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INTRODUCTION

Many theoretical approaches have been suggested for analysing the economic
progress of developing countries The developing countries have a variety of
difficulties the formation of capital, small domestic markets, low rate of growth in
exporting primary goods and low productivity. It is easy to understand why chemical
industries , which require extensive technology and high capital investment, are
extremely difficult to establish in developing countries.

The pattern of industrial development and the selection of initial key industries
differ from country to country. The selection and decisions are left in the hands of
private entrepreneurs in such areas as the territory of Hong Kong and Malaysia,
where the consumer goods industries occupy an important place in the economy. In
other countries. eg India and Pakistan, the governments plan industrial
development, and heavy industries, particularly iron. steel and machinery, are
encouraged. In either case, an industry with a minimal economic size of production
usually requires a small capital investment. The technology required is simple, it is
not difficult to begin domestic production, and such an industry can easily become a
domestic procicer Chemmcal industries generally do not meet such conditions and
are therefore, with the exception of fertilizers, still in the carly stages of development
in most less advanced countries.

The fertilizer industry is different from the others because Governments strongly
support the use of fertilizers to help agriculture. A domestic supply of fertilizers is
particularly encouraged. At present, most ECAFE (Economic Commission for Asia
and the Far East) countries import food even though they are agricultural. At the
same tine, they realize the need to increase food production within their countries
without spending too much foreign currency by importing either food or fertilizers .
These circumstances increase the importance of the fertilizer industry among the
chemical industries in the region. The development of the fertilizer industry
promotes related industries, such as the production of sulphuric acid, methanol,
formaldehyde, urea-formaldehyde resin, melamine, acrylonitrile, and encourages the
introduction of the natural gas and petrochemical industries.

Before the Second World War chemical industries in the developed countries were
based on coal. coke and electricity. At that time aromatic compounds were produced
fron coke-oven gas, but ammonia, soda and carbide were produced by electrolysis
and ehectric furnaces. After the war, the source of energy was changed from coal or
hydro-power to petroleum, and the coal chemical industry was gradually replaced by
the petrochemical industry. The polymer industry based on petrochemicals has
shown remarkable progress, and has greatly developed its output of various kinds of
synthetic resins, fibres and rubbers.

Most of the chemical industries in developing countries were started after the
Second World War. Even the fastgrowing fertilizer industry has based its raw
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material on petroleum. In other words, the establishment of chemical industries in
developing countries is not following the old route of the chemical industres of more
advanced countries. Instead. the developing countries are starting with the modern
technology of petrochemicals without first organizing a coal chemical industry.

The development of the petrochemical and polymer industry, and the wider use
of automatic systems have strongly emphasized the characteristics of the chemical
industries and have made a high technical standard necessary. The advantages of large
plants have become greater and more decisive. The lack of abundant capital, large
markets and high technical standards are obstacles to the establishment of chemical
industries in developing countries.

The plastics fabricating industry is basically a consumer goods industry and is
not so vital to life in developing countries as the fertilizer industry. As it requires
relatively small capital and simple techniques, the plastics industry has been
developing in Hong Kong and in Thailand and many other countries in the ECAFE
region in recent years. The synthetic resins industry, which requires huge investments
and large plants, has not yet been completely developed.

In order to establish a unified plastics industry, the following industries should
be developed simultaneously: a petrochemical industry to supply raw materials for
synthetic resins and additives; a synthetic resins and a plastics processing industry; an
industry for plastics machinery, parts and services; and an industry to supply
plasticizers and additives.




Part 1

ESTABLISHING PLASTICS INDUSTRIES IN DEVELOPING
COUNTRIES

1.1  Structure of the plastics inaustry

Research in polymer chemistry began with a study of possible substitutes for
wood, ceramics, leather, natural fibres, natural rubber and metal. As a result,
phenolic resin was created in 1904, urea resin in 1922, and polystyrene, polyvinyl
chloride, methyl methacrylate, melamine and polyamide resins between 1930 and
1940. Before the Second World War, thermosetting resins, phenolic resin in
particular, were used mainly as dielectrical insulating materials. After the war, the
popularity of thermoplastics increased and the three major resins became
polyethylene, polystyrene and polyvinyl chloride (PVC). Because of their light
weight, easy processability and low price, these plastics have been used for many
products, such as packaging materials, containers, building materials, mechanical
parts, wire and cable. It is expected that the consumption of plastics in the year 2000
will be 50 times as large as present consumption, whereas metal consumption will
increase only 25 times. Table 1 gives additional information on the estimated
consumption of basic materials.

TABLE 1. ESTIMATED WORLD CONSUMPTION OF BASIC MATERIALS
(kilograms per capita)

1966 1970 1980 1985 1990 2000

" Estimated world
’population (millions) 3,400 3,700 4,600 5,000 5,600 7,000

Metals 14.5 158.0 2060 2410 2700 362.0
Fiastics 5.0 70 230 48.0 750 2430
Synthetic rubber 1.1 1.5 2.5 3.2 4.1 6.4
Chemical fibres 1.6 1.9 2.8 34 43 6.6
Natural rubber 0.6 0.7 0.6 0.5 0.5 04
Natural fibres 5.5 5.8 6.6 7.0 14 8.6

Source: Kunststoffe (Munich), August 1966.
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The plastics industry is still young and many new resins will undoubtedly be
created in the future. At the same time, the production costs of established resins
will be reduced as new processes are developed. New resins and the improvement of
processes are two reasons for the rapid growth in the consumption of plastics; one
may assume that this constant improvement is inherent in the plastics industry.

The structure of the plastics industry will now be reviewed with respect to
synthetic resins, plastics processing, the structure of demand and patents.

Production structure of the synthetic resins industry

Technical Jevelopments in the synthetic resins industry are resulting in new
resins and a reduction of costs through new processes. These developments, in turn,
are creating additional demand for the products. Acetylene from calcium carbide has
been used as a raw material for polyvinyl chloride resin, but the recently developed
oxychlorination process now employs ethylene as the raw material in place of
acetylene. The production of melamine is presently undergoing a change from the
dicyandiamide process to the urea process.

Figure 1 shows the flow of production from raw materials to finished plastics
products in plastics-related industries.

Thermoplastic resins are available primarily in pellet or powder form, while
thermosetting resins are supplied chiefly in the form of paste or liquid. The
thermose tting moulding powder is produced by drying the liquid resin and they are
essentially the same. This diffcrence between thermosetting and thermoplastic resins
is characteristic of the two resins. The thermoplastic resin is a high polymer which
has been controlled by polymerization. In addition, reversible thermal characteristics
have been utilized in its processing. But three-dimensional molecules are formed
during the processing of thermosetting resins and they are often manufactured in
part during processing. The thermoplastic resin is often more convenient to transport
and store than the thermosetting resin.

There are two ways of making thermosetting resins. One method is to make a
single product continuously by mass production, and the other is to make, at the
processor’s request, batches of resins of different composition or different degrees of
polycondensation. As an example of the first method, urea-formaldehyde resin
adhesives are produced for plywood plants. Installing a larger reactor can save
production costs; however, even in this case, the size of the reactor must be limited
in order to maintain uniform reactions and good-quality products. In the second
method, semi-reacted resins are produced in the resin plants, and the remaining
reaction takes place in the moulds of compression-moulding machines. Requirements
for such a resin are so diversified that the resin producers are compelled to
manufacture small batches of different types. This does not help reduce production
costs.

Since the thermosetting resin is cross-linked in the processing, the requirements
from the processor are varied and special orders are not rare; therefore plant size is
not a problem. Starting production in a developing country is easier with
thermosetting resins than with thermoplastics.

With thermoplastic resins, there is no chemical reaction in the processing stage
and there is therefore only a limited variety of resins produced. Different properties
can be obtained however by a polymer-blending procedure or by an after-treatment
such as radiation. In this process, the raw materials for thermoplastic resins are
supplied through pipes in the gas-liquid phase to the polymerization reactor. The size
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Figure 2. Interrelationship of production cost and plant capacity in a polyethylene plant
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of the polymerization reactor is determined by what is usual in the apparatus
industry Large production capacity will not be an advantage when the size is
obtained from many small units. Economy will be more easily achieved with a few
large reactors. Figure 2 shows the production cost of polyethylene in relation to
plant capacity.

The nature of the apparatus industry also determines the rate of operation in a
thermoplastic resin plant, and plant size is closely related to the production cost.
Figure 3 shows the interrelationship of production cost and rate of operation in a
polyvinyl chloride plant.

The major raw materials for thermoplastic resins are petrochemicals. The size of
the petrochemicals plant therefore has an overwhelming effect on the cost of raw
materials for thermoplastic resins. Ethylene is the raw material for polyethylene,
polystyrene and vinyl resins, thus, the size of the ethylene plant is particularly
important. Figure 4 gives the production cost of ethylene for various plant capacities.

ASSUMPTION
NAPHTHA (RAW MATERIAL): $20.80 PER TON

“

\ USUAL CRACKING PROCESS

{CENTS/POUNDI

SEVERE CRACKING PROCESS

PRODUCTION (COST OF ETHYLENE

$0,000 100,000 200,000 300,000
PLANT CAPACITY (TONS/YEA®)

Figure 4.  Interrelationship of production cost and plant capacity in an ethylene plant

There is a trend towards larger ethylene plants; the newest ones have a capacity of
more than 300,000 tons per year. An ethylene plant with a capacity of 50,000 tons
per year in a developing country can hardly compete with finished products from the
300,000-tons-per-year plants existing elsewhere, unless political or tanff barriers are
established to protect it against imports and outside competition.

Another important point in judging the economy and competitiveness of an
ethylene plant is its effective use of by-products, such as propylene and butadiene. A
demand for these by-products should be created and should balance the required
output of ethylene. If the by-products cannot be used, the main product (ethylene)
must bear the full cost of all expenses in the plant and this naturally raises its cost.
There are differences among countries with respect to the consumption pattern of
various petroleum products; this also implies a difference in the source of ethylene.
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The United States of America has a great need for automotive fuel and has built
I--ge refineries to meet this need. Gasoline is the major product of such refineries,
and the production system is organized to obtain as much gasoline as possible.
Naphtha is reformed in the refineries to produce the reformed gasoline and therefore
is not a major raw material in the petrochemical industry. On the other hand,
European and Japanese refineries produce less gasoline and more heavy distillates for
fuel consumption. Naphtha is seldom reformed to produce gasoline; it is used instead
in the petrochemical industry.

It is not expected that gasoline consumption will be very great in developing
countries. Naphtha is therefore available as a chemical raw material. In countries
where natural gases are abundant, for example Iran, naphtha need not be used as a
raw material. The price of naphtha is closely related to its pattern of consumption in
refineries.

As mentioned above, the cost of thermoplastic resins is dependent on the rate of
operati_n, the size of the polymer plant, the operation of the ethylene plant, the
degree to which by-products are utilized, and the price of the ethylene feedstock,
either gas or naphtha. These are all relevant to the production capacity. A high
consumption of resin is essential if prices are o be reduced.

Structure of the plastics processing industry

In the carliest stage of thc plastics processing industry, thc compression-
moulding tradesmen produced household goods and electrical appliance parts with
thermosetting resins. The main thermosetting resin at that time was phenolic
moulding powder. The moulding enterprises were small but usually sucessful for
several reasons: compression moulding machines were relatively cheap; business
could be started with a small investment; the moulding process was not suitable for
mass production, small shops could therefore compete well with larger ones; and it
was possible to vary products and quantities to suit specific orders. Many moulders
subcontracted for electric companies. The subcontractors were usually low in labour
cost, productivity and efficiency.

The present stage of the plastics processing industry came in with the new
thermoplastic resins. Low-density polyethylene is easy to process and the processing
machine required is relatively cheap. The moulders are therefore able to maintain
their “cottage industry” characteristics.

The processing of polyvinyl chloride resins, on the other hand, is difficult. Many
types of processing methods have been developed and large enterprises have entered
the plastics processing industry. Mass production has been employed to make film,
sheet, plate, pipe and other products by calendering, extrusion or injection moulding,
Markets such as those for natural rubber, leather, metal pipe and celluloid were
invaded by plastic products, and even processors of natural raw materials changed to
plastics processing. Processors of PVC resins were required to have relatively large
amounts of capitai and high technical standards. The calendering, extruding or
compounding of PVC require more than the plain extrusion of polyethylene. The
distribution of the processing methods in some European countries is shown in table 2.
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10 STUDIES IN THE DEVELOPMENT OF PLASTICS INDUSTRIES

In general, most of the plastics processing industries n developed countnes are
still small-scale enterprises with the charactcnistics of a labour-intensive mdustry. The
total number of processing plants in the United States in 1906 was approximately
8.700, of which 52 per cent had less than ten moulding machines. In the Federal
Republic of Germany there were 2,037 processing plants with more than ten workers
in August 1966. In the United Kingdom there were only 800 such plants and the
average number of workers was 50. Italian plants with more than ten workers
totalled 2,750 in 1965, of which 1,350 consumed less than ten tons of resin per year.
800 consumed 10 to 100 tons, and only 600 companies used more than 100 tons. In
Japan at the time of writing (October 1967), the total number of process'ng plants
was approximately 15,000, of which 1,500 had more than 30 workers. In Hong Kong
in 1963, the total number of plants was 1,700 and the average number of workers
among the 1,277 larger processors was approximately 36. Thailand has 170
processing companies, ten of which have more than 30 workers. Indonesia, Pakistan
and the Philippines have about 300 processing companies each. The Republic of
China and India have about 120 each, and Malaysia and Singapore each have
approximately 50 companies (table 3).

TABLE 3. FSTIMATED NUMBER OF PLASTICS PRCC FSSING PLANTS IN Sk LFCTED

COUNTRILS
Country No
Japan 15.000
Unites States 8,700
ltaly 2,750
Germany, Fed. Rep. 2,037¢
Hong Kong 1,700
Argentina 840
United Kingdom 8004
Mexico S00
Indonesia 300
Philippines 300
Pakistan 290
Chile 240
Thailand 170
China (Taiwan) 120
India 120#
Malaysia 50
Singapore SO

2 Not including companiss with less than ten workers.
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TABLE 4 [YPES OF PROCESS IN LSE IN PLASTH S INDUSTRIES IN FAPAN AND
DISTRIBUTION i PEANTS BY SEZE AND SALES 1963

Size Sales
iper cend) fper cent)
Fstimated ’
Tvpe of mumber of | aree Medium to | arge Me dtum (o
moulding process compaies plants  small plants plants  small plants
Compression moulding 3,800 2 £1.) 25 75
Injection moulding 3300 S 9s 30 70
Extrusion moulding 1,300 10 9 SO S0
Inflation 260 b 95 10 £ 0]
Blow moulding 470 5 95 20 80
Calendering 350 80 20 90 10
Vacuum forming 360 S 94 20 80
Lamuation 200 80 2 90 10
Others 3.000 1 99 S 95
TOTAL 13.040

Sowrce Japan Plastics, September 1964,

Table 4 indicates that calendering and lamination processes have been employed
by the large processing companies as a result of extremely hgh investment
requirements.

