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Exglanatogz Notes

Reference to tons is to metric tons unless otherwise stated.

Reference to dollars (8) is to United States dollars unless otherwise indicated.
One cent (¢) equals $0.01.

Rillion refers to thousand million.

A one-year period that is not a calendar Year is indicated as follows:

1965 /1966

A period of two years or more is indicated as follows:

eto,

1965-1966, 1965-1968

The following abbreviations have been used:

ECAFE
GATT
UNCTAD
UNIDO

BASF
BP

CMEA, formerly
COMECON

EEC
EFTA
GEIQUIM
ICI
OECD
osw
UoP

UsI

ABS
atm
Ci
C.i.f,

United Nations

Economic Commission for Asia and the Far East
General Agreement on Tariffs and Trade

United Nations Conference on Trade and Development
United Nations Industrial Development Organization

Qther organizations

Badische Anilin- und Soda-Fabrik AQ
British Petroleum Co. Ltd.

Council for Mutual Economic Assistance

European Economic Community

Eurcpean Free Trade Association

Grupo Executivo da Industria Quimica

Imperial Chemical Industrial Ltd.

Organisation for Economic Co-operation and Development
Osterreichische Stickstoff-Werke AG

Universal Oil Products

United States Industries

Other abbreviations

acrylonitrile-butadiene-styrene
atmosphere

ourie

cost, insurance, freight




DMT

f.0.b,
LPG
MeV

PVA
PVC
rad
SBR
veM

Other abbreviations (cont'd)

dimethyl terephthalate
ethylene-propylene rubber
free on board

liquified petroleum gas
million electronvolts
aorylonitrile-butadiene rubber

polyvinyl acetate

polyvinyl ohloride
rad (unit of absorbed dose)

styrene-butadiene rubber
vinyl chloride monomer

wood-plastic combination
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Letter of transmittal to the Executive Director of UNIDO

We have the honour to submit herewith the report of the Expert froup
Meetiig on the Development of the Plastics Industries in Decveloping Countries.
The report contains the discussion papers presented by us as well as the
recommendations and conclusions of the Expert Group. The meeting took place
at the headquarters of the United Nations Industrial Development Organization
in Vienna from 11-13 November 1968. The Expert Croup elected Ahmad Shah Nawaz,
Chairman, Chemical Consultants (Pakistan) Ltd., Lahore, as its Chairman. The

members of the Expert Group were:

Hideo Adachi
Consultant
Dobashi Building
30 Kotohiro-Cho
Shiba, Minato-ku
Tokyo, Japan

Karl Czeija
Chemical Engineer
Cusshausstrasse 12
1040 Vienna, Austria

Eric G. Hancock

Chemical Marketing Department
CMKD/32 Shell Centre

London S.E.1, England

Richard M. Kossoff

President

Kossof' f Associates Inc.

375 West End Avenue

New York, New York 10024, USA

Lovraj Kumar

Adviser

Ministry of Petroleum and Chemicals
Government of India

New Deihi, India

Alexei G. Litvinenko

Deputy’ Head

Department of Foreign Relations
and Export-Import Deliveries

Ministry for the 0Oil-Processing
and Petrochemical Industries
of the USSR

Giljarovesky Street 31

Moscow, USSR

Claude L. Mercier

Director

Bureau d'études industrielles
et de coopération de 1'institut
frangais du petrole

92 Rueil-Malmaison

France

Rinaldo Schiffino
Vice-President and Director
Petrobrés Qufmica S.A.

Av. Rio Branco, 81-6 andar
Rio de Janeiro, GB, Brazil

Ahmad Shah Nawaz

Chairman

Chemical Consultants (Pakistan)
Ltd.

5-A Shahdin Building

The Mall

Lahore, Pakistan

Jaromir Skarka

Chief Project Engineer
Chemoprojekt

Stépanskd 15

Praha 2, CSSR




Acknowledgement is made to H. C. Yuan, staff member of the International
Atomic Energy Agency, Vienna; F. Vachez of Institut frangais du pétrole, Paris;
and R. Gattoni-Celli, Economic Commission for Europe, Geneva, who also took

an active part in the meeting.

The terms of reference given to us were to review developments in the
plastice industry on a world basis and to discuss the many pressing problems
relating to the economic and technical aspects of production and utilization

of plastics in developing countries.

Based on the technical papers prescited at the meeting and the ensuing
discussions, recommendations and guidelines for future development were made

and are included in this report.

In submitting this report we have acted in a personal capacity and not
as official representatives of organisation or GCovernments.

Signed:

H., Adachi

K. N, Cseija

B. G. Hancock

R. N. Kossoff

L. Kumar

A. G, Litvinenko
Ce Lo Neroier

R. Sohiffino

A. Shah Naas
J. Skarka
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Organization of the meeting

1. The Exper: Group on the Development of the Plastics Industries in
Developing Countries met under the auspices of the United Nations Industrial
Development Organization at UNIDO headquarters in Vienna from 11-13 November
1968 to review recent world-wide developments in the plastics industries.
Problems relating to the economic and technical aspects of production and the

utilization of plastics in developing countries were reviewed and discussed.

2., Mr., Ibrahim H. Abdel-Rahman, the Executive Director of UNIDO, in opening
the meeting and welcoming the participants, pointed out that the petrochemical
and plastics industries are widely recognized as one of the fastest growing
industrial sectors, with an annual growth of over 10 per cent in many devel-
oping countries. Mr. Abdel-Rahman's statement is presented in the annex to

this report.

3. Ten nonsultants from as many countries were among the participants of the
meeting: cne each from Austria, Brazil, Czechoslovakia, France, India, Japan,
Pakistan, the Urion of Soviet Socialist Republics, the United Kingdom and

the United States.

4. Mr. Ahmad Shah Nawaz of Pakistan was elected Chairman of the meeting.

Se The report and conclusions of the Expert Group Meeting are presented in
Part I of this publication. Part Il includes seven of the papers presented to
the meeting as background for the discussions and summaries of three oral
presentations by consultants attending the meeting. Three of the background
papers have been published by UNIDO in Monograph No.3 of the Petrochemical
Industry Series (Sales No: 69.II.B.32).

6. The meeting was arranged through the services of the Industrial Technology
Division of UNIDO, whose Director, Mr. Nikolai Grigoriev, addressed the group.
His statement is attached in the annex. Mr. Maliyil C. Verghese, Chief of the
Fertilisers, Pesticides and Petrochemicals Industries Section, attended the
meeting, and M: Herbert May of that section served as Technical Secretary.
Participants attended the meeting in a personal capacity and not as official
representatives of their organizations or Governments.

7. The views and opinions expressed in this publication are those of the
group or of the individual contributors and do not necessarily reflect the
views of the secretariat of UNIDO,
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Conclusions and recommendations of the Fxpert Croup

8. The Expert Group noted with interest the development of new processes
in the petrochemical industry since the petrochemical conference in Tehran in
1964.1' The group recommended that developing countries give particular
attention to the tecimological changes that have influenced the selection of

processes and the size of units in recent years.

9. The Expert Group called attention to the constant increase in demands for
Plastics in both developed and developing countries. On a volume basis it is
anticipated that world plastics production may overtake steel producticn by
the 1980s. The group recommended that in planning economic growth, developing
countries should consider building materials as a whole and evaluate the
relative importance to be given to the steel and plastics industries. The
advantages of establishing a plastics industry, which can be established at
lower capital cost and on a smaller scale of production than a steel industry,
should be kept in mind.

10. It was recommended that countries standardize nomenclature to identify
imports, consumption, production etc. to expedite planning for the establish-
ment of petrochemical industries. The Expert Group noted that present class-
ification of chemical products is rapidly becoming outdated and recommended
that a group of experts under UNIDO suggest modifications to this nomenclature
for discussion at the forthcoming petrochemical meeting in Baku in October 1969.

11. It was recommended that all countries, and particularly developing
countries, establish criteria for the minimum sige of plants to be established.
The exact sise of plants should be guided by prevailing conditions and the
selling prices of products that a country is willing to tolerate.

12. The Expert Oroup noted that some countries are eltablilhing petrochemical
operations behind relatively high tariff walls. While this may be an acoeptable
method of initiating a petrochemical industry, the Expert Group recommended
that these plants be designed to reach an economic operating level comparable
to international standards as quiockly as possible.
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13. The Expert Group noted that in small petrochemical operations the foreign-
exchange savings, particularly where profits are remitted abroad, are marginal,
but where substantial quantities of local equipment are used or profit remit-
tances abroad are not involved, the foreign-exchange savings are substantial,
Savings are further increased by the import-suBstitution value of the products

of the plastics industry.

14. The Expert Group noted that some developing countries are converting
alcohol- and carbide-based operations to petrochemical feedstocks. Newly
developing countries should consider establishing operations based on alcohol

or carbide only in very exceptional circumstances.

15. The Expert Group suggested that before petro~hemical projects are under-
taken, detailed market and feasibility studies should be carried out. The
group recommended that UNIDO provide experts and facilities for carrying out
such studies and that the studies include detailed surveys on markets and
applications., Before it has been decided to manufacture products, feasibility
studies should reveal:

(a) Current prices of the contemplated products on the internal market
in developed countries versus prices of imported products;

(b) Share structure of the petrochemical company, financing possibili-
ties and incentives that might be granted public or private
investors;

(c) Prices of raw materials, utilities and manpower.

16. The Expert Group suggested that when a plastice industry is being built
up in a developing country the logical sequence of operations is:

(a) To establish a fabricating industry for moulding, extrusion etc.
based on the use of imported machinery and tools, imported raw
materials and know-how supplied along with the machinery and
materials;

(b) To set up a plant to make moulds or recondition secund~-hand moulds;

(¢) To commence production of thermosetting resins and moulding powders
from imported chemicals; if fertilizer interests will co-operate,
to set up an ammonia-urea methanol-formaldehyde complex;

(d) In some cases - subject to availability of foreign exchange - to

import base polymer, particularly polyvinyl chloride (PVC), and
to compound or colour it;

(e) To undertake economic studies for the manufacture of plastics
considering time phasing, which takes into account term imperts of
oertain monomers for the domesiic manufacture of selected polymers,
possible manufacture of oertain monomers from imported olefins on
a viable basis and erection of olefin plants, if advantageous, in
co-operation with neighbouring countries.
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17. The Expert Group noted the development of plastic raw materials and
synthetic fibres that are penetrating traditional fields of natural productas.
Countries with interest in industries such ag furniture, jute and surgical
instruments should keep watch on developments in each field in order to
develop their own fabricating facilities. It was felt that plastic products

would augment the versatility of traditional products rather than replace them,

18, 1t was recommended that developing countries concentrate on a limited
number of plastics for domestic production in order to establish plants of an
economic size and make intensive efforts to use the plastic materials to the
utmost. The group recommended that UNIDO undertake studies on the economics
of plant size and on the selection of plastics to be manufactured first in
newly developing countries; these studies should be available for the next
petrochemnical seminar. These studies should consider fabricating techniques

to minimize the number of resin products selected for manufacture in a country.

19. To lower investment and operating costs of petrochemical plants in
developing countries, the Expert Group recommended that these countries:

(a) Prepare for the plant start-up by training engineers, operators
and other personnel during the design and construction stages of
the plant;

(v) Develop civil engineering and construction services early;

(c) Develop engineering design facilities as soon as feasible to reduce
expenditures for foreign engineers, expenditures that in iime may
be limited to basic engineering fees;

(d) Develop as soon as possible facilities to produce equipment and
catalysts and auxiliary materials;

(e) Emphasize training for better maintenance and for inspection of
plants already in operation.
20. The Expert Group noted that expenditures for foreign know-how and
engineering fees represent a high percentage of construction costs of petro-
chemical plants, sometimes as much as 25 to 30 per cent. Nethods for lowering
such costs should be considered at the next petrochemical seminar. The group
requested UNIDO to consider ways of helping developing countries to lower

these costs,

21. The Expert Group felt that it may be possible to reduce engineering fees
by having countries themselves undertake the detailed engineering of the plants
in developing countries, or in other countries with lower engineering costs.,
The Expert Group noted that in some countries, the Government taxes remittance
Of these fees, with the result that the fees are raised to cover the tax. The
Expert Oroup recommended that countries study the possibility of lowering
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capital costs by making the remittance of fees tax~free; customs duties should
also be payable only on the net cost of the machinery excluding engineering

feesn.

29, Tt was recommended that UNIDO set up a documentation centre where
documentation would be available on problems connected with petrochemical
technology and other information in this field on the experience of developing

countries. It was recommended that UNIDO maintain a list of experts who could

evaluate technology and processes for use in developing countries.

2). Developing countries purchasing new plants should have direct access to
the process licensers so that they could obtain competitive bids. In doing
s0 the countries would be able to benefit continuously from the expertise of
the licensers over a relatively long period, and would have acoess to better
training facilities than those provided by machinery suppliers.

24, The Expert Group noted that many developing countries lack information
on current techniques and therefore use out-of-date methods to manufacture
plastics. It was recommended that UNIDO give serious oonsideration to this

problem and it was suggested that:

(a) UNIDO organize a touring exhibition that could visit developing
countries to demonstrate new techniques;

(b) UNIDO provide experts to assist developing oountries in establishing
oompetent extension services for small plastics fabricators, to |
visit their plants and to give advice on produotion and processing |
teohniques and designs;

(c) UNIDO help to make experts available and help to locate training :
facilities for the establishment of mould oentres. |

25. Because of the significant progress made in the use of radioisotopes for §
polymerisation, UNIDO, in co-operation with the International Atomic Energy ?
Agency (IAEA), should examine the various production processes such as those ]
for wood-plastios and those for plastics about to be produced commeroially |
(polyethylene and polyformaldehyde) in order to keep developing countries
informed of the new possibilities. Since the manufacture of wood-plastics 1
combinations as building materials is reoeiving considerable attention from
sany developing countries, UNIDO, in co-operation with IAEA, should undertake 1
feasibility studies to consider further possibilities of developing such |
manufacture in developing countries.
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26. The Expert Group noted with interest that several petrochemical organiza~
tions have offered training facilities to UNIDO. It was recommended that these
facilitie3s be used and that UNIDO arrange for additional facilities for start-up,

maintenance and processing in operating plants.







ANNEX

STATEMENTS TO THE MEET ING

Opening statement of Mr, I. H. Abdel-Rahman, Executive Director of UNIDO

On the opening day of the Expert Group Meeting on the Development of the
Plastics Industries in Developing Countries and the Preparatory Meeting on the
Development of the Petrochemical Industries in Developing Countries, I wish

to convey to you my greetings and thank you for your participation.

The purpose of UNIDO, as formulated by the General Assembly Resolution of
17 November 1966, is to promote industrial development and assist in acceler-
ating industrialization of the developing countries, with particular emphasis
on the manufacturing sector. In the fulfilment of this purpose, UNIDO carries
out two basic types of activities, namely, promotional and operational activi-

ties, and studies and research relevant to these activities.

Under this first category, UNINO provides assistance to developing
countries in many areas such as in the application of modern industrial methods
of production; programming and planning; strengthening and restructuring
technological institutions; preparation of specific industrial projects;
efficient use of natural resources; training technical personnel; and the

transfer of technology.

The second category of UNIDO's activities includes the compilation, analy-
Bis, publication and dissemination of data concerning various aspects of
industrialization. UNIDO also organizes international gatherings to enable
government officials or experts to exchange views and experience on specific |
issues and problems of industrial development. The present meeting comes under '
this category and is for the purpose of obtaining advice, information and ‘
exchange of experience. The results of your discussions and recommendations |
will be carefully considered in relation to UNIDO's present and future work

programmes in both operational and supporting activities.

The petrochemical and plastics industries have been widely recognized as
one of the fastest growing industrial sectors today. The production of

petrochemicals including plastics is growing at an annual rate of over 10 per
cent in many developing countries. Technical assistance by UNIDO in this

field is correspondingly increasing. The United Nations has also devoted an

increasing number of regiona! and interregional symposia to specific technical
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and economic features of this industry and to technical assistance projects in
petrochemicals in developing countries. In 1969, the Second Interregional
Seminar on the Petrochemical Industry will be convened by UNIDO. The news of
holding the Seminar has already received world-wide interest, and inquiries
about details are increasing rapidly from both developad and developing

countries.

In the course of your deliberations, you will study many aspects of the
petrochemical and plastics industries. The developing countries, whether
they have their own petroleum or natural gas resources or have only refineries
or end-product fabrication plants, all face an importan* problem of finding
practical ways for expanding or establishing and running viable petrochemical
complexes as a part of their industrial development., I am confident the
exchange of experience and information among you will be of great value in
finding a proper solution to many economic and technical aspects of this
question.

I wish you a successful and productive meeting.

Opening statement of Mr. N, Grigoriev, Director,
E;!ultrﬁ! Technology giviufgg&____mfg

It gives me great pleasure in welcoming you to Vienna and on behalf of
UNIDO I wish to thank you most warmly for having made available your valuable
time in attending our two meetings. Many of you have come from great distances
and some of you have made substantial financial sacrifices in order to make
available your experiences and contributions to the meetings. The reason for
holding the Expert Oroup Meeting on the Development of the Plastios Industries
in Developing Countries and the Preparatory Meeting for the Second Interregional
Petrochemical Seminar (1969) concurrently, is that the two are oloulj related.
The Pirst meeting deals with the techno-economic aspect of plastiocs and petro-

chemicals in developing countries and the latter meeting deals with the organi-
sational aspects of the 1969 petrochemical seminsr.

The development of the plastics and allied industries is receiving
inoreasing emphasis in many developing countries. There has also been a
steady inorease in UNIDO Technical Assistance projects related to plastios
and petrochemicals. These projects cover many subjects 'luoh as pre-investment
and market studies on the utilization of indigenous raw uteriaiu, feasibility




reports on establishment of plastics production facilities, improvement of
production processes, fatrication and application of plastics products, and

design of moulds for plastics processing.

For these reasons, the present Expert Group Meeting is held in order to
discuss many pressing problems related to the plastice industries in developing
countries. Results of the discussion are expected to assist UNIDO in improving
its present programme of technical assistance activities in plastics, and to

generate new ideas about future projects.

It should be noted that the purpose of the present meeting is not merely
to present a survey of the technology and economics of the plastics and petro-
chemical industries in the highly industrialized countries, but to consider
and reappraise various aspects from the particular point of view of the require-
ments and natural resources of the developing countries. In this connexion,
contributions from consultants describing their experience in developing

countries will be of particular value,

The purposes of the Preparatory Meeting for the 1969 petrochemical
seminar are to finalize the provisional agenda and to discuss how best the
seminar may be conducted, The objeotives and suggested topios for discussion
are contained in the draft plan before you. The discusssions on the first
meeting on the development of the plastics industries in developing countries
will serve a very useful purpose regarding the subject matter to be discussed
in the agenda for the 1969 petrochemical seminar,

You might ;ne interested in knowing that the Government of the Union of
Soviet Socialist Republice has agreed to be the host country for the 1969
petrochemical seminar, which will probably take place in Saptember 1969.

Because of the large number of topics planned for discussion, the seminar is
likely to be extended from two weeks to three weeks.

Finally, may I thank you once again for giving so much of your valuable
time in ooming to Vienna and wish you a very fruitful discussion and happy
stay in Vienna.
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PART II

PAPERS PRESENTED TO THE EXPERT GROUP
AND SUMMARIES OF THREE PAPERS




{
i

- 22 -

1. PETROCHEMICAL DEVELOPMENT SINCE 1964

Claude L. Mercier

The United Nations Conference on the Development of the Petrochemical
Industry, held in Tehran in September 1964, concluded that petrochemistry will
probably undergo wide expansion. It was thought that developing countries,
some of which have large petroleum resources, will acoount for a large share
of this expansion. An initial review of the expansion of the petrochemiocal
industry between 1963 and 1967, the last four-year period for which statistios

are available, is given below.

Table 1
t unit '
(T etesen To8 oot The7)
Number of Total number of
Country or on new units - unit operation
1963 1961
Indugtrialised
United States and Canada 122
Western Burope 104
Japan 13
Australia 12
Total 25 T4 1,000
hmisia
Latin Americe n
Afrioca and Niddle Enst 5
Asia and Par Bast
(exoluding Japan) 16
Total 58 61 119
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During the period examined (1963-1967), the number of new units in
developing countries increased from 61 to 119; during the same period, the

industrialized countries increased their units from 749 to 1,000.

Although the disparity between these two groups of countries in decreasing
in relative value (8.5 times more units in highly industrialized countries than
in developing countries in 1967, compared with over 12 timee more in 1963),
this disparity is increasing even more in absolute value (nearly 200 more units
were built in industrialized countries). It must not be forgotten that these
figures on the number of units built are misleading because of the much higher
average investment level per unit in highly industrialized countries (despite
lower oconstruction costs in developing countries). The average investment per
petrochemical unit built during the period from 1963 to 1967 was about $16
million in the industrialiged countries and $11 million in the developing

countries.

New processes and tecnrological developments

Developments in the research area

The dynamism of the petrochemical industry and the constant research by
manufacturing companies for lower production ocosts have led to the appearance
of mumerous new techniques that can substantially transform production and
the market for certain products. Although the new processes derived from
these techniques have led to only a limited number of industrial appliocations,
it seems useful to desoribe their main characteristios and to try to estimate
their value.

New techniques may be grouped according to the products they produces
olefins; diolefins; aromatics; oxygenated compounds; polymersj and proteins.

Olefins

Dimerisation end ocodimerisstion. As early as 1964, numercous publiostions

(and in 1966 the World Congress on Petroleum in Mexico City) introduced new

metheods for the production of 06’ c., and cs olefins from propylens or tutenes.
These methods are designed tc obtain specific structures through the use of
special catalysts. The ocatalysts obiained as a result of investigations
oonducted on oo-ordimtic;n ocomplexes — whose most important appliostion
involved stereospecific polymerisation - have the advantage of enhancing a
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given structure, in the combination of olefins with one another, while
conventional phosphoric acid-based catalysts give products having all the

possible hydrocarbon structures.

For example, with a catalyst consisting of potassium depcsited on an
alumina support, the British Petroleum Company (BP), using propylene as
feedstock, has succeeded in producing methyl 1-4 pentene-l, whose polymerization
leads to a transparent and heat-resistant polymer now being produced at Imperial
Chemical Industries Ltd. (ICI) under the name TPX.

Other investigations, in particular those on the Wilke process, lead to
products having different structures. These investigations, oriented towards
the production of a high octane rating fuel mixture, have yielded 06 olefin
mixturee in which dimethylbutene is the major constituent. Taking into account
current prices for light olefins and fuel, it seems that such a technique is
too costly for the manufacture of o0il constituents. Therefore, with a
different orientation of the reaction by a modification of the cataiyst, the
Institute frangais du pétrole has developed a process leading to an olefin
mixture particularly well suited for the production of primary aloohols by
the oxosynthesis process. In particular, these are hexenes or heptenes
leading to heptanols and octanols, respectively, which, owing to their quality
and cost of production, can compete with ethylhexanol and isoctanols currently
produced, either from propylene, by the oxo process to produce butanol, which
is then dimerized, or from propylene and butenes by "codimerization™ to
obtain imoheptenes in the presence of a phosphoric acid catalyst; the isohep-

tenes 8o obtained are converted by the oxo process to isoctanols.

This selectivity of co-ordination ocatalysts has been used advantageously
to produce straight chain hexenes, whioh are possible intermediates in the
synthesis of straight chain dodeoenes to be used in the production of

biodegradable detergents. .

Dehydrogenation of n-paraffing. Studies on the dehydrogenation
of n-paraffins run into practical difficulties owing to the low

reaction rate of hexenes, whioh has led to a more direot route for

the production of c10 - 013 straight ohain olefins; the dehydrogenated
n-paraffins are then obtained by extraction with molecular sieves. This
process, first studied by Universal 0il Products (UOP), is called Pasol
and is used in a plant now operating in Japan. The process converts
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n-paraffins, using a catalyst consisting of cobalt thiomolybdate, with a
limited conversion (10-15 per cent) of paraffins into olefins, thus forming
a mixture which, without any separation, is used to alkylate benzene through

conventional routes in the presence of hydrofluoric acid or sulphuric acid.

Such a method, leading to a straight chain alkylbenzene, which produces
through sulphonation a detergent that can be biologically degraded, competes
with the chlorine method (Hiils, Sarda Industria Resine), which consists
in producing a n-paraffin monochloro compound and subsequently alkylating
benzene using aluminium chloride. This last method has the disadvantage of
consuming chlorine, which remains at the end of the operation as an almost
equivalent quantity of hydrochloric acid for which (besides the synthesis of
vinyl chloride) it is difficult to find a profitable use.

Diolefins

The production of butadiene was appreciably modified bty the development
of steam oracking methods, whioh produce this compound at the average rate of
4 per cent cf the charging stock. The main improvement, therefore, has
ocourred in the solvent extraction process. Besides the older prooesses, using
acetonitrile (Shell), furfural (Phillips), a new solvent has become available,
dimethylformamide (Geon). This new solvent allows the extraction of isoprene
from the 05 fraotions,

Aromatiocs

Owing largely to the development of synthetic fibres (nylon and tergal)
and partially to that of resins (polyesters and phenolics), the chemistry of
aromatioc hydrocarbons has made substantial progress in the past few years.
The inorease in available quantities of bensene and pare~xylene - to the
detriment of other aromatic hydrocarbons derived either from reforming or
stean oracking - has brought about the major part of research and led to the
advent of new proocesses.

Solvent tresiment. In the field of extraction, substantial progress had
already been made when sulfolane (UOP, Shell) replaced glyocol as an extraction
solvent for aromstics. Since then the valus of new solvents has been well
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teen well confirmed by the building of industrial plants: dimethyl sulfoxide

(Institut frangais du pétrole), N-methyl pyrrolidone (Lurgi).

Together with this technique leading to the production of all aromatics
from 06 to C8' various techniques specific to a single compound have drawn
increasing interest; in particular, extractive distillation or azeotropic
distillation, which leads to benzene from a rich fraction (85 per cent derived

from highly severe steam cracking, for example).

A new process has been developed by Japan Gas Chemical for the treatment
of xylenes. This incorporates, in addition to a superfractionating unit designed
to produce ortho-xylene and possibly ethylbenzene, the crystallization of para-
xylene associated with the isomerization of the mother liquors (mixture of
para- and meta-xylene). This is a new technique in which the extraction of
meta-xylene is carried out with an acid solvent consisting of hydrofluoric acid
and boron trifluoride. As a result, it is no longer necessary to use crystal-
lization, and each of the aromatic hydrocarbons can be obtained in the pure
state. This process appears to be particularly attractive because it yields
pure meta-xylene. The market for this product, which on oxidation produces
isophthalic acid for polyester production has up to now been limited because

of the high cost of producing high-purity meta-xylene.

Crystallization. Production through crystallization has advanced signif-

icantly both with respect to the over-all economy of this technique and to the
purity of the product obtained. While existing processes were being made
increasingly more efficient (Phillips, Amoco), a new technique of crystallization
through direct contact with a cold solution was announced by the Institut
frangais du pétrole. Furthermore, this technique takes advantage of orystalli-
zation and washing oounter-ourrent systems, whioh not only reduce refrigeration

oosts but also produce high-purity para~xylene (more than 99.5 per cent pure).

Chemical transformation of aromatics. The improvement of recovery
techniques, however, did not meet inoreasing demands, which could only be
satisfied if production methods were improved or new conversions oconoeived.

High-severity steam cracking, which provides an aromatic oil in whioh
bengene predominates, has led to improvement in the situation of this product.
In order to inorease xylenes produotion, oatalytio reforming operating oonditions
were modified and led to a 08 fraction consisting of almost only aromatio
hydrooarbons, thus eliminating the necessity for solvent extraction.




Together with the already known teohniques, hydrodealkylation and isomeri-
zation, the dismutation of toluene to benzene and a mixture of xylenes (Toyo
Rayon) is now possible. This process, for which the first industrial plant is
under construction, increases, to the detriment of toluene, the quantities of
benzene and xylene mixtures. In association with isomerization and crystalli-
zation of para-xylene, it leads to the production of additional quantities of
ortho-xylene and para-xylene without requiring the construction of large-capacity

special reforming plants.

Oxygenated compounds

This report does not attempt to quote from all researoh work that has led
to the improvement of existing processes but only from work related to the most
important products with respect to tonnage or increase in consumption.

Methanol. The synthesis of methanol has been improved (1C1) through the
use of new catalysts that have reduced operating pressures from 300 atm to 50
atm while at the same time reduoing temperatures from 350°-400°C to 250°-300°C.
The value of this new process oan be seen from two main standpointes

(a) At low pressures and large capacity (150,000 - 200,000 tons per
year) it becomes beneficial to use oenirifugal oompressors, used to
advantage in the synthesis of ammonia;

(b) Owing to low pressures, it is possible to design a methanol
synthesis plant in which the expense of gas compression is minimal.
Naphtha steam reforming, which produces the H2 - CO mixtures, can
be carried out up to pressures of 20 atm to 2§ atmj the separation
train oan, taking pressure losses into scoount, operate advanta~
geously at the same pressure, and it is only then necessary to bring
the effluent at the synthesis pressure with a compressor having a
compression ratio of approximately 2.

This bonefiohl effect is still more significant if partial oxidation is
used (Texaco, Shell), which may be carried out at 50 atm and higher. 1In this
case the over—all operation is at the same pressure: oxygen alone has had to

be compressed.

ti id. In the synthesis of acetic acid, the oxidation of light oil
(Distillers) has not eliminated other oxidation methods because of the low
selectivity (1.5 tons of naphtha per ton of acid), and the large production of
ty-products that have to be economically disposed of (formic acid, propiomic
acid and sucoinic acid).
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Among the new routes, the oxidation of butenes (Bayer) has a high selec-
tivity, owing to an indirect route through butyl acetate. In this process,
butyl acetate is first synthesized and then oxidized to three acetic acid
molecules, one of which is recycled and returns to the ester synthesis stage;

this brings a yield of up to 1.24 tons of acetic acid per ton of butene.

Using a completely different route, acetic acid may be produced by the
reaction of methanol and carbon monoxide under high pressure (Badische Anilin
und Soda Fabrik (BASF)). Although this method appears to be costly because
of the high pressures used (600 atm - 700 atm), the price of methanol obtained
from large-capacity plants using the ICI teohnique is advantageously low.

Vinyl acetate. The synthesis of vinyl acetate from ethylene is the

subject of numerous investigations in which attempts have been made to obtain
the most direct synthesis. Although this objective has not been reached, one

of the most recent developments is oxidizing ethylene in the presence of acetic
acid into vinyl acetate and acetaldehyde. This latter product, after separation,
is in turn oxidized into the acetic acid required for the operation, making it

unnecessary to use an external source of acetic acid.

The direoct oxidation of propylene to propylene oxide, in spite of much
research, has not yet been oarried out satisfaotorily. The use of organio
peroxides as oxidizing agents (Soientific Design, Arco) has led to partiocularly
high yields related to propylene, but by-products formed by the decomposition
of the organic peroxide tend to make the process uneconomic. Two solutions
appear to be partiocularly promising:

(a) Organic peroxide ia obtained from ethylbenzene, which subsequently
leads to a mixture of methylphenylketone and methylphenylcarbinol.
Hydrogenation followed by dehydration gives styrene. Although it
is possible, to a certain extent, to adjust the propylene
oxide-styrene ratio, 2.5 tons of styrene per ton of propylene
oxide are generally produced.

(b) Organic peroxide is prepared by oxidation of isobutane and by a
process identical to that used with ethylbenzene. Tertiary butyl
alcohol is produced and then dehydrogenated into isobutene. 1In
this case, 1.6 tons of isobutene are associated with each ton of
propylene oxide.

Phthalic anhydride. Gas phase catalytic oxidiation of ocrtho-xylene had
already improved when the technique of fluidization came into use, leading to
greater homogenization of temperature and a more efficient ocontrol of operating
variables. By using a liquid phase oxidation technique (Profil) it was possible
to bring the consumption of para~xylene per ton of phthalic anhydride from
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1 ton down to 0.8 ton. This new process, although probably requiring greater
capital investment, will in the final analysis no doubt become the preferred
process, especially for large plants, because of its economic use of raw

materials.

Polymers

Polyethylene. Just when new polymers or copolymers were appearing,

polymerization techniques were being modified and improved. Among these
improvements, those involving the polymerization of ethylene should be
mentioned. As a result of this technique, through the use of organometallic
natalysts (Solvay) placed on a support, it is possible to produce high-density
polyethylene with very low catalyst oonsumption,

Ethylene-propylene rubber. Ethylene-propylene rubber (EPR), whoge
development was slowed down after diffioulties in the vuloanization and the

mixing with other rubbers occurred, is expected to capture a larger part of
the rubber market with the introduction of a new accpolymer, ethylidene
norbornene, whioh, while ensbling the wvulcanizalion of this rubber, makes it
oompatible with the other synthetio rubbers.

Proteins

The fermentation of hydrocarbons, which in principle can find numerous
applications in the synthesis of oomplex organio molecules, has found its
first major application in the synthesis of protein conoentrates (BP, Institut
francais du pétrole, Esso, Phillips) for snimal feeds. Two solutions are now
under study, the first uses gas oil as a source of paraffinic hydrocarbons,
and the seoond involves pure paraffins or paraffinic ooncentrates.

Although it is still diffioult to measure the impact of this prooess on
the animal feed market, it may be estimated that after the initial product and
prooess testing phase, plants with a ocapacity of about 100,000 tons per year
will produce synthetiocally essential constituents of animal feeds.

Process improvements and most suocessful processes gince 1964

Nany petrochemioal plants now in operation or under construction use
manufacturing techniques based on new, low-cost processes and technology.
It is not possible to discuss in detail all of these developments in this
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paper. 'They include improvemerts in aromatic extraction involving large units
and the use of better solvents, successful results of simplified, less expen—
give direct routes to petrochemicals such as: acrylonitrile based on propylene
and ammoniaj vinyl chloride by ethylene oxychlorination; benzene by thermal
dealkylation of toluene, which is spurring the catalytic dealkylation process;
caprolactam by cyclohexane route versus toluene and phenol processes; and

improved caprolactam yields.

The discussion that follows will be restricted to products that are playing
a significant role in the field of elastomers and plastics: ethylene, which has
the largest production and consumption of petrochemicals; polyolefins, which are
the fastest growing segment of the chemioal industry; and stereo-elastomers,

which have a promising future in the manufacture of tires.

New steam cracking plants

Between 1964 and 1968, the technology of high-severity steam cracking
was confirmed, and steam cracking capacity increased considerably. The large
demand for ethylene-derived products (polyethylene, PVC, ethylene oxide) made
possible the construction of several big crackers. During this period the
tubular reactor technology for steam cracking became almost the sole teohnology
to be used industrially, while the use of other pyrolysis teohniques declined.

In all parte of the world, ethylene oapacity inoreased oongiderably
during this period, as indiocated by table 2 below.

Iable 2

World ethylene o £
thousand tons per year
After completion

1964 168  of kpown projects

Burope 2,150 . 6,378 11,500
North America 4,115 7,610 10,700
Latin Amerioa 3 3%6 2,474
Asia-Australia 576 2,340 6,482
Africs-Niddle Bast 15 130 350

—

Total 6,889 16,814 31,506




- 31 -

The figures on future capacity are probatly exaggerated because some projects

will not be realized and some older units will be shut down,

Steam cracking capacity. Between 1964 and 1968, several huge ethylene

units were constructed and started up. In Europe, about fifteen units with a
capacity of more than 200,000 tons per year of ethylene are already operating
or being constructed. The largest of them will produce 450,000 tons per year
of ethylene. In the United States, several large units are in operation or

being constructed; one of them will produce as much as 545,000 tona per year.

Very large units are known to have operating prohlems during start-up and
generally do not function at full capacity during the first years of operation
because of an insufficient market. Initial operating costs, therefore, are
higher than expected. Nevertheless, units with a capacity of less than 200, 000
tons per year of ethylene will probably not be oompe*tiiive in th= future.

High severity. During recent years cracking severity has also increased.
Modern furnace design and tube mamfacture have permitted gas Lemperature of
more than 850°C. Residence time can now be less than 0.5 of a second. These
performances have resulted in higher ethylene yields from naphtha: more than
30 per ocent by weight.

Heat recovery and products separation. Very effective quench boilers have

been developed to recover part of the heat content of the oraocked gases at the
outlet of the oracking furnace. High-pressure steam (more than 100 kg/om2) is
thus gonoro',ted, and this greatly improves process eoconomy. A number of improve-~
ments have been introduced into the fractionation soheme, particularly in the
selective hydrogenation of acetylenes, gas desulphurization and low~temperature
fractionation design. Two low-temperature destillation schemes are still
competing. The first uses a maximum pressure of 35 bars, oorresponding to a
maximum pressure of about 10 bars. The separation of the co-produots propylene,
butadiene, aromatios is generally practioed. Big steam orackers have thus
become the main units of large petroohemioal oomplexes.

FPesdetocks. In the United States 65 per cent of the ethylene produced
is from ethane or prcpane, 25 per oent from refinery gases and 10 per cent
from other feedstocks, inoluding naphtha. The inoreasing demand for naphtha
has resulted in higher prices for this feedstock, and thus heavier feedstocks
have been oonsidered. Several units for which gas oil can be part of the \
feedstook have been constructed. They are more complex and expensive than
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naphtha crackers. In this case, more co-products have to be scld. 1In Europe
and Japan, there appears to be a trend towards the use of LPG (1iquefied

petroleum gas).

Summary. High-severity and high-capacity narhtha crackers received wide
acceptance by industry during the period 1964-1968. Some problems during
starting-up operations or when heavier feedstocks are used have decreased
the profitability of these units to some extent. However, the development
of this process during this period has resulted in an ihportant decrease in

the price of ethylene and its derivatives.

New processes and improvements in the field
of polyolefins and dienes

The relative importance of polyolefins among plastic materials has grown
steadily, reaching in 1965 the top position of all polymers. At that time
the total amount of polyolefins produced surpassed that of PVC. Within the
polyolefins class, polyethylene has a leading position to such an extent that
from 1966 it has held the top place in plastics production.

Continuing at this rate during the next years, total world production in
thousands of tons will be as follows:

1965 1970 1975

Low-density polyethylene 2,300 5,000 8,500
High~density polyethylene 700 1,600 2,800
Polypropylene 300 1,300 2,800

To reach these figures, production unite will have increasingly larger
capacities, Already some earlier units of low capacity have been closed, and
nowhere in the world is there a single plant produocing less than 10,000 tons
per year of polyolefins. No company would now erect a low-density polyethylene
plant of less than 50,000-tons-per-year capacity, using in the produotion line
reactors of less than 25,000-tong~per-year individual capacity, or in the same

way, a high-density polyethylene plant of below 20, 000~-tons-per—year capacity
for a Ziegler process or below 40,000 tons-per-year-capacity for a Phillips
process. Regarding polypropylene, the lowest single unit capacity is 12,000
tons per year when the individual units in the project are above 20,000 tons
per year,




Low-density polyethylene. Of the various technological modifications

that were under discussion in 1964, some have materialized in the last five

yvears and have introduced unquestionable economic bhenefits.

Tubular reactors with numerous ethylene injections are found frequently.
Many companies have erected plants using this type of reactor, introducing modi-
fications according to the process (Société nationale des pétroles d'Aquitaine
(SNPA), BASF, Du Pont). This system offers advantages for the manufacture of
ethylene-based copolymers. The inner tube may reach a three-inch diameter and
a 25-foot length.

Cylindrical reactors have been modified in two ways: by catalyst injec-
tions in various locations; and by allowing polymerization to occur in two
distinct zones, one between 150° and ]9000 and the other between 190o and 25000.
The quality of the films made with these polyethylenes is greatly improved.

The internal volume of such reactors has been doubled, reaching 500 litres and
higher.

For all types of reactors higher pressures are used; 2,000 kg/'cm2 is now
a lower l1imit, making it possible to manufacture intermediate~density poly-
ethylene. The present limitation of 2,500 kg/bm2 is related only to the
compressor possibilities.

Further minor improvements are also noticeable: stabilizer and carbon
black addition directly in the polymerisation reactor, which allows for a
lower produétion oost and introduces an improved uniformity in the produot
qualitys and direot production of polyethylene emulsicns in the reactor by
addition of water and 1-butanol.

New polyior compositions have been introduced on the market, mainly as
ethylene-based copolymers with: (a) ethylene acrylate (Union Carbide, Monsanto)j
(b) methyl methacrylate (Du Pont); (o) vinyl acetate (USI); and (d) methaorylio
acid and a metallic salt (Du Pont ionomer). Other ethylene-based copolymers
are under investigation or are just starting marketing operations. These are:
(a) vinyl ohloride (Hercules); (b) acrylonitrile (USI); (e¢) vinyl silanes
(Union Carbide).

Hi it lyethylene. The Phillipe and the Ziegler polymerisation
systems have maintained their respective positions from a commercial standpoint,

and few improvements have been introduced in the various modified processes.
The Phillips progess has been improved mainly in its eoconomics by using loap
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reactors and by a computer control system for continuous polymerigation.

The Ziegler system has been thoroughly studied, and the stage of possible
catalysts has been widely extended, though titanium tetrachloride associated
with aluminium alkyls is mostly used. Improvements deal with the integration
of the activity, the stability and the reproductibility of the catalytic
system. One of the ways to achieve this is to put it on a preformed polymer,
which will result in raised monomer conversion. The Standard 0il of Indiana
process has not reached the industrial stage although it has been under study

for some years.

The problem of removing reaction heat, which used to be quite serious,
has been solved by polymerizing in a low-boiling hydrocarbon as a solventj
the vaporised hydrocarbon is continuously recycled (Koppers). Use of a
fluid-bed catalyst has been reported as a possibility, but no industrial plant
is using this process. Alcohol washing for the polymer has gained wide accep-
tance as compared with water treatment. Ethylene-butene-l1 copolymers are
now on the market; they exhibit an improved resistance to stress oracking.

Polypropylene. The salient fact ooncerning polypropylene is the great
disappoiniment that followed the ooﬁeroial marketing hopes and forecasts of
the early 1960s. It is now clear that the true development of polypropylene
is just starting, and it is expected that this polymer's share in the produc-—
tion of all polyolefins, which was 9 per cent in 1965, will grow to 16 per
osnt in 1970 and to 20 per cent in 1975. This rise has been delayed mainly
for techniocal and legal reasons.

Technically, the same improvements in the process as for Ziegler type
% ethylene polymerisation have been recorded, with some modifioations for
| polypropylens. |
i
Titanium trichloride associated with aluminium alkyls is the most widely
used catalytic system.

Polymerisation may bs carried out continuously in aylindriocal reasctors,
with a wopylene stream turbulent mixing.

Use of & sorew-type reactor is reported for a solvent-free polymerisation,
while another process uses polymerisation in liquid propylene as solvemt.

Polymer quality has been greatly improved - in fact, the propylene
homopolymer has lost ground compared with the copolymers whose mechaniocsl
properties are more varied and are resistant to low texperature. Propyleme
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is copolymerized with: ethylene at a level of 5 per cent; ethylene~propylene
copolymer; butene-l; and higher olefins. These products have slightly different

characteristics and are used for specific markets. '

Other polyolefins. Since 1965, other products have been introduced
on the market: polybutene-1, commercialized by Phillips and by Hﬁls;
poly-4-methylpentene-1, commercialized by ICI. One company has studied

poly-3-methylbutene-1, which would find an interesting market in cords for
tires.

Stereo rubbers development. Highly stereospecific polybutadiene produc—
tion started in 1961 in the United States. Commercial development of this
type of synthetic elastomers rose in 1964, and forecasts of consumption in
thousands of tons for the next few years are btright:

1965 1970 1975

Polybutadiene cis 1-4 230 480 725

Polyisoprene 50 240 550
For each elastomer there are at least two different processes leading to
high—quality products by solution~type polymerization in a hydroocarbon,
requiring high~purity monomer and oritical operating conditions. The relative
importance of stereo rubbers to the total synthetic elastomer consumption is
expected to grow from a low 5 per cent in 1965 to more than 11 per cent in
1975, with a ratio in this group of polybutadiene to polyisoprene tending
towards 60:140.

Polybutadiene. The various processes each using a specific catalytio
system yield polymers of different steric purity as indiocated below. (This
is not the only test of quality, as molecular distribution is also a major
factor affeoting the technclogioal properties of the rubbers.)

Table }
ction of tadiene
Per cent Produotion 1967

~Catalytic system _  _ols 14 |

Organo 1ithium/pentane 51 25

™ 14 - Al Bt 3 95 30.5
Cobalt salt - Al Et 2 C1 97 32.5
Cobalt salt - Al Bt 2 C1 97 8
MEr4- A (iB) 3 85 4
Nickel salt - A1 Bt 3-X 9§ 0
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The average size of the units erected since 1965 is about 25,000 tons
per year, but recent projects are quoting units with a capacity of 60,000
tons per year. At these production levels polymerization is exclusively of

the continuous type.

Polyisoprene., Highly stereospecific polyisoprene is very similar to

natural rubber and may easily be substituted for it. Isoprene may be poly-
merized with lithium type catalysts or with Ziegler type, such as titanium
tetrachloride and aluminium alkyls. At present, the industrial processes in
exploitation are those of Goodyear, Shell, and Goodrich Gulf; the units have a
capacity of 25,000 tons per year. If the problem of obtaining isoprene at

a competitive prioe is solved, capacity of the polymer—producing units should
be 50,000 tons per year.

World survey of economic developments

Production, investment and trade

Production

Considerable quantities of petrochemicals were available on the market
from 1964 to 1967. 1In the United States in 1965, petrochemistry contributed
one third of the tonnage produced by the chemical industry as a whole and 60
per cent of the value. This is equivalent to 42 million tons of products
having a total value of $8.55 billion. 1In other highly industrialized
countries, the petrochemical industry tends to hold a similar place.

Within the petrochemical sector, the largest segments are the basic
intermediates: ethylen, propylen, butadiene and bensene. However, certain
more elaborate produotion programmes such as that for vinyl chloride reach
similar orders of magnitude.

The average cost of American petrochemical production is approximately

9¢ per 1b, which is a relatively low price compared with the tonnage produced
by a heavy industry. |

Investment

Vast sums of capital are required for investment in the petrochemioal
industry. Table 4 below lists the investments planned for 19651970 wmd
1?’&1975. i o I
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Table 4

Invegtments planned in the petrochemical indust
zmillion doila.rs,

Period 1965-1970 Period 1970-1975

United States 5,210 7,280
Japan 2,280 3,700
Buropean Economic Community (EEC) 4,000 54350
Buropean Free Trade Association (EFTA) 1,400 2,050
Latin America 895 1,445

As indicated in the introduction, there is a notioceable disparity between
sums invested in highly industrialized countries (United States, Japan, EEC
and EPTA ocountries) and in the developing countries of Latin America. For
example, on the basis of the investments made in 1965, investments in 1975
will amount to approximately $22 billion in the United States and $17 to
$18 billion in Western Europe.

Depending on the degree of elaboration of the product, investment per
unit of capacity increases rapidly. To transform orude petroleum into
petroleum products, approximately $20 per ton per year must be invested.

The transformation of ammonia into urea and ammonium sulphate in a fertiliser
production complex requires $50 per ton per year. The polymerisation and
spinning  of caprolactam to obtain contimuous filaments of fine denier nylon
requires $3,000 per ton per year.

Trade

In international trade the value of products derived from the petrochemioal
industry is oonsiderable. Por example, for the United States, the chemical
industry is responsidble for 36 per oent of the bdalance-of-trade surplus, of
whioh more than one third corresponds to petrochemical products. 'nu average
unit value of exported products varies acoording to country; the Pederal
Republic of Jermany and France seem to export more produots of highsr value

than Italy and Belgium (ses table 5).

GPR TR R 7 e crm
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Table 5 <

Exports of organio chemicals in 1965 j

|

Quantity Average value per 1b

Country (t) (¢)
Belgium 242,317 1.5
France 589,445 15.3
Germany (Fed. Rep.) 1,193,000 | 17.0
Ttaly 805,106 8.0

The big exporting countries sell to many importers: the United States
exports to over 80 countries (transactions of more than $100,000 per year);
the Federal Republic of Germany to 773 France, Italy and the Netherlands to
over 60 each. For these countries the dispersion leads to large supplies of
stook per importing country: 7,000 to 15,000 tons per year. Smaller exporting
ocountries such as Spain sell to over °C countries an average of 850 tons per
year per country. This diversification is due to permanent competition among
exporters in quantities and prices and to a concern on the part of exporters

to safeguard their outlets, or on the part of importers to guarantee a steady
supply.

In countries such as Trinidad and Tobago, where foreign industrial groups
have established large petrochemioal complexes ag subsidiaries because of the
low cost of raw materials or taxation policies that are advantageous to
business, the situation is radically different. Exports from these countries
are absorbed by fewer buyers; one buyer alone may take the bulk of what is
exported. This is because the subsidiary has become part of the production
chain of the parent company, and the parent oompany absocrbs most of the

| . production of the subsidiary.

For countries having the largest export in absolute value, the most
important customer is the internal market; compared with looal produotion,
sxports are relatively small.

Of organic chemiocals produced in the United States, 44 per oent are
petrochemicals; in Japan, 30 per cent; and in the Buropean Eoonomio Commani ty
oountries, 44.5 per cent. The United States exports 13 per oent of its organio
chemiocals, while Japan exports only 10 per oent. EEC exports to its member

¥ countries 27.5 per cent of its total production of organioc chemioals; 19.%
per cent is exported to countries outside the Commnity.




For EEC, exports of organic petrochemicals, compared with production, are
approximately on the average level of the total "chemistry" sector; for the

United States and Japan, the "chemistry" sector exports only 6 to 7 per cent
of ite production. Within the Community, disparities are substantial. The
Netherlands, for example, exports comparatively more than the average of the
8ix oountries in the Community.

The markets are reached through the distribution network of established
firms in various countries. The establishment of larger eoonomic communities
maintaining efficient ocustoms protection with respect to outside competition
has prompted large producers to get a firm hold on markets through subsidiaries
producing on the spot. This evolution is partiocularly clear for American firms
specializing in chemiocals, whose exports between 1960 and 1965 amounted to
approximately 6 per ocent of their production, while sales by subsidiaries in
foreign countries inoreased from 6 per cent to 12 per cont of the value of
this same produotion. Taking this situation into account, large firms were
led to change the international structure of their organigation by decentral-
iging the power to make certain decisions.

Competition on the world market. Prioces for petrochemicals are subject
to oconstant competitive pressure. Inte.mational prices for the main petro-

chemioals show a continuous and steady fall. The rare inoreases are due to
temporary causes: political, for example, a soarcity of a product consumed in

large quantities by an army at war; or below capacity production such as that
of ortho-xylene.

To maintain competitive priges, producers first deoreased their margins,
but the products toc which such price reduction can be applied are beocoming
inoreasingly soaros. Attention is being directed at present towards the use
of cheap raw materials and technical solutions leading to lower produotion
costs,

The mechanisms of competition must take into acoount major factors such
as monopoly or virtual monopoly situations. A monopoly may exist in a given
oountry de jure or de fagto with respect to the manufacture of a product or
& range of products. It may be a state monopoly or a monopoly bty a ocompany
benefiting from practiocally complets integration of a seotor of sotivity for
reasons related to history or to patent omnership.

On the international scene, sinoe de jure monopolies do not exist,
4s faoto monopolies have taken root. They may result from powerful marketing
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networks, or ownership by a company of the cheapest raw materials, enabling
it to produce at lower cost or at a technical advantage and protecting it from
competition. The technioal advantage is often made possible by ownership of

key patents for a well-defined production.

The processes for which basic patents have recently fallen into the public
domain are still more or less protected by peripheral patents extending protec-
tion 15 to 20 years according to the country., The technical head start given
to the holder of the process is so large that it often discoura.ges competition.
The royalties to be paid for the right to use prooesses of this type are often
80 high that it becomes impossible to consider production, and produection is
left to the holder of the process or to companies in its control. Investment
requirements are increased frequently 10 to 15 per cent as a result of royalties,
and production has to bear an additional 2 to 3 per cent of "know-how" costs
over a period of ten to fifteen years.

Trade agreements and economic zones. The petroohemiocals market is set

in most ocases within a network of international trade agreements regulating
relationships between oonsumers and producers. The largest agreement affecting
80 per cent of the total volume of world trade is the General Agreement on
Tariffs and Trade (GATT). It formulates general lines of behaviour by which
the contracting parties agree to abide: ‘
(a) Application of the most-favoured-nation clause between the parties;
(b) Elimination of any quota~fixing measures for protective purposes
(c) Principle of consultation between the parties;
(d) Establishment of a general agreement; plan of negotiations for
lowering oustoms duties.

Several eoconomic zones have been oreated to eliminate customs barriers
between countries; of these sones, the best known are: EEC, IFTA, the Central
American Common Market (CACM) and the Council for Mutual Economic Assistance
(CMBA). A first consequence of the oreation of these zones was to give
producers an economic hinterland having market possibilities better suited to
large-scale production. It should be noted, however, that on the one hand,
the size of oreated trade currents favours inoreased trade within the sone and
on the other hand, association agreements that extend certain advantages to
couniries outside the zones may exist.

|
|
!
|




- 41 -

Technical factors affecting the petrochemicals market

Practical possibilities for meeting the demands of an existing market in
the last analysis depend on techniques that permit production at competitive
prices. The choice among processes depends on minimum economic capacities of
production, size of the investment required, licence costs, cost of raw

materials, utilities, manpower etc...

Transport costs may also determine the location of the plant with respect
to the market. Depending on transport costs, petrochemicals may be cheaper
to produce at the centre of the market, whether or not the raw material is
imported. When raw material is available at the production site, the increase
in price of a product owing to transport from the plant to the market may make

local production more economical.

If a petrochemical procduct is prepared by particularly complex manufac-
turing processes, factors such as production secrets, know-how and royalties
are of primary importance. It is very costly to be certain that the ideal
technclogy is being used. In practice, it is most cften acquired through
experience in running production plants.

Market factors linked to production

An increasingly greater constraint on profit margins and production costs
but at the same time a healthier market situation owing to more genuine compet-
itive poseibilities may be noted. This tendency will probably continue because
de factc moncpoly situaticns are being eliminated through extension of markets
and production under the influence of new producers. Western European
countries, CMEA countries and Japan are now large-scale producers, and by
1970 the petrochemicals industry of these countries will be in its maturity
phase,

Original processes are being develcped cutside the United States owing tos

(a) The setting up of production programmes in economically favourable
areas. Capital is being invested in cther industrialiged occuntries
where oonstruotion costs are low and consumption zones are large.

- There is a trend tc produce near the market because it is cheaper
to ship raw materials than finished products.

(v) A decrease in the hold cf process owners on the produot market.
The development of the petrochemiocal industry has incressed
considerably the range and number of processes and pntnstl
available.

(o) Anti-truat laws in meny countries.
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In certain cases developing countries may be assisted by anti-dumping
measures, which help to maintain market prices. An example of this is the
anti-dumping duty levied on United States polyethylene by the EEC countries
in 1965.

Large oomplexes are being integrated with refineries to an increasing
extent. For maximum profit, both petroleum and chemioal oompanies are using

crude oil as thzir raw material for petrochemicals.

Combination refinery-petrochemioal plants have been set up. The refinery
supplies several feedstooks to the adjaoent petrochemical facility and uses
the by=-products of the petrochemical plant as fuel components in the manufao-

ture of petroleum products.

0il oompanies and producers of organio chemioals use different
approaohes to achieve their objectives. Integrated complexes are developed
tot (a) provide flexibility in the choice of feedstocksj (b) provide
flexibility in product distribution; and (o) realize the economies resulting
from integration of the plant’s components. Examples of each type of approaoh
are: (a) the El Paso-Rexall arrangement in the United States, the BASF-Shell
or Bayer-BP arrangements in the Federal Republic of Germany; and (b) Monsanto,
Dow, Allied Chemioal in the United States, ICI in the United Kingdom.

The refinery-petrochemioal plant combination oan be limited to production
of a few major petrochemicals or expanded to include more end products by
adding other prooess units. A good example is tlLe Puerto Rico Petroohemical
complex, which uses off-gases and naphthas from the Commonwealth 0il Refinery
to produce building blocks as aromatios and olefins, but also intermediate
and finished products as nylons, polyesters, plastic extrusions and mouldings.,

This combination may be improved in the new petrochemical-refinery
conoept where the plants are designed to maximize chemioal production and
optimize the ratio of fuels to chemicals. The scheme can also be designed
to make essentially only chemicals by extensive recycling or addition of
more prooessing units, but for the time being this does not seem eoonomio.

In fact, if case studies ocarried out for many variations of the petroohemioal-

refinery concept have indicated some desirable combinations and integrations
of proceesing units for maximum return on investment, these favourable
economios depend heavily cn by-product marketing from large steam orackers.




- 43 -

The prioe of petrochemicals

In the fullowing evaluation of the sales possibilities for a product
and of the profitability of the producing plants, the prioce referred to is
the average price obtained on the world market.

Transport costs, which are relatively higher when the product is shipped
c.i.f., vary considerably with the nature and quantity of the product (see
table 6). For the importer, the c.i.f. prioe, whioh includes possible storage
costs before shipping, may be increased in certain cases by storage oosts upon
arrival; these can be substantial (this is true of liquefied gases). Posted
prices, which are generally f.o.b. prices from the faotory or shipping harbour,
are published in speoial periodicals.

The actual prices obtained in international trade are rarely published,
so that it is difficult to know what they are. However, for large transactions
they can be estimated if one hae a thorough knowledge of the market and
oontacts with professionals. Foreign trade statistice of large importer or
exporter countries also provide valuable information on this subjeot. (In
the United States, these are collected by the United States Tariff Commission.)

The prices at which the products are available on the international
market may be compared with the c.i.f. prices prevailing in industrialised

zones (see table 7).

Table 6
Trangport costs cf petrochemioals
Means Prioe
Quantity Distanoce of Cost c.i.f.

Produot Nature (t4mr) (km) _ trensport ($/t)
Pthylene 8/ Liquetied 50, 000 1,200  Ship 13 15

gae %,000 Ship 22 25
amonisd’  Liquetied 50,000 1,200  Ship 11 22

s 5,000 Ship 18.5 3
Nitrogen Solid 1,%00 1,500  Ship 3.5 4.5
fertilisers (in bags) 10,000 6,000 Ship 6.5 8.5
Chemioals?’ Liquid 40 1,000  Rail 65-165
Chemicale®’ Liquid 20 1,000  Truck 33

2,000 Track 6 .

ldditiohii -tornjo'did unioaﬂlnf costs: $6 to §9 por'ton.
/ In United States (1965).
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Table 7

Estimated international market prices for 1968

International market price
(d per 1b or per gallon

Product where indicated)
Acrylonitrile 12 - 13

Benzene 25¢ per U.S. gallon
Butadiene 9

Caprolactam 23

Cyclohexane 24¢ per U.S. gallon
Dodecylbenzene 7.5

Ethylene 3.5

Phthalic anhydride 11 - 12
Cis-polybutadiene 18 - 19
Polyethylene {low-density) 10 - 11
Polyethylene (high-density) 15 - 16
Polyisoprene 19 - 20
Polypropylene 20

Polystyrene 10 - 10.5

Polyvinyl chloride 10 - 11

Propylene 2,2

Styrene T.5

SBR (1500) 15 - 15.5

Toluene 19¢ per U.8. gallon
Ortho-xylene 3.5

Para-xylene 8.7

Factors affecting international prices

The price of the product is affected by produotion costs, which vary in
& regular and easily predictadle manner (production oosts gensrally decrease
with time); and market prices, whioch are much more difficult to prediot.
Production costs are subjeot to technical production factors, improvement in
teohnology, use of low~cost ashpowsr and duilding of plants of an eoonomic
sise. Irregularity in the prodwotion ocost ltmtmnvhutom
o material oosts, sinoe the market price of rew materials fluctuates.
wwmlmmbjoettothe law of mppl:mddo-mdmddopdaddn{lﬁ'
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availability of raw materials, manpower and utilities. Market prices are
also affected by demand, which can be influenced by the economic or political

situation or the appearance of new products on the market.

International prices may be influenced by large produce»s, who can either
maintain prices at an artificially high level or cause a general decrease in
prices. Advance selling and supply contracts for long periods of time have a
stabilizing influence on prices. Generally, the more elaborate the product

sold, the shorter the life of the contract.

Evolution of prioes

Petrochemioal prices change with time. Except for "anomalies", ocaused
by eoonomic or political factors » the general trend is for prices to deorease.
This trend, whioh is more pronounced than in other sectors, is quite oharao-
teristic of petrochemistry.

After a product has appeared on the market, three price phases may be
distinguished. When a produot is introduced, its price reflects the teohnology
used and research and development ocosts. Then, as a result of technological
advances, marketing improvements, distrilution among various sectors and
oompetition, the prioe decreases. This decrease, which used to take six or
seven years during the 1950s, now takes only two to four years owing to
accelerated teohnological advanoes and established marketing networks. In
the third phase the prioce of a product deoreases only very slowly and depends
on reduotions in profit margins and lowering of produstion cocts.

Evolution of the petrochemical induutﬂ in 6.ovologig_:‘ countries

As it is impossible to present all developments taking place in the
petrochemical industry in developing countries, the following examples have
been chosen to indicate where significant industrial complexes have come on
stream since 1964 or are under oonstruction. These examples illustrate the
different ways of developing petroonemioals - from the growing industries of
Mexico, Chile and Turkey, based on resources of raw material and investment
fully supplied by the public sector, to the developing industries of India,
Braszil, Iran etc., based on joint ventures of foreign and local firms belonging
to the pudblic or private sectors.

(s) Mexioo, with Pemex plants at Asoapotsaloo, Cuidad Madero, Pajaritos,
Minatitlan and Posa Rioa;
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(b) Chile, with Empresa Nacional de PetrSleo at Concepcidn;
(¢) Turkey, with Petkim Petrokimya at Izmir;

(d) India, with National Organic Chemical Industries Limited (NOCIL)
at Bombay, including Shell International Chemicals;

(e) Iran, with National Petrochemical of Iran and B.F. Goodrich at
Abadan.
The adequate growth of the petrochemical industry in developing countries
requires that several viewpoints be taken into consideration:

(1) The viewpoint of the foreign company, which is presumably trying
to determine what opportunities exist for selling the export
production from its foreign-based plants and for establishing a
local manufacturing operation of some type. Foreign companies
are interested in ensuring that their looal and foreign-exohange
expenditures are reimbursed in the currency in which they were
incurred, that their investments are safeguarded, and that
operations yivld a reasonable profit that can be repatriated.

(2) The viewpoint of the Government or the planning organization,
whioh is faced with a shortage of foreign exchange for the country
and oonsequently has to limit the amount that can be allocated to
the petrochemical seotor. The Government needs to establish
targets for consumplion and determine the most economical ways of
satisfying them; it also desires to help to oreate new industrial
units and new jobs.

(3) The viewpoint of local business, whioh is interested in promoting
profitable projeots in its own .nterest. It usually has no
independent souroe of foreign exohange and usually needs a
oompetent foreign partner for technical reasons, but it takes its
profit in local currency.

Unfortunately, if each of the above groups were to take the simplest and
most direot means to achieve its objective, it would prevent one or both of
the others from attaining theires. The only market study that is undertaken is
carried out by a foreign oompany at the instigation of local business. It
oannot take in all three viewpoints and yet it is used by all three groups.

It is interesting to compare the foreign-currenoy costs of manufaocturing
petrochemicals on a scale appropriate to developing countries with the foreign
exchange costs of imports. To avoid oconfusion arising from joint ocosts and
aoccounting practices in petrochemical production and to be able to distinguish
oost and prioe items clearly, it is helpful to consider a single plastic such
as polyethylene (high~pressure process) and to sxamine its price structure and
the ocost of producing it in developing countries, using a simplified model

first with regard to foreign-exchange costs, and then to examine the total
oosts.
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The model is simplified and summarized in table 8, but it has been
derived from a detailed study of specific cases in connexion with an industrial
project now being implemented. The model may be said to present the case for
local production, since it is very difficult to conceive of a set of circum-
tances in most developing countries that would be as favourable as those shown.
The size of the model was chosen to correspond to the average demand for

polyethylene in many developing countries.

The prevailing prices for polyethylene and the predicted prices for
1974/1975 and thereafier at constant money values are shown in table 9,
Table 10 shows the amortizable investment and other capital requirements, and
the probable foreign-exchange component (this last is somewhat high for the
standards of India, Pakistan or the Philippines and somewhat low for the
others - in any event it is an order of magnitude and sufficiently accurate
for the purposes of this paper). It algo shows a summary both in total costs
and in foreign-exchange costs of the three main components of a selling price:
manufacturing cost, profits and net raw material costs. The model was drawn
up under a variety of favourable conditions that applied in the area for which
it was designed. Considering that financing was not involved, the investment
cost was taken as 120 per cent of Western Buropean investment costs, which
becomes a very low figure if one considers that plants in developing countries
will probably have to be financed with credit of some type. In this way ihe
actual cost can easily reach 135 per cent of Western Buropean ac.ual costs -
without any allowance for import duties or inland construction (whioh can

amount to large sums, but payable in local currency).
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2. THE ESTABLISHMENT OF THE PLASTICS FABRICATION INDUSTRY

IN DEVELOPING COUNTRIES

Summary of statement by Richard M. Kossoff

The consultant reviewed for the group the recent progrers in the devel-
opment of plastiocs raw materials for traditional and novel applioations and
discussed the potential value of several materials for use in developing
countries. He reviewed partiocularly products that would compete, both in
performanoe and in prioe, with certain traditional produots in the immediate
future.

New plastics processing properties that have extended the range of
applications were noted by the consultant. Examples were polyphenylene oxide
and poly-4-methylpentene-l, capable of resisting steam sterilization for
surgical instruments; polybutene-1 for film, coatings, moulded produots and
pipes; silklike fibres based on materials such as polyesters; olear PVC bottles;
stereospecific PVC fibres; and ethylene-propylene rubbers of good ohemioal
resistance.

The oonsultant disoussed the problems of establishing a plastios fabrication
industry in developing oountries, including the seleotion of plastios raw
materials, fabrioation equipment and moulds; the appliocation of recent moulding
techniques such as blow moulding; trade in plastics raw materials and end
produocts; researoh and development; and education and training of plastios
teohnologists. Examples of these problema' were illustrated by case studies
in selected developing countries.

The studies on whioh the consultant based his statement have been
published by UNIDO ir the Petrochemical Industry Series, under the title
"ftudies in Plastios Fadrication and Application” (Ssles No.: 69.11.B.32),
which inoludes the following articles:

"Potential plastios appliocations for fabricators in dcvglopinc
gountries” by J. F. Dash and R. M. Kossoff

"Plastics fabrication and raw materials integratiom ia developing
countries" by R. N. Kossoff

-"Establishing an integrated coatings and adhesives industry in
developing countries™ by I. Skeist
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). PETROCHENMICAL DEVELOPMENT IN BRAZIL SINCE 1964

Summary of statement by Rinaldo Schiffino

The new Government of Brazil that was installed in March 1964 introduoced
many changes that affected the politioal and economic situation in the country.
Digorder had been spreading throughout the country for the two previous years,
owing to acute inflation, lack of oredit and lack of confidence. Brazil lost
practically the entire year of 1964 trying to reorganize its public adminis-
tration, and oonsequently very few projects progressed satisfactorily,

The petroleum industry in Brazil is a state monopoly that oovers explo-
ration activities, refining operations, oil and gas8 production and inland and
coastal transportation of orude oil and its refined produdts. Petréleo
Brasileiro S. A. (Petrobrfs) is the state corporation that handles these
petroleum operations.

The petroohemical industry is not inoluded in the monopoly of Petrobrés,
but this does not mean that Petrobrds cannot participate in the petrochemiocal
field. For economio reasons, a refining operation or even a natural gas
prooessing operation ocan be extended to a further stage of prooessing that
may be oonsidered to belong to the petrochemical sector. Petrobrés produces
ammonia and nitrogen fertiliszers, butadiene and synthetic rubber and is
reoovering ethylene and propylene from a refinery tail gas.

Even before 1964, foreign private companies were in operation producing
polyethylene, styrene monomer, methanol, carbon black and cther products.
Sinoe 1964, Brazil has shown great interest in promoting and facilitating the
development of petrochemical industries either by national or foreign companies.

At present, since Petrobrfs refineries have not been able with their
by-products to fill satisfactorily the demand for raw material for the
petrochemical plants, private enterprises have been psrmitted to install
large naphtha orackers and to integrate themselves into the cemplex of
industries based on such oore plants.
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Authorization has been given for the establishment of a subsidiary
oompany of Petrobrds to run its petroohemioal plants, to promote new projeots

and to participate in the petroohemioal field in association with private
enterprigses — national or foreign - even if it is in a minority position. 3

Petrobréds, the holding company, is interested for the most part in
keeping the market suffioiently supplied with locally refined products,
inoluding, as far as possible, naphtha for petroohemicals.

Two projeots based on the use of imported naphtha were approved in 1966

by the oompetent authorities of GEIQUIM, an agency of the Ministry of Industry
and Commerce responsible for the development of the chemiocal industry in
Brazil. The projeots have been supported by adequate inoentives suoh as
oredit guarantees, finanoing and tariff proteotion. é

One of the projeots will produce ammonia, nitric acid and urea from
imported naphtha. This projeot is promoted by the Phillips Chemical Company
of Oklahoma (USA) in assooiation with a local oompany, Ultragaz, a large
distributor of LPG in oylinders to houses and apartments. The other projeot,
promoted by Union Carbide, is based on the use of a Wulff furnace and will
produce ethylene and acetylene as well as benzene from imported naphtha.

A third large project is based on the use of domestio naphtha and is
being promoted by a group of Brazilian investors, with the partioipation of
the Petrobrés subsidiary (25 per cent) and the International Finance Corporation
(10 per cent). It will consist of a naphtha oracker for 185,000 tons per year
of ethylene and a catalytical reformer for 79500 barrels per day of naphtha.

The following table lists 28 petrochemioal projects approved by GEIQUIN
and indiocates their looation, capacity and status.
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Lovraj Kumar

The demand for synthetio organio chemicals grew repidly in the decade
1954-1964, and domestic production was partiocularly rapid in pharmaceutiocals
and dyestuffs for the textile industry. Much of this production was based on
imported intermediates.

Thermoplastiocs = polyethylene, PVC and polystyrene - were first introduced
in India in 1956/1957 as imports. The demand inoreased by 29 to 30 per oent
Rer apnum during the period 1957-1964.

The white sugar industry produced a substantial surplus of fermentation
aloohol in the period 1954~1962. As this was oonsidered a suitadle feedstock
for the manufacture of a variety of ethyl aloohol/ethylene-based products,
relatively low-capaoity plants were set up to mamufacture acetic acid, scetic
anhydride, tutyl aloochol, butyl acetate, polyethylene and styrene, and
polystyrens in quantities required at that time bty the Indian market. With
the erection of coal carbonisation plants - largely attached to steel plants -
substantial quantities of bensene, tolusne and naphthalens bdecame availableg
this enabled the industry to produce the intermedistes for dyestuffs, plastios
and pharmaceutical industries. The quantity of surplus aloohol wvas esiimated
to b suffioient for the produotion of about 24,000 tons per year of butadiens,
and a plant with a capacity of 30,000 toms per year (styrene~tutadiens rubbder)
was erected to use this surplus of esthyl aloohol. Looally produced rubber
bagan to replace imports of subber. mormuomuwm
the btasis of caloiua cerdide.

mmmm»ammnwmmu
plasties, yudber, alookol- end bensens-based shiemicals end to the foundation
of the synilwtic organie chemiesl indistry in Iadia. This is turm mocelersted

m«wmmmwmmmuuu
ormgmm-umamf anials. Tor tis first tise, the impor-
msnmemmeﬁwuuwamfm
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evident that the small size of dAumestio plants led to high produotion oosts
(and oonsequently high prices) even though certain raw materials were relatively
cheap and world prices of such chemicals had begun to deoline. In spite of

high prices, the demand oontinued to increase so rapidly that it overtook
domestic production, and Indian consumers clearly showed that they were
prepared to switch from traditional materials to synthetic organic chemicals.
These factors became more urgent after the constraints on imports of raw
materials became more severe in 1959. It became evident that conventional raw
materials for the chemical industry - oalcium carbide, fermentation alcéhol and
coal oarbonization by-products - would no longer be suffioient or appropriate
to meet the rapidly growing demand for synthetic organic chemicals. Economies
of scale and the availability of suitable hydrocarbons from oil refineries
(first established in 1954 and 1955) also made it expedient to manufacture
petrochemicals. It was realized that this would require substantial ocapital
investment, with a large foreign-axchange component, sophisticated teohnology
and skilled manpower. Export studies were therefore oommissioned.

The basic feature of the programme adopted between 1962 and 1964 was to
develop petroohemical manufacture in order to enable plants to switch from
high-cost raw materials tc relatively lower-cost petroohemical feedstcoks.
Such plants were then to be expanded to take advantage of economies of soale
and to diversify production; this would make possidle the manufacture of
import-substitutes for a wide variety of basic organic chemicals. Thus, in
stages, the entire structure cf the organic chemical industry was progremmed
for change,

During the past four years, India has established a production capeoity
of 75,000 tons per year of petrochemical ethylene, 55,000 tons per year of
petrochemnical beasene; and plants for the manufacture of low-pressure

polyethylens, ethylene oxide, PVC, plasticising aloohols, acetone and depived
chemioals, petrochemical tutadieme, cumens, phemol, bensene etc. Plants hawe
switched from high-oost rew materials to chesper patrochemical feedetooks.
During the naxt five years, the production oapacity of etaylens is progwemmed
tc inarease to 225,000 tons pasr yeer, peirochemical bensews to 100,000 tens
per yoar. BSulgiantial petrochemionl profuotion of owtho- *WM
alpha ohﬂn will be establiahed.
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Thermoplastics (low- and high-pressure polyethylene, PVC and polystyrene)

Production capacity increased from 19,000 tons in 1963 to 110,000 tons
at the end of 1968; for 1973, the expected capaoity is 230,000 tons. In

addition to increased capacity and larger units for these three major

thermoplastics, there will also be aigﬂiﬁcant produotion of polypropylene,
copolymers and polyethylene, PVC and styrene, methyl methacrylate, nylon,
vinyl and acrylic dispersions, latices, urethanes, silicones and probably
ocertain quantities of newer plastics. In spite of the steady inorease in
production, current imports of thermoplastics are valued at $20 million.

Synthetic fibre intermediates and fibres

India is a large fibre consumer, and current consumption requires the
import of $150 million worth of cotton, wool, synthetic fibres and fibre
intermediates. Consumers have shown preference for mixed fabriocs and
synthetio fibres such as polyester, nylon, aorylio and PVA fibre, alsc
polypropylene. These fibres sell at almost five to ten times the prioce
prevailing in developed countries;. The manufacture of polyester and nylon,
based on imported intermediates, has grown from about 4,000 tons per year in
1966 to 14,000 tons in 1968. A major area of development in the next five
yoars will be the manufacture of these synthetic fibres and fibre interme-
diates. By 1973, India plans to produce 100,000 tons per year of these
synthetic fibres and the related quantities of intemediates.

Synthetic rubber

The demand for all types of rubber has inoreased at the average annual
rete of 15 per oent ocompounded cver the last five years. mnd-use studies,
taking into aocoovnt substitution of plastics for rudbber in such applications
28 oables, wire and footwear, indicate that India will faoce a defiocit of over
50,000 tons of rubber in 1973. In planning the manufacture of suitable
synthstio rubber tn ocover the defioit, India has taken imto acoount that
severil neighbours are large producers of natural rubtber and it is of mutual
interest to inorease intre~regional trede. The manufacture of synthetio
rbber must be viable, and the product must be sold at a reasonable prioe.
Mirst priority, therefore, has been directed towards improving the viability
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of the existing SBR plant, which has been plagued by raw material shortages
and high production costs. Although India has tentative plans to cover the
deficit of over 50,000 tons by further produotion to the extent of about
30,000 tons, several aspects of the problem are being studied before final
decisions are taken.

thetic det ts

Inoreasing rural prosperity, urbanisation and consumer behaviour have
led to a rapid inorease in the demand for vegetable oils for soaps and fats.
Because the demand has outstripped the domestic supply, the pressure on
domestic prices has been severe, and §21 million worth of vegetable oils and
tallow has been imported in the last twelve monthas. India has three synthetioc
detergent plants importing dodecyl bensene. Produotion has incroased from
barely 10,000 tons per year in 1966 to over 30,000 tons in 1968, and the rate
of growth is increasing. One manufacturer has introduced a composite dbar
soap for laundry use that sells exceedingly well. Demand for synthetio
detergents is expected to inorease to 100,000 or 120,000 tons per year Ly

1973.

India has an excellent source of slack wax at one of the refineries.
Paraffin wax for coatings and cther uses is being produced at another refinery,
and until recently the ocountry was a significant exporter of wax. The demand
for paraffin wax has now outstripped produotion, but purification facilities
are being expanded and new facilities are being installed. Slack wex is
programmed for use in the manufacture of about 28,000 tons per year of dodecyl
bensene, which will bs about 90 per ot diodegredadle - an important faotor
in the increasing consumption of synthetio detergents in the large hinterland
of India. The other alpha olefins that will beooms available will be suitabdle
for the mamufaoture of plasticising alochols for the PVC-compounding industry.

Qther organic intermediates

Production of a wide wariety of petracheniocal intersediates has given a
tremendous ispetus to the aymthetio organic chemicel iadugtyy, which at presmmt
imports ohesicals wlued at $150 million, In comsultatios with asmfacturers
of dyestuffs, pharmacentioals sad pesticides, several detailed studics have
been oompleted and progremmes worked cut for the msufacture of chenicals
based on intermedistes cvailsble from petvochemical plamts.
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No manufacturing programme oan be meaningful without supporting research
and development, technical services, personnel training and other infrastruo-
ture facilities. These broad subjects cannot be given adequate consideration
in this brief discussion. Five major chemical technological laboratories have
been working in the field of organic intermediates. These laboratories have
done notable work in assisting the synthetic organioc chemical industry to solve
its technological problems. They have developed several processes that are
being exploited commercially. These research activities are being closely
aligned to the programmes of the petrochemical and synthetic organic chemical
industry that have been drawn up for a perspeotive of ten years.

Manufacturing on a fairly large scale, a recent development, has acocel-
erated the provision of technical services by manufacturers and marketers.
With the assistanoce of the United Nations, an institute has Just been set up
to train mould and die makers for the plastios industry. Training courses in
this institute will start early in 1970. The Indian Institute of Petroleum
runs extended courses for orientation in petroohemioal technology, and other
instiitutes of teohnology and certain universities have special courses in
specific areas of petrochemical teohnology.

One of the most encouraging developments in India in the last five years
is the rapid growth of engineering design and oonstruction organizations. This
has greatly helped to improve the evaluation of technology, oost estimation,
design and proourement of domestio equipment. As a ieault, the foreign-exchange
component of projects has been sharply reduced and will undoubtedly continue to
be reduced so that at least one of the severe constraints to rapid development

will become far less severe.
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5. DEVELOPN!NI‘ OF THE F’LASTICS INDUSTRY IN SOUI’H EAST ASIA

Summary of statement by Ahmad Shah Nawaz

The author, who served as a member of a recent survey mission on behalf
of the Economic Commission for Asia and the Far East (ECAFE), gave a general
review of the plastics industry of nine countries in South East Asia, namely -
India, Indonesia, Iran, Malaysia, Pakistan, the Philippines, the Republio of
Korea, Singapore and Thailand,

The figures for consumption of plastics in these nine countries are
listed below:

Yearly thermoplastic

ONP ' 4 consumption per capit
) - (cg] o

India 105 133
Indonesia ' ' n.a, 128
Iren 210 1,208
Malaysia 279 1,114
Pakistan (East) 84 89
(West) - 107 — 230
Pailippines , 1719 , : , 620
Republic of Korea 146 i bt 1,178
: : DUAAE Cod pd Bedlodn il T w0 var Tt ie
B, « inforsetion not availadle. ' T e

It ;ppom that thc oonmy%%g af plgggiﬁ
national product (GNP) in esch cowntry. The $1ue growth utg, m,
appears to be faster than the projection for Plestios. con

GNP 4 Bawy WQ«,M@W&‘”M‘!&Q
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Plastics are aubstituted for traditional materials and new applications are
introduced increasingly rapidly as plastics raw materials, equipment and

skills become more available.

In some countries the development of the plastics industry is impeded by
the high prices asked for manufactured products. For example, when high-
density polyethylene rose to 60-70¢ per kilogram in India and East Pakistan,
the price of a plastic bucket in India was three times that of the same
bucket in Singapore.

In spite of difficulties, the production and application of plastics are
inoreasing rapidly in South East Asia. The present status of the production
of polymer in some countries under survey is summarized below.

India

The demand for plastics is expected to rise sharply in the inodiago
future.

iren

A plant is under construotion to produce 24,000 tons per year of PVC and
10,000 tons per year of dodecyl bensene based on refinery gases to yield
sthylene and propylens. The plant is scheduled to operate by 1969 and is
located in the vicinity of the Abadan refinery. '

The huge reserve of associated gases, about 675 ocubic feet per barrel,
that had %0 be flared in the past is now being piped to the USSR; however,
500,000 tons per year of ethane are available for conversion into ethylens,
Assuming the prioce of ethylene to be 1.5 to 2.0¢ per pound and storage and
transport costs 2.5 to 3.0¢ per pound, the cost of ethylene delivered in the
South Bast region is about 4.0 to 4.5¢ per pound. This price could bde
attractive to some of the countries in the region that are planning to estad-
lish polymer manufacture based on either a 60,000-ton oracker or imported

otiylens. The advantages of using imported ethylene are: (a) no by-produot
prodlems mk L &im of mwlm md etm ckn&onl-; (b) t'm

Y Pra led trestment of this subjeos, mn.m,ommu%
plastios development in Indis since 1964" in this pudlioation.
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production plants for PVC and polyethylene can be on a relatively small scale,
Aromatios based on the C6 and C, fractions, caprolactam and dimethyl tereph-

7
thalate (DMT) are other products being planned.

Iran has the advantage of Laving little or no foreign-exchange problenms,
and highly trained technical and managerial personnel is available.

Pakistan

In 1964, there were only two small plants on stream and two orackers, one
in East Pakistan and the other in West Pakistan. Of the two small plants, one
produced polyethylene based on aicohol and the other PVC based on oarbide.
Portunately, the two plants were situated not far from the site of the crackers
80 that the switoh from non-petroleum-based raw materials to petroleum was
fairly simple. Sinoce the high tariff on plastics was lowered the consumption
of plastios has doubled.

Although apparently uneoonomical at present, a 65,000-1§cnl-por-yonr
cracker is being planned to produce nearly 20,000 tons of ethylene on the
assumption that full-capacity production will be possible in a few years.
With tariff proteotion, this operation becomes feasible in terms of a five-
year payout period.

Polyethylene production enables polyethylene bags to be substituted for
Jute bags, and thus jute can be exported.

There is no surplus of naphtha in East Pakistan, A consultant study
recommended the establishment of PVC and vinyl aloohol plants based on acety~
lene. A market survey on the consumption pattern is now under way. An
operation for obtaining aotmnol from natural gas is being studied.

Iren, Plkutua and Turkey are plamning to co-operste in the produotion of
qnﬂuﬂo mm " Pakisten will produce polyscrylonitrile and polyester
ﬂhﬂc iaitmly M on imported intermedistes. Iran will produce DI and

sorylonitrile.
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and two vinyl chloride plants; vinyl chloride is also imported from Japan.
There is a big demand for polyacrylonitrile (25,000 tons per year). The

polymer is converted into finished products, such as sweaters, for export.

A 65,000-ton cracker to produce ethylene and an equal amount of propylene
is being planned. The plant will alsc produce butadiene and aromatics as well
a8 caprolactam. Under an agreement between the Republic of Korea and China
(Taiwan), the Republic of Korea supplies China with caprolactam and in return,
China (Taiwan) supplies the Republic of Korea with DMT,

Thailand

The consumption of plastics in Thailand has increased sharply, and as
much as 18,000 tons of polyethylene are béing consumed. To enjoy the advan-
tages of economies of scale, a cracker operation carried out jointly by some
countries appears desirable. A 65,000~-ton cracker could be built jointly hy
Indonesia, the Philippines, Singapore and Thailand to produce ethylene and
detergents, butadiene and aromatics, ECAFE is studying the relative advantage
of using a cracker as against importing ethylene from Iran.




6. RECENT DEVELOPMENTS IN PETROCHEMICAL AND PLASTICS TECHNOLOGY IN THE USSR

Alexei G. Litvinenko

The supply of cheap and readily ava.lable hydrocarbon raw materials of
petroleum origin, the practically unlimited Jdemand for various types of
chemical products, and the high level of national sciontific and technical
achievement have been responsible for the Soviet Union's great successes in
the important branch of the national economy represented Yy petrochemicals and
have won for the Soviet Union second place in the world, after the United
States, in volume of manufacture of chemical products from petroleusm.

The achievements of the Soviet Union in developing the petrochemical
industry and its experience in assisting other countries to develop such an
industry (Bulgaria, Ethiopia, India, Poland, Turkey etc.) can be of benefit
to countries that have not yet established this industry. The Soviet Union is
prepared to send experts to developing countries and to help in working out
the complex problems involved in establishing a petrochemioal industry.

Development of +
. o? 1

At present, natural gas is processed in many chemical plants in the
Soviet Union. Over 50 p;r cent of the entire output of ammonia, ures and
methanol is produced from natural ges. The coneumption of petroleum hydro-
oarbon gases for chsmical processing over the period 1958-1970 is showm bty the
following figures:

1958
U 1965 .




it is planned to use 10.3 billion cubic metres of natural gas (4.4 per cent of
the total production of such gas) as chemical raw material. This amount will
be 2.8 times more than in 1965. The main purpose for which natural gas will

be used in the future, as at present, will be the production of ammonia and
methanol, while the main processing method will be conversion to give hydrogen

and synthesis gas.

Ammonia produced from natural gas is one half the price of ammonia
produced from coke and coal, and the specific capital investment required for
its production by this method is 20 per cent lower. -

The cost of methanol produced from natural gas is 60 per cent lower than
that of methanol produced by the gasification of coal, and the specific capital
investment for its production is 25 to 30 per cent lower. Acetylene produced
by the thermo-oxidative pyroclysis of natural gas at the place where it is
extracted from the ground is approximately 40 per cent cheaper than acetylene
produced from carbide, and the specific capital investment for its production
is 25 per cent lower. The main raw material for the production of acetylene
is natural gas and, to a small extent, benzene; methanol and ammonia are
produced primarily from natural gas, and synthetic alcohol is produced from
gases arising in the processing of petroleum, cther by-product gases etoc.

The petrochemical industry is the main consumer of the liquefied gases
produced in the processing of petroleum by-product gases and the stabilisation
of petroleum. The tctal commercial production of liquefied gases in 1965 was
almost 2.8 million tons - ten times more than in 1558. In the next few years,
a further considerable increase in the production of liquefied peiroleum gases
and gaseous bensene is planned in order to satisfy the requirements of the
petrochemical industry and octher branches of the national economy. In 1970,
the production of liquefied gas will be three times higher than the 1965 level.
Nost of the output of hydrocarbon raw materials comes from the petrolewm
refining industry, which produced about 60 per cent of the total output of
liquefied gases in 1967, Oil refineries used to produce only one type of
liquefied gas, t:.e butane-butylene fraction, but now they produce a wide range
of the 03-05 hydrocarbons needed by the petrochemical industry.

0il refineries dl& 'cnpply the petrochemical industry with methane-
hydrogen fractions for the production of smmonia, methanol and acetylene;

esthane frections and propane for the production of ethylene and propylens;
butene and pentane for the production of divinyl and isoprens; narrow bhensens
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fractions for the production of bensene, toluol and xylols; paraffins for the
production of albumins of fatty acids and aloohols; and hydrogen sulphide for
the production of sulphurio acid and sulphur.

The main raw materials for the production of practioally all synthetic
materials are olefin, aromatic and higher paraffin hydrocarbons.

The production of ethylene and propylene is growing at a partioularly
rapid rate. The inorease in the consumption of ethylene and propylene is
shown below based on '100' in 1958,

Ethylene Propylene
1958 100.0 100.0
1962 207.2 200.0
1963 279.0 261.7
1964 365.4 333.4
1965 390.3 416.7

The percentags dreakdown of the production of ethylene from vu-imu‘ raw
materials in 1965 is as follows:

Ethylene produced by pyrolysis of hydrocarbon raw material - 96.76 per
oent;

Ethylene from the coal tar chemical industry - 1.92 per cent;
Ethylene produced by the breakdown of ethyl aloohol - 1.32 per oent.

Ethylene, propylene end other monomers are the basis for the production
of the most widely used types of plastios (polyethylene, polypropyiens, copoly-
mers of ethylene and propylene, polystyrene and copolymers of styrene eto.) |
and the most promising types of synthetio rubber and latex (polyisoprens,
polybutadiene, butyl rubber etc.)

Extensive production capacity for the output of polyethylens has been
established in Soviet oil refineries and petrochemical plants. Capaqity heas
also bean installed for the production of polypregylens, saother imporient
Muﬁﬂduulu-ﬁmmamuﬁm»}r
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Isopropyl alcohol, which is taking the place of ethyl alcohol to an
increasing extent in the paint industry and other fields, is now produced in
quantity from propylene, phenol and acetone. The financial saving frcem the
use of isopropyl alcohol instead of ethyl alcohol amounts to 250,000 to
300,000 roubles per thousand tons of alcohol. A more sophisticated method
for the production of isopropyl alcohol by the direct hydration of propylene
is being worked out. The production of acrylonitrile and butyl alcohols is

also being developed.

In the last few years, processes for the production of oxygen-containing

compounds from hydrocarbon olefins (alcohols, aldehydes and acids) have

assumed considerable importance. It has become possible to manufacture these
products thanks to the development of processes for oxosynthesis and alumino-
organic synthesis, and also methods for the direct oxidation of ethylene to
acetaldehyde, with subsequent condensation of the latter into butyraldehyde
and 2-ethylhexanol.

Large-capacity plants have been set up in the USSR for the production of
butyl and higher alcohols by the oxosynthesis method. This has made it pos-
sible to abandon the use of edible raw materials in the production of butyl
alcohols. Plants now producing these materials permit an annual saving of
about 200,000 tons of edible raw materials to be made, and alcohols produced
by oxosynthesis are in no way inferior in quality to those produced from
edible raw materials. The higher alcohols can be used successfully as flota~
tion agents in the enrichment of non-ferrous metallic ores, and after suitable
purification they can also be used as a plastifying component for PVC resins.

Great progress has been made in the development of the production of
aromatic hydrocarbons, which are one of the first chemical products to be
obtained from hydrocarbon raw material. The coal-tar chemicals industry now
Plays a drastically reduced role in the production of aromatic hydrooarbons,
and toluol and xylols are now produced mainly from petroleum rew materials

:trointqu of qr:njt;c hydrocarbons
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Benzene is of the greatest importance in the manufacture of synthetic
products from the lower aromatic hydrocarbons. Among the products manufac-
tured from benzene are isopropyl benzene and phenol, ethylbenzene and styrene,
caprolactam, chlorbenzene, nitrobenzene, dodecyl benzene and other materials
produced from these compounds, such as synthetic resins, plastics, fibres,
rubber, wetting agents and dyes. By 1970, the petrochemical industry will
supply about half the total national production of benzene, which is the basic
raw material for the production of caprolactam used in the manufacture of
synthetic fibres.,

In the near future, toluol may be used in the production of phenol,

divinyltoluol (to replace styrene in the production of plastios), caprolactam

and DMI'. 1In addition, toluol may be widely used in demethylization processes
for the production of benzene and hence in the production of a whole range of
products manufactured from benzene. Toluol can now be considered a replacement
for benzene in thc synthesis of basic organic intermediate materials or an

additional source of raw material for the production of benzene itself.

Xylols have been used in the manufacture of synthetio materials for
only a relatively short time. For a long time, they were used only as solvents.
Para~-xylol is of great importance, as it is now used in the production of the
fibre "Lavsan".

The petrochemical industry will be mainly responsible for a further
extensive reduction in the use of vegetable oil in the production of paints
and varnishes.

Petroleum paraffins have assumed great importance in the manufacture
of many petrochemical products in the last few years. They serve as the raw
material for the production of synthetic fatty acids and higher fatty alocohols
by the .diroot oxidation method.

The sharp increase in demand for wetting agents and surface~active
products and the need for the greatest possible reduction in the use of natural
fats for technical purposes have been important factors in the dsvelopment of a
_new branch of the petrochemical industry: the manufacture of synthetioc fat .
substitutes and of surface-active mntl and watting agents based on mh
substitutes.

ey 0y S

The use of synthetio fat substitutes in industry mede it poswi¥le Gweyr °
the period 1964-1967 to free for their more normal md proper use a8 foodstuffs
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over 800,000 tons of edible products of vegetable and animal origin. Further-
more, synthetic fatty acids can be produced more cheaply ir terms of labour

and operating costs than acids made from natural fats.

Acids from Synthetic fatty Synthetic fatty

natural acids from acids from
fats solid paraffins liguid paraffins

Cost per ton of
acid (per cent) 100.0 50.7 89,3

Labour coste for
production of one ’
ton of acid (per cent) 100.0 15.5 . 20.0

Synthetic fatty acids and products menufactured from them are widely used
in industry and agriculture, in daily life and in medicine. In the production
of toilet soaps and commercial soaps, these synthetic fatty acids replace
edible fate and imported coconut oil, while in the petroleum industry they are
used in the manufacture of high-quality lubricants. Synthetic fatty acids are
now widely used in the production of softeners and plasticizers for the leather
industry and the plastics industry. The residual high-molecular-weight acids
are used in the manufacture of finishing materials for the construction industry
and high-quality bitumen.

In the last few years, a large-scale industry for the production of
primary higher fatty aicohols by the hydrogenation of synthetic fatty acids
has been built up. These alcohols in turn have become widely used in many
branches of the national economy: in the production of plnticisern, in the
flotation processing of non-ferrous metallic ores and in light industry.

Large production capacity has been established in 0il refineries and
peirochemical plants for the production of synthetic wetting agents in powdered
and liquid form.

To satisfy even the basic requirements of the economy of the ocountry, the
output of petrochemical produots in 1970 will have to be 2 to 2.5 times greater
than the 1965 level, with the output of individual products being increased by
the following factors: methanol and ethyl alochol - over 1.3; butyl aloohols -
3.6; phemol - 1.7; ammonia - 1.6; ocarbamide - 3.5; and gulphurio acid - 3.3.
To ensure the further rapid growth of the manufacturs of synthetic produots, it
is planned to inorease the cutput of ethylene and acetylene not less than 2,5
times bty 1971.




At present, the main types of raw material for the production of monomers
for use in the manufacture of synthetic rubber are:

(a) Petroleum hydrocarbon raw material: p-butane, isobutane, pyrolysed
butylene-butadiene fractions, pentane etc;

(b, Synthetic ethyl alcohol;
(c) Hydrolyzed ethyl alcoholj
(4) Acetylene produced either from calcium carbide or by pyrolysis of
natural gas (methane).
The use of peiroleum raw material for the production of synthetic rubber
on an industrial scale is now developing vexy extensively in the following
directionss

(a) The production of butadiene from ethyl alcohol synthesised from
ethylene by the sulphuric acid process or by direct hydrations

(b) The production of butadiene from butane by two-stage catalytic
dehydrogenation over a powdered catalyst in a fluidized beds

(c) The production of isobutylene by the catalytic dehydrogenation of
isobutane;

(d) The extraction of isobutylene from the C, fraction of cracking gases
and the pyrolysis of petroleum with sulpfuric acid;

(e) The production of styrene by the dehydrogenation of ethylbensene;

(£) The production of isoprene from isobutylene and formaldehyde by the
two-stage method; :

(g) The production of isoprene by the dehydrogenation of isopentane;

(h) The production of butadiens from pyrolysed butylene-butadiens and
oracking butane-butylene fractions,

The use of petroleum raw material in the produotion of synthetic rubdbers
has great economic advantages. The cost of one ton of ethyl alcohol produced
from petroleum is three times less than the cost of one ton of ethyl aloohol
obtained from edible raw meterials. S8ince 1967, the synthetioc rubber industry
has used practically nothing but petroleum hydrocarbons as raw material.

The transition to the massive use of hydrocarbon raw material will permis
the expansion of the rew msterial base for the production of synthetio mate-
rials, plastios, synthetic rubbers and filres and vill grestly benefit the
eoonomy of the comiry. .

e
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materials. The production of plastics in the USSR has increased rapidly.
Whereas about 300,000 tons of plastics of all kinds were produced in 1960,
950,000 tons were produced in 1965, and about 1.2 million tons in 1967; in
1970, the production of plastics and synthetic resins will reach between 2.1

and 2.3 million tons, or 2,7 times the quantity produced in 1965.

Besides this increase in the volume of production, there has alsc been a
steady change in the types of plastics produced and the relative output of the
various types. The share accounted for by plastics produced by polymerization
in 1960 was only 18 per cent, while in 1965 it was 30 per cent.

The production of the various types of plastics in 1970 will be increased
over the 1965 production by the following factors: polyolefins, 5.5; FPVC,
3,0; phenol-formaldehyde resins, 1.4; phenol-formaldehyde moulding powders,
1.6; amino resins, 2.3; moulding powders based on amino resins, 1.3; poly-
ester resins for glass-like plastics, 3.8; polystyrene and its copolymers,
4.1} ion—-exchange resins, 2.l.

In the Soviet Union, some 35 to 40 per cent of the plastics and synthetic
resins produced are used by the engineering industries. Plastic materials are
used not only as substitutes for metal, wood, glass and leather but also in
steadily increasing quantities as independent, non-substitute materials. The
use of plastics and synthetic resins in this way will result in a significant
rise in productivity, & sharp decrease in operating costs and a substantial
saving in capital investment. The production of plastics requires from one
half to one third of the capital investment required for the production of
non-ferrous metals, The cost of producing one ton of plastics is from one half
to one third of the cost of producing one ton of non-ferrous metal, and in |
terms of one cubic metre the coet is less than one tenth.

In 1970, the consumption of plastics in engineering will be about three
to four times the 1965 level. Moreover, as a result of the replacement of
metals by plastics, more than one million tons of valuable types of steel and
over 600,000 tons of soarce non-ferrous metals will be released; the saving
in direct labour costs will be mcre than two hundred million man-hours, and
the saving on production costs will be over 170 million roubles.

Of all the engineering industries, the largest consumer of polymeriszed
materials, particularly plastics and synthetic resins, in the current five-
year period and in the next period will continue to be the electrical engineer-
ing industry. Por eiaple, every ton of epoxy resins used in the produotion




of transformers will save about 1.5 tons of copper and 9 tons of rolled ferrous
metal. Polymerized materials are already being widely used as electrical

insulation materials and construction materials.

Plastics are being used increasingly in the manufacture of chemical equip-
ment such as vessels and pipelines, valves, filters, pumps and sealing compo~
nents, which must be resistant to corrosive liquids. The replacement of the
lead lining of chemical apparatus by plastice will permit a saving of three
to five tons of lead for every ton of plastios.

It is hardly possible to imagine the further development of the cable
industry without polymerized materials, mainly PVC and polyethylene. One ton
of these polymers takes the place of two to five tons of lead, while one ton
of lavean takes the place of about three tons of cotton yarn and natural silk.
Over the period 1959-1965, the amount of lead used per ton of electrical
cable produced fell on the average by 27 per cent; the amount of ootton yarn
used fell by over 40 per cent; whereas the amount of PVC used increased almost
twice and the amount of polyethylene used increased ten times.

Soviet production of resins produoed by polycondensation and of plastiocs
based on them is increasing constantly, and new types of such resins and
plastios are being developed. Thus?

(a) More than 200 different types of phenol-formaldehyde resins and
moulding materials based on them are being produced.

(b) A great deal of work is being done on the replacement of the batch
process for the production of urea-formaldehyde resin by continuous
production processes, and on the development of a new method for
the continuous synthesis of aminc resins by means of high-
temperature polycondensation and the subsequent concentration of
the product.

Polyester resins are being produced industrially on a large scale
for general use, for uses requiring high heat-resistance, high
elanticity and speoific impact strength, and for uses requiring
high water- and acid-resistance.

In 1967, more than fifteen typel of epoxy resins and more than ten
types of compound based on them were produced, and new methods wet'e
dsveloped for the epoxidetion of unseiurated compounds, while new
teciniques were also developed for the continuous pwdmiaa of
ssveral types of epoxy resims. 2

(o) Among the polyssides produced Wy tatm;ﬁ the mm aret;
nylon §, produced from caprolactam; nylom 6,6, produced from hexe~
methylensdiasmine sand adipic acidj nylon 6,10, produced froti hexa~
methylenediamine and sebacic acid; and a new anti-friotion
construction material, caprolon.
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(f) A technique has been mastered for the manufacture of a new thermo-
plastic material, polycarbonate diflon, and preparations are being
made to build a plant for its production.

(g) A new thermoplastic material, polyformaldehyde, is 'being developed;
efforts are being made to raise the polymer's resistance to heat
and light and plans are being made for large-scale production.

(h) Experimental installations are being planned for the synthesis of
polyarylates - a new type of heat-resistant polyesters - and of
dichloranhydrides of aromatic dicarboxylic acids.

The production of synthetic polymerized resins and plastics based on them
is increasing at a rapid rate even though production on an industrial scale

began much later than in the case of condensation polymerized products.

PVC is an important industrial polymer because of its low cost, the ease
with which it can be processed, its durability and its exoellent physico-
mechanical properties. The technique for the produotion of PVC has been
steadily improved, and the volume of production has increased.

While vinyl chloride was originally produoed by dehydrogenation of
dichloroethane in alcoholic alkali, a system was subsequently devised for
producing it by hydrochlorination of acetylene in the gaseous phase over a
solid mercury oatalyst. As a result there was a distinot improvement in the
quality of the original monomer.

The industry produces six varieties of suspensions of polyvinyl chloride
(PVC~8) and nine varieties of polyvinyl chloride latex {PVC-L) differing in
molecular weight and applioation. Suspension FVU is u.ud mostly for the
preparation of high-quality cable, electro~insulating and hose ruvber, vinyl
sheeting, film and sheet materials, phonograph records, chlorinated PVC eto;
latex PVC is used for the preparation of artifioial leather, hard and soft
filas etc.

Glues and varnishes are made from chlorinated PVC. Chlorinated PVC resin
is used to make varnishes and paints that are highly corrosion-resistant and

Produotion of chemical fibres in the USSR smounted to 407,300 tone in
1965, 450,000 tons in 1966, and will reach between 780,000 amd 830,000 tons
in 1970. The output of synthetio fibres in 1970 will de 276,000 tons,




The proportion of viscose fibres in the total output of chemical fibres
dropped to 72.3 per cent in 1965, while that of synthetic fibres rose to
19 per cent (including 16.1 per cent polyamide, 1.8 per cent polyester (daocron),
0.7 per cent polyacrylonitrile (nitron), and 0.4 per cent chlorinated PVC., In
1970, synthetic fibres will account for about 35 per cent of the total volume
of chemical fibres produced.

There is also a greater variety of fibres. In addition to oapron and PVC,
the synthetic fibre group now includes polyester (dwron) and polyacrylonitrile
(nitron). Over the last few years techniques have been developed for producing

polynose, polyvinyl alcohol and polypropylene fibres, which have been manu-
factured on an experimental scale.

The inoreased output of chemical fibres has been accompanied by improve-~
ments in their technical and economic characteristics. This has been facili-
tated to a considerable degree by the combining of enterprises into larger
units. For example, the daily output of a modern cord plant is between 50,000
and 100,000 square metres of oapron cord fabrio, while the output of a textile
thread plant is between 10,000 and 15,000 tons a year, and for an industrial
fidbre plant between 30,000 and 35,000 tons a year.

Continuous production processes are being introduced suocessfully into
the synthetic fibre industry. PFor example, polycaprolactam is now manufaoctured
and converted into fibre as a ocontinuous operation. The production of nitron
now includes combined polymerisation and dissolution of the polymer. A
oontinuous process has been developed and high~efficiency equipment construoted
for the manufacture of industrial capron thread with a thickness of 93.46 texy
(Nos. 10 end 7) and 186,91 tex (Nos. 5 snd 35). Over the last few years s
methiod has been developed for forming capron oord without intermediate separs-
tion and mﬂrimwu of the pnlynr

Large quutitin of eapen tmnd are also used for the nnufqotm of
V-shaped belting and oomveyor mwi for shesthing sleeves and mm hosing,
and 90 on. As tmit, the service 1ife of comveyor belis is doubled or
tripledi  the m ﬂ :w; - iu mmh loads ere inorested,

Beosuse of the hi@-quti*: mo bl' wW‘P fib!" ()v
mtm of this fidre is being mlm It s- of put tnu-tlnoo i’
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the rubber industry. Compared with capron, dacron exhibits lower thermo-
plasticity and a higher elastic modulus. The manufacture of heavy-duty,

dacron-base conveyor belis for the mining industry has been introduced.

New plants for the production of polyvinyl alcohol and polypropylene
fibre are under construction. In addition to its good physical and mechanical
properties, polyvinyl alcohnl is also very resistant to light and atmospheric
effects., It is therefore being extensively used for manufacturing canvas,

upholstering materials, cables and netting.

Polypropylene will become one of the cheapest éynthetic fibres available
and will likewise be widely used for making cable, upholstering materials and
netting. Carpets made of polypropylene, just like those of polyamide, are
highly reosistant to wear and can be cleaned and washed.

Polyacrylonitrile (nitron) is similar in properties to wool and is used
to make a similar variety of fabrics. Considerable savings have been obtained
by using nitron to “ilier exhaust gases in the non-ferrous metallurgical
industry. Nitron is a valuable material for manufacturing parts that operate
at low temperatures, in high vacuum and under conditions where they are subject

to radiation from radioactive substances.

The use of certain synthetic fibres, for example, dacron, polyphene etc.,
has also proved effective in medicine.

Research into the production of heat-resistant fibres is progressing
favourably; studies are near completion on the production of phenylon, which
is heat-resistant at temperatures up to 250°C; technology is under develop-
ment for polypyromellitimide fibres, which are heat-resistant at high tempera-
tures; materials of this kind have also been produced from polyacrylates,
which are new polymers; exceptionally high resistance to aggressive media
(acids, alkalis and oxidants) is shown bty the fluorine derivatives of ethylene,
which alBo exhibit a low friction coefficient, thereby suiting them for exten-
sive use in gasket linings for different kinds of machinery.

Until 1970, the principle industrial fibres will be the viscose and .
oapron varieties. In that year the ratio between viscose and synthetic
industrial fibres will be 58.42. :

The prospects for the synthetic fibre industry are very good. Its high
rate of development is dus to the fact that the fidres can be used with great

economic sdvantage in engineering, and it is plemusd $0.wee dasron, .saide,

.
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and polypropylene fibre in this context. An increase in the production
of PVC by a factor of 4.5 is envisaged for the period 1966-1970. Research is

under way to obtain new types of PVC and polymers derived from it that possess

higher shock-, heat- and frost-resistance.

Owing to the low cost and abundant raw material, polyolefins occupy the
lead among polymers; before long they will become the most commonly used types
of plastic. Whereas the production of polyethylene was only tens of thousands
of tons in 1964, the figure for 1970 will be hundreds of thousands of tons.

The most important type is low-density polyethylene (high-pressure poly-
ethylene), possessing excellent dielectric properties, pliability and elasti-
city. It is widely used in cable production, in electrical engineering and
in the manufacture of all kinds of hardware. The first major plant for its
production began operations in 1962, Industrial production of high-density
(low-pressure) polyethylene has also begun. This type is more durable and
heat-resistant than the low-density variety, but not so good in dielectric

characteristics, and is mainly used as a construction material for prefabri-

cated parts, ventilation units, piping and corrosion-resistant equipment.

Soviet scientists have worked out a unique and highly productive techno-
logical process for obtaining polypropylene at low pressure. The method has
been used since 1967 for large-scale production of this valuable, high-grade
plastic. By 1970, its production will have risen from 10,000 tons a year to
& considerably higher figure. Polypropylene, which can be much more easily
synthesized at low pressure than polyethylene, is also more durable and heat-
resistant (up to 150°-160°C). It has the disadvantage that it acquires a
certain brittleness at temperatures below 0°. Polypropylene ie used for
fibres, fabriocs, floating cables etc.

Onoe the method of continuous block polymerisation in columms and the
suspension method had been introduced, the USSR began producing pure, high-
grade polystyrene. This plastic has excellent dielectric characteristics and
is highly water-repellent and is one of the main materials used for making
eleotric insulators and various consumer goods. A technique has been developed
for producing a variety of styrene derivatives, but only the copolymers of
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alpha-methylstyrene and styrene have acquired practical importance. The
combining of polystyrene plastics and rubber by the graft polymerization
technique makes it possible to produce a wide variety of materials with good
chemical, mechanical and dielectric properties. It has been possible to manu-
facture a shock-resistant material, SNP, based on styrene, nitrile rubber and

acrylonitrile.

In addition, several large plants for the production of vinyl acetate and
products made from it are either in operation in the USSR or under construc-
tion; a large number of materials and parts based on polymethyl methacrylate
containing styrene (styracryl) and other monomer and polymer additives are
now being manufactured; the ever—increasing consumption of fluoroplast-~4
(polytetrafluorethylene) and fluoroplast-3 (polyohlorotrifluoroethylene) has
acted a8 an incentive for a great increase in their output.

The following figures show the dynamic growth of synthetic rubber produo~

tion in the USSR:

Orowth in synthetic rubber
production based on 100 units

in 1961
1961 100.0
1964 134.0
1967 192.0
1968 211.0 .
1969 269.0 (estimate)
1970 338.0 (estimate)

Fron ﬁho above figures it will be seen that the average annual increase in
the production of synthetic rubber during the period 1961-1967 was 15 per
cent; the rate of growth will be considerably higher during the years 1968-1970.

At present, the basic monomers in the synthetic rubber industry are
butadiene, isoprene, isobutylens, ethylene and propylene. The following
apjroxisate inorease in production capacity (in percentages, compared with
1966) are planned for 1970

Butadiene - 162
Isoprens - 0
Isotutylene - 180
Riylene - 250
Progyiens - 320




The new industrial process of obtaining butadiene by two-stage catalytic

dehydrogenation of p-butane presents greater technical and economic advantages

than the production method based on ethyl alcohol.

The new methods of producing butadiene are based not only on the dehydro-
genation of n-butane but also on butylene-butadiene pyrolysis. The figures
(in percentages) for the production of butadiene from alcohol and by the method
of n-butane dehydrogenation and butylene-butadiene pyrolysis, respectively, are
as follows: 1965, 67 and 33; 1970, 43 and 57. Extensive research is being
successfully carried out to devise still more effective methods for the
production of butadiene: one-stage dehydrogenation of n-butane in a fluidized
bed of a powdsred catalyst and one-stage oxydizing dehydrogenation of n-butane
in the presence of iodine and an acceptor,

Isoprene has become very important as an industrial monomer for the
synthesis of rubber as a substitute for the natural product. At present, only
two methods are used on an industrial scale in the USSR to produce isoprene:
synthesis from isobutylene and formaldehyde and catalytic dehydrogenation of
isopentane., Major effort in the future will be concentrated on the second
method.

Production of isoprene rubber was begun in 1964 at synthetic rubber
plants in the towns of Togliatti and Volzhsk, while in the same year the
faotory at Efremovo began to produce rubber from divinyl. These plants have
the highest production capacity in the world.

The main trend in the development of the Soviet synthetic rubber industry
is to build up the capacity to produce high-quality rubbers froa isoprene,
divinyl and other substances. The changes planned in the patterm of produo-
tion and in the types of synthetic rubbers and latioces produced are listed bdelow.
The figures show that by 1970 the specific gravity of special-purpose rubbers
and synthetic latices will have increased considerably; and the specific
gravity of isoprene and divinyl rubber will be almost 3O per cent as against
3.5 per oent in 1965. It is anticipated that by 1970, production of mymthetic
rubber and latices will be 2.2 times greater than in 1965, and the production
figures for isoprens and divinyl will be 15 and 42 times higher, respectively.




Changes planned in pattern of production

of thetic rubbers and latices
!ner cent of productionf

1960 1%5 1970
Rubbers for general purposes, total 88 88.1 14.2
Sod ium-butadiene rubber 51 18.8 4.1
Butadiene-styrene and butadiene-methylstyrene
rubber 37 65.8 40.0
Stereospecific butadiene rubber - 0.7 11.8
Isoprene rubber - 2.8 18.3
Rubbers for special purposes, total - 9.4 &5 2.3
Butyl rubber ad 0.1 3.5
Chloroprene rubber 8.0 6.2 12.3
Nitrile rubber 0.7 1.5 3.1
Other special rubbers 0.7 0.7 1.4
Symthetic latices, total 2.6 3.4 5.5

Increasing use of rubbers of the stereorsgular type (isoprene and
butadiene) in the tire industry will make it possible to reduce imports of
natural rubber and will result in considerable savings by increasing the life
of tires by 20 to 30 per cent. It is estimated that expenditure on the

construction of isoprene-3) and butadiene synthetic rubber plants can be
recovered in two to three years. The synthesis of stiereorsgular rubbers from
isoprene and butadiene thus provides a means of solving one technical problem
- how to make elastomers that are not only not inferior $o natural rubber but
even surpass it in certain characteristics.

The introduction of special-purpose synthetic rubbers such as butadiene-
nitrile, chloroprene, siloxane and fluworine-containing rubber has made it
possible to create a number of fundsmentally new technical rubber articles for
modern enginesring uses. By 1970, it is estimeted that there will be as may
as 28 different types of gynthetic rubber and as meny a8 200 different varie-
ties (brands). Extensive soientific resesrch and experipental work will b

: mtommicmmﬂwlrmtmw
! tien ("the ideal elestomers of the future").
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Morld production oapecity

The present world production capacity for plastios is about 20 milliom
tons mads up as followss

Eillion tons
United States 7.0
EEC oocuntries 4.5
Japan 3.0
USSR 1.%
United Kingdom 1.
Developing countries 0.8
Other developed countries 1.9

New plants are announced oonstantly, but not all come on stream on time
or funotion at 100 per oent capacity immediately. Older plants go out of
production with little or no announocement; hemoe, actual capacity is oftea
appreciably less than it appears. 1In spite of this, world ocapecity will
probably be well over 100 million tons by 1980 and approaching 1,500 milliom
tons by the year 2000,

It is not easy to prediot the percentages of production for various
products, tut as a first approximation, ty 1960, polyclefin plants should
reach & oombined capacity of about 30 to 35 million toms; PVC plants, inoluding
copolymers, about 20 to 25 million tonsj and polystyrens plants inocluding
m porhaps 10 to 15 million tons.

, ~ The production of polyolefins and PVO is mm-mnm largely beomuse
‘thmumidsmdmmuddnmmﬂmmmhtp
‘umumm- are necessary for eoonomic produwotion. Polystyrens is utg-
mm.. but mt of thc thmottm mm hﬂ bou -uh uuc tohttnl;




- 82 -

Much capacity will probably be devoted to new plastics. Many of these
will be new copolymers of existing monomers; thus the polyolefin figures given
above are assumed to include copolymers of olefins with modest proportions of
other monomers. By 1980, there will also be & limited production of entirely
new products with special properties such as heat-resistance or greater
stiffness,

World production

Figure 1 shows the world produotion of plastios to 1966 and projected
produotion to 1980 giving upper and lower limits. The mean figure is slightly
over 100 million tons., Below is a similar projection for the developing
oountries, with figures up to 1966 collected from various countries. It seems
likely that production will rise at a slightly greater rate than that of devel-
oped oountries merely because of the enormous potential oonsumption. The two
ourves show an average inorease in the period 1965-1980 of 17 per oent for the
developing oountries and 14.4 per cent per year for the world.

World consumption

Plastios consumption will be inoreased by:
(s) An inorease in population, meaning more consumersj

(v) An inorease in the standard of living, meaning greater consumption
per perscn;j

(o) The replacement of traditional materials - wocd, metal,
ocement etc. — by plastiosj

(d) The oreation of new applications for plastics.

World population, acocording to a forecast published in Modern Plastics,
August 1966, is expeoted to inorease from 3.5 billion to 7 billion by 1980,
whioh would by itself acoount for a twofold increase in consumption.

National incomes and standards of living are diffioult to forecast, since
they are related to the increase in population and affeocted by political
aotivity. Some recent figures for national income are given later in this
paper. t

Pigure 2 shows world production of steel. Actual consumption in any

. yoar will bs a little less than the figure indicates, owing to material in
trensit, in stock or scrap. The same chart gives produotion figures in the
developing countiries; tut owing to imports and exports, the consumption of
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developing countries cannot be calculated directly from the chart. Both
curves are projected to 1980, and comparison with figure 1 will show the slow
rate of growth of steel oompared with that of plastics, steel growth averaging
4.7 per cent per year compared with plastics growth of 14.4 per cent per year
taken between the years 1965 and 1980.

For many applications, volume is more significant than weight, and if the
world volumes are plotted on one ochart (see figure 3) it becomes clear that
the volume of plastios produced in the world is likely tc exceed the volume
of steel by the early 1980s. The average density of plastics has been taken
as 1.0 in the necessary caloulations involved.

Ancther approach is to compare a key property with the price of tradi-
tional construction materials and plastios. The figures of table 1 have been
extracted from a paper by W. O, Alexander published in Cont sios
Volume 8, 1967, and are based on United Kingdom prices but converted to dollars
at £ = $2.40.

Table 1
jioc data of struot teri
Cost per ton
(¢ per unit
Tensile strength Cost Average oost of tensile
(ton/in2) Density ($Aon) _ (¢/ind)  strengih)

Steel 40 7.8 26 2.7 0.067
Reinforoed
ocnorete 1 2.4 19,20 0.07 0.070
Timber 0.5 0.5 12 0.065 0.013
Copper ,
castings 18 8.9 1,560 22.9 1.53
Aluminum ,
shaet 16 2.7 1,032 4.5 0.28
Polyethylens 1 0.9 . 360 0.55 0.5%
PVC (rigid) 4 14 20 0.4 0.14
plestie Lo S 1.8 1,680 2,7 0.4
Glase~weave v |
polyester " :

5%
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For purely stiructural applioations it is clear that plastics ocannot yet
oompete with steel, reinforoed concrete or timber in price. They have, however,
oertain advantages such as being: (a) easier to manipulate than oonventional
material3; (b) resistant to water and many corrosive chemicals; (c) attractive
in their oolour range; (d) excellent for electrical insulation; and (e) much
more resistant to bacteria than wood.

The prioce of plastics is falling owing to improved techniques of manufac-
ture and the inoreased scale cf production, while that of traditional materials
is rising in most industrial countries.

The consumption of plastics in individual developing countries, shown
in table 2, has been calculated by assuming that imports are equivalent to
consumption after allowing for production and, in a few oases, export., The
oonsumption of plastios for 1966 in the developing ocountries listed below is
based on figures taken mostly from United Nations sources. Population figures
are used to oaloulate consumption in pounds per person.

Table 2
P ics © on in 20 develc ocunt 6

Population Consumption
Production Import Export Consumpticn ,

-~ thocusand tongs

Algeria 8.5 8.5 12.1 1.57
Argentina 58.9 14.6 0.7 72.8 22.7 7.18
Brasil %3.4 17.3 T70.7 83.1 1.90
China

(Taiwan) 45.6 26.2 0.7 7.1 12.8 1. |
Oelnlbil : Q.G 1303 1303 2003 1 . i
Conge -

(D-. Rep. ‘f) SRR O ;j P 31 16.0
Cembia ) o 1.8 308

ia SH LY 4.0 -

Iren o 234 25.8
W" f}zféﬁs" i 3'4 9.6




The corresponding figures for the United States are 59 pounds per person;
the EEC countries, 47 pounds per person; and the United Kingdom and Japan about
40 pounds per person. These figures for 1966 appeared in an article by the
author in the Pinancial Times of London, 19 June 1967, page 15.

Table 3 compares plastios consumption with national income; plastics are
valued at $500 per ton on the average. The final column of the table gives
the ratio of the value of plastics consumption (x 1,000) to national income.
Only certain countries have been inocluded because of the diffioulty of getting
reliable statistios. '

Table 3

Value of plastics Ratio b to0 a

National inoome in 1 consumed bx 1,000
M Anillicn dollare) 2

(a) (v)
Argentina | 16.3 36.4 2.22
Brasil . 42.4 35,3 0.84
China (Taiwan) 2.%3 35.8 14.2
India 321 27.6% 0.87
Iran 5.42 11.7 2.16
Japan 53 882 16,6
Lebanon 0.87 6.8% 7.8%
Nexioo 19.7 62.05 3.15
Moroooo 2.37 5.2% 2.22
Pakistan 1.7 8.6 0.73
Philippines ) 4.91 22.1 4.1
Thailand 3.78 18.4 4.9
United Kingdom , 176 488 6.1
United States 621 2,590 4.6

Zambia 0.73 0.9 1 .15 .

~ Table 3 suggests that countries less well endowed with natural resources,
whether they have a large national inoome or mot tend to use a larges

proportion of plastics.




Distribution of consumption among products

Forecasts of production of the major thermoplastics are difficult to make.
For a rapidly growing product, consumption tends to lag behind production owing
to the need to increase stocks. However, it is probably reasonable to assume
a world consumption of 95 million tons by 1980 (table 4).

Table 4

forecast of world co tion of plastios t

Million tons

Polyolefins, including copolymers
ocontaining a major proportion of olefins 26

PVC and copolymers 23

Polystyrene and other styrene plastios,
including ABS

Phenclio resins

Urea~formaldehyde and melamine-
formaldehyde resins

Polyurethanes

Aorylios

PVA

Cellulosios

Alkyds

Unsatursted polyesters

Rylon plastios

Nisoellaneocus and new materials

W o OB W A

Table 5 shows the rew materials required for the principal plastics and
sources from which they are obtained.
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Table 5
Raw materials for the principal resins and plastic polymers

Resin or plastic Secondary raw Basic raw
polymer material material
Polyethylene - Ethylene
Polypropylene - Propylene
Polyvinyl chloride Vinyl chloride === oylene
Polystyrene Styrene ~me=—— :::zi::.
4 Benzene
Nylon 6 Caprolactam< Propylene
. Ammonia
Adipic acid Benzene
Nylon 66 — Hexamethylene diamine —————— Ammonia
Acetone Propylene
Polymethyl methacrylate <By drogen cyanide _<lcth:r;:
Terephthalic acid Para-xylene
Saturated polyesters "<Ethyl ene glycol Fthylene
hthalic anhydride ——————— Ortho-xylene
Maleic anbydride Benzene
Unsaturated polyesters Propylene glycol Propylene
Ethylene
Styrene Benzene
Polyvinyl acetate Vinyl acetate q\ﬁxi:n:ci'd
Polyacrylates Alkyl wmlato\i;;z;:::t e
aloohol
Benszene
styr.n. ——T Ethyl ene
ABS Butadiene -
Acrylonitrile em——r PI ”pﬁ:”
Cellulose acetate -wmmmmme—— —— 2:::22 :z::'"
Benzene
Phenol~formaldehyde resins <" Phenol Propylens
' Formaldehyde Methyl aloohol
- rea Ammonia
Urea-formaldehyde resins Formaldehyde Nethyl aloohol
Nelamin
Nelanine—formaldshyde resins<<Cye Saine — ":::;‘{‘ Loohol

Polyols Propylene
Polyurethanes Toluene
| < I Ammonia
sooyanates

. Chlorine
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It is remarkable how the whole range of plastios can be prepared from so
few base materials. Table 6 lists these materials with their methods of
production.

Table 6
Production methods for the base materials of plastios

Plastios base material Methcd of production

Ethylene Steam oracking of naphtha or

Propylene natural gas containing substantial

Butadiene proportions of 02 and above

Bengene Catalytio reforming of special

Toluene naphtha fraction, followed by

Ortho-xylene solvent extiraction and, if

Para-xylene necessary, dealkylation

Nethane Natural gas

Ammonia Steam reforming of oil fraction,

¥ethyl alcohol particularly naphtha, to give

synthesis gas followed by the
appropriate catalytioc reaction.

Carbon monoxide By-produot in many processes
Chlorine Eleotrolysis of brine
Acetic acid Oxidation of naphtha

To be viable, these base materials, except methane and carbon monoxide,
mst be produced on a very substantial scale. Murther, the co—produots of the
first two reactions require a planned disposal of all of them, unco-ordinated
demand again greatly raising the price. For example, the carbonisstion of
ooa' for the produotion of metallurgical coke produces limited quantities of
by-products such as bensene, toluene, xylenes, phenol and ammonia.

In oountries where electriocity is cheap and brine is available, ohlorine
and caustic soda would probably be produced for cther chemical purposes. If
coal is available, the cheap electricity may be used to make calcium carbide
and hence acetylens, which will reast with hydrogen chloride to producs vinyl
ohloride, the monomer of PVC. |

A oertain amount of aromatios, ¢.g. bensens, toluene and xylemes, cen h

extracted from the liquid phase in the steam ormocking of nsphtha, depending
on the condition of the operation.

. g T P & g = o i
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There are four stages in the production of plastios:
(1) The production of the primary chemicals from the oil feedstook;

(2) The production of the secondary chemical or chemical that is to
be the subject of polymerization or condensation process;

(3) The polymerization or condensation stage to give the primary
polymers;

(4) The compounding or colouration of the polymer, in some cases the
product of bulk sheet or tubing, to give the raw material from
whioch the plastic product or article is made.

As indiocated in table 5, not all stages are necessarily present in every
plastic material. '

Normally a developing country wishing to start plastics production should
not attempt stage one unless a major petrochemical industry producing a wide
range of chemicals is proposed. It would be unwise to envisage an ethylene
orecker or any ammonia plant with a capacity of less than 100,000 tons per
year. Ammonia is far more likely to be viable because of home=produced
nitrogen fertiliser.

Stage two usually requires heavy capital investment, and only in special
oircumstances can it be recommended. Some countries, notably Australia, have
gone ahead with major chemical projects and protected the output by high
tariffs. Presumably this protection is intended to be cnly temporary, but
a developing country adopting this course migh: find the need for protection
anything but temporary and would as a result invite retaliation. The mere
admission of the necessity for such protection implies that home producticn
oannct compete with world prices and the country's population pays wore than
the world market price for the products.

Stage three is more controversial. The production of polyolefins (there
is no stage two here) would never be recommended, since the raw material is a

gas and relatively expensive to transport, although great progress is being
made in this field. As mentioned earlier, ths process is capital-intensive.

On the other haad, the prodwotion of phenol formaldehyde or ures-
formaldehyde resins can be effected using relatively simple equipment and is
far more labour-intensive. Nevertheless, production requires knowledge of the
oorreot formulations and considerable skill, snd such operstions should never
be attempted with untrained staff. N

A developing country wishing to start a pmuoa mmm sight rmon-
sbly begin with stage four. Importing the uncoloured polymer, oolowring it, -




Plastiocizing it or adding the filler are not by any means simple processes;

they need considerable knowledge and skill but they can be carried out with
relatively simple equipment using a batoh process. Extruded sheet or tube or
blow moulded lay flat tubing are processes that can be carried out on unit
equipment of modest capacity, and, if the technical skills are available, at

a competitive cost. In the United Kingdom, there are hundreds of small moulders
carrying out these and similar operations at a profit.

The following appendix lists petroohemical plants in some developing

countries. JMany of these plants were planned some years ago whca the impor-
tance of bulk production was not fully appreciated, and they are now too small
to compete with the production of the major industrial countries. Developing
countries must decide whether to build major plants or to import and conoentrate
on plasticizing, tinting and working up as mentioned in stage four.




Appendix

The most recent information available on the production of ethylene and
the principal thermoplastios in certain developing countries is listed below.
However, many of the sources of information contradiot each other, as it is
diffioult to determine whether some of the plants are actually under construc-
tion or are awaiting financing or approval from the Government.

Poland

An ethylene oracker is in operation at Blachownia with a capacity of
65,000 tons per year and another plant at Plock is due on stream in 1969 with
a similar ocapacity.

There is substantial production of thermosetting resins in Poland:
25,000=-30,000 tons per year of phenolio, 30,000~-40,000 tons per year of amino
resinsj alkyds and unsaturated polyesters are made in substantial quantities.
A 24,000 tons-per-year high-pressure polyethylene plant is in operation at
Blachownia (Polymex); a small 5,000 tons-per-year polystyrene plant is in
opsration at Oswiecim and is being expanded. There is considerable production

of PVC: a major plant with a capacity of 30,000-40,0Q0 tons per year at
Oswiecim and a 40,000-tons-per-year plant at Tarnow based on acetylene from
natural gas.

There are reports of a large plant at Pulasmy (Lubdblin) making vinyl
chloride from acetylens produoced from natural gas, but there is some doubt
vhether this plant is actually on streem.

Bomenias

One ethylene plant with a capacity of 35,000 tons per year is now being
enlarged. A 24,000 tons-per-year polyethylens plant is on stream at Ploesti,
and another large plant with a capacity of 60,000 tons per year is under con-
struoction at Hiqti and is due on siream shortly. A small polystyrene plant
with & capaoity of 3,000 tons per year is on stream at Gheorghe-Gheorghui Deji
other plants are planned or under oonstrwotion. A 40,000 tons-per-year PVC
plant on stream at Rimmiou Viloss appears 1o get ethylene from Pitestij small
plants are also loocated at Turdn and Tirmaveai.




Yugoslavia

Organsko Kemi jska Ind. produces 50,000 tons per year of ethylene Yy
naphtha oracking at Zagreb; polyethylene and polystyrene are also produoed.

Argentina

Petroquimica Argentina S.A. (PASA), Ipako and Duperial all have samall
ethylene plants with a oombined annual capacity of about 40,000-45,600 tons}
substantial expansion of the last two is planned. In plastios, Koppers has
a plant producing some 11,000 tons per year of polyethylene, while Industries
Quimioas Argentinas Duperial S.A. (IQAD) (ICI’s subsidiary) is constructing a
14,000 tons~per-year plant. Duperial produces 15,000 tons per year and is
expanding; PASA is building a 20,000 tons-per—year plant. Monsanto's Argentine
subsidiary has been producing PVC at a 4,500 tons~-per-year plant btut plans to

sell to private interests; it also produces 6,500 tons of polystyrene yoarly

and a similar quantity is produced by Ipako. Thers are many plants producing
thermosetting resins from looally produced phenol y urea and formaldehyde.

Bragil

There is a naphtha oracker at Cubatao with a oapacity of 35,000 tons per
year of ethylene. Petrobrfs, the state-owned refinery, produces streams that
are converted to chemicals. Union Carbide and Petrochlor have a Joint venture
making polyethylene (30,000 tons per year with a large expansion in view).
Polystyrene is produced by Koppers, with a capacity of 8,500 tons per year, and
by Bakol S.A. (Hils), with a capacity of 7,000 tons per year. PVC is made by
Eletrochloro, with a capacity of 25,000 tons and by Geon do Brasil, with »
yearly oapacity of 20,000 tons. Some ethylene and other chemioals are still
produced from the fermentation of oane sugar; in fact, s small amount of
polyethylene is produced from such raw material.

Chile
KNAP has s 30.000 tonl-pwm othﬂm plnat under mtmtlen lt
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Colombia

Numerous plants have been announced, but it is doubtful whether very
many are on stream other than ammonia and urea plants. Ecopetrol has a
20,000 tons-per—year ethylene plant based on crude 0il. There is appreciable
production of phenol-, urea- and melamine-formaldehyde resins. Dow has a small
polystyrene plant with a oapacity of 3,000-4,000 tons per year, and there are
two small plants making PVC each with a capacity of about 3,000 tons per year.

Mexico
Pemex, owned by the Government of Mexioco, has a capacity of some 50,000
tons per year of ethylene, with major expansion under oonstruotion and possibly

on stream. The Oovernment also owns a 24,000 tons-per-year polyethylene plant,
and another major expansion is planned. BASF Mexicana 8.A. produces up to

10,000 tons per year of polystyrene; Prodesa (40 per cent Sinclair-Koppers)
is planning to set up a plant. About 20,000 tons per year of PVC are produced
by several small producers: Geon de México, 7,500} Henkel, 2,500} Monsanto,
10,000; Pl&sticos Omega, 3,500} and Promociones Industriales Mexiocana S.A.,

10,000.

Yenesuels

Instituto Venesolano de Petroquimioca (IVP) has an ethylene oracker (from
propane) under oonstruoction, but it is unlikely this will be on stream for
some time. Many plants, e.g. PVC, polyethylene, polystyrene, are in the
planning stage.

The other South American countries produce negligible quantities of
petrochemical or plastics raw materials.

sainland

Information from China is socanty and somewhat confusing. There seems to
be little if any real petrochemioal production; most chemiocals and plastiocs
are based on coke-oven gas, coal tar or are from acetylene vis ocarbide;
oapacity for the latter is 300,000 tons per year. Bensens is made by trinr-
ising acetylene; there is also production of ohemicals using fermentation
processes. ) |




Ammonia is produced by several plants with a combined oapacity of some
200,000 tons per year; other plants are under oonstruotion. Chlorine Vproduo-
tion in 1967 was said to be 500,000 tons per year, while plastios produotion
is 1966 was given as 60,000-70,000 tons per year.

A Simon Carves plant based on ICI know-how at Lanchu is oapable of pro-
ducing polyethylene and a little polypropylene. There are 10,000 tone per year
of unsaturated poiyesters made on the basis of know-how supplied by Scott Bader.
About 100,000 tons per year of PVC are produced.

China { 'I‘a.iwa.n)

The Chinese Petroleum Corporation has a 35,000 tons-per-year naphtha
oracking plant for produoing ethylene. Fertilisers are produced by several
companies. The Taiwan Polymer Corporation (National Distillers USA) has a
35,000 tons-per-year polyethylene plant on stream. PVC is made by Cathay
Plastios (10,000 tons per year), Chinese Plastios Corporation (several thousand
tons) and Formosa Plastios (30,000 tons per year). Tai Ta Chemical Company
(Mobil interest) proiuces polystyrene on & small scale.

indis
India has many ohemiocal complexes that make plastios. The following infor-
mation, although inoomplete, mentions some of the most important operations.

PVC is made by the Delhi Cloth Mills, with a capacity of 12,000 tons per
year; Calico Mills, with a capacity of 4,000 tons per year; and Chemicals and
Plastios Limited, (India) with a capacity of 6,000 tons per year. Allied
‘Resins and Chemical PVT Limited makes phenol -formaldehyde resine eto. at
Caloutta. Indien Plastios Limited and the Indian Resins Manufaoturing Company
both make synthetic resins at Bombay. Rajasthan Vinyl and Chemical Industries
makes ocaloium carbide, caustic soda and apparently also PVC (from aootylom)
Synthetic Chemicals Limited of Bowbay (Firestone partioipstion) produces
synthetio rubbers, styfené monomer, atblmm, toluene, sostaldehyde nad
butsdiene, Unioh Carbide’ iﬁw& miw at Caloutta mu .i:vlm froa
naphthe orecking, while 1t 1s unfratsod that the Governmetit of India has o'
similar phut tut it is not yet on stream. National Organio Chemioal Indy

Mé
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Indonesi

Altlough there is ample refinery capacity, the only petrochemical produo-
tion is ammonia and urea at Paslenbang, Sumatra.

Iran

The State Authority National Petrochemiocal Company has a 25,000 tons-
per=year ethylene plant on siream and major inoreases are planned. A new
petroohemical oomplex is being set up at Abadan, where propane will be cracked
to give ethylene for vinyl ohloride; a 20,000 tons-per-year PVC plant is

. expescted on stream this year.

irsg

No petrochemical plants exist at present even though substantial rew
materials are availabls,

lsresl

Eleotroochemioal Industries Limited produces PVC resins. Isreel Petro-
ochemioal Enterprises Limited produces ethylene and polyethylene. MNayer
i Baterprises Limited produces polyvinyl acetate, polyethylene and polyurethane
] foam.
Rl

Petrochemical Industries Company is oonstruoting e plant te make
fertilisers.

Lebapea
Eeso is understood to be building a fertiliser plant.

The Chemiocal Company or mmu mam (m mmpuu) is mm
eummmumgm; ntMiQﬁtm ﬂhmmm

h-oauudmm@umﬂtmnwmmamsm
at Maltan, Vest m, “ shugani, Bast M““' m W L4 ;H

18 110,000 tons of nitregen per yoor, lng pless for prog




to be based on the dehydration of ethyl aloohol obtained through fermentation
processes. Valika Chemioal Industries has a 5,060 tons-per-year polystyrene

Philippines

No potroohmioal'plmt- exist, although Esso is planning to construot a
10,000 tons-per-year ammonia plant near its refinery, and Mardinugue Iron Mines
is planning a 33,000-tons-per-year ammonia plant at Mindanao based on partial
oxidation of fuel oil. |

No petrochemical industry exists.
Algeris
No petrochemioal industry exists.

Esys
Fo petrochomicsl industey emiovs,

¥erqane
o petrochemionl infuetey exiets.
It is beliowved that the Govermment haa approved plans for an esmonia plant.
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8. ATION PROCESSING IN THE 1C8 INI

Hong-Chien Yuan

Introduction

Rediation processing has been emerging as a production tool in the
plastics industry. Its applications involve polymerization, graft copolymeri-
sation, ouring and modifications of polymers. New products such as wood-plastio
oombinations (VPC) have been manufactured commercially. This paper reviews the
current status of radiation processing and its impact on plastics manufacture.

The radiation sources refer to both radioisotopes and particle accel.
erators. In the former category, cobalt-60, which emits electromagmetic
radiation known as gamma rays, is the most commonly used source because of
its availability and reliability. Caesium-137, which is obtained from the

fission products in nuclear power generation, may also be considered a suit-
able gamma source.

Cobal -0l Caepiym-137
Half-1ife (yr) 4.6 30t 3
Energy (MeV) 1.33,1.17 0.%48
Price/Ci (dollars) 0.5%0 0.20-1-/

The radiation from gamaa sources possesses deep penetrating power and
therefore is suitable for the treatment of thick objects as well eas for
chemical synthesis. The merits of cobalt~60 snd osesium-137 are: (a) low
maintenances (b) low cost for replenishaent; and (c) depsndable and repro-
dusidle energy output. Their performances have been proved in the sterili.
sation of mediocal prodwots, the irrediation of grein and aynthesis of ethyl

bromide. For the time being, all WFC manufacturers use cobalt-60 as the
radiation source,

J/ Price struoture mot fim at presant,
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Acoelerators are mainly eleotron-beam accelerators of 0.5~3 MeV. They
can provide high dose rate and suffioient scanning speed of electron beams
and are particularly suitable for the continuous treatment of thin sheets of
pPlastios, textiles and surface coatings.

The radiation source provides the energy necessary to initiate chemical
reaction in a given system, but its selection depends very muoh on the purpose
and materials to be treated. The geometry of the source and the objects
should be arranged so as to permit uniformity of dose and to suit the charac-
teristic feature in the polymerigzation.

In oomparison with conventional catalyst-initiated polymerization systems,
radiation-induced polymerization takes place without the fear of oatalyset
residues in the polymer. The produots may show superior electrical proper-
ties and thermal stability. Some polymerization reactions oan be initiated
with the aid of radiation, while with ordinary oatalysts they fail to take
Place owing to the presence of inhibitors. For this resson, radiation process-
ing opens a new horizon for the pPlastios industry.

To determine the economic feasibility of a radiation process the follow-
ing points should be considered: (a) cost of source and its installation;
(b) source replacement; (c) amortization; (d) installation maintenance;

(e) 10ad factor; and (f) produotion rate from a given input of power.

The last factor is directly related to the process. It is known that for
one watt of powor the number of kg/h of material produced is equivalent
to 0.373 x 1076 (G) (M), where M refers to the moleoular weight of the product,
and G is the number of radioals produoed by 100 eV of energy. For the produc~
tion of polymers through ohain reactions, a G-value around 10 will be promising.

Fortunately, most monomer systems have G-values high enough to warrent
their exploitation in radiation processing.

. It should be emphasised that the total dose rejuirement has a direot
bearing on plant capacity - the higher the required donp, the lower the
plant output and the higher the cost of production, The ulootioa e? -

optimal dose rete requires therefore that boﬂs m‘lmnn‘ mﬁ miu
factors be considered.
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Wood-plastic combinations

There are three WPC manufacturers in the United States and one in Francej;
all use methyl methacrylate. In England, Joseph Rodgers & Sons has recently
planned the marketing of WPC using a mixture of styrene and acrylonitrile.

WPC manufacturers in the United States and England

Year operations

Compeny began Product Use
American Novawood Co. 1966 Cammapar Flooring
Lookheed~-Ceorgia Co. 1966 Lockwood - Product evaluation
Nuclear Materials and
Equipment Corporation 1968 Perma Grain Flooring
Joseph Rodgers & Sons 1968 Manhattan-99 Cutlery handles

Treated wood is superior to natural wood in the following aspects: static
bending, shear hardness, dimensional stability, compressive strength, weather-
ability, decay resistance and abrasion resistance. Flame retardency of WPC
is possible if a proper monomer is used. The machinability and nailability
of WPC is no better than that of natural wood, but compared with plastics,

WFC exocels in most mechanical properties and has a better thermal resistance.
Potential applications can be exploited in oonltruoti'on, furniture and special
products. As evaluated ty Vitro Engineering Company, the selling price of

WFC using ut'hyl methacrylate (MIA) is $1.50 per board foot,® which is much
higher than the price of ordinary wood ($0.35 per board foot).

Cost reduction could be effected by the use of lower-unit~cost monomers
and reduced monomer oontent and dosage. Produot improvement should be sought
through uniformity of treatment and the relationship between physical proper-
ties and end use. 8ince both homopolymerisation and graft polymerisation are
involved in WFC manufacture, the effects of grafting on the physical properties
should also be investigated.

The improvemeat of the quality of wood through impregnation has led to
the development of s btroad class of impregaated fibrous materials. Bagesse
board, bamboo and jute have besn treated sucoessfully by radistion-induced
polymerisation with vinyl monomers. The finished products poesess good

ylbomrm.ﬁ&
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dimensional stability, insect and fungus resistance and reinforced meohanical
strength. Such treatment converts abundant low-cost fibrous stock into useful
construction materials, as those for prefabricated housing. With the choice
of a low-cost monomer system, the product can compete in price with natural
wood. The success of suoh an attempt will mean a new market for monomers and,
for tropical countries, inexpensive and readily assembled building materials
that resist deformation and decay.

The following table shows the operating costs and the plant investment
for WPC manufacture:

Estimated plant investment and operating costs for
woa-giutic oombinations

(Production: 2,500 1b/month, B,000 hr/year operation or 9,000 t/yr)

Plant investment Dollars
Impregnator and accessories 146,000
Cobal t-60 source, 1 MCi at $0.50/Ci 500, 000
Irradiator 127,000
Building and land 285,000
Plant utilities 105,000
Engineering and construotion fees 244,000
Total fixed capital W

Al operating cost
Depreciation 140,000
Replacement of source, 12.5% per year 63,000
Direct labour 110,000
Maintenanoe, operating supplies snd

utilities 42,000
Factory overhead 110,000
General expenses 140,000
Total cost m
Cost per ton of product: 67.00

Sourse: A, D, Little Inc, and Vitro Engineering Company

B. Rotkirch in the Soandinavies Syspesius on WIC (Roleinki, lw zm
gave the following estimates:

Plant ity Copital tavestaent Operating cost
o A

10,000 1,310,000 . 90,2 I

[ S
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In practice, the manufacturing cost is influenced by the selection of
wood species, monomer system and operating conditions. The interaction of
factors can be sketched as below:

Impregnation cycle
ﬁoodéar cent loading Monomer
Total 'dongo

) Operating condition l
Dose Halst ' . Additives
rate transfer

Even under the same conditions, the variation of throughput with the
type of monomer and the related total dosage will effect the production cost
significantly as shown in the following table baced on a polymer content of
25 per cent in the product:

Cost_per kg of product ‘!!

Relative Impregne~ Irradia-

Nogomer ' shroughput _tion  _tion  Momoser Total
Vinyl acetate 0.% 1 0.03 0.0} 0.08 0.14
Vinyl chloride 0.6 0.83 0.02 0.03 0.0% 0.10
Nethyl methaorylate 1.5 0.33 0.03 0.07 0.16 0.2

Sraft_copolymerisation

WFC is an example of monomer molecules linked %0 ocellulese. The grafting
technique has been used to improve the properties of textiles and plastic
films. Recently, the Brookhaven National Laboratory has reported the research
on plastio-impregnated oonocrete that has isproved compression strength by a
faotor of 2.4 and reduced permeadility by 98 per cent. In general, the
grafting can be done by ome of the following methods: (a) irradiation of
polymss in the presence of & monomery (b) pre-irrsdistion of polymer alome
followsd Wy grafting with a monomer; or (o) irradistiom of swollien polymer-
nonoNer systems.

#

A nusber of Mesarch activities hawe been reported ia $he use of monomer
vapours. Vapour«phase copolymerisation should ease the contrel of the extent
of grafting, end should be a sucoessfal ocombination with method (b) from the
viewpoint of material handling. The technique, however, hes not resched the
stage of practioal appliostion.
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There are many reports on the.radiation grafting of ‘different kinds of
Plastics with every conceivable monomer. The major effort is to alter the
characteristics of the polymer in desired directions. Polyethylene films
can be modified to improve scuff resistance, printability, adhesion and perme-~
ability. In textiles, grafting improves the soil release and crease resistance
of polyester-cotton blends. Using accelerators, both Deering Milliken Inc.
and Burlington Industries commercialize the treatment of fabrics with suitable
vinyl monomers. Other improvements have been sought including better wash-
ability, dye retention, and antistatic properties.

Curin‘ of unsaturated polyesters

Electron-beam curing of styrene-polyester resins has been on the threshold
of commeroial success. The advantages over conventional practice are:
(a) instantaneous curing in air at ambient temperature; (b) simplification
of handling and storage of polyester because no catalyst is required; (c) less
floor space required for continuous processing; and (d) continuous coating of
Polyester on heat-sensitive substrates without damage to the base materials.

Coating equipment is available to treat boards 4 feet wide at speeds of
up to 100 linear feet per minute. Several major paint companies have produced
paint formulatione that cure to an excellent finish using a small dose of
radiation. The new curing method will open up new fields of polyester paints
that do not require a solvent in application. Up to now the main objections
to the use of polyester paints have been their difficulty in curing, their
limited shelf-life and the lack of assurance of obtaining tack-free surfaces.
Radiation ouring will eliminate these problems. Another group of coatings
based on acrylios has also been developed successfully for marketing. i

With powerful accelerators in the range of 1.5-3 MeV, it is possible to
cure fibre-glass reinforced wet-lay-up laminates, prepregs and even moulding
compounds. The radiation-oured materials can compete with hot-press cured
materials in mechanical properties as well as cost. With a total dose of
5 Mrad, the cost based on semi-commercial production is about four oents per
kilogram of the product, Maore engineering effort in the development of
acoelerators is necessary to permit the ouring of objeocts with complicated
geometrical shapes,

i




Modifiocation of polymer struct

The direct modification of the structure of polymers should be regarded
as the earliest commercial application of radiation. The General Electric

Company introduced irradiated polyethylene tape more than a decade ago.
Cryovac L, a food-wrapping material from the W. R, Grace Company, is produced
by irradiation of polyethylene film, Several companies have irradiated poly-
ethylene insulations used in wire and cable coverings. Both the Toyo Rayon
Company and the Sekisui Chemical Company in Japan have suoceeded in manufac-
turing foamed polyethylene through radiation-induced cross-linking of the
polymer in the presence of a blowing agent, Some heat-shrinkable polyethylene
tubing, bags and films are also being produoed by the Sumitomo Company.
Irradiated polyethylene .showa a higher tensile strength, better resistance to
solvents, heat and aging. As an insulating material it is almost immune to
stress cracking, which has been a major defect of ordinary polyethylene in
wire and cable covering.

It has been revealed recently that the Union Carbide Corporation plans
to install 100,000 curies of cobalt-60 to alter the moleoular weight and the
visoosity of polyethylene oxide. Another interesting applioation is shown
in the oross-linking of natural rubber latex irradiated with 13 Nrad to fomm
films with excellent mechanical properties,

Bven though excessive irradiation causes the breakdown or deterioration
of polymeric materials, it ir safe to assert on the basis of the sucoess of
irradiated polyethylene that a suitable dosage, in the range of 4-40 Mrad,
will favourably modify the properties of polymers. The modification is usually
achieved by the post-irrediation of manufactured goods., Radiation energy
enitted from acoelerators initiates the formation of free radioals, and these
radiocals on recombination lead t0 oross-~linking, Such treatiment may intro-
duce some special appliocations in the plastics industry, partiocularly in
improving the thermal and solvent resistance of themoplastios.

Senglusions

In the search for a new technology for the plastios industry, radiation
prooessing has a promising future, From their initial suoccesses in the
chemiocal industry, plastios processing and the sterilisation of medical
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products, radiation processing plants are safe and easy to operate. More
engineering and technological development programmes are underway in advanced
countries to refine the scale-up of processes and to lower the investment

cost of new plants,

In the promotion of a sophisticated technology, the situation in develop-
ing countries is in general somewhat different from that of advanced countries;
some factors are common to both but more pronounced in developing countries.
There is an unavoidable lapse of time from concept to full-ecale production,
and much time and effort are usually needed to adapt technology to the local
environment in developing oountries. The situation is more critical because
of the lack of well-trained engineers and technical people to carry on a
programme. To be successful, a project always calls for a broad spectrum of
activities from prooess development to product evaluation. Radiation process-
ing is not an exception and requires more effort to remove fears and doubts.
Even in the United States it took four years to end the controversy over WFC
and to open the way for its commercial use.

The contributions of radiation processing in cross-linking of poly-
ethylene, in curing of polyester resins and in impregnated fibrous materials
are within the reach of developing countries, The suooess of the attempt
will depend on the enthusiasm of the countries oonoerned and on a sound
development soheme that includes training and demonstration. In view of the

limited resources in these countries, the endeavour of international organi-

gsations may provide the neocessary technioal assistance and promote regional
co-operation to facilitate the implementation. A suggested outline for the
development of radiation processing of impregnated fibreboard in developing
countries is given below.

1. Training programme
(a) Rediation chemistry - polymerisation and dosimetry;

(b) Radiation engineering - design, systems gontrol and project
evaluations

(c) Materials testing.of panel boards;
() Product evaluations - prefabricated housing.

(a) To provide data for future enginesring scale-upy

(v) To demonstrate the feasibility amd econemios of impregnated fibre-
board as commercial producty

() To develop and to test prefabricsted houses from irradiated bosrds.




It is hoped that the demonstration project will present enough evidence
to clarify the concepts of potential entreprensurs and to convince the end
users of the value of the product, |
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Jaromir Skarka

develo t of the chemioal and petroohemiocal
ndustry in Csechoslovaki

Before the Seoond World War, the ohemioal industry oooupied an important
place in the economy of Czechoslovakia. After the war, the industry rapidly
expanded, and in the last twenty years production has increased sevenfold,

The greatest expansion has taken Place in orude oil refining and in
petroohemistry. Csechoslovakia had only five small refineries before the war,
but a large chemical factory was built during the war at Z&1ufi in northern
Bohemia, to produce fuels by carbonisation of lignite and hydrogenation of
tars. In the second decade after the war, Slowmafi, a large-capacity refinery,
was built in Slovakia when orude oil began to be imported on a large scale.
These two refineries produce fuels and lubricants.

The older factory at Z&lulli has gradwally reduced fuel production from
lignite and is being oonverted to a high-capacity refinery to produce fuels
from orude oil. These refineries have rerently increased their ospacities for
producing various pastroohemiocals; both factories produce ethylene from refinery
ga8es and straight-run naphtha. The petrochemiosl complex st S4luii produces
synthetio alcohol Wy direct hydrstion of sthylens, and ethylbensens by alkyie~
tion of bensene, Thess Antermedistes are used to produse spmihetio b in
& nay fagtery in middle Bohemis. MM&MM@»M

cisers will bs produced by oxoaynthesis, ety




they were converted to a petrochemical basis. Future projects will continue in
typical petrochemical units based on ethylene and propylene. Both factories
mentioned above use petrochemical processes based on ethylene and propylene,
but new ethylene units are being designed. They will produce mostly plastics

and intermediates for fibres and rubber production and other chemicals.

The chemical industry in Czechoslovakia was built mainly by Czechoslovak
know-how and engineering and with processes, machinery and equipment originating
in the country. This applies to all branches of chemistiry, including nuclear
chemistry, crude oil refining, organic and inorganic technologies, fertilizers,
synthetic rubber and plastics, coal-tar refining and pharmaceuticals. In the
petrochemical industry the pyrolysis nf hydrocarbons was developed, as were
gas separation, the extraction of aromatics, synthetic alcohol, ethylbenzene,
phenol, formaldehyde, methanol, caprolactam, PVC, ammonia and nitrogen
fertilizers. Some new technologies were brought from abroad. For example,
one complex has been established that includes the following processes: gas
separation, extraction of aromatics, para-xylene, high-pressure polyethylene,

ethylene oxide and oxosynthesis.

The engineering for most of the new plants built after the war was done
by Chemcprojekt, an engineering organization founded in 1950. The engineering
activity of Chemoprojekt is based on the results of research and development,
on experience and evaluation of existing commercial units, on licensed processes

from abroad, and on direot co-operation with foreign engineering companies.

The main advantage of Chemoprojekt is that it ooncerns itself with all

fields of the ohemioal industry. Complete engineering service is provided

for its customers. Elaboration of feasibility studies, surveys, preparation
of tenders, consulting and designing services, field engineering and supervi-
sion of start-up operations, technioal assessment of existing processes by
testing and measuring methods, designs of individual chemical processes and

auxiliary facilities are carried out by Chemoprojekt engineers and teohnio‘i
staff,

The machinery and equipment are produced by the leading Czechcslovak
manufacturers: chemical equipment, by Skoda or Krélovopolské - united as CHEPOS,
or by Vitkovioe steelj turbo and reciprocating compresscrs and blowers, by
Ueskomoravskf Kolben Danék (EKD); pumps, by Sigmaj; steam turbines and beilers,
by I. Brn; instrumentation, by Z&vody Prumyslové Automatimsace (ZPA); and
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eleotric motors and equipment, by éﬂ), Elektrotechnické Z&vody (EZ) and other
oompanies.

The petrochemioal industry in developing countries

In some developing oountiries conditiona are exceptionally favourable for
the growth of the petrochemical and plastics industries. The following iable
ghows the amount of natural gas produced from crude oil in Arab countries in
1965, the amount of gas used and the percontage flared. The data are given in
billions of oubic feet per year.

Natur d in b oountries, 1

Billion ft3 _per_year

. Per cent
Country Produced Used Flared Flared
Abu Dhabi .

(Trucial Oman) 50 n.a. 50 100.-
Algeria 140 66 74 53
Bahrain 10 n.a. n.s. n.a.
Iraq 187 19 168 90
Kuwait 398 68 330 83
Livya 304 (o] 304 100
Neutral Zone | 65 n.a n.s. n.e
Qatar 90 27 63 70
Ssudi Arabia 9 109 210 n
United Arad Republio n.s n.a n.s n.a

1,623 28 1,259 s

n.a; = information not available,

Of the 1,623 Willion cubioc feet of natural gas produced in 1965, it will
be seen that the amount of ges dewttoyed by flaring represents 81 pw: oent of
the total. These tumt hydrooarbon gases represent an ideal petrochemiosl rew
saterial; however, it is difficult to find wee for xefinexy producte suoh as
usg: lﬁa,oea waao,oeo m mmef mmmm
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In Iran, the export of refinery products in 1964 and 1965 amounted to an
average of 69.5 per cent of annual production. The export of gasoline was 78
per cent and fuel oils as much as 82 per cent. These figures illustrate the

existence of a very large petrochemical raw material basis in the Middle East.

Sixty per cent of the cultivated land of the world is located in the
developing countries of Asia, Africa and South America, yet these countries
consume only 20 per cent of the world production of fertilizers, In view of
the great need for fertilizers, plastics and other products, considerable
pressure exists for the establishment of petrochemical industries in countries

that have a favourable raw material basis.

There are many obstacles to the establishment of petrochemical industries
in these countries, the major nbstacle being their low level of economic
development. The meagre financial reserves of developing countries must be
shared among all sectors of the economy. Marketing of products is a problem in
many developing countries because of their sparse populations., Difficulties
arise in obtaining process know-how and licences owned by chemical and
engineering companies in developed countries. The shortage of experienced
technicians and skilled personnel is a common problem.

United Nations assistance to dovelop_igg countries

With the help of experts provided by United Nations organizations,
regions with favourable conditions should be encouraged to establish a
petrochemical industry. In petrochemistry, feasibility studies are relatively
diffioult because the problems involved, such as co-ordination of marketing,
are complex. 3uch studies are necessary, however, if economic capacities
capable of competition with large units in developed countries are to be
attained. For example, in developed countries units producing ethylene have
capacities that reach 500,000 tons per Year, while in developing countries
capacities of 50,000-100,000 tons per year of ethylene are an acceptabdle
maximum. PFeasibility studies should be prepared in several stages, sinoe
the task is complicated and investment costs are very high.

United Nations assistance to developing countries should also be directed
towards the establishment of research and development oentres for petroleunm,
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petrochemistry and plastice. Suoh centres do not exist in most developing

countries. Instruction at the university level in these fields is also lacking.

Technical assistance from Czechoslovakia to developi countries
M

The manufacture of chemioal equipment aund machinery has a long tradition
in Czechoslovakia, and the engineering corporation Chemoprojekt has gained
broad experience since its founding. It was logical, then, that Czech engi-
neering activities should expand into the international sphere. The first
Czechoslovak international undertaking in the field of engineering was a large
ocne - the construction of a petroleum refinery at Homs, Syria, based on orude
oil from Irag. This was the first turn-key job that included know=-how engineer-

ing, delivery of equipment, construction, commissioning and technical help,

In spite of strong competition from other engineering companies,
Chemopro jekt was awarded the oontraoct in March 1957. Complete delivery time
was set at 27 months; work started in September 1957.

Inevitably, many diffioculties arose in carrying out the first turn—key
job for a foreign country. Some were due to different standards and lack of
experience in construotion in a country with a totally different olimate.
When the oontract was signed, the building site had not been definitely selected.
This meant that no precise data on soil conditions could be given to the civil
engineers on time; climatic data were also not complete. It was discovered
that the water from the Oronto river that had been analysed was not represen-
tative, so that the demineraligation process for the power staticn had to be
changed during the design period. Other diffioulties were enccuntered in
choosing a oivil engineering subcontractor oapable of finishing the work cn
schedule and with the presoribed quality of workmanship. On the Czech side,
certain problems arose in connexicn with the delivery of equipment,

In spite of all these difficulties the Homs refinery was completed
sucoessfully, and the success cf this first endeavour led to another contract

for Cszechoslovekia for oarrying cut the second stage cof the projeot, which
will more than double the capacity of the refinery.

While the Homs refinery was being ccnstructed, two contracts were
signed under the terms of which Csechoslovakia wa= to provide engineering
know-how and to deliver equipment for the oonstruction of distillation units

in the refineries at Sues and Alexandria. Both units have been operating
sucoessfully for a long time.

e e
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Construction of a new orude oil refinery in Iraq began to be a pressing
matter in 1961. Several groups worked in Iraq and in Czechoslovakia on a feasi-
bility study that took inlo account local conditions and marketing prospects.
Sites in the neighbourhood of Basrah were considered. At the same time, the
possibilities for establishing a petrochemical complex based on the unlimited
raw material sources in Basrah, Daura and the Kirkuk area were studied. Con-
ntruction of the refinery at Basrah was postponed because of the enlargement
of the Daura refinery, but the tendering prooedure for the new Basrah refinery
is now under way again. '

On the basis of a recent agreement, Chemoprojekt prepared a feasibility
study for a tire plant and carbon black production in Iraq. The study oonsid-
ered various looations for the tire plant. Marketing studies revealed several
special problems relating to capacity. It was found that many countries were
planning tire pi&nts too small to achieve sconomies of scale. Another problem
was to determine the optimal capacity uof a ocarbon black plant. Domestio use of
carbon black would not exceed 20 per cent of the capacity considered economic;
exports would have to aocount for 70 to 80 per oent of capacity.

Csechoslovakia has been :r-oqunted to send experis to assist other ccuntries
to establish petrochemical irdustries. In 1965, Csech experts examined possibil-
ities for setiing up petivchemical plants at Alexandria, United Arab Rapubliec.,
The feasibility of participation in a new petrochemical complex by delivering
individual process plants, utilities and other units was studied.

Further expansion of the chemical and.petroohomioal industry in Syria has
also been studied. Chemoprojekt is in contact with other engineering companies
with a view to pooling experience and capacity so that they could offer to
third parties joint assistance in building individual petrochemical plants or
whole complexes. This is the method of co-operative participation practiced
in Yugoslavia. Co-operation on the part of engineering, manufacturing and

financing companies is now a common practice when large projeots are undertaken.
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13. RECENT DEVELOPMENTS IN PETROCHEMICALS AND PLASTICS IN JAPAN
m

Hideo Adachi

The establishment of Japan's petrochemical industry

Japan was several years behind most of the other industrial countries
in establighing its petrochemioal industry. In 1954, a plan for developing
the petiroohemical industry began to take shape, and in 1955, the Ministry of
International Trade and Industry (MITI) announced the plan.

Japanese indusiry had developed under the control and proteotion of the
Government for more than 30 years. All petrochemical projects were subject
to MITI's approval, and only 15 projocti in all were approved. Four naphtha
cracking centres were established and went into operation during the period
1957 tc 1959,

The petrochemical plan provided for synthetio rubber manufaoture. For
the producticn of styrene-~butadiene rubber (SBR), & new company, Japan Synthetic
Rubber Company, was formed cn the basis of joint investment of petrochemical
and rubber companies and 40 per oent government participation.

The plan completed during the 1955-1959 period is called the first-stage
plan., Under it Japan aimed to: (a) shift to economic petrochemical processes
from conventional coal ohemical, calcium carbide and fermentation processes;
(b) produce petroohemical products that it had hitherto imported from Burope
and the United States.

The goals of the second-stage plan (1959-1962) were to: (a) lower the
production cost of petrochemioals to the international level; (b) lower prices
of products from conveational processes without oonfusion by regulating compe-
tition between old and new products; and (c) sorap old plants based on the
conventional processes. To carry out these goals, efforta were concentrated
on enlarging the capacities of the four naphtha centres and making full use of
their primary products. At the same time three more centres wers added, with

the result that by 1962, prices of major products had been cut by spproximetely
40 per cent.
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During the two to three years following the second stage (called the
third-stage plan) the three additional centres were completed; two more were
added; the ethylene production unit was expanded to the limit of its capacity;
and general use was made of olefins. Production increased and became economic.
By 1963, the nine centres were in full operation, During the three stages
ethylene production capacity increased as follows:

Tons per year  No. of centres

1957 - 1959 80,000 4
1960 - 1961 300,00C 4
1962 340, 00C 5
1963 - 1964 920,00C 9

During a ten-year period, the petrochemiocal industry made remarkable
strides and overoame rapidly its technical immaturity. Growth was due to
favourable oonditione suoh as the direct oontrol and protection of the
Government. Once a petrochemioal project had been approved by the Government,
it was given a long-term loan from the Japan Development Bank, tax exemption
(corporation tax, import tax etc.) and granted speoial short-term amortization
on the plant and equipment. Until 1962, the industry had grown within a
completely closed economy and was thus protected from severe competition from
Europe or Amerioa. Although the industry had no petroohemical technology, the
Government introduoed foreign techniques for short periods on a royalty basis,
and Japanese industry rapidly mastered the imported advanced technology.

Developments since 1964

In 1962, trade was liberalized followed by liberalization of capital 1
transactions in 1968. Japan entered the open economy lagging congiderably
behind American and European oountries and thus found itself in a rather
weak position with respect to international competition.

Consequently, since 1964, major efforts have been concentrated on inoreasing
the socale of production to bring costs down, fully utilizing co-products to
make production more economic, and attempting to improve imported teohnology.
Aware that giant ethylene production units had begun to be installed in overseas
couniries a few years earlier, the Government set the ethylene production oapacity
for a unit at a minimum of 300,000 tons per year. MITI decided not to approve
a produotion plan if the capacity were less than this scale, and directed that
all existing plants increase their capaoity to this size; smaller and less
effective plants are being gradually scrapped.




3ix units each with a capacity of 300,000 tons per year of ethylene are

now under c.nstruotion, and one unit cf this size is pending; all units are
scheduled for completion during 1969-1971., These, together with the other
existing uni:s, will ‘give Japan a total ethylene capacity of at least 4.1

million tons per year by 1970,

If the eleven existing production centres each built a new 300,000~tong-
per-year ethylene plant, Japan would face serious over-capacity. For new
ethylene projects, investors are asked to form a group of two or three compa-
nies to co-operate in joint investment or investment by turns. This type of
co-operation may be peculiar to Japan. Plant expansion is now carefully
controlled parallel with demand increase, with Covernment and industry co-
operating closely to prevent over—capacity. The ultimate objective of the plan

is to make the Japanese petrochemical industry competitive internationally,

Ethylene production capacity for 1968 was 1.9 million tons, and the
potential capacity for 1970 is 4.1 million tonsj according to these figures

Japan is second to the United States in produotion capacity.

The petrochemical industry of Japan faoces an important problem of tech-
nology. Even if production capacity is increased so that economies of soale
are attained, an imbalanoce between demand and actual production may result.
To prevent this, manufacturing techniques should be developed for derivatives
and the export of these derivatives promoted.

Another potential problem is to secure an adequate supply of naphtha to
meet future demands. If 4 million tons of ethylene oapaoity go on stream
during 1970-1971, about 20 million kilolitres of naphtha will be required.

This problem is more acute in Japan than in other oountries. A new technology
is needed to produce ethylene from crude oil or heavy oil, or a technology that
allows a petrochemical plant to process crude oil and make full use of all
distillates. Such developments take time, but MITI has provided a subsidy for
research and development. An ethylene production prooess based on crude oil

is being developed, and a large pilot plant is under construction,

Dovologgonts in glastiosI inoludig‘ synthetic rubbers and synthetic fibres

The production of thermosetting plastios has been a commercial operation
for many years, and thermoplestics have made rapid strides as a result of the
progress of the petrochemical industry. From 196C, when petrochemical produc-
tion went on stream for the first time, to 1964, the average annual growth rate
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of total plastics production was 24 per cent; from 1964 to 1968, the rate
increased to 35 per cent. Production in tons was: 697,000 in 1960; 1,377,000
in 1964; and 3,280,000 in 1968,

Plastics that have shown a growth rate of 50 to 60 per oent per year
include low-~density polyethylene, rigid polyurethane foam, polystyrene and
polyamide. Polypropylene, a newcomer, is growing at the remarkable rate of
140 per cent annually; PVC has maintained a steady growth rate of 21 to 22 per
cent per year for the past eight years and is expected to continue.

In world production of plastios, Japan stands second to the United States,
but is ranked only fifth after the United States, the Federal Republic of
Germany, the United Kingdom and France in terms of production per gapita.

In the synthetic rubber field, SBR production was started by a joint
venture of rubber and petroohemical companies with 40 per oent capital partici-
pation by the Government. Later, nine companies entered the production of
nitrile-butadiene rubber, three entered chloroprene production and recently
four entered polybutadiene rubber produciion. The total synthetioc rubber
produotion oapacity of the twelve companizs has reached 460,000 tons per year.
The production in tons from these plants iss SBR; 250,000; NBR, 140,000; and
polybutadiene 64,000,

Plans are under way for the production of polyisoprene rubber, epichloro-
hydrin rubber, ethylene-propylene rubber (EPR) and butyl rubber. For 1968,
the total production of synthetic rubber was expected to be about 368,0db tons,
an average annual growth rate of 50 per oent since 1964. Production capscity
by 1970 is expected to reach 765,000 tons per year, with the breakdown as
follows:

Thousand tons

"~ 8BR, NBR 362
Chloroprene 54
Polybutadiene 140
Polyisoprene S0
EPR 99
Butyl 60
Total 765

In 1966, the ratio of natural rubber to synthetio rubber in the total
consumption of Japan was reversed; consumption of synthetic rudbber exoeeded
that of natural rubber by 50 per cent,
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As for synthetic fibres, Polyvinyl alcohol (vinylon) wrs developed
early on the basis of oarbide-acetylene as raw material. Produotion of nylon 6,
whioh starts from coal-based phenol, also began early. Produotion of other
man-made fibres started after the petrochemical industry went into operation

and now almost all major synthetic fibres are produced.

The average annual growth rate for synthetic fibres has been 22 per oent
since 1964, with produotion capacity expected to reaoh 720,000 tons per year
by 1970. This does not inolude oellulose fibres such a3 visoose and acetate.
Japan should soon be able to rank second in world synthetic fibre produotion
after the United States. By 1967, the produotion of Japan had doubled that
of the Federal Republio of Germany and the United Kingdom and quadrupled that
of Italy and Franoe. Produotion in 1967 by fibre was:

| Thousand tons

Nylon 188
Vinylon 61
Vinylidene 5
PVC 9
Aorylonitrile 126
Polyester 152
Polyethylene 12
Polypropylene 26

Total 578

Reoent toohnolog;oul dovuloggont in Japan

The acetylene industry developed early owing to an abundance of oaloium

oarbide. Before the petrochemical industry was established, Japan produced
| almost all petrochemicals that are available from aoetylene, inoluding vinyl-
based plastios, synthetic rubbers based on butadiene and ohlorcprene and
vinylon synthetic fibre (created by the Japanese). Japan had no petroohemioal
technology in 1955 when the industry was first established but relied completely,
on import from overseas industrial countries. Japan is still completely
dependent on foreign teohnology for producticn of ethylene, acetone, styrene, l
acrylonitrile, higher aloohol, and polymers such as polyethylene, polyacetal, !
polyoarbonate, pPolyurethane, polybutadiene and isoprene, EPR, polyester etc.
The balance of trade in teohnological import and export for all Japanese
industry in 1967 was a ratio of ten to one, .

Improvements and developments in Japan are oconstantly being reported.
Japan, whioch had lagged behind the industrial countries of the world because
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of its long-closed economy and the Second World War, actively introduced
foreign petrochemical technology and expanded production capacity rapidly to
reach the world level. This means that Japan completely digested foreign
tec.anology within a very short period. And since 1964, when the petrochemical
industry began to expand, improvements and development of new techniques have
been reported one after another. For example, Japanese licensees are in turn
offering their improved technology to their original licensors, or they are
developing more effective processes than the conventional processes for which

the patents have expired or are going to expire.

Technology recently exported from Japan in petrochemicals, plastics and
elastomers and synthetic fibres (including materials) is summarized below.

(a) For petrochemiccl processes, improvement of conventional processes
and to a lesser extent new techniques are being licensed to devel=-
oped countries. Sponsored by the Government of Japan, research
and development is under way in an attempt to discover a new
ethylene production technology from crude oil.

(b) In export of technology, plastic production and fabrication
techniques are the most frequent, especially the VCM prooesses
(oxychlorination etc.) and PVC fabrication techniques. Licences
have been granted to the Federal Republic of Germany, Italy, the
United States and many developing countries. Recently, new
processes for the production of completely modified polyethylene,
polypropylene, polyester and the intermediates for polyester are
under development. Some of them are licensed to the Federal
Republic of Germany, Italy, the United Kingdom, the United States
and countries of South East Asia.

(o) There has been some export of Japanese synthetic rubber teohnology.
A new technique for butyl rubber production, formerly held exclu-
sively by Esso, is now under development. Techniques for the
production of EPR and epichlorohydrin rubber are alsc under
development.

(d) Domestic technology for the production of synthetic fibres and
their materials has attracted the interest of world producers.
Processes for the production of caprolactam and nylcn 6 are
licensed most frequently; vinylon is next. Apart from the special
photosynthesis of nylon, a new process for nylon is being exported
to developing countries and the vinylon process to advanced
countries. Industrialized countries are watching with great
interest production processes such as that for high-purity
terephthalic acid (TPA), the polyester fibre material; the new
Bhet proooss!-j’for polyester fibre production not yia DMT; or
direct, continuous polymer chip production.

1/ ﬁ?olynter manufacturing process, which starts from terephthalie acid and
ethylene oxide via bishydroxy - ethyl - terephthalate. The prooess
operates continuously and is developed by Nippon Soda Co.
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(e) The production of plastics by the use of radiation is in an
advanced stage of development.
In summary, technological developments in Japan have reached the level of
other industrial countries, and since 1964 Japan has seen substantial results
of ite work in aiding the industrial growth of developing countries,
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