During World War
IT coal provided the base for significant quantities not only of chemicals but
of fuels as well, and historically, coal has played an important role in the
European dye industry. The large scale development of acetylene chemistry in
Europe is but another indication of that area's reliance on coal.

The United Kingdom is a leading coal producing nation. Much research on
chemicals from coal has been carried out by organizations such as the British
Steel Corp., the National Coal Board (NCB), and Coalite and Chemicals Ltd.

West Germany is also a leading coal producing nation and is noted
worldwide for its coal research. The Bituminous Coal Mining Association in
Essen, with a staff of 1,000 employees, remains the single largest coal
research laboratory in the free world. 1/

A large part of the current European capacity for chemicals from coal is
based on the usual coke-oven technology. However, as the production of
synthetic natural gas from coal increases, the availability of coal liquids
should increase dramatically. It is possible that this could cause the
reintroduction of technology used during World War II to produce various
products from these liquids. 2/ Also on the drawing board is a large coal
complex in which the NCB has an interest that will use a combination of old
and new technologies.

NCB is currently involved in the study of the extraction of chemicals
from coal using solvents in their supercritical gaseous state. 3/ The
chemicals recovered are mainly cyclic organic chemicals; the yield is
reportedly as high as 35 to 40 percent of the coal feed. 3/ The recovered
chemicals could be used as a feedstock or a substitute oil refinery fraction.
NCB personnel are discussing the process with Royal Dutch/Shell scientists.
Such discussion fits in with NCB's belief that the optimum site for a
supercritical gas extraction plant would be next to both a coal mine and an
0il refinery.

The breadth and depth of coal research in the United Kingdom is indicative
of a country where the coal industry has been nationalized and is important to
the country. Similar programs, though smaller, exist in France which also has
a nationalized coal sector. However, even in those countries such as the
United States and West Germany where the coal industry is still in private
hands, much of the coal research and development is or soon will be funded by

the respective governments. 1/ This interest of the governments should insure
the long term availability of coal R.& D. funds.

1/ Organization for Economic Co-operation and Development,gﬁnergz R&D, 1975,
p. 139.

2/ 0il and Gas Journal, Dec. 8, 1975, p. 84.
3/ Chemical and Engineering News, June 19, 1978, p. 10.
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Coal versus petroleum and natural gas

As indicated previously, petroleum and natural gas are now the primary
feedstocks for synthetic organic chemicals production. This situation
prevails because petroleum and natural gas (especially in the United States)
are readily available and low priced; in addition, both can be easily
transported and stored. The result of this dependence is a worldwide network
of facilities specifically designed to use petroleum and natural gas
feedstocks. In some cases these facilities are so sensitive that even a
change in sources of petroleum feedstocks can cause an increase in operating
cost. Obviously then, essentially entirely new facilities would be needed to
process entirely new feedstocks. The new investment that would be required is
one of the drawbacks to a synthetic organic chemicals industry based on coal.

A recent study quantifies the increased investment cost. l/ It indicates
that a 100 million cubic feet per day hydrogen plant based on natural gas
would require an investment of $145 million, whereas the same plant based on
coal would be $298 million. 2/ 1In the case of an ammonia plant the same trend
is observed. It would cost 3307 million based on natural gas, $435 million
based on residual o0il and $482 million based on coal. 2/ The investments
needed for methanol and synthesis gas plants follow the same pattern.

Obviously, chemical plants based on coal as a feedstock are not now
competitive with those based on natural gas or petroleum. Estimates vary as
to how high prices of the current petroleum feedstocks would have to rise
before coal based plants would be competitive. A wellhead price of about
$3.00 per million Btu's for natural gas (equivalent to about $18 per barrel of
crude petroleum) appears reasonable, however. 3/ Based on current
indications, such a natural gas price may be reached by the mid-1980's based
on the proposed oil pricing scheme outlined in The National Energy Plan. ﬁ/

Spokesmen for the chemical industry argue that the economy would benefit
the greatest from the use of coal as fuel rather than a synthetic organic
chemical feedstock. 5/ This argument does not mean that byproduct chemicals
from processes using coal as a fuel would be ignored. It does mean that
petroleum and natural gas would continue to be the preferred synthetic organic
chemicals feedstocks; therefore on-purpose coal-to-chemicals .plants should not
be built at this time. 5/

1/ Chemical Week, May 10, 1978, p. 62.
2/ Ibid., p. 64.
3/ Hydrocarbon Processing, Mar. 11, 1977, p. 15.
E/ Eiecutive Office of the President, Energy and Policy Planning, The
National Energy Plan, Apr. 29, 1977.
5/ Chemical Week, May 10, 1978, p. 64.
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Tar

Janet L. Dietzman

Coal tar is produced chiefly by the steel industry as a byproduct of the
manufacture of coke; water-gas tar and oil-gas tar are produced by the fuel-
gas industry. Production of coal tar, therefore, depends on the demand for
steel; production of water-gas tar and oil-gas tar reflects the consumption of
manufactured gas for industrial and household use. Water-gas and oil-gas tars
have properties intermediate between those of petroleum asphalts and coal tar.
Petroleum asphalts are not usually considered to be raw materials for chemicals.

The quantity of coal tar produced in the United States in 1977 amounted
to 593 million gallons (see table 1). Production in 1977 was 6.8 percent less
than the 636 million gallons of coal tar produced in 1976. Sales of coal tar
in 1977 amounted to 292 million gallons compared with 291 million gallons in
1976, U.S. production of water-gas and oil-gas tars was not reported to the
Commission for 1976 or 1977; production of these tars in 1968 amounted to 21
million gallons, according to trade publications.

Tax Crudes

Tar crudes are obtained from coke-oven gas and by distilling coal tar,
water-gas tar, and oil-gas tar. The most important tar crudes are benzene,’
toluene, xylene, creosote oil, and pitch of tar. Some of these products are
identical with those obtained from petroleum. -Data for materials obtained
from petroleum are included, for the most part, with the statistics for like
materials obtained from coke-oven gas and tars, and are shown in tables 1 and
1B.

Domestic production of industrial and specification grades of benzene
reported by coke-oven operators and petroleum refinery operators in 1977
amounted to 1,435 million gallons--0.7 percent more than the 1,425 million
gallons reported for 1976. These statistics include data for benzene produced
from light oil and petroleum. Sales of benzene by coke-oven operators and
petroleum refiners in 1977 amounted to 659 million gallons compared with 637
million gallons in 1976. In 1977 the output of toluene (including material
produced for use in blending in aviation fuel) amounted to 1,018 million
gallons--1.9 percent more than the 999 million gallons reported for 1976.
Sales of toluene (Nitration grade, 1°) in 1977 were 396 million gallons com-
pared with 534 million gallons in 1976. The output of xylene in 1977
(including that produced for blending in motor fuels) was 811 million gallonms,
compared with 722 million gallons in 1976. Over 99 percent of the 811
million gallons of xylene produced in 1977 was obtained from petroleum
sources.
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Production and sales figures on crude naphthalene from coal-tar oils in
1977 could not be published without disclosing the operations of individual
companies. Production of petroleum-derived naphthalene in 1977 amounted to
151 million pounds, compared with 260 million pounds! in 1976. Production
figures on road tar for 1977 cannot be published; in 1972 production amounted
to 30 million gallons.

Some of the products obtained from tar and included in the statistics
in table 1 are obtained from other products for which data are also included
in the table. The statistics, therefore, involve considerable duplication,
and for this reason no group totals or grand totals are given.

Data for 1977 tar crudes were supplied by 11 companies and company
divisions.

! Revised figure for 1976.
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TABLE 1.--TAR AND TAR CRUDES: U.S. PRODUCTION AND SALEs, 1977

[Listed below are all tar crudes for which any reported data on production or sales may be published. (Leaders
(...) are used where the reported data are accepted in confidence and may not be published or where no data were
reported.) Table 2 lists separately all products for which data on production and/or sales were reported and
identifies the manufacturers of each]

: ; : SALES
: UNIT : :
TAR AND TAR CRUDES : OF :  PRODUCTION : : : UNIT
i QUANTITY f f QUANTITY f VALUE f VALUE!
: : : : 1,000 :
: : : :  dollars :
Coal tar:2 Coke-oven operators———--- : 1,000 gal-- : 592,935 : 292,393 : eee 2 e
Crude light oil:® Coke-oven opera- : : : H :
tors : 1,000 gal-- : 178,420 : 94,226 : cee 2 e
Light-oil distillates: H : : : :

Benzene, all grades, totalt——————v : 1,000 gal-- : 1,435,747 : 658,535 : 504,272 : $0.77
Coke-oven operators————-————=-——=-= : 1,000 gal-- : 64,571 : 64,851 : 553,081 : .82
Petroleum refiners®----———————— : 1,000 gal-- : 1,371,176 : 593,684 : 451,191 : .76

Toluene, all grades, total-—=————- : 1,000 gal-- : 1,017,546 : 456,841 : 253,260 : .55
Coke-oven operators-----—-----—--- : 1,000 gal-- : 9,618 : 9,483 : 56,023 : .64
Petroleum refiners—-—--——-- -- : 1,000 gal-- : 1,007,928 : 7447,358 : 7247,237 : .55

Xylene, all grades, total“--- -- ¢ 1,000 gal-- : 811,055 : 426,273 : 219,128 : .51
Coke-oven operators——-———-—- -- ¢ 1,000 gal-- : 1,706 : 1,872 : 51,180 : .63
Petroleum refiners--———-——-—-ee——-- ¢ 1,000 gal-- : 809,349 : 424,401 : 217,948 : .51

Solvent naphtha:® : : : : :

Coke-oven operators---—=-——=—-===-- : 1,000 gal-- : 1,628 : 1,539 : e 3 .
Crude tar-acid oils:? : : : : :

Coke-oven operators~—---—————————=- : 1,000 gal-- : 3,366 : 3,355 : vee 3 ..
Creosote o0il (Dead o0il) (tar dis- : : : : :
tillers)® (100% creosote basis), : : : : :

total. : 1,000 gal-- : 83,052 : 60,654 : ses 8 ..

Distillate as such (1007 creosote : : : : H
basis) ¢ 1,000 gal-- : 47,033 : 35,418 : 20,685 : .58

Creosote content of coal tar solu- : : : : :
tion (100% creosote basis)---—--- : 1,000 gal-- : 36,019 : 25,236 : Q) : )

Tar, refined, for uses other than : . : : : :
road tar: : 1,000 gal-- : 21,251 : 15,178 : 9,277 : .61
Pitch of tar (tar distillers)®, total : 1,000 tons- : 815 : 743 : 97,663 : 131.44

Hard (water softening point above : H : : :
160° F) : 1,000 tons- : 622 : 557 : 73,008 : 131.07

Other!® : 1,000 tons- :

193 : 186 : 24,655 : 132.55

1
2

Unit value per gallon or ton as specified.

Includes only data for coal tar reported to the Office of Energy Data and Interpretation, Energy Information
Administration, Department of Energy (Energy Data Reports, Coke & Coal Chemicals, March 22, 1978). At date of pub-
lication, sales value for coal tar was not available. Data on U.S. production of water-gas tar and oil-gas tar are
not collected by the U.S. International Trade Commission, but according to trade publications, production of these
tars amounted to 21 million gallons in 1968.

Data reported by tar distillers are not included because publication would disclose the operations of individ-
ual companies. At date of publication, sales value for coke-oven operators was not available.

Includes data for material produced for use in blending motor fuels. The annual production statistics for
petroleum refiners on benzene, toluene, and xylene are not comparable with the combined monthly production figures
because of fiscal year revisions.

Sales value figures are estimated from Energy Data Reports, Coke & Coal Chemicals, monthly, December 1, 1977
thru March 22, 1978, and Mineral Industries Surveys, Coke and Coal Chemicals, monthly, March 25, 1977 thru September
15, 1977.

Benzene, specification grades (1°, 2°) only.

Toluene, specification grades (1°, 2°) only. )

Data from coke-oven operators was unavailable at time of publication.

In 1977, production of coal-tar solution containing creosote (100% solution basis) amounted to 49,514 thousand
gallons; sales were 32,845 thousand gallons, valued at 17,941 thousand dollars, with a unit value of $0.55 per gal-
lon.
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Footnotes--Continued

30 Tncludes pitch emulsion, medium and soft pitch.

Note 1.--Statistics for materials produced in coke and gas-retort ovens are compiled by the Office of Energy Data
and Interpretation, Energy Information Administration, Department of Energy. Statistics for materials produced in
tar and petroleum refineries are compiled by the U.S. International Trade Commission.

Note 2.--Data for all other tars and tar crudes are not included in 1977 report because publication would dis-
close the operation of individual companies. Preliminary coke-oven operators data was obtained from cumulative totals
reported in Energy Bata Reports, Coke and Coal Chemicals, March 22, 1978, as the annual publication data was not
available to include in this report.

TABLE 1A.--Tar: U.S. PRODUCTION AND CONSUMPTION, 1976 anp 1977

(In thousands of gallons)

TAR : 1976 : 1977

PRODUCTION ;
Coal tar from coke-oven byproduct plants, totall—————————— oo 636,382 592,935
CONSUMPTION X
Total : 604,376 _: (@)
Tar consumed by distillation, total 433,747 Q)
Coal tar distilled or topped by coke-oven operators’-——-—————— : 163,051 : &)
Coal tar and oil-gas tar distilled by tar distillers3————e—e— : : 270,696 : 275,287
Tar consumed by the producers chiefly as fuell=———mm—eeeemoeo 165,169 : *
Coal tar consumed at coke-oven plants in miscellaneous uses!-—-—- 5,460 )

1
2
3

Reported to the Office of Energy Data Interpretation, Energy Information Administration, Department of Energy.
Department of Energy data were not available at time of publication.

Reported to the U.S. International Trade Commission. Represents tar purchased from companies operating in-
clude tar consumed other than by distillation by tar distillers.
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TABLE 1B.--TAR AND TAR CRUDES: SuMMARY oF U,S, PRODUCTION OF SPECIFIED
propucTs, 1967, 1976, anp 1977

. : UNIT : : H : INCREASED,(O?
: : 1 : : : DECREASED (-
TAR AND TAR CRUDES : QUAggltY : 1967 : 1976 : 1977 1577 OVER . 1977 OVER
: : : : : 1967 : 1976
: : : : Percent :  Percent
Coal tar? : 1,000 gal-- : 780,334 : 636,382 : 592,935 : -24.0 : -6.8
Benzene: * : : : . H : H
Coke-oven operators—-=-—--=--—-=-— : 1,000 gal-- : 90,642 : 60,411 : 64,571 : -28.8 : 6.9
Petroleum refiners--———--—---—- : 1,000 gal-- : 878,704 : 1,364,811 : 1,371,176 : 56.1 : 0.5
Total: : 1,000 gal-- : 969,346 : 1,425,222 : 1,435,747 : 48.1 : 0.7
Toluene: ? : : : : : :
Coke-oven operators—-——--——--—- : 1,000 gal-- : R 19,357 : 8,824 : 9,618 : -50.3 : 9.0
Petroleum refiners------------ : 1,000 gal-- :__ _ 624,454 : 990,152 : 1,007,928 : 61.4 : 1.8
Total : 1,000 gal-- : 643,811 : 998,976 : 1,017,546 : 58.1 : 1.9
Xylene:3 : : : : : :
Coke-oven operators——-------—--= : 1,000 gal-- : R 5,488 : 1,496 : 1,706 : -68.9 : 14.0
Petroleum refiners—----—-—=——= : 1,000 gal-- : 449,349 : 720,518 : ' 809,349 : 80.1 : 12.3
Total : 1,000 gal-- : 454,837 : 722,014 : 811,055 : 78.3 : 12.3
Naphthalene: : : : : : :
Crude® : 1,000 1b-—- : 520,991 : Q) : ) : Q) : Q)
Petroleum naphthalene, all H : : : : H :
grades : 1,000 1b--- : 376,679 : 107,191 : 150,737 : -60.0 : 40.6
Total: : 1,000 1b--- : 897,670 : *) : *) : *) : (&)
Creosote oil (Dead oil):’ : : : :
Distillate as such (100% : : : : e : :
creosote basis)-—-===--—- : 1,000 gal-- : 108,832 : 77,126 : 47,033 : @) : )
Creosote content of coal tar H : : : : :
solution (100% creosote : : H s : :
basis) : 1,000 gal-- : 17,402 : 36,841 : 36,019 : ) : (&)
Total : 1,000 gal-- : 126,234 : 113,967 : €83,052 : ) : (&)

! Standard reference base period for Federal Government general-purpose index numbers.

Includes only data for coal tar reported to the office .of Energy Data and Interpretation, Energy Information
Administration, Department of Energy.

Data reported by tar distillers are not included because publication would.disclose the operations of individual
companies.

* Includes data for material produced for use in blending motor fuels. Statistics are not comparable with monthly
figures which include some o-xylene.

5 Naphthalene solidifying at less than 79°C. Figures include production by tar distillers and coke-oven operators
and represent combined data for the commercial grades of naphthalene. Because of conversion between grades, the
figures may include some duplication. Statistics on naphthalene refined from domestic crudes are reported in the
section on "cyclic intermediates."

6 Statistics for 1976 and 1977 cannot be published; to do so would disclose the operations of individual com-
panies.

7 Includes data for creosote 0il produced by tar distillers and coke-oven operators and used only in wood pre-
serving.

8  Includes data for creosote o0il produced by tar distillers only in wood preserving.

Comparison not possible because 1977 data from the Department of Energy was not available at time of publication
for inclusion in report.
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TABLE 2.--TAR cRUDES FOR WHICH U.S. PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURERS, 1977

[CHEMICALS FOR WHICH SEPARATE STATISTICS ARE GIVEN IN TABLE 1 ARE MARKED WITH AN ASTERISK (*); CHEMICALS NOT SO
MARKED DO NOT APPEAR IN TABLE 1 BECAUSE THE REPORTED DATA ARE ACCEPTED IN CONFIDENCE AND MAY NOT BE PUBLISHED.
MANUFACTURERS' IDENTIFICATION CODES SHOWN BELOW ARE TAKEN FROM TABLE 3]

MANUFACTURERS' IDENTIFICATION CODES

TAR CRUDES (ACCORDING TO LIST IN TABLE 3)

Light-oil distillates:
Ethylben : KPT.

oo ee o0 se ss oo oo ee wefes os e

*Solvent naphthal® NEV.
Pyridine, crude b ! KPT.
Naphthalene, crude, solidifying at:

Less than 74° C COP.

74° C. to less tham 79° C.:
74° C. to less than 76° C ASC, KPT.
76° C. to less than 79° C : ASC, KPT.
Methylnaphthaler : KPT.
*Crude tar-acid oils:! :

Tar-acid content 5% to less than 24% : KPT.

Tar-acid content 24% to 50% : ASC.
Cresylic acid, crude : KPT, PRD.

*Creosote oil (Dead oil):
*Distillate as such-
*Creosote in coal tar solutio

All other distillate products:

ASC, CBT, COP, HUS, KPT, RIL, WTC.
ASC, KPT, RIL, WIC.

Carbon black oil: : KPT.

Creosote tar acid oil : KPT.

Crude coal tar solvent. : KPT.

Crude tetralin : KPT.

Priming and refractory oil : KPT.

50° to 60° residue oil - : WIC.

All other : ASC, KPT.
Tar, road : KPT, RIL.
Tar for other uses: :

Crude: : RIL.

*Refined : ASC, KPT, RIL.
*Pitch of tar: :

Soft (water softening point less than 110° F.)=———m—mw : ASC, KPT.

Medium (water softening point 110° F. to 160° F.)=——e : ASC, COP, KPT, RIL.

*Hard (water softening point above 160° F.)=—————ee——o : ASC, KPT, RIL, WTC.
Pitch emulsio : JEN.
Refined anthra : ASC.

Does not include manufacturers’' identification codes for producers who report to the Office of Energy Data and

Interpretation, Energy Information Administration, Department of Energy. Those producers are listed in the U.S.
Bureau of Mines Mineral Industry Survey, Nov. 6, 1976, entitled "Coke Producers in the U.S. in 1976."

1

TABLE 3.--TAR AND TAR CRUDES: DIRECTORY OF MANUFACTURERS, 1977
ALPHABETICAL DIRECTORY BY CODE

[Names of manufacturers that reported production or sales of tar and tar crudes to the U.S. International Trade Com-
mission for 1977 are listed below in the order of their identification codes as used in table 2]

Code Name of company Code Name of company
ASC Allied Chemical Corp., Semet-Solvay Div. KPT Koppers Co., Inc. & Roads Materials Div.
CBT Samuel Cabot, Inc. NEV Neville Chemical Co.
cop Coopers Creek Chemical Corp.
PRD Ferro Corp., Productol Chemical Div.
HUS Husky Industries, Inc.
' RIL Reilly Tar & Chemical Corp.
JEN Jennison-Wright Corp.
WIC Witco Chemical Corp.

Note.--Complete names and addresses of the above reporting companies are listed in table 1 of the appendix.



SECTIOM IT -- PRIMARY PRODUCTS FROM PETROLEUM AND NATURAL GAS 19
FOR CHEMICAL CONVERSION

Free World Prospects for Olefins and Aromatics

Louis DeToro
Overview

Ethylene and propylene (olefins) and benzene, toluene, and xylene
(aromatics) are petrochemicals of exceeding commercial importance. The
olefins and aromatics are the "building blocks" for most of the synthetic
organic chemicals covered in the Commission's report. These petrochemicals
are the source of chemical intermediates, plastics, synthetic fibers,
pesticides, detergents, and other products. In the 1976 edition of Synthetic
Organic Chemicals, United States Production and Sales, the production total
for these five commodities amounted to approximately 50 percent (by weight) of
the primary products from petroleum and natural gas.

Because of lower feedstock costs and other factors, the United States has
maintained a competitive edge in exports of petrochemicals in recent years.
The President's National Energy Plan (NEP), should it meet the approval of the
Congress, will increase the domestic cost of petroleum and natural gas, and
probably erase at least some of the United States' competitive edge. 1/

The NEP cost effect is one of several factors which may affect the future
price of U.S. petrochemicals and thus the volume of domestic exports.

Major petrochemical buildups are occurring throughout the free world and
in Communist-dominated areas. These buildups may serve to dampen U.S. export
prospects. Data on the potential for trade, and on existing capacity and
production, is relatively scarce for the Communist bloc countries. Because of
the scarcity of data on petrochemical markets in these nations, data in this
paper are restricted to the free world. It is reported, however, that some
Communist countries (notably the U.S.S.R., Communist China, Rumania, and
Yugoslavia) are spending foreign exchange in efforts to increase petrochemical
capacities. The U.S.S.R., for one, has definite plans to increase its
aromatics trade in world markets. 2/ However, the most noteworthy buildups

which could affect U.S. export markets are in Mexico, Canada, the Middle East,
and Africa.

1/ An example of the prospective effect of the NEP on "building block"
prices is given in "Energy Program to Hurt Petrochemical Market," C&EN, May
23, 1977. The price of benzene from all sources could rise from 8
cents/gallon to $1.40/gallon with the enactment of the National Energy Plan
price policy for feedstocks, according to a consultant specializing in
forecasts for petrochemicals.

2/ Technip, of France, will market Russian aromatics. See 0il and Gas
Journal, Oct 10, 1977, pp. 86 and 91.
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The Canadians are planning ethylene and aromatics projects in the
Provinces of Ontario and Alberta. 1/ Because of the close proximity to the
United States, the output from these plants is expected to impact U.S.
markets. Plans for olefins and aromatics projects in OPEC countries (Saudi
Arabia in particular) and by Mexico's state-controlled petroleum company

(Pemex) also threaten to exacerbate the decline in the United States's
competitive edge. 2/

As of 1977, most of the free world's existing capacity in olefins and
aromatics was concentrated in North America and Western Europe (table A).
Free world construction plans show large olefins and aromatic buildups all
over the world (table B). The figures shown in table A represents relative
magnitudes of existing capacities in the free world and table B represents
likely or planned projects through 1985. 3/ Because of the uncertainties
involved in compiling such statistics, these figures can not be exact; but

they are nonetheless representative of free world capacities and construction
in coming years for the olefins and aromatics.

The U.S. International Trade Commission estimates of planned construction
based on published data were made with a relatively optimistic view towards a
stable and healthy world economy and growing petrochemicals demand in the free
world. Toluene and mixed xylenes were excluded and replaced by ortho and
para-xylene isomer figures because of the difficulty in isolating capacities

or construction data for these primary aromatics, both of which are coproducts
in refinery streams.

In line with burgeoning petrochemical buildups overseas, and rising U.S.
feed stock costs (as discussed above), and with increased purchasing power in
developing lands, world trade patterns should begin to shift slightly.
Although most consumption should still occur in developed areas, trade among
developing areas in the Middle East, Africa, and the Far East will begin. A
weaker dollar could moderate the loss in U.S. exports of derivative
petrochemicals; however, an ironic balancing effect could occur should the
enactment of the NEP bolster the dollar, and thereby further weaken U.S.
export competitiveness in petrochemicals.

1/ "Slower Demand Growth Seen for Olefins,” the Oil and Gas Journal, May
165 1977, p. 50.

2/ Argentina, Brazil, Canada, India, Kuwait, Qatar, Rumania, South Korea,
Spain, Yugoslavia, and the European Community (EEC) are a few other areas
where petrochemical projects are blossoming.

3/ These data are estimates based upon several published sources. In

general, the published numbers herein are compromises of divergent data with a
bias toward the higher of the published figures.
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Olefins and aromatics prices to 1985 are expected to resemble the pattern
which occurred prior to 1973. 1/ 1In those years, a moderate decline in prices
was the rule. The reason for this return to an old pattern is that a free
world oversupply of the basic petrochemical building blocks is likely to
exist. New capacities coming on line indicate rising supplies, while demand
growth is seen as moderating to a certain extent. Although prices rose
dramatically after 1973, following a long period of decline, the situation

regarding supply and demand balance has already shifted in major producing-
consuming areas.

U.S. prospects

U.S. ethylene forecasters as late as 1974 were concerned over a supply
shortfall for the remainder of the 1970's. 2/ When the world economy went
into a recession in 1974 and 1975, chemical economic forecasters made a sharp
adjustment. Forecasts of demand growth were scaled down until they began to

fall short of existing U.S. capacities. Forecasters now see a prospective
oversupply into the next decade.

Ethylene supply in the United States is currently rising at about 7
percent per year, while demand is slowing down in line with a decreased growth
rate in the U.S. gross national product. The expected oversupply situation is
due to several factors; among these factors are maturing domestic derivatives

markets, new developments in ethylene production technology, and declining
derivatives export markets. 3/

U.S. propylene prospects call for higher demand growth rates than those
for ethylene. Gulf 0il Chemicals has forecasted growth rates as high as 11
percent per year for 1976-80 and over 8 percent from 1980 to 1985, with
domestic production and consumption in balance. 4/ More recent forecasts call
for less rapid growth, although still at higher levels than projected for
ethylene demand. Likely new target rates for demand growth are near 9 percent
per year through 1980 and between 6 and 8 percent per year from 1980 to 1985.
Supply projections indicate a balance between production and consumption
throughout the period. 5/

1/ "Petrochemical Panel Forecasts Soft Prices and Surplus Supply in Basic
Olefins and Aromatics," CMR, Nov. 14, 1977.

2/ "Ethylene Oversupply Could Last Until 1980," C&EN, Apr. 14, 1977.
3/ "Ethylene Growth Slips," CMR, Feb. 6, 1978.
4/ "Propylene Supply Tightens, Prices Rise," C&EN, Sept. 13, 1976.

/ Various sources; see for example "Slower Demand Growth Seen for Olefins,"
0iT and Gas Journal, May 16, 1977, p. 50.
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For aromatics in the United States, the outlook is one of abundant
supply. 1/ A principal consideration in aromatics markets is the use of these

products as replacements for lead to raise octane values of gasoline to
acceptable levels. 1/

In the U.S. benzene market, demand is expected to grow at 6 plus percent
per year through 1985. 2/ This represent a considerable reduction from
previous estimates of consumption growth rates. According to one petrochemical
company official, there is a need for only 100 million gallons of annual new
effective capacity to cover demand into the early 1980's. 1/

U.S. toluene usage for chemcials is likely to increase, but only at a
rate of 4.5 percent per year. 1/ The ratio between the value of toluene for
chemicals and its value for gasoline could rise to 1.75 from the rule-of-thumb
figure of 1.5 which has characterized the past. The demand growth for xylenes
in the U.S. has stabilized since the middle 70's. Forecasts for 1978 consumpt-

ion center on 1,150 million gallons. Sales growth has moderated in recent
years.

Market prospects for major free world producers

In Western Europe, the future has been called "dim" for olefins and
aromatics markets, especially in the EEC. 3/ Forecasted growth rates for
petrochemical feedstocks, once much higher, have recently been scaled down by

' a considerable measure. Overcapacity and maturing markets are principal
reasons for a demand/supply imbalance. The forecast average annual demand
growth rate for ethylene through 1981 currently stands at 4.6 percent; for
propylene, 5.6 percent. Average annual growth rates for the aromatics are

projected at 4.0 percent for benzene; 4.7 percent for toluene; and 5 percent
for ortho and para-xylene isomers. 4/

Specifically in the olefins market, European ethylene capacity will be
larger than previously expected, and the overcapacity will last at least until
1981. The supply for propylene, another olefin, will be somewhat tighter. 5/
Because of petrochemical oversupplies, it is reported that the traditional EEC
benzene import market could dry up. At least one expert expects benzene to
flow westward across the Atlantic during the 1978-81 period. 6/

1/ "Aromatic Outlook: Abundant Supply," C&EN, Apr. &, 1977.
2/ Various sources; see for example '"Slower Demand Growth Seen for Olefins,"
0il and Gas Journal, May 16, 1977, p. 50.

3/ "Outlook Dims for European Olefins, Aromatics," C&EN, Mar. 13, 1978.
%/ These more "pessimistic" forecasts are the outcome of a recent meeting of
the Conseil Europeen des Federations de 1' Industrie Chimique (Cefic). The
Economist has quoted ethylene demand growth at slightly under 4.0 percent
EE?EEEE_Egg early 1980's. "Europe's Chemical Moans," The Economist, June 3,
1978, p. .

5/ "Europe Carries Big Ethylene Load," Chemical Week, Mar. 8, 1978.

E/ 0il and Gas Journal, Mar. 28, 1977, p. 31I.
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In Japan, the olefins markets are causing some concern, according to
trade journal articles. Overcapacity is plaguing the ethylene market just as
in Europe. 1/ Burdened with excess capaclty, Japan is likely to spend the
next few years getting the supply/demand picture back into balance. Ethylene
demand, without exports, is expected to increase from 6 to 7 percent a year
thrOugh 1980, and it may take at least that long for demand to catch up with
capacity already installed. In addition, new competition from the United
States and from Southeast Asia is expected to shape Japanese strategy in world
markets well into the 1980's.

While ethylene is in oversupply, the Japanese propylene market appears to
have taken an opposite turn. Latest projections show that Japan may well have
a deficit of the petrochemical in coming years. 2/

Capacity buildups outside traditional areas

Outside traditional producing areas, major petrochemical buildups planned
for Mexico and the Middle East represent the most prominent changes. In the
Middle East, 9 ethylene plants are being planned or are under construction.

3/ Even by conservative estimates, projects now under study for the Middle
East and Africa could add 3 million metric tons a year of ethylene capacity in
1983 or soon after. 4/ In Saudi Arabia alone, plans have been detailed for
three worldscale ethylene facilities to be built by joint-venture

affiliates of Shell 0il (656,000 metric tons a year), of Mobil 0il (450,000
metric tons a year), and of Dow Chemical (400,000 metric tons a year). 2/

In Mexico, Petroleos Mexicanos (Pemex) has begun a vast construction
program which will make Mexico a large-scale petrochemical producer. Since
the domestic market is not large by world standards, Mexico may become an
increasingly important petrochemical exporter. Sixty-six chemical plants
are due to be constructed. An outline of the olefins and aromatics plants
scheduled for completion through 1982 is shown in the tabulation below: 6/

1/ "Overcapacity Plagues Japanese Ethylene," CSEN, Apr. 4, 1978.

2/ "Propylene: Crystal Ball Gazing," Chemical En Englneerlqg, May 23, 1977,
T99,

3/ 0il and Gas Journal, Oct. 17, 1977, p. 54.

Z/ "U.S. Leads 51ef1ns Investment East Bloc Dominates Ammonia," European
Chemical News, Feb. 24, 1978.

2/ "Saudi Arabia Detalls Plans for Chemicals," C&EN, Mar. 6, 1978.
6/ As of 1977.
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Product Location Capacit Completion date
tons/year
Ethylene Allende, Ver. 500,000 1981
La Cangrejera, Ver. 500,000 1979
Poza Rica, Ver. 182,000 1978
Undecided 500,000 -
Propylene Poza Rica, Ver. | 300,000 1980
Benzene La Cangrejera, Ver. 168,000 1979
La Cangrejera, Ver. 49,000 1979
La Cangrejera, Ver. 82,000 1979
Undecided 75,000 1982
Orthoxylene La Cangrejera, Ver. 55,000 1979
Isomer Undecided 25,000 1982
Paraxylene La Cangrejera, Ver. 240,000 1979
Isomer Undecided 100,000 ' 1982

Source: '"Mexico Shoots for Big Petroleum Role," Oil and Gas Journal,
Feb. 7, 1977.
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Table A.--Free world existing (design) capacities in olefins
and aromatics, 1977

(In millions of metric tons per year)

i Ethylene i Propylene f Benzene | p-Xylene i o-Xylene

Africa : 0.2 : 0.1 : 1/ 2/ 2/
South America-—---- : 1.0 : /A 0.6 0.2 : 0.1
Far East————=——=—=— : 6.0 : 3.5 : 2.8 : .8 : .3
Western Europe——--- : 14.1 : 7.8 : 5.9 1.2 ¢ .9
Middle East~—====--: .1 1/ 2/ 2/ 2/
North America—-—--—- : 15.0 : 7.7 : 7.9 : 1.9 : .7

Total——=-~—=—=- : 36.4 : 19.5 : 17.2 : 4.1 : 2.0

1/ Negligible.

z/ Not available.

Source: Compiled from estimates of the U.S. International Trade Commission.

Table B.--Free world construction projects: Olefins and aromatic plants
planned for completion in 1978 to 1985 1/

(In millions of metric tons per year)

f Ethylene f Propylene f Benzene f p—Xylene f o-Xylene

Africa : 1.3 : 0.2 : 2/ 2/ 2/
South America————-- : 3.1 : .8 : 3/ 0.9 : 0.4 : 0.1
Far Eagst——————————n : 3.4 : 1.4 : = 1.4 : .6 : .1
Western Europe———-—-: 5.5 : 3.0 : 2.2 : .3 .1
Middle East—-——————- : 1.4 : 2 : .9 : /A .2
North America—-----: 5.5 : 3.0 :4/ .8 : .3 .1

Total-————=——: 20.2 : 8.4 : 6.2 : 2.0 : 0.6

1/ As of 1977.

2/ Not available.
3/ Bolivia has a $640 million BTX unit planned.
4/ Canada has a $225 million benzene plant in the offering.

Source: Compiled from estimates of the U.S. International Trade Commission.
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TABLE 1.--PRIMARY PRODUCTS FROM PETROLEUM AND NATURAL GAS FOR CHEMICAL CONVERSION:
U,S. PRODUCTION AND SALES, 1977--CONTINUED

: SALES
PRIMARY PRODUCTS FROM PETROLEUM AND NATURAL ° R
GAS FOR CHEMICAL CONVERSION : PRODUCTION : : : UNIT
H : QUANTITY : VALUE VALUE!
: 1,000 : 1,000 : 1,000 H Per
ALIPHATIC HYDROCARBONS--Continued : pounds : pounds :  dollars : pound

Cs Hydrocarbons, total : 1,233,769 : 604,235 : 52,642 : $0.087
Amylenes and penten : 179,404 : 71,045 : 12,298 : .173
Isoprene (2-Methyl-1,3-butadiene)--—-====—mm——me—o : 166,275 : 96,531 : 13,193 : .137
All other!'?! : 888,090 : 436,659 : 27,151 : .062

All other aliphatic hydrocarbons, derivatives, and : : : :

mixtures, total H 5,744,631 : 3,118,327 : 357,487 : .115

Alpha olefins’? : 389,887 : 353,722 : 70,899 : .200
Dodecene (Tetrapropylene) : 293,929 : cen 3 e s ..
Heptenes, mixed : 115,052 : 55,718 5,473 .098
Hexa : 674,142 327,412 24,757 .076
Hydrocarbon derivatives®? H 141,047 : 83,194 : 20,735 : .249
Nonene (Tripropylene) : 346,198 : 168,202 : 15,956 : .095
n-Paraffins, totall" : 1,641,518 : 1,162,937 : 79,676 : .069
P8lybut : eee t 206,001 : 30,636 : .149
A1l other!$ : 2,142,858 : 761,141 : 109,355 : 144

1

2 Calculated from rounded figures.

The chemical raw materials designated as aromatics are in some cases identical with those obtained from the
distillation of coal tar; however, the statistics given in the table above relate only to such materials as are
derived from petroleum and natural gas. Statistics on production or sales of benzene, toluene, and xylene from
all sources are given in tables 1 and 1B of the report on "Tar and Tar Crudes."
Includes cyclosols, decylbenzene, and other alkyl aromatics.
Includes toluene, solvent grade, 90 percent.
Includes toluene and xylene used as solvents, as well as that which is blended in aviation and motor gasolines.
Includes data for crude cresylic acid, cyclohexene, phenols, polyethylbenzene, distillates, solvents, and
miscellaneous cyclic hydrocarbons.
7 Production figures for acetylene from calcium carbide for chemical synthesis are collected by the U.S. Bureau
of the Census.
8 Includes data for refinery propylene.
% The statistics represent principally the butene content of crude refinery gases from which butadiene is manu-
factured.
10 Tpcludes data for butanes, mixed C, streams.
11 Includes data for Cs hydrocarbon mixtures, pentanes, and piperylenes.
012 cIncludes data for the following molecular weight ranges: Cg-C,3 Cy—C,;,5 C;;=C,45 C,5=C,po3 C;6C,q3 and
116=C30.
13 Includes data for methyl, ethyl, propyl, butyl, octyl, nonyl, decyl, hexadecyl, and miscellaneous mercaptans,
and other hydrocarbons derivatives.
1%  Tncludes data for the following chain lengths: Cg-Cg; Cs-Cys; C10—Ci43 C10-Ci163 C15-C17; and others.
15 Includes production and/or sales data for cyclooctadiene, di-isobutylene, di-isopropyl, dodecene, eicosane,
methane, methyl acetylene propadiene, mixtures of C, and C3, C¢ and C;, and Cs and Cy9 hydrocarbons, neohexane,
n-heptane, n-octane, polybutene, propylene tetramer, propylene trimer, triisobutylene, and other hydrocatbons.
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[Names of manufacturers that reported production or sales of primar:
chemical conversion to the U.S. International Trade Commission £

SYWTHETIC ORGANIC CHEMICALS, 1977

TABLE 3.--PRIMARY PRODUCTS FROM PETROLEUM AND NATURAL GAS FOR CHEMICAL
CONVERSION: DIRECTORY OF MANUFACTURERS, 1977

ALPHABETICAL DIRECTORY BY CODE

identification codes as used in table 2]

y products from petroleum and natural gas for
or 1977 are listed below in the order of their

Code Name of company Code -Name of. company
ACC Amoco Chemicals Corp. KPP Arco/Polymers, Inc.
ACU Allied Chemical Corp., Union Texas
Petroleum Div. MCB Borg-Warner Corp., Borg-Warner Chemicals
ATIP Air Products & Chemicals, Inc. MNO Monochem, Inc.
AMO Amoco 0il Co. MOC Marathon 0il Co., Texas Refining Div.
AMO Amoco Texas Refining Co. MON Monsanto Co.
APR Atlas Processing Co.
ASH Ashland 0il, Inc. NWP Northern Petrochemical Co.
ATR Atlantic Richfield Co.
occ Oxirane Chemical Co.
BAS BASF Wyandotte Corp. oMC Olin Corp.
BFG B. F. Goodrich Co., B. F. Goodrich Chemical 0XI Oxirane Chemical Co. (Channelview)
Co. Div. .
PAN Amoco Production Co.
CBN Cities Service Co., Petrochemical Div. PAS Pennwalt Corp.
CCP Crown Central Petroleum Corp. PLC Phillips Petroleum Co.
CLK Clark 0il & Refining Corp. PPR Phillips Puerto Rico Core, Inc.
co Continental 0il Co. . PRD Ferro Corp., Productol Chemical Div.
coL Collier Carbon & Chemical Corp. PTT Petro-Tex Chemical Corp.
COR Commonwealth 0il & Refining Co., Inc. PUE Puerto Rico Olefins Co.
CPI Commonwealth Petrochemicals, Inc.
CPX Chemplex Co. QH Quintana-Howell Joint Venture
CPY Copolymer Rubber & Chemical Corp.
CSD Cosden 0il & Chemical Corp. RH Rohm & Haas Co.
Ccso Cities Service Co.
Ccsp Coastal States Petrochemical Co. SHC Shell 0il Co., Shell Chemical Co. Div.
SHO Shell 0il Co.
DOW Dow Chemical Co. SIO Standard 0il Co.
DUP E. I. duPont de Nemours & Co., Inc. SKO Getty Refining & Marketing Co.
SM Mobil 0il Corp. & Mobil Chemical Co.
EKX Eastman Kodak Co., Texas Eastman Co. Div. SNO SunOlin Chemical Co.
ELP El Paso Products Co. S0C Standard 0il Co. of California, Chevron
ENJ Exxon Chemical Co. U.S.A. Chemical Co.
SOG Charter International 0il Co.
FG Foster Grant Co., Inc. STY Styrochem Corp.
FRS Firestone Tire & Rubber Co., Firestone SUN Sun Company, Inc.
Synthetic Rubber & Latex Co. Div. SWC Corco Cyclohexane, Inc.
GOC Gulf 0il Corp., Gulf 0il Chemicals TBO Tauber 0il Co.
Co.-U.S. TID Getty Refining & Marketing Co.
GRS Champlin Petroleum Co. TNA Ethyl Corp.
TOC Tenneco 0il Co.
HCF Hercofina TUS Texas-U.S. Chemical Co.
HCR Hercor Chemical Corp. X Texaco, Inc.
HES Amerada Hess Corp. (Hess 0il Virgin Islands
Corp.) uce Union Carbide Corp.
HMY Humphrey Chemical Co. voc Union 0il Co. of California
Usi National Distillers & Chemicals Corp.,
Jcc Jefferson Chemical Co., Inc. U.S. Industrial Chemicals Co.
USR Uniroyal, Inc., Uniroyal Chemical Div.

Note.-~Complete names and addresses of the above reporting companies are listed in table 1 of the appendix.
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Import Penetration of U.S. Markets for Cyclic Intermediates

Daniel F. McCarthy

Summary of current status of imports

Imports of cyclic (benzenoid) intermediates in 1977 amounted to 307
million pounds valued at $325.9 million. Imports of cyclic intermediates are
covered in part 1 B, Schedule 4 of the TSUS. In the import statistics, they
are referred to as benzenoid chemicals and include a certain amount of
noncyclic chemicals which were manufactured from cyclic raw materials.
Imports more than doubled in 1972-77 ($150 million in 1972: $326 million in
1977; table A). However, because of inflation in the United States and the
different inflation rates in exporting countries, these value figures may not
reflect the true impact of imports on the U.S. market for cyclic interme-
diates. On the basis of quantity, imports of organic cyclic intermediates
amounted to 221 million pounds in 1972 and have increased irregularly through

1977 to 307 million pounds, which represents an average growth rate of 6.8
percent per year.

The ratio of the value of imports of cyclic intermediates to that of
domestic sales ranged from 6.5 percent to 9.8 percent in 1972-77. Measured,
however, on the basis of volume the ratio of imports to sales did not exceed
2.8 percent in the last 5 years. In 1974 when imports of cyclic intermediates
peaked at 2.8 percent of U.S. sales, they amounted to 401 million pounds,
valued at $259 million. Sales of such products in 1974 by domestic producers
amounted to 14.2 billion pounds, valued at $3.4 billion.

The principal cyclic intermediate imports (along with those benzenoid non-
cyclic chemicals referred to in the first paragraph) in 1977 were phthalic
anhydride, (53 million pounds), cyclohexane (22 million pounds), and acetone
(18 million pounds). 1Increased U.S. consumption of phthalate plasticizers,
especially those used to increase flexibility of polyvinyl chloride (PVC)
plastics materials, and increased use of polyester resins provided an increase

in the market for imports of phthalic anhydride over that of 1976 when such
imports amounted to 31.5 million pounds.

Increased domestic consumption of nylon 6 and nylon 66 resulted in the
increased demand for cyclohexane as a precursor material for these products.
Increased consumption of acetone for such uses as the manufacture of methyl
methacrylate and for bisphenol A were contributing factors to the large volume
of acetone imports in 1977. Bisphenol A is used in the manufacture of epoxy
resins and polycarbonate resins, which are expected to grow from 7 to 10
percent a year according to industry estimates. Methyl methacrylate is
likewise used as a raw material for plastics and resins.
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Derivation and uses of principal cyclic intermediates

The cyclic intermediates included here are derived principally from the
basic petrochemical raw materials: benzene, toluene, xylene and naphthalene.
The principal intermediates derived from benzene include cyclohexane, phenol
styrene, detergent alkylates, maleic anhydride, and aniline. Cyclohexane is
used mostly in the production of the nylons. Stryrene is polymerized to
polystyrene and used in plastics products. Styrene is also used in synthetic
rubber, polyester resins and alkyd protective coatings. Phenol is used in the
manufacutre of phenolic resins and of bisphenol A. Other products obtained
from phenol include caprolactam used to produce nylon 6, alkylated phenols,
and chlorinated phenol to make the herbicide 2, 4-D. A byproduct in the
production of phenol from cumene, alpha-methylstyrene, is used as an additive
in resin formulations to increase their high-temperature performance. The
alkylbenzenes are used mostly to make synthetic detergents. Maleic anhydride
is used to make alkyd resins, some agricultural chemicals, and styrene-maleic
anhydride resins. Aniline is used to produce isocyanates which, in turn, are
used to make polyurethanes for insulation, cushioning, and other applications
of foamed plastics. Aniline is also used in the production of dyes, drugs,
and photographic chemicals such as hydroquinone. Monochlorobenzene has been
used in the manufacture of the pesticide DDT, drugs, perfumes, and in
solvents. Ortho-dichlorobenzene is used mostly as a solvent for metal
degreasing. Para-dichlorobenzene, on the other hand, is used as a moth
repellant for wool. Resorcinol (meta-dihydroxybenzene) is used by the tire
industry in a resorcinol-formaldehyde resin to bond the tire cord to the
rubber. Resorcinol-formaldehyde resins are also used as wood adhesives.

b

Intermediates derived from toluene include toluene diisocyanate (TDI),
benzoic acid and phenol. Toluene diisocyanates, when reacted with polyols or
polyesters, make polyurethanes. The flexible polyurethane foams are used for
cushioning and padding in automobiles and furniture. The semi-rigid urethane
foams are used for crash pads in automobiles, w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>