As observed above. many small plastics processing comparies tend to specialize
They are often individually owned. but are. at the same time. relatively weak
financially and technically owing to a shortage of capital This type of business bases
its expansion on individual ability and sales power Some specialized companies in
Japan and the United States have grown to be large enterprises and have been able to
start their own resin production, these cases are, however. exceptional

Many manufacturers of industrial parts are subcontractors t« electrical,
communication gr automotive industries and progress together with their parent
companies. Manufacturers of housewares depend primarily on their ability to develop
something unique and sellable, but also on their sales power Other processing
companies are subsidiaries of resin manufacturers, rubber processors. metal pipe
manufacturers, etectronic companies and distributors of plastic products. These
subsidiuries often reach medmm or large capacity and usually employ mas
production. If the resin manwfacturers have enough subsidiary processors. they can
mass produce resins becsuse of their high captive consumption

The distributors of plastics ware accept and distribute all completed products,
justifying large-scale operstions in the proceming ndustry Electrical or machinery
companies prefer 10 have common parts supphied by the subsidisries while they
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produce the dehcate parts themseives Rabber tabncators and metal products
companies want to maintan their own markets and expect that thewr own plastics
production will compensate tor any decrease 1n sales of the existing line of products
Some large companies often employ subcontractors tor the purpose of maintaining
their business volume [n this case the large company otter passes off any loss to the
subcontractors where 1t 18 covered by a low cost of production

Parent companies. or lmge companies assist suboontractors by providing
equipment. financing and credit renting equipment or an entire plant, offermg
long-term contracts or advance payment for products and gving technical assistance
in Japan about 90 per cent of all smail provessing plants with less than twenty
workers obtain thew busmess hy subcontracting

Most plastics processing companies are located n and around cites, which
ndicates that the majonty of plastics end-uses are consuiner goods The moulded
products are usually too bulky and costly to transport far

As figure S shows. the average sales of an extrusion-moulding company are much
higher than for other moulding companies hecause extrusion-mouldmg machines
have high productivity snce the extruder dse can be changed easly The other
moulding specialists. particularly in compression o injection moulding, have less
control of the quality and type of thew products because die changing costs much
more in time and money The moulds are difficult to make quickly and there are
long delays in delivery These difficultres seem to be the causes of the low rate of
growth 1in compression and injection moulding

38 X TR BN
COMPANY
0% 4
<
g
s STHER COMPANIES
'j os } -
L4l
-
3
F
-1 01 4
i CONPEESNON AND
g WL T IOn
: COMP ANES
. COMNES
<
02 4 -
C OMPRE S On
QWP A Y
i ECTION
1 coweany
L -
e

Fignare $ Am“‘lhmmm&m, 19501982




Since the imtial stages of plastics processing. the mould industry has been closely
comnected with the plastics industry. including compression and mjection moulding.
The problems of the mould industry are primanly technical a shortage of capacity
and weak raanagement [he techmque of making moulds 18 based on experience. and
often theory s of no help The flow of the molten resin 0 the mould and the
shrink age of the resin must be considered 1n mould designing

The worker in a mould-manufacturing plant needs more traning than one in a
plastics processing company In an average mould-making company in Japan, the
proportion ot workers with more than three years' traiming 1s 48 per cent, compared
with 16 per cent in an average processing company

As requirements for the quahity of plastic products grow an the future. so
requirements for moulds will become correspondingly extensive. detailed and
complicated It s therefore necessary for the mould industry to prepare
hgh-precision machines for making moulds. In order to develop the plastics industry
n a country. the mould industry must be developed and expanded at the same time.
It 1s also important that the qualitative and quantitative goals for the mould industry
are set higher than the pr.sent standards of the industry 1n that country.

The development of plastics machunery 1s important to the growth of the plastics
processing industry There are many examples of co-operation hetween synthetic
resin manufacturers and plasticsmachine manufacturers in the developed countries.
However. in the developing countnes, 1t is necessary in the first stage to import the
processing machines with the hope of later supplving them domestically, with or
without forewn technical atd Shortage of spare parts causes delays and trouble with
the machmes. The avalability of good. inexpensive machines and equipment
increases the number of processors. resulting 1n an ircreased consumption of resins.

Struc ture of demand for plastic products

Ihe structure of demand for plastic products 1s tormed by tour factors. method
of processing, physical properties of plastics, prices and social circumstances.

The processing method 1s the flgst factor in fornmung the structure of demand
indicated in figure 6 The shape of the products and their applications are limited by
the prucesung method. Imection moulding is suitable for making inexpensive
household goods and industnial parts. The extruded products are suitable for film and
pwe. and calendering 1 used for making artificial leather and sheets. In the total
consumption of plastics products in seven countries of the European Economic
Communmity (EEC) and the United Kingdom in 1964, the extruded products
occupied 26.4 per .ent, mjection-moulded products 154 per cent, calendered
products 7.7 per cent. compression-moulded products 6.1 per cent, and other
processes 44 6 per cent Polyethylene. PVC and urea resins occupied 77 per cent of
the consumer goods market in Japan in 1562. The building industry, on the other
hand. uses plastcs because nf their light weght and ease of fabrication.
Unfortunately . they lack strength and fire resstance. putting them at a disadvantage
for building uses. In mdustry, plastics are used for electrical and mechanical parts,
particulasly in electronics, and they are becorming more unportant in engineering as
new remns with improved properties ase introduced.

in the Unied States m 1966, extruded products consisted of 57.6 per cent PVC,
31.5 per cent polyethylene and 69 per cent polystyrene products. The injection of
polyethylene products occupied 35.3 per cent. polystyrene 38.5 per cent and
polypropylene 9 9 per cent. Approximately 42 per cent of the total low-density
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Figure 6. Interrelationship among methods of plastics processing, end-products and
applications

polyethylene consumption was used for making packaging film. About 35 per cent of
PVC resin was used for sheet and floor coverings, and 53 per cent of polystyrene
resin was used for moulded products such as containers, housewares, toys and so
forth. The consumption figures of low- and high-density polyethylene and PVC
classified by manufacturing methods are shown in tables S, 6 and 7. Table 8 shows
the plastics production in several countries.

The second factor in the structure of demand for plastics is their physical
properties. They generally have good chemical resistance, light weight, corrosion
resistance, ease of colouring and processing, beauty of appearance, and are insulators
of heat and electricity. Plastics have some disadvantages: low resistance to heat,
scratchable surfaces, some aging, and vulnerability to organic solvents. There are
many Kinds of synthetic resins and each has its own features in addition to those
mentioned above. The choice of the correct resin depends on its particular
application.
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TABLE 5. CONSUMPTION OFIF LOW-DENSITY POLYETHYLENL CLASSIFIFED BY
MANUFACTURING METHOD IN JAPAN, THE UNITED KINGDOM AND THE UNITED
STATES, 1966

JAPAN UNITED KINGDOM UNITED STATES

(thousands (per cent (thousands (per cent (thousands (per cent
of tons) of total) of tons) of total) of tons)  of total)

Film and sheet 192.4 63.5 76.7 45.8 500.0 49.3
Injection moulding  29.1 9.6 29.2 17.4 175.0 17.3
Extrusion coating ~ 44.8 14.8 179 10.6 120.5 11.9
Wire and cable 21.0 6.9 15.8 94 120.5 11.9
Blow moulding 9.2 3.0 17.4 10.4 227 2.2
Pipe and conduit 2.0 0.7 5.5 3.2 29.5 29
Miscellaneous 4.7 1.5 5.5 3.2 45.5 4.5

TOTAL 303.2 100.0 168.0 100.0 1,013.7  100.0

TABLE 6. CONSUMPTION OF HIGH-DENSITY POLYETHYLENE CLASSIFIED BY
MANUFACTURING METHOD IN JAPAN, THE UNITED KINGDOM AND THE UNITED
STATES, 1966

JAPAN UNITED KINGDOM UNITED STATES

(thousands (per cent (thousands (per cent (thousands (per cent
of tons) of total) of tons) of total) of tons) of total)

Blow moulding 20.1 20.8 16.8 48.0 1818 50.0
Injection moulding 30.7 31.7 10.4 29.5 88.6 244
Fibre 229 23.7 3.1 9.0 23 0.6
Film and sheet 19.2 20.0 1.7 5.0 204 5.6
Wire and cable 0.1 0.1 1.0 3.0 13.6 38
Pipe and conduit 1.6 1.6 0.9 2.5 22.7 6.3
Extrusion coating 0.5 0.5 4.6 1.2
Miscellaneous 1.7 1.6 1.1 3.0 29.6 8.1

TOTAL 96.8 100.0 . 100.0 363.6 100.0
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ERRATA
ID/SER. J/4
8 June 1970

STUDIES IN THE DEVELOPMENT OF PLASTICS INDUSTRIES

Page 59, Table 31

1970 (estimated)
Consumption Balance

Change first line to read 3,121 1,941
Change last line (total) toread 27,346

Printed in Austria

ID/SER. J/4 Corr. 1

(Faglish only)
70-3504-July 1970—-4,150

Sales No. E. 69.11.B.25
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The third factor s the price of plastics  Synthetic resins. particularly the
thermoplastic resins. become cheaper as the petrochemical industry develops The
petrochemical raw matenals for plastics resinis are plentiful at the tirme of wniting
(Octcber 1967), and large-scale production is becoming more economical every year
This terdency should continue

The fourth factor is the social circumstances in vanous countries Each country s
population has its own pattern of hving and this makes the demand structure of
plastics variable according to area. As tables S. 6. 7 and ¥ how, the pattern of
consumption is different i each country In the United Stat s, soft PVC products
are in much greater demand than ngid ones. The same situation *» found in the
United Kingdom. Japan, on the other hand, has a large share of ngid products. The
consumption per capita of PVC resin n soft products in 1963 was 6 8 pounds in the
United States, 59 pounds in the Federal Repubhic of Germany. 5.8 pounds in
France, 5.7 pounds in the United Kingdom, 3.8 pounds n Japan, and 3 2 pounds in
ltaly. The consumption of PVC resin for rigid use ranges from 3.8 pounds in Japan
and 3.6 pounds in the Federal Republic of Germany. to 22 pounds in Italy, 1.2
pounds in France, 0.8 pounds in the United Kingdom and 0.4 pounds in the United
States. The consumption of ngid PVC resin products s nsing quickly i Europe
where the EEC nations with the United Kingdom produced 34 per cent ngid and 66
per cent soft PVC in 1964, these proportions are expected to change by 1970 to 44
per cent rigid and 56 per cent soft PVC.

Therz are various types of PVC resin and the resin preferences some times differ
from country to country. In Japan in 1960, 92 per cent of the PVC resin was
homopolymer, 6 per cent copolymer and 2 per cent paste resin, while 1n the United
States, 66 per cent was homopolymer. 33 per cent copolymer and | per cent paste
resin. In 1966 the United Kingdom and the United States used 42 per cent of their
polyethylene in manufacturing packaging filin. The figure was 60 per cent for Japan
and about 80 per cent for China (Taiwan). The figure could be much higher in the
developing countnes; it might be safe to assume that almost all the polyethylene
would be used as packaging film.

Plastics products can be classified into five main markets consumer goods,
industrial materials, building materials, adhesives and paints In 1964 the EEC and
the United Kingdom reached a consumption total of 40.1 per cent in consumer
goods, 18.2 per cent in industrial materials, 13.6 per cent in building materials. 12.9
per cent in adhesives and 11.5 per cent in the paint industry. Of the 40.1 per cent in
consumer goods, 45 per cent was used in packaging matenals. Consumer goods
industries usually start with cheaper raw materials since the products are directly
consumed or given away.

There are two major considerations in the plastics processing industry . One is the
dual structure of the industry. The resin manufacturing industry is an industry with
large equipment, but the plastics processing industry is mainly a “cottage industry”.
Because of the big difference in capital investment and technology between the two,
the processors should develop their own specialized applications and methods.

Second, through constant contact with the resin producers, the processors and
machine producers should be able to find the most suitable processing method for
the resin. They should also be able to select good-quality processing machines and
improve the design and quality of moulded products. thereby increasing the demand
for their products.
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Ay tigure 7 below  shows  the stradctare ot the indnufacture ot plastios »
composed of monomer  production polvmenzation. processing and  the nter
relationship of the three The methods have heen developed by enterprises and
research mstitutes in the developed countnes and many patents have been granted
Particularly for thermoplastics. most ot the monomer production processes are hased
on petrochemcal techniques developed. tor the maost part. by several | nited States
companies. Polymers such as polyethylene poly propylene and epoxy resins have
been developed also by Furopean companies Therefore developing countnes
interested n estabhishing such plants_ using either thew own or toreign methods must
introduce patent rights and/or know how The establishiment ot a jomt company
with patents and know-how supplied by participating companies or countries i otten
the best choice

It 15 apparent that an elfort by a developing country toreate 11y OWN Processes
without infringing existing nghts would be very time-consuming It 1s hughly desirable
to establish an industry at an early date These two tactors indicate that the
introduction of foreign processes complete with know-how is the best solution for
the time being. But in order to encourage the interest and participation of toregn
corporations, the governments of developing countries should create favourable
domestic conditions

A good environment for investment includes pehtical  stabihity ste ady
development of the economy and good protection lor loreign investiments. including
free repatnation of capital and free remuttance of earmings. The most unportant
aspect is the protection of ndustnal nghts Most of the above condrtions apply when
the introduction of patents and know-how s considered with emphasis on
guaranteeing safety and profitability for foregners It s also reported that there 18 a
lack of good engancers and educated operators in developing countries, which tends
to discourage foreign investment Soms steps mu:t therefore be taken to provide
qualified personnel who take an interestim their work

Many developing countries h.ve W@t completed a system of patent laws
Enterprises in developed countries are apt 10 be hesitant about selling technology to
or investing in projects in these countnies. Full ownership of a company in such
countries might guarantee a certain amount of secunty for such enterprises, hawever,
most developing countnes prefer not to start therr plastis industry in this way
Among the ECAFE countries, Ceylon. Indonesia Iran. Laos and the Philippines are
members of the Union of the Convention of Pans for the Protection of Industnal
Property  China (Taiwan), India. Pakistan. and the Republic of Korea have their own
patent laws, but they have not joined the Unton. Afghanustan. Bhutan, Nepal and
Thailan? have no patent system. It is hoped that a common international patent
system may be established to include most of the patent laws of different countnes
The activity of BIRPI (Bureaux Intermationsux Reunis powr a Protection de la
Propriété Intellectuelle) in Geneva could be helpful establshing such a system

The authors beheve that it 1s very important for developing countries to establish
patent laws and to joan the Union of the Convention of Pans This may encourage
more foreign enterprises 1o offer technical assestance and to invest thew patents and
know-how in new companies and industnes.




STUDIFS IN THF DF VI LOPMENT OF PLASTIC'S INDUSTRIE S

ouposd sxmmd Rughu jo pey1mu yrm 1300 pagdde pus send Jo drpmenE)ausny

iy

q """""""" J —1 ..... J -1"-‘J ﬂ .... J- .ﬁ""-).
! c SOMANG ! t O ! —i‘i W Sl
| SNWIINDUZ TVOMmEOI | " A Y0u .._0...“ | wieaYow “ “ WD “ “ Yo s “

b= ._..lll.h s s p
0 ' )
!
!
|

q ...... J
 SCON OWV indmmiwm | *  DWMEEDWSBRY
[ . -l Goven a e - e ol
- ‘
AN
’ N
7 N
SWBNL NS
$4. INO0we
S ISEO0Nd ANVIOROD DS
ABLSNOW WOs SiWve
¥ 4

$45NQ0NE TV ! Du N0 $4ON00WE SISO I’!aoa woun |

24




t STABLISHING PLASTICS INDUSTRIE S IN DEVELOPING COUNTRIES 25

1 2 Present situation of the plastics industry in the developing
countries of the FCAFE region

lhe distnbution ot worid plastics production between 1963 and 1966 is
presented in table 8 The total output figure for plastics rose from 10,415,600 tons
in 1961 to 16309 000 tons in 1966. The annual rate of growth was 16 per cent. The
Federal Republic of Germany. France. ltaly, Japan, the Union of Soviet Socialist
Republis, the United Kingdom and the United States shared 86 per cent of the
total Japan controls approximately 90 per cent of total production in the ECAFE
region The consumption per capita in this region 1s very small. Table 9 below shows
the world production and consumption of plastics. The Federal Republic of
Germany has the highest consumption of plastics per capita. and the United States,
the Unmited Kingdom, France and Japan tollow

Polvethvlene

In India the production of polyethylene began in 1959 and by 1965 had reached
a yearly output of 13,198 tons (table 10). In August 1959 Alkali and Chemical
Corporation of India, a subsidiary of 1Cl (Imperial Chemical Industnes), began
production of polyethylene at Rishra. West Bengal Union Carbide of India, a
subsidiary of UCC (Union Carbide Corporation), began its operations at Trombay in
1961 Both plants manufactured ethylene from alcohol, however, Union Carbide has
already switched from alcohol as the raw material to naphtha supplied by Esso from
their Trombay refinery

A plan to construct 4 plant with an annual capacity of 40,000 tons is now being
developed in the petrochemuical complex at Koyah, Gujarat in India. Another
29.000-ton-per-year capacity plant 1s being constructed in the Baraum (Bihar)
petrochemucal complex A plant with an annual capacity of 13,500 tons of
high-density polyethylene 18 now under construction by the Polyolefines Industries
Ltd with financial and technical aid from Hoechst of the Federal Republic of
Germany The gaal for production of polyethylene by the end of the Pourth
Five-Year Plan (1970/1971, is 125,000 toms

In China (Taiwan) polyethylene was not producea until recently. The Taiwan
Polymer Corporation is now building a low-density polyethylene plant with an
annual capacity of 18,000 tons at Kaoshiung with financial and technical aid from
the National Dastillers and Chemxcal Corporation of the United States. It was
expected to begin work early in 1968. EFthylene will be supplied from the naphtha
cracker of the Chinese Petroleun Corporation.

In Pakistan, Valika Chemical Industries began productign of low-density
polyethylene at Karachi n 1966 The present raw materizl for the 5,000-ton-annual-
capacity plant is alcohol, but a switch te ethylene from the naphtha-cracker centre of
the Ethylene Corporation is anticipated when another polyethylene plant
( 10,000-ton annual capacity) begins operations.

In Iran a jomnt venture of National Petrochemical Company and Allied Chemical
Company of the United States has resulted in a low-density polyethylene piant with
an annual capacity of 60,000 tons. As lran 1s one of the large oil-producing countries,
its abundant supply of natural gas is used as the raw matenal for polyethylene.

As mentioned above, the annual production capacity of polyethylene in the
ECAFE countries will reach 180,000 tons of low-density polyethylene and 24,000
tons of high-denssty pulyethylene in the very near future (table 11).
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30 STUDIES IN THE DEVELOPMENT OF PLASTICS INDUSTRIES

The largest consumer of polyethylene in this region is Hong Kong, which
imported approximately 43,000 tons in 1965 and 49,000 tons in 1966. Table 12
shows the export of polyethylene resin totalling 100,000 tous from Japan to the
ECAFE region in 1966. The per capita consumption in Hong Kong is, at 13.3
kilograms, the highest in the region. Singapore follows with 2.3 kilograms, China
(Taiwan) with 0.7 kilograms, and Thailand with 0.5 kilograms. All other ECAFE
countries consume less than 0.5 kilograms of polyethylene per capita, as shown in
table 13. If all ECAFE countries, with the exception of the territory of Hong Kong,
Singapore and China (Taiwan), were to consume 0.5 kilograms of polyethylene per
capita, the total consumption would be approximately 500,000 tons. Detailed figures
are given in table 14. If this were possible, Iran would become the only country with
a surplus production of polyethylene.

TABLE 13 PER CAPITA CONSUMPTION OF POLYETHYLENE IN THE ECAFE REGION,

1966
Per capita
Population Consumption  consumption

Country (thousands) {tons) (kg)

China (Taiwan) 12,257 12,000 1.0
Hong Kong 3,692 49,000 13.3
Malay sia 913§ 1,198 0.1
Philippines 32,073 5,998 0.2
Repubtic of Kerea 28,024 2,208 0.1
Thailand 29,700 15,599 0.s

Low-density polyethylene is sasier t0 process than other synthetic msins, and
sven the smallest plants in the world have been producing this msin. This should act
as an incentive for the developing countries to start processing polyethylene. Larpe
amounts of capital and advanced technxjues are not required The processing of
high-density polyethylene 13 gradually incressing in the ECAFE countries, but it is
more: difficult than with low-density polyethylene Another disadvantage of
hMmy polyethylene 1 its lack of a large market such as one for packaging film.

Therefore. medium uzed or large plants for manufacturing moulded products and
pipes would be needed
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TABLE 14. POTENTIAL TOTAL CONSUMPTION OF POLYETHYLENE IN THE ECAFE

REGION
Potential
Population total consumption®

Country (thousands) (tons)
Afghanistan 14,900 7,450
Bhutan 700 350
Brunei 93 47
Burma 23,735 11,868
Cambodia 5,900 2,950
Ceylon 10,625 5,312 ,
China (Taiwan) 12,257 20,000?
Hong Kong 3,692 50,000°
India 475,305 237,652
Indonesia 100,800 50,400
Iran 22,523 11,262
Laos 1,925 962
Malaysia 9,135 4,568
Nepal 9,700 4,850
Pakistan 100,762 50,381
Philippines 32,073 16,036
Republic of Korea 28,024 14,012
Republic of Viet-Nam 1315 7,858
Singapore ”00 5,0002

Thailand 79700 31,200?

TOTAL 532,158

*Number of inhabitants X 0.5 kg per capisa.
b Based on present consumption plus future estimates.

Polyvinyl chloride

The ECAFE countries that are presently producing PVC resins are China
(Taiwan), India, Iran, Pakistan, the Philippines and the Republic of Korea (table 15
below). The first plant in the area, the Formosa Plastics Corporation, was established
in China (Taiwan) and started operations in June 1957. China Plastics, Yee Fong
Plastics and Casey Plastics have operated plants since 1966. Total capacity in August
1966 was 84,000 tons per year and an increase to 100,000 tons is expected in the
near future.
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14 STUDIES IN THE DEVILOPMENT OF PLASTICS INDUSTRIES

In India the Calico Mills. Chemical Dwision. began operations i September
1961. Rajasthan Viny! and Chemicals. a subsidary ot Dethi Cloth and General Mills.
started its plant in Kotah in 1964 Chemicals and Plastics i td began operating n
1967. The present total annual capacity of the plants 18 23200 tons With the
addition of a national organic chemcal plant in Thana a Guarat petrochemical
complex in Koyali, and a plastics resins and chemucal plant in Tuticorin. the total
annual capacity is expected to reach 85,200 tons in the near future

in the Republic of Korea, Daihan Plastics started a plant in 1966 with 6 000
tons annual capacity, and Kong Young Chemical Industry began operations in its
6.000 tons annual capacity plant in September 1967 Korea Industrial Chemical
Corporation proposes a plant with an annual capacity of 15.000 tons and the 10,000
tons annual capacity plant of Yupoong Chemical 1s scheduled at the tune of writing
(autunm 1967) for completion i 1968

in the Philippines, Mabuhai Rubber Company. which 1s now in full operation,
has operated its plant of 6,000-tons annual capacity since August 1965

In lran a joint venture of National Petrocheinical Company (lran, 74 per cent)
and B. F. Goodrich Chemical Company (United States, 26 per cent) was established
and a 20,000-ton-capacity plant is under construction at the time of writing

After these plants are completed, the annual production of PV( resins in the
ECAFE countries is expected to total 70,000 tons. Japan exported 16,715 tons to
this area during 1966, or about 50 per cent of imports to these countnes The
amount of PVC resins produced in China (Taiwan), India and the Philippmes, plus
the amount imported, constitutes the total consumption of PVC Table 12 indicates
that the present annual demand for PVC resin in these countries is approximately
90,000 tons, including the import of sume PVC products which are partially
plasticized. The figures in table 12 have been adjusted to allow for this difference

The production of PVC in China (Taiwan) has reached 7.000 tons per month. an
amount which exceeds domestic requirements. Approximately 70 per cent of the
output is processed by subsidiary companies of the resin producers and only 10 per
cent is processed by independent processors. Nan Y a Plastics Fabrication Company, a
subsidiary of Formosa Plastics Corporation, 1s now increasing its number of calenders
from 14 to 16 or 18. lts processing capacity is 3,000 tons per month, which ranks it
as one of the largest producers of PVC in the world. About 20 per cent of the resin is
exported to the territory of Hong Kong, the Republic of Korea, the Republic of
Viet-Nam and other countries. Approximately 2,500 tons per month of PVC
products such as sheet, film and raincoats have been exported to Australia, Canada,
South-East Asia and the United States. The 2,500 tons of exported goods are worth
$7.55 million per year.

In Hong Kong the import of PVC resin (table 41) was 5,355 tons in 1962, 8,749
tons in 1963, 12,038 tons in 1964, 8,727 tons in 1965, 8 316 tons in 1966, 2.d was
expected to increase to about 12,000 tons in 1967 The resin consumption i detailed
in table 16 below. The decrease in the consumption of PVC resin in recent years was
a result of the lower import of PVC products by Indonesia and the establishment of
sandal and shoe plants in the Near East and Africa. There are about ten companies
that produce sandals and other products. e.g Nylex Plastics Ltd. Wofou Enterprise.
Thian’s Plastics Industry Company and Kwong Yue Plastics Company, and each
consumes more than 100 tons of PVC resin per month.

There are many plastics processors in East Pakistan where the main business
activity is manufacturing shoes. Approximately 600 tons of resns are consumed
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[ABLL |6 CONSUMPTION OF PV RESINBY TYPE anD PRODUCT N HONG RONL,

1964 |66
L 1Y
Type uf
PV( resin Product 19hd 1 YA IRLY
Soft Film and sheet 1 S00 1 %0 I OO
Le ather UX) 320 I%0)
Injection moulded items 6. S00 4 000 3500
Flooring matenal 150 ¥ Y0
Wire and cable insulations 70 80 20
Compound tor export 1.%00 I OO0 SO0
Slush moulding 1.300 750 700
Rigid Phonograph records S
Plates 30 120 500
Pipe and conduit 120 150 160)
Others V) 106 400
TOTAL 11.850 8150 7 TRS

annually for this purpose, and Bella Artifitex Industries has consumed more than 100
tons of PVC a year for coating leather and for extruding sheet and film In West
Pakistan there are about 30 PVC processing plants that manufacture primarily soft
products such as garden hose and sandals Only two companies. SRS Industry
Company and Basco Industries. were producing calendered sheet and ngid PVC
products in 1966 based on Japanese techniques These companies suffered from a
shortage of PVC resin and for a ‘ong period of time their plants could not work to
full capacity This was partly a result of import market fluctuation which sometimes
prevented them from importing PVC resin Arokey Chemical has sterted domestic
production, and two other companies are each plaaning to comstruct a
5 .000-tom-capacity PVC resin plant.

In Iran the main products made of PV are spoes. loather, sheet and garden
hoss. Each of four companiss. Plastico Kar. Wien Shoes, Bella Shoes and Zardoshty,
consumes more then 100 tons of PVC per month. There are other smali-scale
manufacturers of soft, plastcized PV products smd sversl small processors of rigid
products who follow the example of Polyca Factory, the first ngud-PV(-pipe plant
owned by the Government

The largest single use of PVC reun in India » for calendered products such a8
loathercloth, shest and film. Two compenws, Bhor industries Lid snd Caprihans
(Indis) Lid, have been operating since 1964. Another mperient fisld 16 win and
cabls coating m which six companses, Delion Cable Company, India Cable Compeny,
Netioasl Conductors, Radic and Elecuxas Mamufasturmg Compeny. Relable
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Flectric and Cable (ompany and Plastx Mouiders 1td have heen vperating The
estimated total demand for PVC resin w approximately 30 000 tons an 967
Domestic production was not sufficient + . over this fgure thus some rewn had to
be imported

In Thailand *he demand for PV compound » hetween 170 and 210 tons per
month and most of 1t 1s nsed in the five wire and cable companies L his industry
growing at a rate of 10 to 12 per cent per year Major demands intclude garden hose
and ngd pipe which account for approximate’  tons per month in compound
Almost all the PVC film sheet and leather h e been imported Most of the PV(
processors are very smail

In Malaysia the demand for PVC compound ranges trom S0 to 200 tons per
month Most of the processors are small producers of garden hose with the
exception of Malayan Cable which consumes almost 100 tons of compound per
month

In Singapore the monthly demand for PV( compound 1s between 100 and 150
tons. Approximately twenly processors including Camel Industry Corporation a
subsdiary of China Plastics. Signa Cables and Yamata Plastics. have produced sheet
jeather. garden hose _ tile wire and cable ngid pipe and others

in the Republic of Korea. PVU resin has been produced solely by Dahan
Plastxs. The number of processing plants i very fumited and the PVU resin producers
are planning to pi oceed with the construction ot thew own processing plants When
this takes place, it 1 exrected that the consumption ot PVC will increase rapdly

In the Philippmes there are many plastis processors such as REHCO Plastics
Incorporated of Quezon ity and Phisppine Habrikowd Incorporated  The PV(
products of these major producers mclude wire and Lable vinyl tile sheet and vther
products. The Mabuhai Rubber PVC plant 1 in full operation and the resin demand 1s
balanced with the resin supply by Mabuhai

It has already been mdacated thet among h( AFLE countries the production of
PVC in Chuna (Tarwan) has already sxceeded the domestu demand This will also be
the case i iran and the Republc of Korea when the propused plants i those
countries go on stream. It 4 more difficult to buid many procesting plants n the
other ECAFE countrws, thersfars, the above-mentioned and future PV remn
manufscturers must find an outhst for thew wreased production  Processng
industries 0ot up under the ownership and control of remn manufacturers facilstate
the export of PVC products mstead of the remn Haelf

hm.WCuummuhmwptmumummybnm
‘olystyrens. It ® necessary to add plesticizers and stabraers » PV( processing to
mo e flexible snd s0ft products The processing of PV i varous forms slso requires
mare omplex techaiques, swpocially to produce the ngd type of PVC, PVC
piovessan therefore require Mmore sSMstance from remn manufacturers m osder 1o
ensure g0 _ socessing It . m this case good practice for a man menufacturer to
own part or all ° the PYC processing plant

Polystyrene

India and China (Taiwa.® are the only two ECAFE countres menufacturing
polystyt-ne Production n (ndw vas bagun by Polychem Lid w Juty 1957, at which
tune styrene monome! was imp-rie.  Later the monomer was domestically supplind
by manufacturng cthylene from . hol. Hindustan Polymer started meiding




FSTABIISHING PLASTHCS INDEUSTREES INDEVELOPING COU NTRIES 37

monomer and polymer by obtaiming ethyiene trom the (altex refinery i 19613
Nandlal koppers and Synthetics and Chemical are also prodacmy styrene monomer
tor ditterent uves but they are not making polystyrernie

In (hina (Tawani Tar la began production of pulystyrene wit' imported
styrene monomer m 1964 [he new polystyrene plant of Lin € hui Yuan Company i
now under . onstruction The Chinese Petroleum ( orporation wall begin operations i
its naphtha cracker and styrene-monomer plant in 1964 This will enabie the
compaiies mentioned above to obtam thei monomer supply domestically

As table | shows Japan exported X 159 tons ot poiystyrene to the TN A ;
coantries m 1966 an estimated 20 per cent of the total unports ot these countres
The total consum, tion of polystyrene witl be approxnnately 4% (X)) tons in these
counitries when the production capacity s increased as planned n Chima [ arwan)
and tndia Hong kong controls the largest share 36 per cent of this toral
consumption estunate  Hong Kong wiported about 2000 tons of polystyrene
1965 trom (anada (6 70 tons or 3 per cent) the Urnited States €5 OO0 tans o 23
per cent) Japan (3 100 tons or |4 per cent) and Australia €2 300 tons o [0 per
cent) The mam uses of polystyrene are to electrical parts cor ainers and househoid
ware In Hong Kong and Thaland the consumption ot polystyrene s the second
largest of all plastxs Consumption of the rewn s increasing m India and Pakistan
The uswe of polystyiene as toam i the pa kagme industry of developing countries
would urcresve consamption ot the resin

Phenolic resin

In the FCAFL regiont (hina (Taiwan) and India are the two phenolicresin
producing tountnes  The mouldig business i India. hased on unported
phenolk tormaldehy de moulding powder started in the ~arly 19308 The production
ot phenohc moutding powder i India was started i 1946 and was based on
unported phenol and tormaldehyde [he productior ot phenohc resin did not reach
1 000 tons per year untid 1957, Since 1961 five compames. Indian Plastics, the
Industnal Plastics Corporatign, Rawy Awarj, Saurashtra Electrical and Metal
Industres. and Hyderabad Laredsaed Products have operated plants with capacities
totaling approximatety 4 500 sons per year In additn to moulding powder
phenoix lamirates have been produced by two compandes. Hyderabad Laminated
Products and ( prihans (India) Ltd Thween smaller compunies produce electral
accessores

The mam apphcations tor phenoli resn are electrical parts. electri msulating
material and mechanxal parts such as gear wheels paint and adhesives The rate of
consumption is lower than that of thermoplastics and increases more sdowty

Urea resin

Urea resn 1 produced n ( hina (Taiwan). India and the Republi of Korea, and
s wsed manly in adhesives for making pltywood

About Y0 per cent of all the thenmosetting resins used in China (Taiwan) go wnto
the plywood and lumber industry At the same tume about U per cent of the
urea-formaldehyde rema 15 used in plywood production The raw material for
plywood i3 the tunber that Tarwan imports from the Phihppires The industry was
started in order to satmfy domestic consumption in China (Taiwan), but it has grown
rapsdly 10 its present size and is now earning valuable forexgn exchange by exporting
a large share of the products.
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In India the consmmption of ureatormaldehyde adhesives ne reased steadily
during the first two Five Year Plans leading to theiwr commeruial production in 1961
The producers Allied Resins and Chenucals and Indian Plywood Manutacturing
Company controlled 70 per cent ot the tolal urea resin output Approximately 30
per cent of this fgure is represenied by moulding powder the production ot which
was started in 1956 hy tour companies. Alhed Resmns and Chermnicals Simpson and
Company Atul Products and Rattanchnd Harjasrer Plastics with a total capacity of
4 600 tons per year

In Singapore a new plant Singapore Adhewves and Chemicals started work n
the summer of 1967 making adheuves tor plywood

The outlook for plywood manufacture in the FCARE countries s very hopetul
and the use of urea resin 18 expected to increase correspondingly

()ther sintheti resing

There are many other reuns that have not been mentioned in the above
paragraphs, such as polypropylene. epoxy resns. acryli resins and w on
Polypropylene 15 consumed wn China ( laiwan). Hong Kong. Pakistan Thadand and
other countries Polyester resins have heen used in (hina { [aiwan) Hong Kong and
eisewhere Alkyd resins have heen produced in India and the Republic ot Korea

Plastu s mad hines and vquipment

The bask processes lor syntheti resins are compressien mmcrulding ection
moulding. extrusion and . alendenng Other processes such as slush moulding blow
moulding. vacuum forming rotational moulding transfer moulding Nludized hed
coating and njection blow mouldng  are not as hassc 45 the above hut are
nevertheless employed in various ways

The machines that predominate in developing countnes are extruders injection
machmes inflation machines (a type of extruder) and presses for compression
moulding As table |7 helow shows. extrusion and injection noulding are very
popular for producing low -density pulyethylene Inpection machines are used mamnly
for polystyrene Soft PV products are produced by extrusion and calenderng
Calendering 1s particularty surtable for processing high-grade sheet and leather
products Extruson and mjection mould.ng are popular methods for producing rigid
PVC products (ompression moulding has been used for processing thermosetting
resins The use of imectionmoulding machines for thermosetting resins 18 a recent
apphication with a bright future

The machine used in the calendering process 18 the most expensive and requires
the most experence to operate This is one reason why only 4 minumum of calender
equipment has been installed in developing countnes Companies with calender
machines in 1967 were Nan Ya Plastics Fabrication Company in Chna (Tawan),
Yamatai Plastics in Singapore Philippine Fabrikosd in the Phippines. SRS Industry
Company and Basco Industnes n Pakistan, Zardoshty n Iran. and Bhor Industnies
Ltd and Caprihans (India) Ltd in India. The Nan Ya Plastics Fabrication Company.
with fourteen calenders, was the largest plant Uther compames had one or two units
each.

Extruders and nflation machines are suitable for mass production and are most
popular for the production of packaging film, sheet, tube. pipe. rattan and garden
hose in the ECAFE countnes. Soft products, such as polyethylene film or soft PVC
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TABIE 17 CONSEMPIHION OF SELECTED PLASTICS BY PROCENS IN I UNITED
STATES. 1966

mulhions of pounds;

High densily {fow denvity

Process polvethyviene polvethyie ne PV risin Polviyrene

Injection moulding 198 3%S 210 1.270

Blow moulhing 400 S0

Pipe and condunt 50 65 %0

b tm and sheeting 45 1100 465

Wire and cable 0 265 251

Other extrusions 145 154

Coating 10 325 210 170

Roto moulding S 15 45

Hloor covenng 370

Miscellaneous (Toam et ) 65 %9 269 4813

b xport 100 150 70 123
10TAlL MHN) 2.640 2215 2,400

Source Modern Plastics lanuary | 967

garden hose and tubes. are e pecially popular because complex technology 18 not
required Theoretically the design of extruders for poly ethylene should be different
from that of extruders tor soft PVC If the same machine 18 used tor both processes.
the products are not always satisfactory

The njection moulding machmne s popular for makmng moulded products, but
requires 4 new mould for each change of pattern The expenses and complex
technology necessary in making a mould have been a burden for the processors The
same injection machine can be used n many cases for different resins. however. the
mould must be _hanged i order to correspond to the different properties of the
tesins to be moulded In order to advance this moulding process a firm should be
established specit wally to manufacture moulds for processors

Plastics processing machmes. including moulds. are presently heng manufac-
tured locally in Hong Kong Machmnes such as the fully automated hydraulx
ijectionmoulding machine with a screw pre-plasticzer can also be manufactured
Hong Kong Technikal College 1s reportedly considerng offering courses on mouid
making 0 as to increase the number of mould technicians

In India plastics machines and equipment were imported until several years ago.
The production of mould and processing machines was included in the Third
Five-Year Plan Windsor India and Pecos of the United Kingdom have established

plants in Bombay. and Eagle of Australia has built a plastics-machinery plant in
Calcutta.
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4! ST DIES IN THE DEVILOPMENT OF PU ANTHCS INDUSTRIES

In the other FCAEE ountnes plastics machines have heer nnported triun the
t ederal Repuhhic ot Geraany Hong kong  lapan the t nited Kingdom and the
U rited States The ruahty ot plastes ma hanes and moulds contoibutes 1o the ualhty
ot plastu products and 1t is theretore very important to rase the level of production
ted hrngues

1 3 Raw materials and produc tion costs of important synthetic reuns

As was mentioned n - hapter | 1 polyethylene polyvinyl hlorule polystyrene
and urea tormaldehyde resins are the mam synthetw resins n the FC AR E countnes
The raw matenals and the production Costs tor each of the resins hased on varous
plant capacites will now he reviewed

Polvethylene

Since the raw materwal tor polyethylene i ethylene the production of ethylene
greatly influences the production of polyethylene 1 he sources tor the production ot
ethylene n the FCARE countres are acohol (India and Pakastan) naphtha cracking
(China t Lawan) tndia and lapan) and natural gas tlran) Natural gas can onle he
uved ds 4 raw matenal i countres e Iran where abundant natural gas 1s available
at reasonable oSt 1t reported that India and Pakistan have goud supphes of
natural gas I yome dreas of their countnes where this process could be employed
Lhe first raw matena alcohol was used by Alkali and Chemnical Corporation of
Indu a subsuhary ot 1C1 a0 1959 and by L mon (arbrde India i 1961 These
plants however witered trom the unstable supply and high prwe ot termentation
alohol and concluded that 4 switch from akcohol to naphtha was necessary Umon
( artide India has slready replaced alLohol by naphtha trom the bsso refinery n
Trombay Synthetws and Chenicals has been producing ethylene trom alcohol tor
making styfene monomer Since 1963 Chemicals and Plastks n 1967 hegan to
produce ethylene trom al ohol tor making PVC Ttas interesting to note that the raw
matenial tor ethylene s different tor each ethylene plant 1n india This s a result of
the availability and cost of the vanous raw materials near the plant In Pakistan.
Valtka Chemical Industres has used alcohol as a raw matersal for making $.000 tons
of pulyethylene per year. but 1t will use ethylene from the naphtha cracker after
production is expanded

The disadvantage of alcohol as a petrochemical raw material is its unstable
supply The production of alcohol 1s dependent on the supply of molasses and some
other carbohvdrates. however, because the other carbohydrates are necessary as
tood molases 15 almost the only raw material avadlable. The full utilizaton of
molasses and the maintenance of adequate supplies for every distillery are difficult to
co-ordmnate with such seasonal production The storage and transport of molasses
cause additional problems because molasses is @ heavy, viscous hquid which must be
mamtamed at a high temperature and kept free of humid conditions Molasses is
expensive on the world market. and it is widely in demand. therefore, the production
costs of alcohol are increasing year by year. In developed countries, 50 as t0 reduce
costs. alcohol 18 now synthesized from ethylene and the fermentation method is
going out of use

Alcohol-based fermentation is not competitive even iIn developing countries
unless the finished products are marketable at three times or more the price of a
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PARLE 19 COSE OF PRODR CTION OF 1OW DENSITY POLYETHYTENE BANID ON
PEANT CAPACTIY ANDCOST OF RAW MATLRIATLS

Plant i apacity tons year| 25 OO0 50 000 75 00O 1O OO0)

Carxt of plant

cmathions of dollary) [ 200 27K 196
Corst of othylene Cost of kow density polyvethviene
rcenpyiiby reemts/lb)
L 14 9] 1343 1269 238
v 78 1587 14 (0 1336 IRRY1]
4378 1623 14 76 1402 1367
$0 16 89 15 4 14 68 14 33
S a28 17 S6 6 (9 15 14 1S 00

TABLE 20 COST OF PRODUCTION OF HIGH DENSITY POLYHTHYLENE BASHD ON
PLANI CAPACITY AND COST OF RAW MALT RIATS

Plani apacity r1ony vear| 10 0K 20 O 40 (0K o) OO0

Cost of plamt

imulion of dotars) 6.1 100 1774 250

(oW of ethylene (ast of high density polvethylene

[eents/id} (cenes/ib)

31 14 9| 1143 1269 1235
178 18§ 87 14 (9 1336 1301
4375 16.23 14 76 14 02 1367
50 16.89 15 42 14 .68 14 33
5628 17 56 16 0K 1S 34 1S 00

p amble medumsized petrochemically orgmnated product. The fermentation process
18 10t suitable for mass production and the labour cost 1s gradually increasang. Table
I8 shows the costs of alcohol-based ethylene compared with naphtha-based ethylene

Ethylene from naphtha cracking is considered to be the best choice when new
polyethylene production is planned in an area where no natural gas supply exists.
Table 19 shows the effect of plant size and cost of ethylene on the production cost
of low-density polyethylene Table 20 shows the same relationship for high-density
polyethy!sne The details of synthesis will not be explained here !

2hor sdditional information, plesse refer to Manufacture of Plastics, edited by Masy and
Smith, Reinhold Publishing Corporation, New York, Reinhold Plestics Application Series,
Reinhold Publishing Corporation, New York. and Kirk-Othmer Encyvciopedie of Chermical
Technology. ind edition (1957) Interscience Publishing Company. New York.
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Polvvmvl chlorude

The raw material used for PVU resin is acetylene or ethylene. Acetylene may be
manutactured trom caloum carbide derived from lunestone and coal o by racking
natural gas or naphtha

Calcwm artmide derived trom hmestone and (oal has been used to produce
acetylene m China t Laiwan) India Japan. the Phulippines and the Repubhic of Korea

The second process acetylene from cracking natural gas was developed by
Montecatim of Italy and was heensed to Damond Alkah of the Lited States and
Shinetsu Chemical of Japan There are many flaws in this process and thes plants are
not operating very well

Only one plant has heen proposed hased on tie thud process acetylene trom
naphtha (racking developed by BASE (Badische “nilin und Soda Fabnk) A recent
tendency 1s to velect ethylene instead of acetylene as the raw material because ol the
high cost of acetvlene In addition the production of acetylene requires & large
amount of power in order to produce calcum carbide in electr furnaces Thus the
cost of production 18 apt to increase as power Costs increase There s very hittle
chance of reducng the cost of producing acetylene from caloum carbide but the
cost of ethylene 18 expected to decrease as larger naphthacracking furnaces are
establ shed

In general the consumphion of power i a4 country tends to increase n
accordance with wdustrahzation and improvements in the standard of Iving The
power supply . annot meet the demand becsuse of high nvestment oty and the tune
required to install addwional equipment for power supply In China ( | siwan) the
wcrease in the Lonsumption of power in industry and in the home has brought about
restrictions every year during the dry season The price of power for making calcium
carbwde 15 O 72 cents per kilowatthour for an mstalation of 10.000 or more kW, a
figure which 15 very low compared with that for other mdustnes. During the dry
season December to March the power supply foi carbide production is the first to
be cut resulting in an increase in the price of carbde PV( manutacturers are
therefore think ing of changing from acetylene as a raw matenal to ethylene as soon
a3 the naphtha-cracking plant of the Chinese Petroleum (orporation s completed.
which at the time of writing (October 1967) was predicted for 196X In India the
operation of the calcum carbide and chlonne plants s often disturbed by the
shortage of power In Malaysia the feambihty study for making PVC resin trom
calcium cartide did not materialize owing to the hagh cost of power (25 cents per
kilowatt-hour)

The countnies producing calkcum carbide in the ECAFE region are China
(Taiwan), India, Japan, the Philippines and the Republic of Korea Power costs in
these countnies are much less than i the other ECAFE countnes. Most of the PVC
producers in Japan have, however, been changing from acetylene as a raw materia! to
ethylene, a change which 13 also bemng considered by producers in China (Taiwan)
and India This 1s why it is difficult to use the calcium carbide process in those
ECAFE countnies where power costs are high.

The relationship between power costs and the costs of calcium carbide and
acetylene is shown i table 21 below.
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FOREWORD

This publication is the fourth of a series of monographs in the Petrochemical
Industry Series to be published by the United Nations Industrial Development
Organization. The titles of other studies in this series will be found on the back cover
of this publication.

The world petrochemical industry has shown a high rate of growth during the
last ten years. The i- dustry supplies intermediate products for a number of othe
industries and provides substitutes for traditional materials such as steel, lumber.
packaging materials, natural fibres, natural rubber and soap. It is considered to be
one of the most strategic sectors of industrial development because most of its
preducts go on to other producing sectors.

This series of monographs is designed to assist the developing countries in
dealing with technical and economic problems related to the establishment and
development of facilities for the manufacture of petrochemicals and consumer
products. The present series is concerned with basic and intermediate petrochemicals
and end products, such as plastics, synthetic rubbers and synthetic fibres.
Nitrogenous fertilizers' and textile production based on synthetic fibres are excluded
from the series.

The present report was prepared in October 1967 by Mr. Masashi Honda and Mr.
Mitsuru Kakimi serving as consultants to UNIDO. The views and opinions are those

of the consultants and do not necessarily reflect the views of the secretariat of
UNIDO.

‘s« the Fertilizer Industry Series published by the United Nations Industrial Develop ment
Organization (ID/SER. F, Nos. 1, 2, 3, 4 and ). .




Explanatory notes

Reference to tons is to metric tons unless otherwise stated.

Reference to dollars ($) is to United States dollars unless otherwise indicated.
Reference to gallons is to US gallons (3.78S litres).

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: 1965-1966, 1965-1968
ete.
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The processes tor producing vinyl chlonde monomer from ethylene include the
following. '

(a) tthylene dichlonde (EDC), which s made with ethylene and chlonde, is
-racked to make vinyl chlonde monomer and hydrogen chloride Hydrogen
chlonide 1s sold m that form or 1s reacted with acetylene from carbide to
produce addittional vinyl chlonde mononier.

(b} Hydrogen chloride in the above fa) process 1s used to recever chlorine which
1s re-cycled to react with ethylene,

f¢) Ekthylene dichloride 1s produced from ethylene. hydrogen chloride and
oxygen, and 1s cracked to make vinyl chloride monomer and hydrogen
chloride which 1s re-cycled (oxychlorination process),

(d) The diluted mixed cthylene and acetylene gas derived from naphtha
cracking 1s reacted with re-cycled hydrogen chloride, producing vinyl
chloride. The remaining gas, mainly ethylene, is reacted with chlorine to
produce EDC, which is then cracked to vinyl chloride monomer and
hydrogen chloride to be re<cycled. No hydrogen chloride remains as a
residual (balanced process).

A recent tendency in the developed countries is to emphasize the use of the
oxychlorination process, while reserving the balanced process for those areas where
naphtha is plentiful and inexpensive and ethylene is not available. In developing
countries. if the PVC plant is constructed in a petrochemical complex, the

TABLE 22, PRODUCTION COST OF VINYL CHLORIDE MONOMER USING ACETYLENE
PROCESS, BASED ON PLANT CAPACITY AND COST OF RAW MATERIALS

Plant capacity (tons/vear) 12.000 24.000 48 000 96,000
Cost of plant (millions of dollars) 1.11 1.67 2.50 3.75
Cost of hydrogen
Cost of acetviene chloride Cost of vinyl chloride monomer
(cents/lb) (cents/lb) {cents/Ib)
8.75 1.25 6.12 578 5.55 5.38
8.75 1.875 6.50 6.16 593 5.76
8.75 2.50 6.87 6.54 6.30 6.13
11.25 1.25 7.20 6.86 6.63 6.46
11.25 1.875 7.57 7.23 7.00 6.83
11.25 2.50 7.95 7.61 7.38 7.21

3For additional information see the following periodicals: European Chemical News,
London, September 11, 1964, p. 31; August 28, 1964, p. 26; May 6, 1966, p. 32; August 21,
1964, p. 27, Chemical Week, New York, August 22, 1964, p. 93; September 24, 1966, p. 71;
Hydrocarbon Processing, Houston, 43(11),165; Chemical Engineering New York, November 21,
1966, p. 102,
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Interoyt rates

Fable 30 comperes the priune rates of interest o onuntnes in the FC ALE region
burope and North  Central and South Amenca The Companson demonsirates that
the FCALE Central and South Amencan  wuntries have much higher interest rates
than do buropean cotntnies Developiig countnes generally have tugh rates 1o
companison to developed counfrics O Course 1t as frae that the prine rates of
uiterest do not alwayvs correspond with the actual bowrewing rales o2 certam
country Sometires the prime rates are maintamed becaise o1 vanous regolations
controthing the volume and flow of currency . the prime rates that have remared
unchanged since 1959 are examples ol thin Nevertheless the prune rates give o fair
mdication oi the actuai rates ol interest

High rates ot interest are otften the result ot polices designed 1o control
inflationary tendencies in developing countnes Such a situation makes 1t particularly
difficult for the resin producing industry to get started since 1t needs mgh investment
which must be tied down for cne year before sales can begin [ he amount of capital
must be considered _arefully so that the resin producers are able to obtain some
low-interest capital from publi sources along with high-interest private capital The
processors do not have serions problems ot this nature The borrowing of inachines
from a governmental tinancial orgam’stion under a hire purchase arrangement must
be considered by the resin producers

Import duties

Some developing countries charge high tanffs on plastic resins and products The
following are examples ot current rites of duty 1n the ECAFE countries as of 1967

Australia PV( resin 60% of CIF (cost, insurance, freight) value, or
tair value in exporting country , whichever 1s
higher, plus 90% of the difference between
CIF value and support value of $510 per ton
when CIF value is iower

Polyethylene 60% of CIF or far export value plus 90% of
resin the difference hetween (1F and support
value of $540

China (Taiwan) PVC resin, polyethylene and any manufactured article
produced primanly from these materials

5 x *Tole sl (dutiable) value
Duty rate 45% x T+ 045+ 014
Harbour dues 37 of dutiable value

Defence surtax  20% of duty

o, . average wholesale value
Internal tax 177% x 140174010
India PVC resin 25% ad valorem of CIF value, plui 24%

excise tax on CIF and duty amount

Polyethylene 25% ad vaorem of CIF value, plus 24%
excise tax on CIF value and duty amount




Y. STUIHESIN THE DEVELOPMENT OF PLASTICOS INDUSTRIEES
Japan PV resr Q0% ad vadorem ot C1F value

Polvethylene 20°% ad vadorem of CLEF value
Pakistan PV( resm 4 ad vaborem of CIEF value

ta .

5
Polyethyiene 4% ad valorem ot CIF value

Philippines PV( resn 20r% ad valorem ot ClE value
Polyethylene 200% ad vadorem ot ClE value

lhese tigures indwate that some countnes charge hugh rates of duty, while others
charge 20¢% of the (IF value The latter method generally produces the lower figure

It has been the practice in most countries to charge high rates of duty for the
protection of the domestic industry in the growing stages, because a newly
established industry could easdy be hurt by a more developed one This
consideration 18 partwularly unportant in cherucal and plastics industnes [t s
however not always necessary 1o levy high duties on every item. Different policies
must be followed in certan circumstances

In general the chemucal mdustry requires large investients The competition
between a new plant with all in'tial expenses and depreciations and an old plant with
these costs already taken care of 18 not tair Certan factors must be adjusted before
the two plants can compete

Another conuderation 138 economy of scale The plastics industries in developing
counties are usually smaller than those in more advanced countries The economy of
wale works n favour of the country already in operation The late-comer has one
advantage his (hance to obtain the newest method for his plant. Technical
innovation in a developing country can always give it a decisive edge over developed
countnies The newest process should be employed wherever possible despite the fact
that it 8 not always the easiest way to get started

The following suggestions on rates of duty wi!! help to develop good economic
conditions for an integrated plastics industry

fa) Import duties on reuns. additrves. plastiizers and processng machines
should be kept down %0 as to simulate domestic consumption,

b) Estabhshing “tree zone” or “duty draw-back” systems s helpful in
encouraging export of processed articles, increasing domestic processing
capacity and prepanng for future domestic resin production,

fc) The rate of Juty should be adjusted whene ver a resin or machine or some
other item s produced domestically. A rea.onable amount of competition
should be maintained in such a protective duty schedule An over-protected
industry cannot always be motivated to constantly improwve its own
production system,

(d) It w advocated thst monomers should be produced jointly among several
countnes 1n order to enjoy the advantages of a large plant. In this case,
special allowances have tu be made for items imported from this plant. The
production of a monomer in 1 ‘ointly-owned centre should be regarded as
production within one’s own country. and duty should not be levied for
these imported items,

P — T e SRR
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e The revenue aspect of import duties should be elnnminated as much as
possible  Growi v industries always have a shortage of low-interest cash.
When duty s pad i cash betore anything starts, high interest rates can
burden the tinances ot the industn

1.5 The plastics market in developing countries

treneral outlook tor the market

The total world consumption of plastics 1s now about 1S maullion tons per year.
This figure includzs thermoplastic and thermosetting resins, including some cellulose
modified plastics The total figure 1s expected to increase by 1975 to 50 million tons
per year (see table 31)

The expansion of the plastics industry is much greater in some countries than in
others It 1s believed that expansion in the EFCAFF countries will bring about a larger
than average increase in the consumption of plastics, therefore, the market for the
plastics industry in ECAFE developing countnies is itself ready for development.

Tables 32 through 39 below show that a fair amount of plastics has been
imported into the ECAFE countries. This flow of imports should be maintained in
order to meet increased domestic requirements. Plants being built in these countries
should be able to compete successfully with the imports that are often shipped from
large, economucal plants Domestic production should be reasonably competitive in
price and should be able to accommodate the local requirements of quality grades,
technical services and management services. On this basis, domestic products will
have definite advantages over imported goods and will enjoy their own domestic
market.

The market for plastics 1s divided basically into the following categories:
consumer goods, industnal and elcctrical parts, agricultural pipes and sewers and
other civil applications.

it 13 difficult to forecast requirements for consumer goods. The industrial and
agricultural uses are co-ordinated with the plans for industrial and agricultural
expansion. and the size ot the market can be planned. Plastics first r iace existing
materials. Metal 1s replaced by PVC resin, some polyethylene, polypropylene,
polycarbonate, phenolic resin and nylon. Appliance parts and conduit tubes made of
plastic are already accepted. Irrigation pipes and water systems are the important
end-uses for plastic pipes of PVC and polyethylene. Cellulose, natural fibre, leather
and rubber are also replaced by PVC, polyethylene, polypropylene and some
polystyrene. Wood and lumber can partially be replaced, and building materials in
general can be made of plastics. Polystyrene-polyethylene modified materials are
expected to replace paper in some applications.

1t has been found that the creation of new uses for plastics in existing markets is
usually accompanied by an expansion of production capacity and a price reduction.
Plastics have become indispensable in many areas. One of the major end-uses is
packaging because plastics offer sanitary and attractive packaging at a very low cost.
This situation has advanced the already extensive use of films. Fertilize; and
agricultural products will soon be packed in heavy gauge (or woven) plastic bags.
Some plastics have been used for disposable items in the household article market.
New adhesives and coatings made of plastics are more useful than those made of

other materials. The consumption of plastics is increasing, like that of other
ma ternials.
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Country

TABLE 31. WORLD PRODUCTION AND CONSUMPTION
{thousandy )
1960-- 1962 1963-1965

Production Consumption Balance Production  Consumption Baland

Africa, Asia (except Japan)
and Latin America

Canada

France

Germany, Fed. Rep.

Italy

Japan

United Kingdom

United States

USSR

EEC countries not named

Remaining Western European

countries

Remaining Eastern European
countries

TOTAL

180 557 _3m 360 1,080
153 176 - 23 226 266
380 380 0 590 600

1,080 830 +250 1,700 1,290
400 340 + 60 740 540
700 690 + 10 1,350 1,240
625 500 +125 880 730

3,200 2,850 +350 4,650 4,150
400 430 ~ 30 750 800
145 220 — 75 290 370
220 440 ~220 390 770
320 390 -0 550 640

7,803 7,803 12,476 12,476

- 720
40

+ 41()
+ 200
+ 110
+ 150
+ 500

_Sq

~ 8

— 38(
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Mol PLASTICS, DISTRIBUTi.D BY COUNTRY

of tons)

Growth between 1963 -1965and 1975
1970 (estimated) 1975 (estimated) Production Consumption
4 Production  Consumption Balance Production Consumption Balance (per cent]  (per cent)

2,100 3,745 - 1,645 583 347
755 970 215 334 365
2,260 2,320 60 383 386

|

4,400 3,800 + 600 258 294
3,360 2350 +1,010 454 435
5,500 4,500 + 1,000 407 363
2,400 2,250 + 150 272 308
13,800 13,300 + 500 296 320
6,150 6,500 - 350 820 813
1,380 1,370 + 10 476 370
1,700 3,000 - 1,300 436 390

3,640 3,340 + 300 662 522

47,445 47 445 380 380
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TABLE 32. AUSTRALIA: PRODUCTION AND CONSUMPTION OF PLASTICS
(thousands of tons)

1954 1957 1960 1963 1970 i975 Growrhd
1956 1959 1962 1965 fest.) fest.) (per cent)

Production 14 29 59 100 242 440 440
Imports 10 21 49 57 130 110 193
Consumption 24 50 .08 157 372 550 350

Points of reference
Population (millions) 9.2 9.8 10.5 11.1 12.3 133 119

GNp?b

(1,000 million $) 13.1 14.7 16.5 190 250 31.0 163
GNP per capita®(S) 1427 1489 1569 1,709 2,035 2,380
Consumption

per capita (kg) 2.6 5.0 9.5 14.0 26.3 40.5

%Rate of growth between 1963- 1965 and 1975,
b 1964 value is used for GNP.

TABLE 33. CHINA (TAIWAN): PRODUCTION AND CONSUMPTION OF PLASTICS
(thousands of tons)

1954~ 1957~ 1960- 1963- 1970 1975 Growth®
1956 1959 1962 1965 (est.) {est.) (per cent)

Production 1.8 3.2 13.6 365 107 230 630
_ : _ . 5

Imports 8.0 21 2 312
Exports - - 0.3 - -- -

Consumption 1.8 3.2 133 445 128 255 572

Points of reference
Population (millions) .9 9.9 11.0 121 139 157

GNP?

(1,000 million $) 1.3 1.6 2.0 2.5 39 5.5
GNP per capita® (3) 150 162 182 210 183 352
Consumption

per capita (kg) 0.1 03 12.0 3.7 9.0 17.0

9Rate of growth between 1963—1965 and 1975,
b196a value is used for GNP,




ESTABLISHING PLASTICS INDUSTRIES IN DIEVELOPING COUNTRILS

TABLE 34. INDIA: PRODUCTION AND CONSUMPTION OlIF PLASTICS
(thousands of tons)

1954 1957 1960 1963 1970 1975 Growth?
1956 1959 1962 1965 fest.) (est.}] (per cent)
Production 0.9 37 19.5 37 135 400 1,080
Imports 6.9 14.3 13.0 20 45 100 500
Consumption 78 18.0 32.5 57 180 500 877
Points of reference
Population (millions) 387 411 439 472 543 611
GNpPb
(1,000 million $) 295 320 36.5 40.7 495 61.7
GNP per capita® ($) 76 78 83 86 91 101
Consumption
per capita (kg) - 0.1 0.2 0.3 1.0

aRate of growth between 19631965 and 1975.

b 1964 value is used for GNF.

TABLE 35. JAPAN: PRODUCTION AND CONSUMPTION OF PLASTICS

(thousands of tons)

1954 1957 1960- 1963— 1970 1975 Growth®
1956 1959 1962 1965 fest.) (est.) (percent)
Production 116 298 700 1,350 3,270 5,550 412
| - N
mports 6 7 770
Exports - - 10 130 520 1,000
Consumption 122 305 690 1,220 2,750 4550 373
Points of reference
Population (millions) 89 92 94 97 102 105
GNP?
(1,000 million $) 30 37 53 69 103 137
GNP per capita®($) 334 405 566 720 1,007 1,286
Consumption
per capita (kg) 4.1 8.2 13.0 175 27.0 430

@Rate of growth between 1963—-1965 and 1975.

b 1964 value is used tor GNP,
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TABLI: 36. UNION OF SOVIET SOCIALIST REPUBLICS: PRODUCTION AND
CONSUMPTION OF PLASTICS

(thousands of tons)

1954 1957 1960 1963 1970 1975 Growth®
1956 1959 1962 1965 (est.) fest.} (per cent)

Production 177 258 400 750 2,250 6,150 820
Imports 3 12 30 50 300 300 600
Consumption 180 27C 430 800 2,550 6,450 806

Points of reference
Population (millions) 196.2 206.8 218.0 227.7 2457 2608

GNP?

(1,000 million §) 1229 161.8 202.1 2417 3433 4485
GNP per capita® ($) 626 782 927 1,061 1,397 1,720
Consumption

per capita (kg) 0.9 1.3 2.0 3.5 10.5 25

2R ate of growth between 1963—1965 and 1975.
bigea value is used for GNP,

TABLE 37. NORTH AMERICA: PRODUCTION AND CONSUMPTION OF PLASTICS
| (thousands of tons)

1954—  1957- 1960 1963 1970 1975 Growth®
1956 1959 1962 1965 {est.) (est.) (per cent)

Production 1,730 2,380 3,360 4,860 9,300 14,700 303
Exports 100 250 360 460 900 500 109
Consumption 1,630 2,130 3,000 4,400 8,400 14200 323

Points of reference
Population (millions) 181.7 192 202 211 228 244
GNP?
(1,000 million §) 500 534 588 677 884 1,077
GNP per capita® (8) 2,752 2,781 2908 3,208 3,875 4408

Consumption
per capita (kg) 8.8 11.1 147 21.0 384 578

9R ate of growth between 1963—1965 and 1975.
b 1964 value is used for GNP,

e I g vz
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TABLE 38. EASTERN EUROPE.: PRODUCTION AND CONSUMPTION OF PLASTICS
{thousands of tons)
1954 1957 1960 1963 1970 1975 Growth?
1956 {959 1962 1965 {est.) (est.) (per cent)
Production 247 430 725 1,290 3800 9850 762
Imports 54 5§ 95 140 300
Consumption 301 485 820 1430 4,100 9,850 688
Points of reference
Population (millions) 306.6  320.1 3340 346.5 3705 391.6
GNp?
(1,000 million $) 178.8 2324 2876 339.6 478.7 6238
GNP per capitab (3) 583 726 861 980 1,291 1,593
Consumption
per capita (kg) 1.0 1.5 24 4.1 11.0 250

9Rate of growth between 1963—1965 and 1975.
b1964 value is used for GNP.

TABLE 39. WESTERN EUROPE: PRODUCTION AND CONSUMPTION GF PLASTICS
{thousands of tons)
1954- 1957-  1960- 1963— 1970 1975 Growth®
1956 1959 1962 1965 fest.) {est., (per cent)
Production 975 1,660 2850 4550 9,600 15820 347
Exports 65 70 150 250 500 820 328
Consumption 910 1,590 2,700 4,300 9,100 15,000 349
Points of reference
Population (millions) 284 291 299 308 322 333
GNP?
(1,000 million $) 294 330 389 448 477 708
GNP per capita® ($) 1,034 1,134 1304 1455 1,792 2,126
Consumption
per capita (kg) 3.2 5.5 9.0 14.0 28.0 45.0

YRate of growth between 19631965 and 1975,
b 1964 value is used for GNP, )
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A reduction in the cost of resins and processing is the key to obtaining a larger
market, thus justifying larger plants. Processing techniques should be improved in
order to cope with the improvements in 1esins and machinery . A plastics machinery
industry should be established and technicians should be trained. so as to keep up to
date. Machines for special applications and highly automated units could be
imported. The industry should concentrate on producing the most popular machines
domestically. Also important is the creation of applications and markets for the new
resins. The people within the industry are the ones who should find new uses for
plastics, even if this necessitates a testing programnie. If rewards are built into the
economic structure, people will overcome all barriers in order to attain them.

Experience shows that as the national economy advances, the consumption of
plastics correspondingly increases. The GNP indicates the economic growth of a
country and is used as a point of reference in tables 32 through 39.

Requirements for expansion of the plastics market

The first requirement for the expansion of the plastics market is a favourable
economic climate. This implies that the level of private incomes should be raised,
both for private consumption and for industrial investments. Investments in water
supply, in electricity or in sewerage should increase the consumption of plastics.
They are also used in irfigation and in housing. Interregional planning in
co-ordination with such economic growth is most desirable for the plastics industry
in developing countries.

Sometimes the plastics industry in one country may not be sufficiently advanced
to produce all the products it needs. Co-operation with other countries is needed for
the supply of resins, introduction of technicians, new machines for fabrication,
patents and know-how. This could be arranged between two or more developing
countries, or between a developing country and a developed one.

A fair amount of plastics is consumed in the form of household items, and the
consumer appeal of such items is therefore important for their increased
consumption. Attractive design is a key to this. Colouring, packaging and display
must be well planned by the suppliers, and the processing companies should be aided,
either by the govenment or by another organization obtaining helpful information
for a reasonable service charge. A close investigation into the customs and practices
in a country might create some unique applications for plastics.

The export market is another area where plastics, resins or products could be
sold. As was explained in earlier chapters, export to developed countries would be
limited to processed products. In manufacturing elaborate articles, developing
countries can compete with developed countries even at their low resin prices. For i
instance, China (Taiwan) and Hong Kong are exporting a remarkable amount of
goods to the United States. But countries such as Iran, where natural gas is abundant,
might well be competitive suppliers of resin in the world market because of the low
cost of the raw material. This applies particularly to polyethylene, polypropylene
and PVC resins. Special resins are limited in quantity and are often custom-made to
satisfy a certain customer or order. These resins are not classified as export items.

Monomers and resins can be exported from one developing country to another
because the processing industry must be supported in one’s own country in order to
obtain a future independent plastics industry. Some arrangement among developing
countries for the exchange of different resins would be helpful, making possible the
construction of larger equipment than would be possible if each country built small
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oxychlorination process is the best choice. If the plant 1s established 1n an area far
from a petrochemical centre and the n.arket pernnts expanding the plant to a large
enough size, the balanced process is preferable

The production cost for vinyl chlornde monomer obtained by means of the
acetylene process is given in table 22 above. and that using the bhalanced process in
table 23. The data for the oxychlorination process are shown in table 24. The cost of
manufacturing PVC resin is given in table 25.

TABLI 23, PRODUCTION COST Ot VINYL CHELORIDI MONOMIR USING BALANCED
PROCESS, BASED ON PLANT CAPACITY AND COST Ol' RAW MATI RIALS

Plant capacity (tons/vear) 24,000 4%.000 96.000
Cost of plant (millions of dollars) 5.56 8.33 12.50
Cost of naphtha Cost of chlorine Cost of vinvl chloride monomer
{cents/Ib) {cents/ib) (conts/lb)
1.0 1.5 6.38 5.60 5.04
2.25 6.85 6.07 5.51
1.125 1.5 6.50 5.71 5.16
2.25 6.97 6.19 5.62
1.25 1.5 6.61 5.83 5.27
2.25 7.09 6.30 5.74

TABLE 24. PRODUCTION COST OF VINYI CHLORIDE MONOMER MADE BY
OXYCHLORINATION, WITH PLANTS OF DIFFERENT CAPACITIES AND VARYING COST
OF ETHYLENE, AND HYDROGEN CHLORIDE AT 1.5 CENTS/POUND

Plant capacity (tons/year) 24,000 48,000 96,000

Cost of plant (millions

of dollars) 2.33 3.61 5.56
Cosi of ethylene Cost of vinyl chloride monomer
(cents/lbj (cents/lb)

3.125 4.81 4.50 4.28
3.75 5.12 481 4.58
4375 543 5.11 4.89
5.0 5.73 7.42 5.20

5.625 6.04 5.73 5.50
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units for its own consumption. International orgamzations such as the United
Nations could be helpful in organizing exchanges and in planning the
industrializaiion time-tables of various developing countries. Prices to be applied in
such exchanges should not be based on market prices but on the cost of production.
Special duty arrangements should also be made for these import exchanges.

Expansion of the processing industry

The consumption of plastics is wholly dependent on the growth of the
processing industry. Each country must develop its processors in order to produce
resin domestically on a large scale. Iran would be an exception to this rule. The
following sectors should be encouraged for the expansion of processors and
eventually for the whole plastics industry:

fa) Building and repair of processing machines;

(b) Die and mould making, design and improvement;

(¢ Designing of plastics products;

(d) Reasonable supply of plasticizers and stabilizers, and other additives such as

pigments or dyes;

fe) Education of technicians in various areas of the industry.

In addition to the above, men with initiative are needed for that part of the
industry which seeks applications for new materials and a wider use of plastics in
different fields. This type of person is not easily found, but training, research and
development, and sales efforts can be combined to create such a personality.
Seminars sponsored by international organizations for processors in the area could
provide a good opportunity for orienting the management of the processing industry.

1.6  Methods of setting up an integrated plastics industry in
developing countries

The main plastics consumed in the ECAFE countries are polyethylene, polyvinyl
chloride and polystyrene. The manufacturing processes for these products consist of
three stages, namely monomer production, polymerization and processing. The first
stage, monomer production, economically favours larger plants. The second stage,
polymerizing monomers, requires smaller plants for the greatest economic benefits.
The third stage, processing, requires very small plants. Therefore, one monomer
plant, a few polymer plants and many processing plants make up one unit of plastics
production. But to establish a real demand for a polymer, it is necessary to have
many large plastics processors, and their technical standards must be raised in order
to increase exports.

It might be helpful to show the difference between the plastics industries in
China (Taiwan) and Hong Kong. In Hong Kong, all polymers and pigments are
imported and most of the finished products are exported to Australia, Canada, the
United Kingdom, the United States and other countries. In 1960 the import of resins
cost $24 million, while export of their products brought in $45 million. Net income
therefore was $21 million. In 1966 imports cost $38 million while exports brought in
$120 millioe, with a net gain of $82 million. The major items for export were toys
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and dolls, leading wath 54 per cent in 1966, plastic flowers. foliage and truits with 36
per cent; and other items with only 10 per cent The major destmations ot export
were the United States (55 per cent), the United Kingdom ( 1 3 per cent) and ( anada
(4 per cent), with the remainder divided among Australia. the Federal Republic ot
Germany and Japan. The import figures for resins are given in tables 40 and 41

TABLLE 40, RESINSIMPORTED INTO HONG KONG 1964 (966

{tons)
1964 1965 1966
Polyethylene 65,650 43,175 48 940
Polystyrene 22.900 22927 21 896
Polyvinyl chloride 12,038 8,727 8.316
TOTAL 100,588 74,829 79,152

TABLE 41. IMPORT OF RESINS AND EXPORTS OF PLASTICS PRODUCTS, HONG
KONG, 1960-1967

(millions of US dollars)®

1940 1981 1942 1042 1084 196% 1944 19a7

Import of resins 236 274 272 278 430 165 375 442
Export of products 449 514 61.1 706 1000 1100 1195 1472
Balance 213 240 339 428 570 735 820 1030

4 Converted from Hong Kong dollars at 6.06 HKS$ per USS.

The quantity of imports is farge enough to justify the production of resins in
Hong Kong; however, there is no plan at present to begin such a project. It is still
cheaper to import the resins than to produce them domesticalty. Large producers of
resins in the world are offering their products at low prices, and manufacturers in
Hong Kong feel that their present situation is satisfactory. The characteristics of the
plastics industry in Hong Kong can be explained as follows:

(a) Heavy consumption of various kinds of resin processed by many small units.

(b) Export of most of the plastics products to developed countries, through
which the plastics industry obtains profit for itself and foreign currenc, for
Hong Kong.

China (Taiwan) has started and accelerated the domestic production of resins.
The production capacity of PVC resin had reached 7,000 tons per month at the time
of writing, October 1967, actual output being 6,000 tons. But there were very few
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processors. onh TOO tons ot the tral PV reyn were consimed by ndependent
processors and §XDO toas by subsidignes ot resin making . ompames At the tine ot
wnning. approxcmately 100 tons bad already been exnorted Plasts s products suech
as tovs. filim. sheet window shades andd rancoats are exported to Aastralia ¢ anada
the United Srates and other countries Fxports v 1965 totalled %7 % milhon
Seventy five per cent ot the exports were resins o compounds A new plant n
Farwan has started prodaction of polyethy'ene 1in a plant of 1% 000 tons annu ad
capacity  The demand lor polvethylene s approximately 1 10 jons per month and
the supply 1n 196X was expec ted to range hetween 3 (6K and S OO0 tons per yvear

In order to encourage the export of processed goods the Government of China
(Tarwan) has established the Kaoshing Fxport Process Zone Synthetic resins are
imported free of duty for re export i this zone This will help the tuture ex port of
plastic processed products ' s Charactenisti of the plastics mdustey 1n China
(Faswan) that the production of synthetic resins exceeds the domest reqarements
the nuber of independent processors is sinall. resin manulacturers have ther ow
large processing plants and surplus resns are exported to the developing countries.
while plastic processed produdts are exported 1o developed countnes

The examples of flong Kong and China (T aiwan) present several pornts for
consideration  barst the plastics indistry 18 labour intensive and the relatively low
cost of labour in developing countries works in its favour Processed products can
easily be exported to developed countries for this reason Second 1t is necessary to
establish larger processing facilities ne:r the resn producers in the area if the resin
plants have been constructed ahead of those for the processing industry

The demand for plastics products developing countnes is gradually increasing
Expanding electric lighting and telephone systems wll require greater amounts of
products such as wire and cahle  Plastic bags for fertilizers sugai  foods and
household articles are gaining in populanity The major drawhkack in sich counines 4s
Burma Indonesta Malaysia and Thaland 1s the low techrucal standard  Technical
assistance and tinancial ad would help sales. International organizations sud h as the
United Nations should help establish n the region 4 technical gurdance centre for
processng plastics. This could be accomplished with the co-operation of the
Governments  The curriulum should indlude the workmg of processing machines
techniques for making inoulds, standardization of tests tor plastics and for product
quahty Financial aid to enable processors to obtain improved machinery to produce
hgher-quality goods would encourage turther ~xport Thus help would increase the
number of processors in that area, unprove the standard of fabnication and create a
larger consumption of resin The production i processing industnies could be based
on imported resin until domestic production 8 feasible In India and Pakistan the
expansion of processing created a shortage of resin and this has stimulated domestic
resin production

It 18 recommended that the resn manufactuning industry start with imported
monomer f possible For example. styrene monomer was mmported when (hina
(Tmwan), India and Japan began making polystyrene A large monomer production
plant should be deugned to meet competition from developed countnies Small
wonomer plants force up prices in the domestic industry thus killing the competitive
spint in the export of processed products

It 1s recommended that several countnes co-operate in establishing and financing
3 large. jointly owned monomer plant to supply the polymer piants 1n each
participating country For exampie. one naphtha-cracking petrochemical centre
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could be buili near to and wpomsored by Indonesia Malaywia. the Philippines and
Thadand Such a centre coild produce styrene monomer vinyl hlonde monomer
and ethylene in large quantiies |t the demand tor reun exceeds the vutput in one
centre  another wte n a different country (ould be selected by the sponsoiring
countries. The assistance of intemational organzations in torming a joint unit would
be very helptul m advancing the plastics industry 1t would also all yw mmember
countnes to compete with other established suppbers

An unrease i the uze of plants making monomer has been noticed Several
polymer producers in the United States plan to enlarge plant capacity to a new level
A Japanew ethylene centre 1s planning to produce vinyl chlorde monomer n large
amounts in order to supply the polymer producers in the area [t would not now be
economcal for any country te Luid a small monomer plant and it would harm the
economy of the country’s plastks industry a8 a whole The only way to solve the
difficuitres would be to construct large jointly owned plants in various regions

The procedures necessary to establish a plastics industry in developing countries

should be reemphasized

@’ The number of processors should be increased at the same time as an effort
is made to enlarge each processor. n order to increase the consumption of
resns,

(b) In order to bring in foregn currencies through the plastics industry, its
technacal level nust be raised and efforts should be made to encourage the
production of quality goods,

fc/ For the purpose of improving technology, international or national
organizations should estabhish technical guidance centres for the plastics
processang industry,

(d) Plastics processng machines and mould-making techmques should be
improved

fe) Fmancial help from international or nutional organizstions 1s desired 30 that
processors can equip themselves 10 make quality goods Free trade zones
should be established n order to rehieve the industry from customs duties
On export items,

(f/ The plan for remn production should be co-ordinated with the country’s
consumption of resin .

(g) Large monmomer plants should be built in order to provide helpful
competition within the co-operating developing countries.




Part 2

RESEARCH AND DEVELOPMENT IN PLASTICS INDUSTRIES

2.1  Research and development in developed countries
Expenditures for research and development in the chemical industry

The success of the chemical industry is based on research and development. It is
said that more than 60 per cent of the total sales of Du Pont in 1950 were for
products unknown or still in development in 1930. A plastics company in the United
States has estimated that 50 per cent of its sales and 60 per cent of its profit come
from approximately 500 new products that were not in production ten years
previously. A recent survey by the Department of Economics of McGraw-Hill,
Incorporated, indicates that chemical companies anticipate that $8,760 million, or
18 per cent of estimated sales in 1969 will be earned for products not produced in
1965. Also predicted by 48 per cent of the chemical manufacturers is a technical or
basic research breakthrough. 67 per cent of these optimistic chemical companies
expect it to come in the area of new products.

TABLF 42. RELATIONSHIP BETWEEN COST OF RESEARCH AND DEVELOPMENT AND
PROFIT INCREASE IN INDUSTRIES IN THE UNITED STATES 1954-1959 and 1957-1960

Rate of
profit
Costof R& D Number of increase
(per cent of sales) companies {per cent)

1954—1959 over 7.0 19 148
40-7.0 20 94
35 30 21
3.0 425 22
1957-1960 over 8.5 10 238
5.0-8.5 10 147
3s 30 -11

3.0 425 -7

69
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TABLI. 44. RATL OlI' R SEARCH AND DEVELOPMENT BASIED ON GROSS NATIONAL
PRODUCT IN SELLECTLED COUNTRILS, 1955-1964

{per cent of GNP

Country 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964
France 1.10 1.25 141 195 2.10
Germany Fed. Rep. 1.29 1.45 160 1.77 1.79 192 2,13 2.38
Japan 0.78 092 1.09 1.21 1.39 142 159 164 163 1.73
United Kingdom 1.95 2.58 2.87 287
United States 1.87 2.38 2.70 297 3.13 3.31 341 347 3.65
USSR - 1.92 207 224 242 259 272

Sources: National Science Foundation (United States); Organization for Fconomic
Co-operation and Development (France): Advisory Council for Scientific Policy (United Kingdom),
Science and Technology Ministry (Germany, F'ed. Rep.); Science and Technology Survey (Japan).

The large profits and sales that resulted in the past from new products or
processes are a driving force to increase the research effort in any industry, and this
has correspondingly brought about huge expenditures for research and development.
The total expenditure for research and development (also referred to as “R & D”’) in
the United States will increase from $19,000 million in 1964 to $24,000 million in
1967 and $25,000 million in 1968 (estimated at time of writing, October 1967).
Total industrial spending in 1964 was $13,740 million and $1,440 million of this was
claimed by the chemical industry. In research and development in the chemical
industry, $160 million (11 per cent) was spent on basic research, $530 million (37
per cent) on applied research, and $750 million (52 per cent) on development. In the
total expenditure of $1,280 million for applied research and development in the
chemical industry, research into high polymers and plastics was the highest
expenditure with $294 million (23 per cent). In 1961 the plastics industry in the
United States spent 11 cents per $1.00 sales for research and development, about
four times the average cost of research and development for the whole of the
manufacturing industry. The highest expenditure on research into and development
of high polymers has coincided with the highest production growth rate in the high
polymer industry. The relationship between research expenditures and the rate of
profit increase is shown in table 42. '

The cost and rate of research and development in selected countries based on the
gross national product (GNP) are indicated in tables 43 and 44. The figures are
slightly different in the two tables as a result of different definitions for the cost of
research and development.

Although Du Pont had previously been reporting only its pioneering research
expenditures, it returned in 1966 to the broader definition of research and
development that it had once used. Du Pont listed its outlay for research and
development as $96 million in 1960 and it reported only $59 million for pioneering
research in 1961. Hercules Chemical, on the other hand, shifted to a narrower
definition in 1966. Every company has its own ideas about what should be included
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in research and development and capital expenditure. and it is. therefore, sometines
meaningless to compare the figures from various plants. The National Science
Foundation (NSF) in the United States suggest the following definitions:

fa) ““Research and development™ includes basic and applied research in the
sciences and engineering and the design and development of prototypes and
processes. Excluded froin this definition are routine product testing, market
research, sales promotion. sales scrvice. technical services, research i the
social sciences or psychology. or other non-technical activities;

(b) “Basic research’ includes original investigations for the advancement of
scientific knowledge that do not have specific commercial objectives,
although such investigations may be in fields of present or potential interest
to the company;

(c) “Applied research” includes investigations directed at the discovery of new
scientific knowledge that have specific commercial objectives with respect
to products or processes. This definition of applied research differs from the
definition of basic research chiefly in terms of the objectives of the
company;

(d) “Development” includes technical activities of a non-routine nature
concerned with translating research findings or other scientific knowledge
into products or processes. Development does not include routine technical
services to customers or other activities excluded from the above definition
of research and development.

The pilot plant is not mentioned in these definitions but it is usually included in
“development”. However, moving a project through a pilot plant is often the most
expensive stage of research and development. Therefore, some companies do not
attempt to include the pilo-plant expenses in their research and development
budget. Instead, they get approval for each pilot-plant operation as it is proposed.

In the chemical industry in the United States, the expenditures for basic
research, for applied research and for development were respectively 11 per cent, 37
per cent and 52 per cent of the total research programme in 1964, and 12.5 per cent,
41 per cent and 46.5 per cent respectively in 1966. The rates for industry in general
were 6.7 per cent for basic research, 24 per cent for applied research and 69.3 per
cent for development. Table 45 below shows the distribution of types of research in
several countries.

Since it is important to find suitable applications for the many chemical
intermediates which are discovered, the chemical industry requires more applied
research than any other industry. Its expenditure on basic research also is much
higher than that of any other industry (tables 46 and 47).

TABLE 45. DISTRIBUTION OF TYPES OF RESEARCH iN ALL INDUSTRIES IN JAPAN,
THE UNITED KINGDOM AND THE UNITED STATES, 1966
(per cent of total research programme)

Country Basic research Applied research  Development
Japan 14 40 46
United Kingdom 3 20 7

United States 4 18 78
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TABLI-46. PURPOSLS Ol' RESEARCH AND DEVELOPMENT IFOR VARIOUS PRODUCTS
{per cent of total research programme)

New Improvement  New

products of products processes
Chenicals, allied products 70 20 10
Petroleum, coal products 27 33 40
Rubber products 17 83 0
Stone, clay, glass 4! 41 18
Non-ferrous metals 39 44 17
Paper, allied products 37 4] 22
All industries 45 41 14

Source: Chemical Week 14 May 1966.

TABLE 47. COST OF RESEARCH AND DEVELOPMENT IN
UNITED STATES, 1964-1966 AND 1969 (ESTIMATED)

INDUSTRIES IN THE

(millions of dollars)
1966
1969 Basic Applied Devel-

1964 1965 1966 (est.} research  research opment
Chemicals, allied
products 1,291 1,562 1,687 2,024 211 693 783
Petroleum, coal
products 343 384 415 469 41 162 212
Rubber products 146 178 199 229 10 72 117
Stone, clay, glass
products 129 150 162 190 10 73 79
Non-ferrous metals 85 101 111 137 11 57 43
Paper, allied
products 77 77 84 101 7 33 44
All industries 13,078 13,636 15,219 18,165 1,091 3,667 10,461

Source: Chemical Week 14 May 1966.
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The characteristics of research in various industries are very different. For
example. in the chemical industry no less than 70 per cent of the rescarch and
development programme is spent on finding new potential products. On the other
hand. the rubber industry is mainiy interested in improving existing products, while
the petrochemical industry most needs to find new processes.

lable 4% shows that many chemical companies spend an amount equal to 4 or 5
per cent of their annual sales on research and development. Dow Chemical spends
approximately S per cent, of which 4 per cent is for research and | per cent is for the
pilot-ptant works. The high cost of research and development has been a headache
for many executives of chemical companies. Despite the fact that the total research
and development cost of 26 United States chemical companies in 1964 was
approximatety 3.5 times the cost in 1950, the net profit increased only 20 per cent.
The average term for rescarch and development in the chemical industry is decreasing
from seven years to less than five years. but it is still much longer than that of any
other industry. Research investment is risky.

TABLF 48. RATE Ol RESEARCH AND DEVELOPMENT BASED ON ANNUAL SALESIN
THE FEDERAL REPUBLIC OF GERMANY, SWITZERLAND, THE UNITED KINGDOM AND
THE UNITED STATES, 1959, 1964 AND 1965

(per cent of annual sales)

1959 1964 1965
Germany, Fed. Rep.  Bayer 4.5 4.7 -
BASF 5.0 5.2 -
Hoechst 45 43 -
Switzerland Ciba Products 7.1 8.6 -
United Kingdom IC1 44 5.3 -
United States Allied Chemical 2.4 3.2
American
Cyanamid 4.0 - 5.1
Dow Chemical - - 54
Du Pont 43 - 4.1
Hercules 4.1 - 35
Monsanto
Chemical 4.4 - 5.2
UCC 5.2 - 43

Source: Japanese Survey Mission Report.

Key: ICI: Imperial Chemical Industries
BASF:  Badische Anilin- und Soda-Fabrik
UCcC: Union Carbide Corporation
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TABLE 25. PRODUCTION COST OF PVC RESIN, BASED ON PLANT CAPACHTY AND
COST OF RAW MATI REALS

Plant capacity (tons/vear) 12,000 24,000 48000 96,000

Cost of plant (millions of dollars) 1.11 194 347 6.25
Cost of vinvl chloridc monomer Cost of PVC resin
(cents/lb) (cents/lh)
5.0 7.69 747 732 7.20
5.625 8.33 8.12 7.98 7.85
6.25 9.00 8.78 8.63 851
6.875 9.65 9.45 9.29 9.16
7.5 10.32 10.09 995 982
8.125 1096 10.75 1060 1048
8.75 11.63 11.41 11.26 11.13
Polystyrene

The raw materials for making polystyrene are benzene and ethylene. The cost of
benzene affects the cost of polystyrene, so that a cheap source of benzene has to be
found in coke-oven gas or in aromatic petrochemical production. India is the only
country in the ECAFE region that has been producing benzene with coke-oven gas.
In other countries, benzene can be obtained either by importing it or from a local
petroleum refinery or petrochemical plant.

TABLE 26. PRODUCTION COST OF STYRENE MONOMER, BASED ON PLANT
CAPACITY AND COST OF RAW MATERIALS

Plant capacity (tons/year) 12,000 24,000 48,000 96,000

Cost of plant (millions of dollars) 3.33 5.0 7.78 11.11

Cost of ethvlene Cost of benzene Cost of styrene monomer
{cents/lb) (cents/lb) {cents/lb)
3.75 3.125 8.18 7.38 6.79 6.35
3.75 3.75 8.7 7.89 7.31 6.87
3.75 4.375 9.22 8.41 7.83 7.39
5.0 3.125 8.57 7.76 7.18 6.74
5.0 3.75 9.09 8.28 7.82 7.26

5.0 4.375 9.61 880 822 7.78

[——

e PRI =
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Br. €. A, Thomas of Monsanto Chemical. in a speech before « meeting of the
American Chemical Society. warned, “In the last five years. we have reached u point
of indigestion in research and development. and 1 am of the opmion that the
productivity of this effort has fallen off The research and development is now
stumbling in a plethora of projects, sinking in a sea of money, ard is being built on g
quicksand of changing objectives.”

Pilot plants for the development of the chemical industry

A pilot plant has been defined as “‘any small-scale plant used to provide
information about a future large-scale plant”.* The main purpose of the pilot plant is
to study and perfect the most economical process from the chemical engineering
point of view, and its second purpose is to provide 2 product for purposes of
evaluation. The pilot plant fills the gap between the experimental stage and the
commicrcial plant and reduces the number of errors in the design and operation of
the commercial plant.

The pilot plant, however. is a final stage in research and development and is
usually expensive to build and more expensive to work. It is very difficult to get an
exact figure on the amount spent on piloting, but it probably amounts to 15 per cent
of the total research and development cost of chemical companies. Many chemical
companies in the United States have spent 20 to 30 per cent of their research and
development budget on piloting. Possibly even more important than the money spent
is the amount of research and development talent tied up in the work of the pilot
plant. A fully integrated pilot plant may occupy 10 to 150 men for periods ranging
from six months to several years. The chemical industry operates many such plants.
They are a serious, expensive business.

Mr. David Brown, Senior Vice-President of Halcon Internationals, New York. has
stated:

“In the earlier days of chemical process development, a pilot plant was generally installed,
stnce iv was used (aside from sainple preparation capacity) mainly as a final analog of the
commercial plant, and was cxpected to uncover any problems not predicted by the design
engineer. The large pilot plant certainly has its very definite value in the preparation of large
samples for product or market development purposes. However. it is becoming increasingly
by-passed as a strategy in the development of plant design data because of its following
disadvantages.

“fa) 1t is very expensive. Programs involving large pilot plants can easily run into the
multi-million dollar range.

“(b)1t is time-consuming and may hold back the commercialization of the process by more
than a year. The time for design and construction of a very large pilot plant is in itself a
fairly large fraction of the time it would take to design and construct a commercial
plant.

“(c) It is not necessarily more reliable than smaller, non-integrated units specifically designed
for the desired measurements. One of the arguments propounded in favor of the large
integrated pilot plant is that it goes further than the process simulation stage in
permitting the study of the effects of impurity buildups. Actually, mest pilot plants
have extremely large leaks, on a proportional basis, compared to those experienced in
the commercial plant. The only way this leakage can be cut down is by an intensive
development of procedures for making ultratight pilot plants, which is an exercise nften
not justified from the economic point of view.

4JOHNSTONE AND THRING (1957) Pilot Plants, Models, and Scale-up Methods in
Chemical Fngineering, McGraw-Hill, New York.
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“fd)Changes are difficult to make. If the equipment is large, 1t is obviously more
time-consuming and costly to introduce equipment changes as part of the experimental
program.

“fe) Data are not necessarily accurate or reliable. It is belicved that the best data are
obtainable at each portion of the process by specifically designing the scale of the
experiment In accordance with the data required. in this fashion one can obtain the
maxunum quantity of information per dollar invested in experimental work. Note that
some of the experimental steps, in fact, may not be data-producing steps at all ic.,
separation by distillation which can be calculated on the basis of vapor-liquid
equilibrium data obtained in entirely separate expernm‘nts.“5

Mr. Brown pointed out that a distillation now is almost never piloted. However,
he did concede that some reactions or operations are tricky to scale up and cited
catalytic reactions in particular need of pilot study. He also singled out certain
problems handling solids and discussed polymerizations.

It seems easier to side-step large-scale pilot plants in the petroleum field than it is
in the chemical industry. Essentially, it is a matter of the higher grade of chemical
reaction. It is much easier to understand a reaction in monomer synthesis than in
polymerization. Many things affect molecular structure and, unfortunately, once a
polymer is formed, it is impossible to correct its structure in the way that a simple
chemical compound can be purified.

In such a case, a bigger pilot plant should be constructed, a project which may
cost a million dollars. It is said that U.S. Industrial Chemical spent $800,000
($300,000 for equipment and $500,000 for operating costs) for piloting a $20
million plant, and that California Research spent more than $1 million to pilot the
isophthalic process that resulted in a $12 million commercial plant.

In most cases, when piloting is expected to cost more than 30 per cent of the
commercial plant, the decision to go ahead should be made with great caution. Some
plants cannot afford the costs of a pilot plant. One good way to keep piloting costs
down is to pilot on as small a scale as possible. Monsanto Chemical operates an
engineering laboratory where it frequently ties together several unit operations in
what is essentially a pilot plant made of glass. Another favourite cost-cutting measure
is the use of flexible pilot plants. Multipurpose units can considerably help the
economics of piloting. California Research put up a flexible unit to pilot-produce
alkyd resins and polyester from isophtalic. One of the major problems, however, is
that of manufacturing multipurpose equipment.

In spite of its high cost, the pilot plant has many advantages. Besides the
engineering information it provides and the products it supplies for evaluation,. it
helps to train the crews that will manage and operate a large commercial plant, and it
can be used to test process improvements when the commercial plant has been built.
Therefore, most chemical companies working to establish their own technology in
developed countries proceed from experimental work to pilot plants and then to a
commercial plant.

s R. LANDAU (1966), The Chemical Plant from Process Selection to Commercial Operation,
Reinhold Publishing Company, New York, pp.22—23.
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2.2  Government activities and research associations

The extent of government activity in the research and development of
technology is different in each country. In the United States a total of $17,308
million was spent on research and development in 1963, As table 49 shows, the
contribution of the Government was $1 1,300 million (65.4 per cent of the total), of
which 21 per cent was spent by government organizations and 79 per cent was given
in trust to universities and industries for research.

TABLE 49. DISTRIBUTION OF COMPANY AND GOVERNMENT FUNDS IN TOTAL
RESEARCH AND DLEVELOPMENT EXPENDITURES OI° INDUSTRILS IN SELECTLED
COUNTRIIS

(per cent of total)

Country Year Compeny  Government Other funds
France 1963 31.7 68.3 0
Germany, Fed. Rep. 1964 35.6 63.2¢ 1.2
Japan 1964 71.0 29.0 0
Netherlands 1962-63 65.0 13.0 22.0
Sweden 1961-62 50.7 49.3 0
United Kingdom 1961-62 33.6 60.7 5.7
United States 1963 32.1 65.4 2.5

9 Federal government 26.1 per cent, state governments 37.1 per cent,

The in-trust government funds and the government grants for encouraging
research are the largest sources of research capital for universities in the United States
(approximately three fourths of the total research fund).

As table 49 shows, the Governments of the Federal Republic of Germany,
France, the United Kingdom and the United States have contributed 60 to 70 per
cent of the total research and development resources, but in Japan and the
Netherlands, the Governments have provided less than 30 per cent of the funds.
Government expenditures for research and development in the chemical industries
are less than 30 per cent in every country, but for the chemical industries the ratio of
government funds is higher in Japan (see table 50 below). Usually the government
supplies only a small portion of the total cost of research and development in
chemical industries. This seems to be the typical pattern of research and dev-lopment
in the chemical industry.

In the United Kingdom in 1916, the Department of Scientific and Industrial
Research (DSIR) was established, with its Industrial Grants Committee and its
Research Association system. There were 52 research associations in 1963, spending
$31.6 million, including $7.28 million of govemnment grants.
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TABLE 50 DISTRIBUTION OF C OMPANY AND GOVERNMENT FUNDS 1IN THE
RESEFARCH AND DIVITOPMINT EXPENDITURES OF CHIMICAT INDUNIREE S N
FRANCLE JAPAN AND TH!Y UNTHIDSTEALES

cper cent of total)

Country Year Compam frrvernment  Other funds
France 1963 K92 28 K0
Japan 195K 734 266 0
United States 1956 97.0 28 02
United States 1961 80.2 19 ¥ 0
United States 1962 78.4 216 0
United States 1963 79.0 20.6 0
United States 1964 82.2 17.8 0

Among the DSIR-aided research associations, the Research Association of British
Rubber Manufacturers was established in 1919. The plastics companies joined in
1960, and the name was then changed to the Rubber and Plastics Research
Association of Great Britain. The main role of this association is basic physical and
chemical research. research into processing methods and machines, and the study of
testing methods and equipment for the industry. The National Rescarch
Development Corporation (NRDC'), a special corporation financed by the
Government, was formed by the Development of Invention Act in 1948. T'he role of
the corporation is to develop inventions that will be useful to the public In this
respect, it resembles the Canadian Patents and Development Corporation. The NRIXC
does not manufacture or sell the product and has no laboratory for research and
development, but it owns the patent rights and licenses them to manufacturers or
users. Two thirds of the inventions transferred to the NRDC come from national
institutes, and one third come from the universities. Among the subjects investigated
between 1961 and 1964, several were related to the plastics industry, such as the
acetylene-manufacturing process.

The Frenci Government's contribution to research and development is about 70
per cent of the country’s total, the largest govemment proportion from any
developed country. Ninety per cent of the government fund is for military purposes.
Fifty-six research centres have been established for co-operative research and
development, based on the laws of 1901, 1943 and 1948. Among these research
centres, the well-known Institut Frangais du Pétrole (IFP) has developed many
petrochemical processes. The plastics research centre (Centre d’Etudes des Matiéres
Plastiques) is managed by people selected from universities and the Government as
well as from resin manufacturers and plastics processors. The fields of study inchude
molecular structure, physical properties of polymers and processing methods of
polymers.
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in the Federal Repubila o Geermdny the Governime st 4t federnss as weil s sla ke

fevel has contrdled the podncy ot tesean b et devedopmient mosawesioo arsd mdastry
The state gonvernoectsy oo 2004 provaded 7 5 per ent and the bedond Gonerime n
oty J6 ] per cent ol the totan ont o resear boand developine st Fhe bedetal

Government sponsors mdny tederal esearc b mstitutes inoevery frield and at ihe same
tune  helps the Deutsche Torschungseme mschaft (DEG the GCerman Research
Institute) Max Planck Geseitsclatt and other insttures  The bty tor DEG gre
provided XS per cent by the bederal Governaent and 10 per cent by the state
governime nts

Beuides tederal and state research anstatutes  there are approxamately 10
co-operative research organizations sponsored by the manutactuning mndustres and
one third of thew research expendiures are pard tor by federal or state governmentis
In 1954 the Arbeitsgemenschatt Industnieller Forschungsvereingungen (A the
Union of Industrial Kesearch Associations) was tonned At present 6] associations are
inembers. of which two are plastics assocrations One 18 Forschungsgeselischaft
Kunststoftfe e V (FGK) and the other s Veremmgung 7ur Forderung eines Institntes
fur Kunststoffverarbeitung in Industiie  und Handwerk an  der Rhemmsch-
Westfahschen Technischen Hochschule, Aachen ¢ V

The Deutsche Kunststotte Institut (DK controlled by FGK was established in
Darmstadt 1n 1953 and has been mvestigating bhasic polymers i such fields as
physical chemustry and radiation chemistry  One halt of the research funds come
from the Government through FGK The institute at Aachen was estabhished in 1950
and its main role i to study processing technology and machines In 1960 43 per
cent of the funds for this mstiti te came from the state government and S7 per cent
from the manufacturers

In Japan the policy of wience and technology has been controlled by the
Government and s simalar to the system in the Federal Republic of Germany . except
that in Germany many donations for umversity research have heen provided by
private companies. This is not customary in Japan There are no co-operative research
organizations in Japan as there are m the Federal Republic of Germany and the
United Kingdom, but the Research Development Corporation ot Japan. an
organization sumalar to the NRDC in the United Kingdom, was tormed in 1961 In
the United States there 15 a strong governmental body controlled directly by the
Pressdent, which sets the polcies tor science and industry The Governnient takes the
lead in investing in research and development. but actual research activities arglett to
private companies In Japan the (covernment has its own research mstitutes in many
fields. but its research and development budget 1s small, only one third ot the
countrv’s total research and development programme  Since the Second World War,
the tax system has become a strong weapon for carrying out government policies and
has been used to increase the productvity of manufacturing industnes and to
strengthen the economy. The tax systemn has been a powerful encouragement to
ressarch and development i many European and North American countries. Special
tax benefits for research and development egquipment have been put into effect n
Canada, Sweden, the Unsted Kingdom, the United States and other countnes. Many
countnes have taken a favourable atutude towards capital expenditure for research
and development. In France working expenses for research are wholly exempted
from ncome and fixed assets for research are allowed to depreciate 50 per cent
the first yeas.
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23 Introduction ot research development and foreign technology 1n
Jap anese chemuc al industries

The hecuo sl wndostey n Japar started with ¢ sulphand acwd plant buidt in I1X7)
toflowed by g gy explosives plant o0 173 both of which were owned by the
Govermmentl bollowing the Jevelopment of these plants, the produc ion of Caustic
sida wda gsh superphosphate cement  glass paper celluloid pigment and ~aint
had hegun hy 1% lapan was then a developing country and almost all the
technology had to be amported trom Germany  the U nited Kingdom and the United
States

While the Government was following 1ts policy of introducing  foreign
technodogy in order 1 develop the chemical industries educational and research
systenns were aso hemng established |1 was very important to co-ordinate education
and revearch in the natural wences with engineening tor the purpose of implementing
torewin techookoy  In this fust stage iy wchiolans and engineers were invited from
abroad to lapan to counsel and train young students At the same time. young
lapanese researchers and engmeers were sent overseas to study new sciences and
pliases of technowogy At this stage of development the educational system was not
vet connected with mdustrial production

Between %96 and 1914 plants were huilt to make plate glass, electrolytic
vaustic soda and chlonne  calium carbde  Coke-ovengas products, synthetic
dye-stuffs  soup pulp and rubber During this time there were several domestic
mventions. but most of the technology was still being imported

At the same time the Government set up national universities provided with
research facdities as well as some national research institutes In the more developed
countries. chemdcal companies have their o-/n research laboratories to help establish
their particular chemical techmiques But in Japan the private companies had no
laboratores because the national recearch institutes and unweruties had done most
of the chemical research and development The Government had promoted chemical
research and education mamly in apphed chemistry i order to understand and
implement foregn technology Mos: of the chemical equipment and apparatus had
been imported m the hope of establishing a chemuca! plant [t was therefore very
difficult for a single manufacturer 10 build a chemucal plant. even if he personally had
compieted the basic research

The Fust World War made it difficult for Japan to import chemicals and
medicies This caused additional problerms for industry A petition signed by many
wholars and businessmen was presented to the Government with the request that a
chemscal research wstitute be establshed The Physical and Chemical Research
Institute was therefore founded i 1917 Following the pattern set by this institute,
the Mitrogen Ressarch Institute was established by the Government in 1918, the
Textre Research Institute i 1919 and the Fuel Ressarch Institute in 1920 Among
the many matione] ressarch mstitutes, the Physucsl and Chemical Research Institute
played an wmporiant role m betic ressarch. while the government-eponsored Chernical
Industnal Research Institute. which had been established m Tokyo in 1900, worked
to establish chemacal technology for the production of chemicals such as methanol.
acetic scud. algnic acd and slumina

The end of the war dealt 2 severe blow to chemical research and development
with the emsumg docresss m the market resuiting from the import of foreign
chemscal products The enthumasm for research and development diminished with
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the introduction of forein technology The cost of importing technology was inuch
lower than the cost of domestic research

Research laboratories in private companies had been very madequate. This led
the Government to promote the organization of a research system among the private
companies  The Nociety ot Flectrochemustry was organized in 1933 and the Society
of Chemical kquipment was formed in 1936 The Japan Synthetic Fibre Research
Association was established m 1941 and was reorganized as the Society of High
Polymer Science of Japan in 1942

The events of the Second World Wai prompted an effort to use domestic
materials and to develop home industry. but technical development in the Japanese
chemucal industries was delayed by shortages of raw materials. too little experience in
establishing home mdustry. and a halt in the introduction of foreign technology.

The national chemical research institutes were mainly concerned with studying
chemucal reactions, but, at the time of the Second World War, many of the available
funds had to be used for pilot plants. However, because research results had to be
comimerciahized quickly, the role of the pilot plant in checking the most economical
working conditions and in selecting the matenals for equipment was often neglected.
The pilot plants were expected only to confirm the experimental results; they were
not in operation long enough to obtain chemical engineering data. Many of them had
falled in the industnal operations. Although the reaction mechanism had been
studied 1n the laboratory and the manuf. _turing conditions had been selected in the
piuot plant, the technology for manufacturing chemical equipment had not been
estabhishe §.

A piece of chemical equipment is designed to suit a particular reaction, and
special materials and designs are generally required. The quality and quantity of
metals or non-metallic materials for making domestic chemical equipment are very
important  Shortages of chrome, lead, zinc, special steel and non-metallic materials
during the Second World War resulted in low-quality chemical equipment and it was
often necessary to close down a chemucal plant for repairs.

After the Second World War, the Japanese chemical industries recovered very
quickly with the help of foreign technology. Between 1946 and 1950, most of the
efforts of the Government were aimed at strengthening the economy. Only a small
percentage of the budget was spent on research and development. Howevzr, after
1952 a variety of foreign techniques were introduced to fill the technological gap and
to rapdly develop the chemical industries. The Government also emphasized
indwidual research, and scientists and engineers who had worked in military research
nstitutes during the war became the leaders in research and development in many
industries. The laboratories of private companies were strengthened by the
contributions ot these individuals and new technical methods were developed in
many fields. The process of urea production by Toyo Koatsu Company, methanol
synthesis from natural gas by Japan Gas Chemical and the development of polyvinyl
chloride resins and polyvinyl alcohol are all examples of Japanese technology
developed after the war.

The remarkable development of the chemical industry owes a great deal to
foreign methods. However, it should not be forgotten that many chemical companies
that introduced for~ign techniques spent great amounts on research into new
applications and improvements of existing processes. They have sometimes even
reexported the improved process to the owner of the original process. Even among




82 STUDIES IN THI: DEVELOPMENT Ol PLASTICS INDUSTRILS

chemical companies importing foreign methods, in 1964 the sale of products
resulting from the foreign methods was only 44.8 per cent of total sales.

As was mentioned above, the biggest change in research since the war is that
most of the research and development has been undertaken by private companies
instead of by national research institutes or universities. The number of chemical
companies involved in research in 1963 was 1,333, or 58 per cent of all the
companies that conducted research, and the number of research personnel totalled
15,336, or 25 per cent of all industrial employees in those companies.

Research and development in chemical technology require a great deal of basic
research, many excellent scientists and engineers and much capital. Even where the
experimental work is successful in the laboratory. there is no guarantee that the
expected results will be realized in the commercial process. Most failures are the
result of limited and rushed operations in a pilot plant when immediate commercial
production is required.

In Japan most executives of chemical companies have been hesitant about
investing large sums of money in research, or hiring scientists and engineers, or
spending a long period of time on research and development (see table 51).

TABLE S1. EXPENDITURE ON RESEARCH IN JAPANESE INDUSTRIES, 1959-1963
(millions of dollars)

1959 1960 1961 1962 1963
Chemical industry 64.9 75.1 102.3 116.1 145.5
All industries 238.0 311.2 397.3 448.3 522.6

TABLE 52. TECHNIQUES IMPORTED BY JAPANESE CHEMICAL. COMPANIES UP TO

1961
Number of
methods introduced
Sumitomo Chemical 17
Mitsubishi Chemical 14
Mitsui Petrochemical 13
Chisso 11
Asahi Glass Company ‘ 7
Toyo Koatsu 7
Showa Denko 7
Asahi Chemical 7
Nissan Chemical 7
Japan Synthetic Rubber 6

Source: Y. HAYASHI (1966), Chemical Indwstry in Japan
(in Japanese), Iwanami Publishing Company, Tokyo, p.183.




RESEARCH AND DEVELOPMENT IN PLASTICS INDUSTRILS 83

TABLE 53. EXPORT OF TECHNIQULS FROM JAPANESE CHEMICAL COMPANEES UP

TO 1967
Number of
methods expr; ted
Toyo Koatsu 40
Sekisui Chemical 14
Kureha Chemical
Asahi Chemical

Shinetsu Chemical
Sumitomo Chemical
Kyowa Fermentation
Nissan Chemical
Mitsubishi Che mical

HOH N NN

Although they have enough scientists and engineers in their own companies,
most executives do not rely on domestic research and development, but look instead
for foreign methods. The expenditure on research in the largest Japanese chemical
company has been only 7 per cent of what Du Pont and 10 per cent of what Bayer
(Federal Republic of Germany) spend on research. As table 52 indicates, the large
companies tend to use more foreign methods than the smaller companies, and
medium-sized companies establish their own techniques (table 53).

Even in developed countries, new methods have often been introduced from
other countries or exchanged among companies. The technology of polyester fibre
was exchanged for the technology of polyamide fibre between ICI and Du Pont.
Chemical industry develops through these exchanges of technology and through
competition in the development of new chemical methods.

2.4 Development of plastics technology in Japan: Laboratory work,
pilot plant and commercial plant

The plastics industry was introduced to Japan in 1915 when Sankyo Company
(later Japan Bakelite Company) bought the patent rights in phenolic resin from Dr.
Bakeland. At first, phenol was used as a raw material, but it was later replaced by
imported cresol.

Research into urea resins was started in 1930 by Dainihon Celluloid Company
and Chugoku Paint Company. Matsushita Electric began production after contracting
with the Osaka Industrial Research Institute to develop the process. However, the
method for manufacturing urea, used until 1937, was one imported from Germany
and the United States. The production of alkyd resin was started in 1934 and that of
polyvinyl acetate resin in 1936. Acrylic resin was produced in 1938 and polyvinyl
chloride resin in 1940. In 1944 phenolic resin constituted 46 per cent, celluloid 28
per cent, and urea resin 13 per cent of the total plastics production.
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Since the Second World War, many foreign methods have been introduced while
domestic technology has been developed. These dcvelopments will be reviewed
below.

Polyethvlene

Research into low-density polyethylene began during the Second World War.
The polyethylene-insulated cable found in the radar systems of American aeroplanes
suggested to Japanese professors the type of research that they should start on the
production of polyethylene. Professor S. Kodama of Kyoto University
experimentally produced 6.3 grams of polyethylene in March 1944. A plant with a
capacity of 20 kilograms per day was designed and the equipment was ordered, but
the project was not completed until after the war. The experimental work was taken
up again in 1948 and a pilot plant with a capacity of 10 kilograms per day was built.
Work began in March 1951 and continued until May 1953. During the experimental
period from 1948 to 1951, the plunger pump for raising the pressure had not
functioned properly. The first pump could operate only for twelve to thirteen hours
continuously at 1,500 atmospheres. The pump was redesigned and was a success

Sumitomo Chemical Industry Company received a subsidy of $2,000 from the
Government of Japan in 1951. The grant helped to improve the manufacturing
equipment for polyethylene at Kyoto University. Later, in 1952, Sumitomo received
a subsidy of $33,300 for the Industrialization Test Fund from the Government to
build a polyethylene pilot plant with a capacity of 200 kilograms per day, this plant
began producing polyethylene in August 1954.

Sumitomo had to solve several technical problems, e g. purification of ethylene,
a catalyst to be added at a pressure of 2,000 atmospheres, a special compressor
lubricant which is not dissolved by liquid ