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INTRODUCTION

This is the sixtieth 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 sec-
tions, each covering a specified group (based principally on use) of organic chemicals as follows: Tar and tar
crudes; primary products from petroleum and natural gas; intermediates; dyes; pigments; medicimal chemicals; flavor
and perfume materials; plastics and resin mdtérials; rubber-processing chemicals; elastomers; plasticizers; surface-
active agents; pesticides and related products; miscellaneous end-use chemicals and chemical products; and miscel-
laneous cyclic and acyclic chemicals. Data have been supplied by approximately 800 producers.

The first table in each section gives statistics on products and groups of products in as great detail as is
possible without revealing the operations 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. More-
over, 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 con-
fidence 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 and $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: Commercial Organic Chemical
Names, 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 (includes 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 deseribed natural products, such as,
alkaloids, enzymes, and perfume isolates. It is the sum--
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 considered 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.
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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;

Intermediate 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, inecluding
‘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 1976 was 289,292 million pounds--an increase of 17.3 percent over the output in 1975 (see table
1). Sales of these materials in 1976, which totaled 151,760 million pounds valued at $33,657 million, were 11.8
percent larger than in 1975 in terms of quantity and 19.0 percent larger in terms of value. These figures include
data on proudction and sales of chemicals measured at several successive steps in the manufacturing process, and
therefore, they necessarily reflect some duplication.

In 1976 production of all synthetic organic chemicals, including cyclic intermediates and finished products,
totaled 162,873 million pounds, or 4.9 percent more than the output in 1975. Cyclic intermediates showed an apparent
decrease in production of 37.0 percent, however, several items previously included in this section were transferred
to the section on primary products from petroleum and natural.gas. This latter.section, therefore, shows”an ‘inordinately
high apparent increase in production. Pesticides and related products (1,364 million pounds), with a decline of 14.9
percent from 1975, was the only other section to exhibit a decline in production. Rubber-processing chemicals (384
million pounds) lead the increase with a gain of 37.6 percent; organic pigments (68 million pounds) were 36.4 percent
greater than in 1975; flavor and perfume materials (129 million pounds) increased 27.1 percent; dyes (256 million
pounds) increased 24.4 percent; plastics and resin materials (29,680 million pounds) increased 19.4 percent; elastomers
(synthetic rubber) (5,386 million pounds) increased 17.6 percent; plasticizers (1,587 million pounds) increased 17.%
percent; medicinal chemicals (236 million pounds) increased 13.2 percent; and surface-active agents (4,582 million
pounds) increased 5.4 percent. The sections on miscellaneous end-use chemicals and chemical products and miscellaneous
cyclic and acyclic chemicals were previously included in the section listed as miscellaneous chemicals. Together
these two new sections show an increase of 15.3 percEnt over the output of miscellaneous chemicals in 1975.

TALLE 1.--SYNTHETIC ORGA#IC CHEMICALS AND THEIR RAW MATERIALS:
U.S. PropUCTION AtD SALES, 1975 awp 1975

: : SALES
. PRODUCTION : -
: QUANTITY : VALUE
: : tIncrease,: : : Increase, : B ‘T Increase,
: : : or H : : or : : : or
: : ‘decrease @ : : decrease @ : :decrease
1975 : 1976 :(-), 1976: 1975 : 1976 :(-), 1976 : 1975 :. 1976 :(-), ]976
: : : over : :  over : : i over
: : : 1975 : : 1975} s : :1975!
:Million :Million : tMillion :Million :Million :Million @
: pounds : pounds : Percent : pounds : pounds : Percent : pounds : pounds Percent
Grand Total?——=————— ————-- :246,587 :289,292 : 17.3 :135,778 :151,760 : 11.8 : 28,293 : 33,657 : 19.0
Tar: : 6,455 @ 6,364 : -l.4 : 2,848 : 2,905 : 2.0 99 : 96 : -3.0
Tar crudes? : 6,797 : 7,182 : 5.7 + 4,378 : 4,519 : 3.2 : 268 : 285 : 6.3
Primary products from Petroleum : : : : H : : : H
and Natural Gas"—————— —————- : 78,089 :112,873 : 44,5 : 44,562 : 59,083 : 32.6 : 2,988 : 5,490 : 83.7
Synthetic organic chemicals : : : : : H : : B
total? :155,246 :162,873 : 4.9 : 83,990 : 85,253 : 1.5 : 24,939 : 27,786 : 11.4
Cyclic intermediates“~—————=m -~ ¢ 31,412 : 19,796 ; -37.0 : 14,780 : 7,664 : -48.2 : 3,169 : 2,387 : =24.7
Dyes : 206 256 24,4 209 : 250 19.7 476 620 : 30.4
Organic pigments——=—=—=—m————=— : 50 ; 68 36.4 : 42 54 27.9 186 . 261 ¢ 40.4
Medicinal chemicals——=———==-- - 208 . 236 ; 13.2 ; 149 161 8.1 772 . 742 . -4.0
Flavor and perfume : : : : : : : : :
materials : 101 . 129 27.1 83 : 111 34.1 143 195 . 36.2
Plastics and resin : : : : : : H . :
materials : 24,868 ; 29,680 : 19.4 : 20,955 : 24,837 : 9.5 : 7,003 . 8,619 . 23.1
Rubber-processing chemicals--— 279 . 384 37.6 : 204 224 9.8 207 . 247 . 19.3
Elastomers (synthetic : : : : : : H : :
rubber) ¢ 4,579 ; 5,386 : 17.6 : 3,948 : 3,710 : -6.0 : 1,458 . 1,529 . 4.9
Plasticizers + 1,352 : 1,587 : 17.4 ;: 1,338 : 1,466 9.6 : 470 . 566 . =21.1
Surface-active agents———————=w- « 4,349 . 4,582 . 5.4 ; 2,182 ; 2,512 15.1 : 717 821 . 14.5
Pesticides and related : : : : : : : . .
products . 1,603 ; 1,364 . -14.9 : 1,328 : 1,193 . -10.2 : 2,366 , 2,410 . 1.8
Miscellaneous end-use chem- : . : . : : : : .
icals and chemical productss- : - : 15,851 : - -3: 9,160 - : - . 2,251 . -
Miscellaneous cyclic and . (86,238). . : (38,774): . :( 7,971), .
acyclic chemicals®———————amee : - : 83,553 : - - : 33,912 - : - . 7,137 ; -

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.

The large increases in 1976 over 1975 for primary products from petroleun and natural gas, and decreases for cyclic
intermediates were caused, in part, by the transfer, in 1976, of ethylbenzene, cyclohexane, styrene, m-xylene,

o-xylene, p-xylene, and cumene, from the intermediates section to the primary products from petroleum and natural

gas section.

5 Items in these two sections were previously included in the section named miscellaneous chemicals

1
2
3

Y



SYNTHETIC ORGANIC CHEMICALS, 1976

GENERAL

In this report synthetic organic chemicals are classified on the basis of their principal use as follows: 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 chemicals and chemical products, and miscellaneous cyclic and acyclic chemicals. Most of these
groups are further subdivided either by use or by chemical composition. 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 production of synthetic
million pounds or 4.9 percent more
than the output of 104,711 million

organic chemicals (intermediates and finished products combined) in 1976 was 162,873
than the output of 155,246 million pounds reported for 1975 and 55.5 percent more
pounds reported for 1967 (see table 2). Sales of synthetic organic chemicals in 1976
amounted to 85,253 million pounds, valued at $27,786 million, compared with 83,990 million pounds, valued at $24,939
million in 1975 and 55,177 million pounds, valued at $10,438 million in 1967. Production of all cyclic products (inter-
mediates and finished products combined) in 1976 totaled 44,192 million pounds or 11.5 percent less than the 49,963 mil-

lion pounds reported for 1975 and 32.0 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 1975
Production of all acyclic products in 1976 totaled 118,681 million pounds, or
12.7 percent more than the 105,283 million pounds reported for 1975 and 66.6 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. 1967, 1975, anp. 197€

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

than would otherwise have resulted.

. Increase, or

decrease (-)

: 1 :
CHEMICAL : 1967 1975 1976 : 1976 over : 1976 over
: 1967 : 1975
Organic chemicals, cyclic and acyclic, : H : ¢ Percent :  Percent
Grand total: : : : : :
Production : 104,711,357 : 155,245,961: 162,873,300 : 55.5 : 4.9
Sal : 55,176,823 : 83,990,306: 85,252,538 : 54,5 : 1.5
Sales value : 10,438,453 : 24,938,9238: 27,785,930 : 166.2 : 11.4
Cyclic, total: : : : : :
Production : 33,479,469 : 49,962,996: 44,192,345 : 32.0 : -11.6
Sal : 19,328,628 : 28,562,903: 23,993,824 : 24.1 : -16.0
Sales value : 4,610,293 : 11,316,374: 11,547,071 : 150.5 = 2.0
Acyclic, total: : : : : :
Production : 71,231,888 : 105,282,965: 118,680,955 : 66.6 : 12.7
Sales : 35,848,195 : 55,427,403: 61,258,714 : 70.9 : 10.5
Sales value : 5,828,160 : 13,622,554: 16,238,859 : 178.6 : 18.8
1. Cyeliec Intermediates? : : : :
Production ¢ 20,793,132 : 31,412,575: 19,795,832 : -4.8 : -37.0
Sal s 9,461,180 : 14,779,570: 7,663,691 : -19.0 : -48,2
Sales value: : 1,000,359 : 3,169,243: 2,386,993 : 138.6 : =24.7
2; Dyes : : : :
Production: : 206,240 : 206,034: 256,250 : 24.2 : 24,4
Sales : 198,592 : 208,768: 249,887 : 25.8 : 19.7
Sales value H 332,049 : 475,609: 620,294 : 86.8 : 30.4
3. Organic Pigments : : : H
Production : 53,322 :- 49,653; 67,727 : 27.0 : 36.4
Sales : 42,867 : 42,372: 54,211 : 26.5 : 27.9
Sales value: : 108,354 : 185,990: 261,089 : 141.0 : 40.4
4. Medicinal Chemicals : : : :
Cyclic: : : : : :
Production: : 110,129 : 123,624: 136,374 : 23.8 : 10.3
Sal : 70,120 : 77,847: 79,581 : 13.5 = 2.2
Sales value H 348,873 : 676,431: 642,829 : 84.2 -5.0
Acyclic: : : H : :
Production: : 69,941 : 84,765: 99,431 : 42,2 : 17.3
Sal : 56,804 : 70,966: 81,253 : 43.0 : 14.5
Sales value H 36,402 : 95,674: 98,692 : 171.1 : 3.2

See footnotes at end of table.
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TABLE 2.--SYWTHETIC ORGANIC cAEMICALS: SumMARY OF U,S. PRODUCTION AND SALES
OF INTERMEDIATES AND FINISHED PRODUCTS, 1967, 1375, AnD 1376--CONTINUED

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

Increase, or decrease (-)

: : 1 : :
CHEMICAL : 1967 : 1975 : 1976 1976 over : 1976 over
: : T : 1967 : 1975

5. Flavor and Perfume Materials : : : : :
: t  Percent : Percent

Cyclic: H : : H :
Production : 57,978 : 44,751 : 55,090 : -5.0: 23.1
Sal : 47,285 : 33,044 : 48,503 : 2.6 : 46.8
Sales value : 52,866 : 91,851 : 125,479 ¢ 137.4 ¢ 36.6

Acyclic: ' : : : : :
Production: : 53,558 : 56,589 : 73,756 : 37.7 30.3
Sal : 49,311 : 49,639 : 62,445 : 26.6 : 25.8
Sales valu : 40,495 51,580 : 69,843 : 72.5¢ 35.4

6. Plastics and Resin Materials : : : :

Cyclic: : : : : :
Production : 5,033,497 : 7,806,999 : 8,943,083 : 77.7: 14.6
Sales : 4,224,121 6,696,592 : 7,684,865 : 81.9 : 14.8
Sales valu : 1,036,940 : 2,763,341 : 3,113,430 : 200.2 : 12.7

Acyclic: H : : : :
Production: : 8,759,452 : 17,060,723 : 20,737,169 : 136.7 : 21.5
Sal : 7,753,242 : 14,258,062 : 17,151,982 : 121.2: 20.3
Sales value: : 1,635,690 : 4,239,701 : 5,505,923 : 236.6 : 29.9

7. Rubber-Processing Chemicals : . .

Cyclic: : : : : :
Production : 220,139 : 224,997 : 334,735 : 52.0: 48.8
Sal : 169,970 : 172,637 : 186,393 : 9.7 : 8.0
Sales value: : 116,318 : 186,853 : 218,263 : 87.6 : 16.8

Acyclic: : : : : :
Production 43,994 : 53,995 : 49,688 : 12.9 : -8.0
Sal, : 30,878 : 31,198 : 37,879 : 22.7 ¢ 21.4
Sales value : 15,477 : 20,040 : 28,594 : 84.8 : 42.7

8. [Elastomers (Synthetic Rubber) : : : :

Cyclic: : : : : H
Production s 2,297,637 : 2,778,884 : 3,146,083 : 36.9 : 13.2
Sales H 1,940,099 : 2,302,389 : 1,970,636 : 1.6 : -14.4
Sales value: H 439,580 : 639,357 : 560,386 : 27.5 -12.4

Acyclic: : : : : :
Production: : 1,524,908 : 1,799,841 : 2,239,717 : 46.9 : 24.4
Sal : 1,321,945 : 1,645,726 : 1,739,501 : 31.6 : 5.7
Sales value: : 434,657 : 813,335 : 968,676 : 122.8 : 18.4

9. Plasticizers : : : :

Cyclic: : : : : H
Production: : 929,871 : 1,038,204 : 1,185,909 : 27.5 ¢ 14.2
Sal : 865,084 : 1,042,188 : 1,110,869 : 28.4 : 6.6
Sales value H 167,827 : 307,923 : 360,453 : 114.8 : 17.1

Acyclic: : H : H H
Production: : 332,908 : 313,498 : 401,525 : 20.6 : 28.1
Sales : 296,767 : 296,129 : 354,842 : 19.6 : 19.8
Sales value 93,142 : 162,467 : 205,812 : 121.0 : 26.7

10. Surface-Active Agents : : H : :

Cyclic:?® : : : : :
Production . 1,418,444 1,921,358 : 2,312,728 : 63.0 : 20.4
Sales: : 852,238 : 1,084,899 : 1,393,489 : 63.5 : 28.4
Sales value H 95,810 : 211,449 : 319,422 : 233.4 @ 51.1

Acyclic: : : : : :
Production 2,060,851 : 2,428,039 : 2,269,670 : 10.1 : -6.5
Sal : 897,786 : 1,096,680 : 1,118,596 : 24.6 : 2.0
Sales value : 220,877 : 505,972 : 501,818 : 127.2 -.8

See footnotes at end of table.
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TABLE 2.--SYNTHETIC ORGANIC CHEMICALS:

SummMary oF U.S. PRODUCTION AND SALES
OF INTERMEDIATES AND FINISHED PRoDUCTS 1967, 1975, anp 1975--CONTINUED

sales value

[Production and sales in thousands of pounds;

in thousands of dollars]

;Increase,‘or‘decrease(')

: 1 :
CHEMICAL : 1967 1975 . 1976 11976 over 71976 over
: : 1967 1975
11, Pesticides and Related Products : : : :
: :  Percent Percent
Cyclic: H : : : :
Production: H 823,158 : 1,196,310 : 940,263: 14.2: -21.4
Sal : 681,532 : 964,739 : 838,814: 23.1: -13.1
Sales value : 627,742 : 1,891,064 : 1,843,896: 193.7: -2.5
Acyclic: : : : : : :
Production : 226,505 : 406,706 : 424,128: 87.2: 4.3
Sal : 215,831 : 363,297 : 353,790: 63.9: -2.6
Sales value : 159,301 : 475,319 : 566,238 255.4: 19.1
12. Miscellaneous End-Use Chemicals and : : : :
Chemical Products * : : :
Cyclic: : : : : :
Production ( 1,535,922): ( 3,159,607): 3,137,093: e .o
Sal : (. 775,540): ( 1,157,858): 909,875: see 8 oo
Sales value ( 283,575): ( 717,263): 412,387: ees § SN
Acyclic: : H : : :
Production ¢ (58,159,771): (83,078,809)} 12,713,987: cee 3 ces
Sal : (25,225,631): (37,615,706): 8,249,695: eee s
Sales value : ( 3,192,119): ( 7,253,466): 1,838,740: oo $ oo
13. Miscellaneous Cyclic and Acyclic : : : :
Chemicals * : : :
Cyclic: H : : : : H
Production: : eos : P ¢ 3,881,178: cee o .o
Sales : ces : .o : 1,803,010: ees 8 e
Sales value : . H cee : 682,150: ces eee
Acyclic: : H : : :
Production : cor : ces : 79,671,884: eee o “ee
Sales: e : eee : 32,108,731: e © cee
Sales value ces cee 6,454,523: eee © eee

1

Standard reference base period for Federal Government general-purpose

index numbers.

The large decrease for cyclic intermediates were caused, in part, by the transfer, in 1976, of ethylbenzene,
cyclohexane, styrene, m-xylene, o-xylene, p-xyienme, and cumene, from the intermediates section to the primary
products from petroleum and natural gas section.

. Includes ligninsulfonates.

Items in these two sections were previously included in the section named miscellaneous chemicals.

The following tabulation shows, by chemical groups, the number of companies that reported production in 1976 of one
or more of the chemicals included in the groups listed in table 2:

Chemical group

Cyclic intermediates

Dyes

Organic pigments

Medicinal chemical
Flavor and perfume materials-—————=———-—

Plastics and resin materials———————————v

Number
of
companies
175
42
34
99
S 47

253

Chemical group

Rubber-processing chemicals=—==—-—-—ce—e-
Elastomers (synthetic rubber)-—--————-——--

Plasticizers

Surface-active agents

Pesticides and related products—-—-—=—————

Miscellaneous end-use chemicals and
chemical products

Miscellaneous cyclic and acyclic chem
ical

Number
of
companies

32
32
57
178

85

126

245



TAR AND TAR CRUDES 7

TAR
John J. Gersic

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 re-
flects 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 tar produced in the United States in 1976 was al-
most entirely coal tar, which amounted to 636 million gallons (see table 1).
Production in 1976 was 1.4 percent less than the 646 million gallons of
coal tar produced in 1975. Sales of coal tar in 1976 amounted to 291
million gallons compared with 285 million gallons in 1975. U.S. production
of water-gas and oil-gas tars was not reported to the Commission for 1975
or 1976; production of these tars in 1968 amounted to 21 million gallons,
according to trade publications.

Consumption of tar in 1976 amounted to an estimated 604 million
gallons, of which 72 percent was consumed in distillation. Tar used by
the producers as fuel amounted to 165 million gallons; a lesser amount, 5.5
million gallons, was consumed by coke-oven operators in miscellaneous uses
(see table 1A).

TAR 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 petroleu. 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 table 1 and 1B.

Domestic production of industrial and specification grades of benzene
reported by coke-oven operators and petroleum refinery operators in 1976
amounted to 1,425 million gallons--39.2 percent more than the 1,024 million
gallons reported for 1975. These statistics include data for benzene
produced from light oil and petroleum. Sales of benzene by coke-oven
operators and petroleum refiners in 1976 amounted to 637 million gallons
compared with 548 million gallons in 1975. In 1976 the output of toluene
(including material produced for use in blending in aviation fuel) amounted
to 999 million gallons--42 percent more than the 705 million gallons
reported for 1975. Sales of toluene in 1976 were 618 million gallons



SYNTHETIC ORGANIC CHEMICALS, 1976

compared with 441 million gallons in 1975. The output of xylene in 1976
(including that produced for blending in motor fuels) was 722 million
gallons, compared with 639 million gallons in 1975. Over 99 percent of
the 722 million gallons of xylene produced in 1976 was obtained from
petroleum sources.

Production (or sales) figures on crude naphthalene from coal-tar oils
in 1976 could not be published without disclosing the operations of
individual companies. Production of petroleum-derived naphthalene in 1976
amounted to 107 million pounds, compared with 110 million pounds in 1975.
Production figures on road tar for 1976 cannot be published; in 1972
production amounted to 30 million galloms.

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 in-
cluded in the table. The statistics, therefore, involve considerable
duplication, and for this reason no group totals or grand totals are given.

Data for 1976 tar crudes were supplied by 9 companies and company
divisiomns.
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SECTION I

Tar and Tar Crudes

Extensive revisions were made to the 1976 SOC questionnaire. These
revisions were made after consultation with an industry task force,
government agencies, and considerable reflection on what the finished
report's objectives should be. '

A new subsection B (Inventory and Capacity of Selected Items for
Fuel, Chemical and Other Uses) was added to the questionnaire for Section
I; its purpose was to obtain inventory and capacity data on benzene,
toluene, xylenes and benzene-toluene-xylenes concentrate. These data will
increase the value of the report to its users.  However, so few of the
respondents have yet completed subsection B that it is not possible to
publish a meaningful compilation of these data at this time.
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Organic Chemicals From Coal

Although coal-tar chemicals have been around a long time, the
manufacture of coal-tar dyestuffs, medicinals, and photographic chemicals
was relatively unimportant in the United States until after World War I.
Prior to that time Germany dominated the world's production and trade,
accounting for three-fourths of world production of coal-tar dyes and
even more of that of coal-tar medicinals. U.S. shortages caused by the
war, coupled with increases in U.S. import duties on dyestuffs and related
products, encouraged U.S. capital investment in a domestic dye industry. 1/

Coal remained the basis of the world's synthetic organic chemicals
industry through the 1930's, until the development of petrochemical
processes, which was due at least in part to the abundance of relatively
cheap petroleum. The U.S. petrochemical industry was developed during
World War II to supply synthetic materials to replace natural products
which were unavailable. The industry expanded considerably after the
war with the discovery of large Middle East oilfields.

Because of the availability of petroleum and its easy transport,
it rapidly displaced coal as the primary fossil fuel, and at the same

time petrochemicals largely displaced coal-tar chemicals.

Prospects for the "chemicals from coal' industry

Traditionally, the major source of '"chemicals from coal" has been
the light oils produced as coke-oven byproducts during the carbonization
of coal. These oils contain benzene, toluene, and xylene along with
- lesser amounts of other chemicals. Few coke ovens are built today for
any purpose other than the production of metallurgical coke, most of
which has been used in blast furnaces for steel production. But today,
owing to the use of supplemental fuels in blast furnaces, the consumption
of coke per ton of metal produced is decreasing and will probably continue
to decrease, at least in the near future, although metal production will
probably continue to increase.

If there is to be a renaissance of production of chemicals from coal,
new technology must play a leading part. 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. This, however,
does not mean that customary processes will be replaced entirely. For
example, in the United Kingdom there are presently three producers of
coal liquids producing some 19,000 barrels of chemical feedstock a day,
with projected production of 22,000 barrels a day by 1980. 2/ :

1/ United States Tariff Commission, Dyes and Other Coal-Tar Chemicals,
1918, p.11.
2/ 0il and Gas Journal, Dec. 5, 1975, p. 82.
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About a 10-percent increase in the price of naphtha or gas oil adds about
2 cents a pound to the ethylene transfer price, 1/ which would make
ethylene from :coal economically competitive.

Currently, aromatics from coal are roughly competitive with those from
petroleum. The following tabulation contains cost data from aromatics
arrived at in the Chem Systems study: 2/

Aromatic cost

Process . (cents per gallon)
Hydropyrolysis 52
Crude o0il processing 60
H-coal 64
COED 3/ 78

Overall, it ‘therefure appears that:chemicals -from coal will probably
increase in importance in the future. With our large coal deposits, raw
materials should be readily available. In addition, expected domestic
shortages of crude petroleum could be partially alleviated by the diversion
of feedstocks intended for petrochemical manufacture to fuel uses, thus
decreasing import dependence. Further, depending upon the relative prices
of coal and crude petroleum, chemicals from coal could help the United
States increase its healthy trade surplus in chemicals.

Trade

Though imports of benzene, toluene, and xylene doubled from 1971 to
1976 (from $48 million to $96 million), exports increased more than
elevenfold (from $13 million to $156 million). The largest growth was in
toluene exports, which rose from $2.6 million in 1971 to $75.2 million in 197¢€

Benzene has had a negative trade balance (in both volume and value)
since 1971. This has been due to the availability of cheap benzene from
overseas sources. Imports decreased in 1976, and exports increased to the
point that the trade balance was less unfavorable than in the preceding
5 years. In 1977, as the world continues to emerge from recession, benzene
exports could exceed imports again, as last happened in 1970.

Toluene had a negative trade balance from 1969 through 1973. 1In each
year since 1974 the trade balance has become increasingly favorable. Most
of the toluene exports are used for octane improvement of gasoline and as
solvents. As decreasing quantities of additives are permitted to improve
octane, the demand for certain aromatics, including toluene, should continue
to rise. However, while this means an increasing export market for toluene,
it is possible that increasing demand in the United States could prevent
our export trade from increasing as rapidly as otherwise might be expected.

1/ Chem Systems, Inc., op. cit., p. 224.
2/ Ibid., p. 58.
3/ Pyrolysis Process.
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New technology

New developments in coal technology are centered, essentially, in
the areas of combined fuels/chemicals operations, synthetic natural gas,
coal-chemical complexes, and flash hydrogenation. The last is the newest
and perhaps the most promising route to a more attractive chemical product
mix from coal. The principal products are benzene, toluene, xylene, char,
and smaller quantities of methane and ethane. The aromatics would be used
to make other chemicals or in gasoline. The methane would be the feedstock
for synthetic natural gas, while the ethane would be the feedstock for
producing ethylene. The development of flash hydrogenation is principally
funded by the Government, although some private funds have also been
invested in research and development. The Energy Research and Develop-
ment Administration is deeply involved and has at least four outside
principal contractors. 1/

The coal-chemical complexes could include synthetic natural gas
plants, flash hydrogenation facilities, and acetylene—proce381ng hardware.
Such complexes could lead to a quadrupling of coal's share of markets for
a dozen key chemicals from 1.6 percent in 1975 to 6.6 percent in 1985. 2/

A plan linking together 11 major process steps into a '"comprehensive
combined energy and petrochemicals production complex" has been presented
by a prominent engineering firm at a national technical society meeting. 3/
The complex is designed to consume 66,000 tons of coal a day and produce
17 major products, including 1 bllllOn pounds of ethylene and 434 million
pounds of propylene a year, 34 million gallons of benzene, 16 million
gallons of toluene and 71.5 million gallons of mixed xylenes a year and
2,395 tons of sulfur and 214 tons of ammonia a day. 4/ Assuming extensive
development of such complexes, in 1980 and 1990 coal-derived chemicals
could supply the following shares of U.S. demand for the following basic
organic chemicals (in percent): 5/

1980 1990
Ethylene-- 10.0 10.0
Propylene 8.2 8.2
Benzene 6.4 7.5
Toluene -3.8 4.6
Xylene-- ---19.2 23.0

The yield pattern of chemicals from coal depends upon both the
process and the type of coal used. A recent patent on flash hydrogenation
indicates a yield of 46 percent benzene, plus minor amounts of toluene and

1/ Chemical Week, Sept. 1, 1976, p. 33.

2/ 0il and Gas Journal, Feb. 2, 1976, p. 90.

g/ Chemical and Engineering News, Sept. 6, 1976, p. 7.
4/ Ibid., p. 8.

5/ Ibid., p. 33.
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xylene. 1/ Another patent claims a 90-percent conversion of coal to liquids
and gases, 2/ while an entrained-flow reactor using North Dakota lignite for
feedstock yielded 15 percent benzene, 10 percent oils, 31 percent methane,

4 percent propane, and char and unreacted carbon. 3/ 1In general the major
task for coal conversion technology is to increase the yields of gases and
liquids at the expense of char and unreacted material.

Economics of coal chemicals vis-a-vis petrochemicdls

To be commercially viable, any chemical-from-coal process must be
able to compete with processes based on natural gas or petroleum. As
most of the coal processes generate synthetic natural gas, the "wellhead"
price of natural gas is obviously very important. It has been stated
that coal-based projects are likely to be started as soon as the "wellhead"
price reaches around $3.00 per million Btu's. 4/ Currently, interstate
natural gas is sold for a maximum of $1.42 per thousand cubic feet (roughly
1 million Btu's), while intrastate natural gas, not being regulated, has
been sold at times for as much as about $2.50 per thousand cubic feet.
The National Energy Plan proposes that "all new gas sold anywhere in the
country from new reservoirs would be subject to a price limitation at the
Btu equivalent of the average refiner acquisition price (without tax) of
all domestic crude oil." Under this proposal the price would be approximately
$1.75 per thousand cubic feet at the beginning of 1978, 5/ and the refiner
acquisition price of all domestic crude o0il would have to reach approximately
$18.00 a barrel for natural gas to be priced at $3.00 per thousand cubic
feet. It appears that under the proposed oil pricing scheme outlined in
The National Energy Plan such a price could only occur in the 1980's,
assuming an inflation rate in the United States of 5 percent a year.

Ethylene-from-coal economics based on the two most promising coal-based
routes (methanol homologation and dimethyl ether cracking) are compared
with the petroleum-based routes in the following tabulation, which contain
the transfer prices for ethylene which were arrived at in the Chem
Systems study: 6/

Ethylene transfer price

Process (cents per pound)
Natural gas liquids cracking-— —-16.61
Gas oil - ————————17.24
Naphtha cracking — ————————=17.66
Dimethyl ether cracking - --18.22
Methanol homologation - - 19.89
Coal syncrude-- —-— -22.70

1/ Chemical Week, Sept. 1, 1976, p. 33.

2/ Ibid., p. 36.

3/ Ibid.

4/ Hydrocarbon Processing, Mar. 11, 1977, p. 15.

5/ Executive Office of the President, Energy and Policy Planning, The
National Energy Plan, Apr. 29, 1977, p. 53.

g/ Chem Systems, Inc., Chemicals from Coal and Shale: An R&D Analysis

for the National Science Foundation, June 1975, p. 224.

245-856 O - 77 ~ 2
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The xylene trade balance became positive in 1974 and has increased
each year since. It had been negative in the previous 5 years. As with
toluene, major end-uses include those as a gasoline octane improver and
as a solvent. Exports have increased during each of the last 6 years
and could continue, depending prlmarlly on domestic xylene demand for use
in nonleaded gasoline.

A renaissance in the chemicals-from-coal industry could greatly expand
our trade surplus in benzene, toluene, and xylene. Lowered manufacturing
costs resulting from technological breakthroughs in the production of
aromatics from coal could enable the United States to maintain and possibly
increase export markets even in the face of large-scale manufacture of
aromatics in the Middle East.
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TABLE 1.--Tar anp TAR crupes: U.S. PRoDucTION AND saLEs, 1976

[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]

UNIT : : SALES
OF : PRODUCTION : : UNIT
QUANTITY QUANTITY : VALUE VALUE!
: . : : : 1,000 :
: : : :  dollars :
Tar:2 Coke-oven operators——————————— : 1,000 gal—- : 636,382 : 290,536 : 96,417 : $0.332
Crude light oil:® Coke-oven : : : : :
operators : 1,000 gal-- : 198,056 : 104,645 : 52,532 : .502
Intermediate light oil: Coke-oven H : H : :
operators ¢ 1,000 gal-- : 5,419 : 1,923 : 543 : .282
Light-oil distillates: : : H : :
Benzene, specification and : : H H H
grades, total“——e——————emeeeeeee @ 1,000 gal-- : 1,425,222 : 637,284 : 489,485 : .768
Coke-oven operators——---—- : 1,000 gal-- : 60,411 : 59,822 : 47,526 : .794
Petroleum refiners—---=--—=—-——— : 1,000 gal-- : 1,364,811 : 577,462 : 441,959 : .765
Toluene, all grades, total" : 1,000 gal-- : 998,976 : 618,291 : 334,376 : 541
Coke-oven operators=—=——————cem——- : 1,000 gal-- : 8,824 : 8,446 : 4,642 : .550
Petroleum refiners—————————meee—— : 1,000 gal-- : 990,152 : 609,345 : 329,734 : .541
Xylene, all grades, total“~——————- : 1,000 gal-- : 722,014 : 714,546 : 352,583 : 493
Coke~oven operator-——————e———ee—— : 1,000 gal-- : 1,496 : 1,251 : 732 : .585
Petroleum refiners———-————————-. - : 1,000 gal-- : 720,518 : 713,295 : 351,851 : .493
Solvent naphtha:?® Coke-oven : : : : :
operators : 1,000 gal-- : 1,968 : 1,792 : 713 : .398
Crude tar-acid oils: Coke-oven H : : : :
operators : 1,000 gal-- : 5,678 : 5,679 : 2,143 : .377
Creosote o0il (Dead 0il) (tar : : : : :
distillers and coke-oven : : : : :
operators) (100% creosote : : : : :
basis), total : 1,000 gal-- : 113,967 : 78,284 : 43,203 : .o
Distillate as such (100% creosote : : B : :
basis) : 1,000 gal-- : 77,126 : 51,913 : 25,677 : 474
Creosote content of coal tar : : : : B
solution (100% creosote basis)-- : 1,000 gal—- : 36,841 : 26,371 : 17,526 ¢ &)
All other distillates, total=————— - : 1,000 gal-- : oo : 35,321 : 12,740 : .361
Coke-oven operators, total-———————- : 1,000 gal-- : 6,475 : 3,750 : 856 : .228
From light oil : 1,000 gal-- : 3,993 : 1,398 : 505 : .361
Other : 1,000 gal-- : 2,482 : 2,352 : 351 : 149
Tar distillers® : 1,000 gal-- : cee 2 31,571 : 11,884 : .376
Tar, refined, for uses other than H : : H :
road tar : 1,000 gal-- : 16,668 : 5,712 : 3,038 : .532
Pitch of tar (tar distillers and : : : : H
coke-oven operators), total----- : 1,000 tons- : 1,314 : 984 : 100,440 : 102.073
Soft (water softening point less : : : : :
than 100° F): Coke-oven : : : : :
operators : 1,000 tons- : 516 : 274 : 25,347 : 92.507
Other’ : 1,000 tons- : 798 : 710 = 75,093 : 105.765

! Unit value per gallon, pound, or ton as specified.

Includes only data for coal tar reported to the Division of Fuels Data, U.S. Bureau of Mines, (Mineral
Industry Surveys, Coke and Coal Chemicals, Feb. 11, 1977). 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.
% Dpata 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. 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 revisionms. '
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Footnotes for table 1--Continued

> In 1976, production of coal-tar solution containing creosote (100% solution basis) amounted to 52,439

thousand gallons; sales were 36,076 thousand gallons valued at 17,526 thousand dollars, with a unit value of
$0.486 per gallon.

Includes data for crude light oil, solvent naphtha, pyridine crude bases, crude tar-acid oils, crude
cresylic acid, methylnaphthalene, crude tar for other uses, unspecified tar distillates, road tar and refined
anthracene, crude tetralin, crude coal tar solvent, carbon black, and primary and refractory oil.

Includes pitch emulsion, medium and hard pitch, and small amounts of soft pitch.

Note.--Statistics for materials produced in coke and gas-retort ovens are compiled by the Division of Fuels
Data, U.S. Bureau of Mines, Department of the Interior. Statistics for materials produced in tar and petroleum
refineries are compiled by the U.S. International Trade Commission.

TABLE 1A,--TaR: .S, PRODUCTION AND CONSUMPTION, 1975 anp 1976

(In thousands of gallons)

Product : 1975 : 1976
PRODUCTION : ot
Coal tar from coke-oven byproduct plants, totall———e—meee—e— 645,537 : 636,382
CONSUMPTION : H
Total : 617,235 v 604,376
Tar .consumed by distillation, total : 450,159 : 433,747
Coal tar distilled or topped by coke-oven operators!—————— : 178,147 : 163,051
Coal tar and water-gas tar distilled by tar distillers?--- : 272,012 : 270,696
Tar consumed by the producers chiefly as fuell=—————mmmme : 162,112 : 165,169
Coal tar consumed at coke-oven plants in miscellaneous : H
uses’ : 4,964 : 5,460

! Reported to the Division of Fuels Data, U.S. Bureau of Mines.

Reported to the U.S. International Trade Commission. Represents tar purchased from companies operating
coke-ovens and gas-retort plants and distilled by companies operating tar-distillation plants. Statistics also
include tar censumed other than by distillation by tar distillers.
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TABLE 1B.--TAR AND TAR CRUDES: SuMMARY OF U,S. PRODUCTION OF SPECIFIED PRODUCTS.
1967, 1975, anp 1976

[Leaders (...) are used where the reported data are accepted in confidence and may not be published or where no
data were reported.]

powm ; ; . DEcREASED (0
: : 1 : : : D -
PRODUCT : QUAEEITY . 19677 . 1975 . 1976 : 71976 OVER: 1976 OVER
: : : : : 1967 1975
: : : : :  Percent : Percent
Tar? : 1,000 gal-- : 780,334 : 645,537 : 636,382 : -18.4 : -1.4
Benzene:? : : : : : :
Coke-oven operators—==—-—=—=-=————-— : 1,000 gal-- : 90,642 : 65,050 : 60,411 : -33.4 : -7.1
Petroleum refiners-—=-=—===m==e=—-= : 1,000 gal-- : 878,704 : 958,863 : 1,364,811 : 55.3 : 42.3
Total : 1,000 gal-- : 969,346 : 1,023,913 : 1,425,222 : 47.0 : 39.2
Toluene:? : : : : : :
Coke-oven operators=———————=—————- : 1,000 gal-- : 19,357 : 9,841 : 8,824 : -54.4 : -10.4
Petroleun refiners—-——--—--———————— : 1,000 gal-- : “ 624,454 : 695,226 : 990,152 : 58.6 : 42.4
Total : 1,000 gal-- : 643,811 : 705,067 : 998.976 : 55.2 : 41.7
Xylene:? : : : : : :
Coke-oven operators—==—=—====—==—=—- : 1,000 gal-- : 5,488 : 1,884 : 1,496 : -72.7 : -20.6
Petroleum refiners~--——=-=——————~ : 1,000 gal— : “ 449,349 : 637,215 : 720,518 : 60.3 : 13.1
Total ¢ 1,000 gal-- : 454,837 : 639,099 : 722,014 : 58.7 : 13.0
Naphthalene: : : H : H :
Crude® : 1,000 1b -- : 520,991 : *) : (5 G s O
Petroleum naphthalene, all : : : : : :
grades : 1,000 1b - : 376,679 : 109,919 : 107,191 : -71.5 : -2.5
Total : 1,000 1b —- : 897,670 : Q) : *) S : (&)
Creosote oil (Dead oil):’ : : : : : :
N Distillate as such (100% : : : : : :
creosote basis)—=-——=——=—=ee———e : 1,000 gal-- : 108,832 : 79,164 : 77,126 : -29.2 : -2.6
Creosote content of coal tar : : : : : :
solution (100% creosote : : : : : :
basis) : 1,000 gal-- : 17,402 : 35,671 : 36,841 : 111.7 : 3.3
Total : 1,000 gal-- : 126,234 : 114,835 : 113,967 : -9.7 -.8

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

Includes only data for coal tar reported to the Division of Fuels Data, U.S. Bureau of Mines.

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

Y Includes data for material produced for use in blending motor fuels. Statistics are not comparable with monthly
fi§ures which include some o-xylene.

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.

Statistics for 1975 and 1976 cannot be published; to do so would disclose the operations of individual
companies.

Includes data for creosote oil produced by tar distillers and coke-oven operators and used only in wood
preserving.
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TABLE 2.--TAR CRUDES FOR WHICH U.S. PRODUCTION OR SALES WERE REPORTED,
IDENTIFIED BY MANUFACTURERS, 1976

[Tar crudes for which separate statistics are given in table 1 are marked with an asterisk (*); products 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. Table 3 identifies all U.S. producers
of tar crudes (except producers that report to the Division of Fuels Data, U.S. Bureau of Mines)]

Product Manufacturgrs' ideptif@cation codes
(according to list in table 3)
*Crude 1ight 011 ---commmo oo CBT.
*Light-0il distillates: Solvent naphtha' NEV.
Pyridine, crude bases)--------cmommmmmmme e KPT.
Naphthalene, crude, solidifying at:®
Less than 74° Ce--mmcmcmccmm e ASC, COP.
74° C. to less than 79° C.:
74° C. to less than 76° C---==---=-ccmcmooomnoaooon KPT.
76° C. to less than 79° C----=----mmmmomcmaomo o ASC, KPT.
Methylnaphthalene---------=ce-cemommce e KPT.
*Crude tar-acid oils:! )
Tar-acid content 5% to less than 24%-----------cooo--- KPT.
Tar-acid content 24% to 50%-----------=--mccecccaoonoo ASC.
Cresylic acid, crude------------coommmmmm e KPT, PRD.
*Creosote oil (Dead o0il):?!
*Distillate as sucCh--------cccmmmmmcm e ASC, CBT, COP, HUS, KPT, RIL, WTC.
*Creosote in coal tar solution ASC, KPT, RIL, WTC.
*Al1l other distillate products!------ ASC, KPT, WTC.
Tar, road------------cc--cc e eeeeeeeeaa oo ASC, KPT, RIL.
Tar for other uses:
Crude----- KPT, RIL.
*Refined! : ASC, KPT, RIL.
*Pitch of tar:!
*Soft (water softening point less than 110° F.)-------- ASC, KPT.
Medium (water softening point 110° F. to 160° F.)~---- ASC, CBT, COP, KPT, RIL.
Hard (water softening point above 160° F.)-------- -- ASC, HYS, KPT, RIL, WTC.
Pitch emulsion-------=m-momomom e oo JEN.

! poes not include manufacturers' identification codes for producers who report to the Division of Fuels Data, U.S.
Bureau of Mines. Those producers are listed in the U.S. Bureau of Mines Mineral Industry Survey, November 6, 1976,
entitled '""Coke Producers in the U.S. in 1976."

TABLE 3.--TAR AND TAR CRUDES: DIRECTORY OF MANUFACTURERS, 1976
ALPHABETICAL DIRECTORY BY CODE

[Names of manufacturers that reported production or sales of tar and tar crudes to the U.S. International Trade
Commission for 1976 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. KPT Koppers Co., Inc., Organic Materials Div.
CBT Samuel Cabot, Inc. KPT Koppers Co., Inc., Roads Materials Div.
cop Coopers Creek Chemical Corp.
. NEV Neville Chemical Co.
HUS Husky Industries, Inc.
RIL Reilly Tar & Chemical Corp.
JEN Jennison-Wright Corp.

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

PRIMARY PRODUCTS FROM PETROLEUM AND NATURAL GAS
John J. Gersic and J. Réss Lewis, Jr.

Primary products that are derived from petroleum and natural gas! are
related to the intermediates and finished products made from such primary
materials in much the same way that crude products derived from the
distillation of coal tar are related to their intermediates and finished:
products. Many of the primary products derived from petroleum are identical
with those derived from coal tar (e.g., benzene, toluene, and xylene). Con-
siderable duplication exists in the statistics on the production and sales
of primary petroleum products because some of these primary chemicals are
converted to other primary products derived from petroleum and because data
on some production and sales are reported at successive stages in the
conversion process. The statistics are sufficiently accurate, however, to
indicate trends in the industry. Many of the primary products for which
data are included in the statistics may be used either as fuel or as basic
materials from which to derive other chemicals. In this report every
effort has been made to exclude data on materials that are used as fuel;
however, data are included on toluene and xylene which are used in blending
aviation and motor fuel.

The output of primary products derived from petroleum and natural gas
as a group amounted to 112,873 million pounds in 1976. Production in 1975
was 78,089 million pounds. However, these totals can not be compared owing
to transfer of items from the cyclic intermediates section to this section.?

The output of aromatic and naphthenic products from petroleum amounted
to 48,167 million pounds in 1976, compared with 20,605 million pounds in
1975. Sales amounted to $2,757 million in 1976 and $897 million in 1975.
The output of 1° and 2° benzene from petroleum in 1976 (9,827 million pounds)
was 40.0 percent more than the 7,019 million pounds produced in 1975.

Production of all aliphatic hydrocarbons and derivatives from petroleum
and natural gas was 64,706 million pounds in 1976, compared with 57,484
million pounds in 1975. Sales of these products were valued at $2, 732 mil-
lion in 1976 compared with $2,091 million in 1975. Production of ethylene
was 22,475 million pounds in 1976--9.6 percent more than. the 20,499 million
pounds produced in 1975. The output of 1,3-butadiene in 1976 (3,507
million pounds) increased from the production in 1975 (2,597 million
pounds). Production of 1,3-butadiene (3,682 million pounds) in 1974 was a
record production.

Data for 1976 crude products from petroleum and natural gas for chemical
conversion were supplied by 77 companies and company divisions.

! Statistics on aromatlc chemicals from coal tar are given in the report

on "Tar and Tar Crudes."

2 Items transferred from cyclic intermediates are ethylbenzene, cyclohexane,
styrene, m-xylene, o-xylene, p-xylene.
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SECTION II

Primary Products from Petroleum and Natural Gas
For Chemical Conversion

Three new subsections (i.e., A, B and D) were added to the 1976 SOC
questionnaire for Section II. These sections were added after consultation
with Government agencies, an industry task force, and extensive discussion
with users of the report.

Each of the added subsections were designed to fulfill a particular
need. Subsection A (Production and Sales of Selected Items for Fuel,
Chemical and Other Uses) was designed to capture all of the basic aromatics
and olefins that are produced regardless of use. Subsection B (Inventory
and Capacity of Selected Items for Fuel, Chemical and Other Uses) was
added to obtain inventory and capacity data for the basic aromatics and
olefins. Subsection D's (Captive Uses of C; to Cy Aliphatic Hydrocarbons
for Use as Petrochemical Feedstock for Your Own Use) purpose was to
capture all (nine) of the lower aliphatic hydrocarbons used as chemical
feedstocks. Few respondents have yet supplied data; in many cases those
* sections completed must be corrected. Therefore, it is not possible to
publish summaries of these sections at this time,
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“ Olefins and Aromatics

Though the terms "olefins" and "aromatics'" cover many products, most
of the comments here will be directed toward ethylene, propylene, benzene,
toluene, and xylene. These are the most important "building block" raw
materials for all synthetic organic chemicals and are principally derived
from petroleum and natural gas. They are used to make products such as
chemical intermediates, plastics, synthetic fibers, synthetic rubber,
pesticides, and detergents.

Primary products from petroleum and natural gas

Of the top 50 chemicals ranked by production in 1976, as compiled
by a reputable trade publication, 11 were organic chemicals classifiable
in section II of this report. These organic chemicals are listed in the
following table by rank in the top 50 chemicals in 1975 and 1976; also
included are average annual U.S. production growth rates for the periods
1966-71 and 1971-76. Of those chemicals listed, the first four are the
organic chemicals with the largest production volume.

Future growth for these building-block chemicals is expected to
continue to be strong. An industry forecast indicates that ethylene
demand is expected to increase at an average annual rate of 8 percent
a year through the end of this decade and 6 percent a year in the early
1980's. 1/ The fastest growing ethylene derivatives and their growth
rates are expected to be high-density polyethylene (12 percent a year)
and vinyl acetate (10 percent a year). g/ Propylene demand is predicted
to grow at a faster rate (8.5 to 9 percent a year) than ethylene through
1985 by at least one industry observer. 3/ The fastest growing derivatives
will be polypropylene (12 percent a year) and propylene oxide (10 percent
per year). Benzene demand growth is forecast to average about 5.6 percent
a year from 1976 to 1985; however, it could be lower owing to at least a
partial change from benzene to other feedstocks for the manufacture of
maleic anhydride and nylon intermediates. Furthermore, benzene exposure
levels as set by the Occupational Safety and Health Administration could
limit its use in certain applications and increase its cost. ﬁ]

The toluene growth rate is forecast to decrease considerably to about
4,5 percent a year from 1976 to 1980; even lower growth rates are possible
from: 1980 to 1985. Styrene is an important derivative of ethylene and
benzene, and in 1976 its production accounted for some 44 percent of the benzene
demand and about 6 percent of the ethylene demand. For the past 16 years
styrene demand has grown at an average annual rate of 8.2 percent; this rate is
predicted to decrease to about 6 percent through 1980 and to 5 percent from

1/ Chemical and Engineering News, Apr. 4, 1977, p. 9.
2/ 0il and Gas Journal, Mar. 28, 1977, p. 32.

3/ Chemical and Engineering News, Apr. 4, 1977, p. 10.
4/ Ibid., May 23, 1977, p. 10.
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1980 to 1985. The fastest growing derivative from 1976 to 1980 is expected
to be expanded polystyrene (12 percent a year.) Butadiene demand is expected
to increase slowly through 1980 and then average 3.6 percent a year from 1980
to 1985. 1/

Changes in technology, production methods, and production centers

Among the major changes expected is the increasing use of heavier
feedstock for ethylene production in the United States, with the result
that increasing quantities of byproduct aromatics and butadiene will become
available. It is also possible that increasing quantities of olefins and
aromatics destined as such or in derivative form for world trade will be
madé in crude-petroleum- and natural-gas-producing countries, principally
those in the Organization of Petroleum Exporting Countries (OPEC). Unlike
the feedstock picture in the United States, ethane is expected to be the
principal steam cracker feedstock for OPEC. Also, European plants using
natural gas liquids from the North Sea are expected to be built.

The following tabulation indicates the feedstocks used to make ethylene
in the United States in 1976 and the forecasts for 1980 (in percent): g/

Feedstock 1976 1980
Ethane 46 40
Heavy liquids 1/----- 27 48
Propane 25 10 -
Butane- ==2 2

Total--- 100 100

1/ Naphtha and gas oil.

As this switch to heavier feedstocks progresses, increasing quantities
of byproducts such as propylene, butadiene, benzene, toluene, and xylene
will become available, and the steam cracker will increase in importance as
a source of these chemicals. In addition, fuels and other similar refinery
products will also be made. Since the economic viability of a heavy liquids
steam cracker will depend to a considerable extent upon obtaining good
prices for these byproducts, it is expected that petroleum companies, rather
than chemical companies, will build most of the future heavy-liquids steam
cracker capacity.

Currently, most petrochemical plants are located in the consuming
nations; that is, production and consumption centers are essentially
the same, whether the feedstocks are produced domestically or imported.
This situation is similar to that of petroleum refineries being situated
in the consuming countries. However, the likelihood is that in the future

1/ Chemical and Engineering News, Sept. 13, 1976, p. 11.
2/ 1Ibid., Apr. .18, 1977, p. 12.
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a significant number of both petrochemical and refining facilities will be
built in areas rich in feedstock rather than in the consuming areas. These
facilities would be economically viable because of exports rather than local
market sales. The result would be a-separation of production and consumption
centers with an increase in trade. To maintain security of supply in such

a situation there could be a trend toward protectionism by some of the con-
suming centers and an increase in the use of trade as a political weapon by
others.

World trade and patterns

The United States has been a leading chemical-exporting nation at least
partially because of lower feedstock costs compared with those in Europe and
Japan. The U.S. advantage is traceable to price-controlled domestic crude
petroleum, while most of the other current petrochemical-producing nations
are much more reliant on petroleum imports at world price. As the U.S.
price approaches the world price under The National Energy Plan most of this
advantage should disappear. 1/ U.S. exports to Europe and to third-world
markets may decrease. 2/ Those U.S. products particularly involved include
benzene, cyclohexane, and p-xylene.

Also working to reverse the position of U.S. exports in the future will
be the expected buildup of petrochemical facilities in OPEC. countries and
Mexico designed primarily to supply export markets. In addition, the
availability of ethane from the North Sea could decrease costs in Europe
and make European production more competitive in world markets.

A comprehensive petrochemical investment plan recently unveiled by
Petroleos Mexicanos if completely implemented could result in Mexico
becoming a major exporter by the early 1980's. 3/ At the same time a
massive buildup of Middle East petrochemical capacity is expected; the
questions appear to be ‘how massive and when it will be. Those chemicals
that will probably be favored in this buildup are ethylene, ammonia, poly-
ethylene, aromatics, polyvinyl chloride, and methanol. 4/ The following
tabulation from a leading industry periodical indicates the share of forecasted
1990 demand in the United States, Western Europe and Japan that the announced
1990 Arab capacity would account for, as follows (in percent): 5/

Product United States Western Europe Japan
Ethylene- 18 16.6 52
Propylene 5 4 11.5
Butadiene 7.5 10 21.5
Benzene 6.5 9 16.5
o-Xylene 15 10 ' 44
p-Xylene 8 19 19
Vinyl chloride 21.5 12.5 31.5
Styrene -16.5 12.5 31.5
Polyethylene, low density---—- 27.8 12.5 89
Polyethylene, high density----14 17.5 58
Polypropylene~ 8 7.5 19

1/ Chemical and Engineering News, May 23, 1977, p.7.
2/ See "Organic Chemicals From Coal," P.10, for comments on the possibility
of coal helping the United States remain a major organic exporter in the future.
3/ 0il and Gas Journal, Feb. 7, 1977, p. 36.
4/ Chemical Week, Mar. 23, 1977, p. 31.
5/ Hydrocarbon Processing, Dec., 1976, p. 1l16.
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There is no unanimity among industry observers as to the competitive
problems olefins (and derivatives) facilities using natural gas liquids
from the North Sea and and OPEC countries could cause U.S. industry. This
lack of unanimity is to a large extent due to differing assumptions as to
the degree of host-country financial and subsidizing incentives that will
be forthcoming to encourage such investment. It is generally accepted that
under certain conditions such facilities could become competitive, particularly
with new heavy-liquids steam cracker facilities in the United States. 1/ 1t
has been indicated that the major advantages for the Middle East lie with those
products that are energy intensive and have the lowest capital requirements. 2/
On the other hand, a leading foreign transporter of liquefied gases has fore-
cast that olefins will be transported by refrigerated tankers from producing
sites to countries around the world, where they would be made into the
various derivatives. 3/

Aromatics manufacture in future export centers around the world is
also possible, especially at those centers with refining capacity. The
Middle East might be at a disadvantage because much of its crude petroleum
lacks the large quantities of aromatics precursors found in crude petroleum
from other geographic areas. 1In addition, gas-liquids steam crackers do
not produce as byproducts the quantities of aromatics produced by heavy-
liquids steam crackers. However, aromatics, being liquids, are more easily
handled and transported than are the olefins. While ethylene and propylene
would be among the most expensive chemicals to ship, benzene, toluene, and
xylene would be relatively inexpensive. Accordingly, most of the Middle
East. countries do have active aromatics projects.

Probably the most attractive markets for exports from the Middle East
and North Africa would be via the Suez Canal to—-

(1) Europe via Mediterranean and North Sea ports,
(2) The U.S. east coast, and
(3) The U.S. gulf coast.

Movements to the east via the Strait of Malacca would most likely go to--

(1) Japan

(2) The U.S. west coast,

(3) South America via Capetown, and
(4) India. 4/

From the above it is obvious that the United States is a prime future export
market for Middle East production. It would also be looked to as the prime
market by producers in both Canada and Mexico. All of this is not surprising.

1/ 0il and Gas Journal, Mar. 21, 1977, p. 101.
2/ European Chemical News, Sept. 24, 1976, p. 30.
3/ Chemical Week, Dec. 8, 1976, p. 45.

4/ C. Van Den Brink, Middle East Petrochemical Logistics, Chemical Marketing
Research Association Meeting, Houston, Tex., Feb. 11-14, 1975.
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The United States is a favorably located, sophisticated market which will
probably be beset by increasing domestic production costs, and as such would
be expected to be attractive to those nations and companies seeking to
increase exports. The outlook may seem unfavorable for the domestic petro-
chemical industry as a whole, although individual petrochemical companies
may invest and produce in nations with favorable feedstock positions. The
domestic organic chemical industry may also be aided by the large coal
reserves and increasing production if economically favorable chemicals-from-
coal processes can be implemented. 1/

1/ See "Organic Chemicals From Coal," p.-10, of this repbrt.
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Selected organic chemicals: Rank in 1975 and 1976 and average annual
growth rate, 1971-76 and 1966-71.

' Rank in list
of all chemicals Average annual growth rate
1975 1976 1966-71 1971-76
Percent Percent
Ethylene-———=—————+ 5 5 10.4 4.0
Benzene-——————=———- 16 13 3.5 5.8
Propylene-===—==—=- 13 14 8.1 7.8
Toluene,
all grades—————-- 18 15 9.0 2.6
Xylene,
all grades—--——=-~ 21 18 13.6 . 4.5
Styrene--—-——------ 20 19 8.0 6.1
Ethylbenzene-—----~ 19 21 9.0 3.0
Butadiene (1,3), .
rubber grade-----| 31 30 2.7 1.0
p-Xylene——————————- 32 31 26.0 13.4
Cumene- — 37 33 19.1 4.8
Cyclohexane~———- —- 39 37 (neg.) 4,6

Source: Ranks, from Chemical and Engineering News, May 2, 1977, P. 37;
growth rates, based on data published annually in U.S. International
Trade Commission, Synthetic Organic Chemicals: United States Production
and Sales.
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TABLE 1.--PRIMARY PRODUCTS FROM PETROLEUM AND WATURAL GAS FOR CHEMICAL
CUNVERSION: J,S, PRODUCTION AND SALES, 1975

[Listed below are the primary products from petroleum and natural gas for chemical conversion for which any rel?orted
data on production or sales may be published. (Leaders (...) are used where the reported data are acc.:epted in
confidence and may not be published or where no data were reported.) Table 2 lists separately all primary products
from petroleum and natural gas for chemical conversion for which data on production and/or sales were reported and
identifies the manufacturers of each]

: : SALES
CRUDE' PRODUCTS FROM PETROLEUM AND NATURAL PRODUCTION
GAS FOR CHEMICAL CONVERSION . ; QUANTITY VALUE VAUE{%]
1,000 1,000 : 1,000 Per
pounds pounds dollars pound
Grand total 112,873,340 : 59,083,390 : 5,489,485 :  $0.093
AROMATICS AND NAPHTHENES?

Total 48,167,093 : 26,928,545 : 2,757,335 : .102
Benzene (1° and 2°) 9,826,636 : 4,157,724 : 441,959 : .106
Ethylbenz 5,769,602 : 555,233 : 31,968 : .058
Cyclohexan 2,186,581 : 2,017,387 : 265,082 : .131
[« 2,715,832 : 1,397,184 : 169,572 : .121
Naphthalene, all grades 562,645 : 448,844 94,376 : .210
Naphthenic acid 44,433 : 13,507 : 1,949 : 144
Styrene - 6,301,397 : 2,753,814 : 541,843 : .197
Toluene, all grades, total 7,138,997 : 4,396,984 : 329,734 : .075

Nitration grade, 1° - 6,154,715 : 3,852,323 : 291,122 : .076
Pure commercial grade, 2 581,285 : : ees 8
All Other®’* 402,997 : 544,661 : 38,612 : .070
Xylenes, mixed, total 5,475,932 : 5,421,041 : 351,851 : .064
3° grade 2,235,028 :° 2,525,802 : 140,854 : .055
5° grade 2,619,776 : 2,238,675 : 165,160 : .073
All other" 621,128 : 656,564 : 45,837 : .069
o-Xylene: 853,813 : 660,989 : 70,907 : .107
p-Xylene 2,911,451 : 1,779,422 : 278,967 * .157
All other aromatics and naphthenes5 ----------------- 4,379,774 ¢ 3,326,416 * 179,127 : .054

ALIPHATIC HYDROCARBONS
Total 64,706,247 : 32,154,845 : 2,732,150 : .085

C2 hydrocarbons, total

30,841,877 :

13,562,471 : 1,021,836 _: -075

Acetylene 304,181 : “ee N .
Ethan 8,063,126 : 6,486,104 : 229,107 : .035
Ethylene 22,474,570 : 7,076,367 : 792,729 : 2112
C3; hydrocarbons, total 16,900,503 : 10,438,049 : 767,732 .073
Propane: 6,870,042 * 5,992,081 : 436,784 ¢ .073
Propylene’ 10,030,461 : 4,445,968 : 330,948 .074
Cu hydrocarbons, total 10,447,313 : 4,789,154 ¢ 576,332 : .120
Butadiene and butylene fractio 1,398,731 : 406,743 ¢ 35,670 * .087
1,3-Butadiene, grade for rubber (elastomers) 3,507,295 : 2,188,720 : 387,018 : .176
n-Butane 1,948,426 982,844 : 65,403 * .066
1-Butene: 61,424 47,175 ¢ 7,249 ¢ .153
1-Butene and 2-butene, mixed® 1,157,915 * 109,069 * 10,770 * .098
Isobutane 1,127,584 268,827 * 17,822 ¢ .066
Isobutylene, 2-butene and mixed butylenes 564,932 * 202,177 : 26,200 ¢ .129
All other?® 681,006 * 583,599 * 26,200 * .044
Cs hydrocarbons, total 1,137,758 600,320 * 47,689 .079
Amylenes and penten 215,926 * : P e
Isoprene (2-Methyl-1,3-butadiene)-———=—=—oeeeeee—o 341,261 ¢ 122,146 : 14,339 ¢ 117
All other!?® 580,571 ° 478,174 ¢ 33,350 @ .070

See footnotes at end of table.
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TABLE 1.--PRIMARY PRODUCTS FROM PETROLEUM AND WATURAL GAS FOR CHEMICAL
cowversion: U.S. PRoDUCTION AND SALES. 1975--CoNTINUED

' . . SALES
CRUDE PRODUCTS FROM PETROLEUM AND NATURAL : PRODUCTION : -

GAS FOR CHEMICAL CONVERSION : : : ; UNIT
: ; QUANTITY : VALUE : VALUE!

ALIPHATIC HYDROCARBONS--Continued : 1,000 : 1,000 : 1,000 : Per

: pounds : pounds : dollars : pound

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

mixtures, total : 5,378,796 : 2,764,851 : 318,561 : $0.115
Alpha olefins®! : 313,736 : 288,141 : 55,650 : .193
Dodecene (Tetrapropylene) : 302,110 : 115,058 : 14,781 : .128
Polybutene : 283,256 : 215,678 : 30,155 : .140
Hexan : 275,572 : 255,299 : 19,026 : .074
Hydrocarbon derivatives!? : 264,797 : 247,741 : 33,646 : -136
Nonene (Tripropylene) : 260,247 : 128,303 : 10,107 .078
n-Paraffins, totall? : 1,489,312 : 988,721 i 69,993 071
All other'* : 2,189,766 : 525,910 : 85,203 : .162

1

Calculated from rounded figures.
2

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 "Tar and Tar Crudes."

3 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.
5 Includes data for alkyl aromatics, crude cresylic acid, distillates, solvents, and miscellaneous cyclic
hydrocarbons.

6 Production figures on acetylene from calcium carbide for chemical synthesis are collected by the U.S. Bureau
of the Census.

7 Includes data for refinery propylene.

® The statistics represent principally the butene content of crude refinery gases from which butadiene is
manufactured.
Includes data for butanes, l-butene, and mixed Cy Streams.
Includes data for Cs hydrocarbon mixtures, pentanes, and piperylenes.
Includes data for the following molecular weight ranges: Cg-C7; C-Cio; Cs~C103 C10-Ci163 C11-C15; C12-Ciu4;
C14=C163 C15-C205 Ci16-C18; and Cy-C3o-

12 1pncludes data for methyl, ethyl, propyl, butyl, octyl, nonyl, decyl, hexadecyl, and miscellaneous mercaptans,
and other hydrocarbon derivatives.

13 pcludes data for following chain lengths: Cg-Cg; Ce—Cs; C1o0-Ciu; Ci10-C163 C15~Ci7; and others.

1% Includes data for di-isobutylene, methane, octanes, mixtures of C; and C3 hydrocarbons, triisobutylene, and
other hydrocarbons, and sales of acetylene, heptene,Cy-C;s hydrocarbons, mixed heptenes and others.

10
11
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SYNTHETIC ORGANIC CHEMICALS. 1976

TABLE 1.--PRIMARY PRODUCTS FROM PETROLEUM AND NATURAL GAS FOR CHEMICAL
CONVERSION: IJIRECTOR OF MANUFACTURERS. 1976

ALPHABETICAL DIRECTORY BY CODE

[Names of manufacturers that reported production or sales of primary products from petroleum and natural gas for
chemical conversion to the U.S. International Trade Commission for
identification codes as used in table 2]

1976 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 KPT
Petroleum Div.
AIP Air Products & Chemicals, Inc. MCB Borg-Warner Corp., Borg-Warner Chemicals
AMO Amoco 0il Co. MNO Monochem, Inc.
AMO Amoco Texas Refining Co. MOC Marathon 0il Co., Texas Refining Div.
APF American Petrofina Co. of Texas MON Monsanto Co.
APR Atlas Processing Co.
ASH Ashland 0il, Inc. NWP Northern Petrochemical Co.
ATR Atlantic Richfield Co.
occ Oxirane Chemical Co.
BFG B. F. Goodrich Co., B. F. Goodrich Chemical OMC 0lin Corp.
Co. Div.
BRP BP 0il, Inc. PAN Amoco Production Co.
PAS Pennwalt Corp.
CBN Cities Service Co., Petrochemical Div. PLC Phillips Petroleum Co.
ccp Crown Central Petroleum Corp. PPR Phillips Puerto Rico Core, Inc.
CLK Clark Chemical Co. PRD Ferro Corp., Productol Chemical Div.
co Continental 0il Co. PTT Petro-Tex Chemical Corp.
COL Collier Carbon & Chemical Corp. PUE Puerto Rico Olefins Co.
COR Commonwealth 0il & Refining. Co., Inc.
CPI Commonwealtl: Petrochemicals, Inc. RH Rohm & Haas Co.
CPX Chemplex Co.
CPY Copolymer Rubber & Chemical Corp. SHC Shell 0il Co., Shell Chemical Co. Div.
CSD Cosden 0il & Chemical Corp. SHO Shell 0il Co.
Ccso Cities Service Co. SI0 Standard 0il Co. (Ohio).
CSP Coastal States Petrochemical Co. SKO Getty Refining & Marketing Co.
SM Mobil 0il Corp. & Mobil Chemical Co.
DOW Dow Chemical Co. SNO SunOlin Chemical Co.
DUP E. I. duPont de Nemours & Co., Inc. SNT Suntide Refining Co.
Soc Standard 0il Co. of California, Chevron
EKX Eastman Kodak Co., Texas Eastman Co. Div. Chemical Co.
ELP El Paso Products Co. SOG Charter International 0il Co.
ENJ Exxon Chemical Co. U.S.A. STY Styrochem Corp.
SUN Sun 0il Co.
FG Foster Grant Co., Inc. SWC Corco Cyclohexane, Inc.
FRS Firestone Tire & Rubber Co., Firestone
Synthetic Rubber & Latex Co. Div. TBO Tauber 0il Co.
TID Getty Refining & Marketing Co.
GOC Gulf 0il Corp., Gulf 0il Chemicals TNA Ethyl Corp.
Co.-U.S. TOC Tenneco 0il Co.
GRS Champlin Petroleum Co. TUS Texas-U.S. Chemical Co.
TX Texaco, Inc.
HCR Hercor Chemical Corp.
HES Amerada Hess Corp. (Hess 0il Virgin Islands ucc Union Carbide Corp.
Corp.) uoc Union 0il Co. of California
HMY Humphrey Chemical Co. UsI National Distillers & Chemicals Corp.,
U.S. Industrial Chemicals Co.
Jcc Jefferson Chemical Co., Inc.
VEL Velsicol Chemical Corp.

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

Cyclic intermediates are synthetic organic chemicals derived princi-
pally from petroleum and natural gas and from coal-tar crudes produced
by destructive distillation (pyrolysis) of coal. Most cyclic intermedi-
ates are used in the manufacture of more advanced synthetic organic chem-
icals and finished products, such as dyes, medicinal chemicals, elastomers
(synthetic rubber), pesticides, and plastics and resin materials. Some
intermediates, however, are sold as end products without further processing.
For example, refined naphthalene may be used as a raw material in the
manufacture of 2-naphthol or of other more advanced intermediates, or may
be packaged and sold as a moth repellant or as a deodorant. In 1976
about 39 percent of the total output of cyclic intermediates was sold;
the rest was consumed chiefly by the producing plants in the manufacture
of more advanced intermediates and finished products.

Total product of cyclic intermediates in 1976 amounted to 19,796
million pounds. Sales of cyclic intermediates in 1976 were 7,664 mil-
lion pounds, valued at $2,387 million. These totals cannot be compared
with 1975 figures because several items were transferred to the primary
products from petroleum and natural gas section.!

Intermediates whose production exceeded 1 billion pounds in 1976 were
dimethyl terephthalate (7,211 million pounds), and phenol (2,121 million
pounds). Other large-volume intermediates produced in 1976 were isocyanates
(948 million pounds), phthalic anhydride (902 million pounds), cyclohexanone
(641 million pounds), aniline (544 million pounds), dodecylbenzene (529 mil-
lion pounds), bisphenol A (449 million pounds), nitrobenzene (409 million
pounds), 2,4 (and 2,6)-dinitrotoluene (396 million pounds), monochlorobenzene
(329 million pounds), and 2,4-dinitrotoluene (328 million peunds). The 12
chemicals noted above accounted for 75 percent cf the total output of
intermediates in 1976.

1

Items transferred from cyclic intermediates to primary products from
petroleum and natural gas are ethylbenzene, cyclohexane, styrene, m-xylene,
o-xylene, p-xylene, and cumene.
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TABLE 1.--CvcLic INTERMEDIATES: U.S. PRODUCTION AND SALES, 1976

[Listed below are all cyclic intermediates for which any reported data on production and/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 alphabetically all cyclic intermediates on which data on production and/or
sales were reported and identifies the manufacturers of each]

: : SALES
CYCLIC INTERMEDIATES : PRODUCTION : H : UNIT
; : QUANTITY : VALUE e
: 1,000 H 1,000 H 1,000 : Per
: pounds : pounds : dollars : pound
Grand total :_ 19,795,832 : 7,663,691 : 2,386,993 : $0.31
Acetoacetanilid : P : 3,867 : 2,759 : .71
o-Acetoacetanisidid : cee : 1,077 : 1,785 : 1.66
o-Acetoacetotoluidid = : H 723 : 738 : 1.02
4'-Aminoacetanilide (Acetyl-p-phenylenediamine)--—-—- : 366 : eee : ces : tee
4-Amino-4'-nitro-2,2'-stilbendisulfonic acid-----==-- 3 134 : e : ‘e : ees
p-[ (p-Aminophenyl)azo]benzenesulfonic acid---=-===--- : 411 : ees : “ee : .o
Aniline (Aniline oil) H 543,779 : 156,696 : 42,895 : .27
Anilinomethanesulfonic acid and salt-—-————===w=—=-- : 466 : cee : cee : eee
Benzaldehyde, tech : 8,285 : 8,772 5,124 .58
Benzoic acid, tech : 79,654 32,956 : 7,561 : .23
2-Benzothiazolethiol, sodium salt : ces : 3,012 - 1,912 ¢ .63
Biphenyl. : 56,894 : 14,438 4,073 : .28
Chlorobenzene, mono- : 329,072 : 67,895 : 16,786 : .25
4~Chloro-3-nitrob 1fonamid : 697 : “ee : oo : e
4-Chloro-3-nitrobenzenesulfonyl chloride------======- 3 524 : “ee H cee : “ee
Cresols, total? : 100,211 : 95,186 : 44,876 : .47
o-Cresol: : 22,187 : 20,731 : 8,785 : .42
All other® : 78,024 : 74,455 : 36,091 : .48
Cresylic acid, refined? : 57,107 : 31,114 : 11,814 : .38
Cyclohexan : 640,794 : e H e : e
Cyclohexylami H : 6,045 : 4,327 : .72
1,4-Diamino-2, 3-dihydroanthraquinc : 531 : e : ee H ves
o-Dichloroben : 48,594 24,116 : 6,999 : .29
p-Dichloroben : 36,699 : 37,460 : 8,545 : .23
2, 4-Dichlorophenol : : 4,389 : 2,444 .56
Dicyclohexylami : cos H 686 : 570 : .83
N,N-Diethylanili - : 1,991 : 1,336 : 1,350 : 1.01
9,10-Dihydro-9,10-dioxo-1-anthracenesulfonic acid and : H H :
salt (Gold salt) : 1,073 : e : e H cee
1,4-Dihydroxyanthraquinone (Quinizarin)--------——-=-- : 1,717 : 167 : 344 2.06
2, 4-Dihydroxybenzoph H 304 : cee : ee : e
1,8-Dihydroxy-4,5-dinitroanthraquinc H 251 : e : ens : e
N,N-Dimethylanili: : 13,560 : 8,124 : 4,601 : .57
N,N-Dimethylbenzylami : 184 : 109 : 198 : 1.82
N,N-Dimethylcyclohexylami : 4,028 : 3,889 : 4,283 : 1.10
4,4'-Dinitrostilbene-2,2'-disulfonic acid-----=====—- : 11,089 : v : ves : v
2,4-Dinitrotoluene : 327,983 : . : e : e
2,4 (and 2,6)-Dinitrotoluer : 396,359 : vee : e : -
Dodecylbenzen : 528,681 : 418,109 : 105,523 : .25
N-Ethylaniline, refined : 1,049 : 910 : 830 : .91
2-(N-Ethylanilino)ethanol : 291 : e : I : e
Hydroquinone, tech, grade: : e : 10,287 : 17,299 : 1.68
Isocyanic acid derivatives, total : 948,277 : 848,840 : 362,280 : .43
Polymethylene polyphenylisocyanate : 312,548 : 259,273 : 115,037 : .44
Toluene-2,4- and 2,6-diisocyanate (80/20 mixture)-- : 563,752 532,582 . 201,431 . .38
Other isocyanic acid derivatives : 71,977 . 56,985 : 45,812 . .80
4,4'-Isopropylidenediphenol (Bisphenol A)-——-=====w-—- : 448,832 : 113,192 : 41,470 : .37
Melami : 126,246 : 80,119 : 26,781 : .33
DL-p-Mentha-1,8-di : 11,173 : 6,078 : 798 : .13
Metanilic acid (m-Aminobenzenesulfonic acid)-===~==-—- : 1,594 : P : e : e
4,4'-Methylenedianili : ves : 1,174 : 1,716 : 1.46
3-Methyl-1-phenyl-2-pyrazolin-5-one (Developer Z)---- : cee : 13 : 29 : 2.23
a-Methylstyrene : 61,363 : 48,178 : 7,363 : -.15
3'-Nitroacetanilid : 36 : ee 2 eee : .o

See footnotes at end of table.
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TABLE 1.--CvcLic INTERMEDIATES: U.S. PRODUCTION AND SALES, 1976--CONTINUED

: ; SALES
CYCLIC INTERMEDIATES : PRODUCTION : : : UNIT
f 3 QUANTITY 3 VALUE f VALUE!
: 1,000 : 1,000 : 1,000 : Per
: pounds : pounds : dollars : pound
Nitrobenzen : 409,023 : 19,544 : 4,521 : $0.23
5-Nitro-o-toluenesulfonic acid [SO H-l]-—======mee——- : 7,400 : eee : . : .
Nonylphenol : 77,974 : 35,751 : 10,729 : .30
1-[ (7-Oxo-7H-benz[de]anthracene-3-yl)amino]anthra- : H : :
quino : 238 : cee : cee : cee
Phenol, total? : 2,121,434 : 969,277 : 214,580 : .22
From cumern - : 1,926,403 : 890,798 : 195,560 : .22
Other : 195,031 : 78,479 : 19,020 : .24
2,2"'-[(Phenyl) imino]diethanol (N-phenyldiethanol- : H : :
amine) B 497 : 302 : 200 : .66
Phthalic anhydride : : 902,382 : 528,789 : 118,136 : .22
2-Picoline (a-Picoline)® : 416 : 425 : 401 : .94
Piperidi; - : 509 : e : e : e
Salicylaldehyde: : 4,414 : 2,864 : 7,173 : 2.50
Salicylic-acid, tech. grade : 31,265 : 3,968 : 3,298 : .83
Terephthalic acid, dimethyl ester" H 7,210,613 : e : .o : ces
Toluene-2,4-diamine (4-m-Tolylenediamine)-=--======-- : 233,103 : [ : e : e
7,7'-Ureylenebis[4-hydroxy-2-naphthalenesulfonic : : :
acid] (J Acid urea) : . 338 : e : cee : “es
All other cyclic intermediates : 4,005,927 : 4,073,814 : 1,289,882 : .32

1 Calculated from rounded figures.

Does not include data for coke ovens and gas-retort ovens, reported to the Division of Fuels Data, U.S. Bureau
of Mines.

Figures include (o,m,p)-cresol from coal tar and some m-cresol and p-cresol.

The figures for terephthalic acid, dimethyl ester (DMT) include both the acid itself and the dimethyl ester.
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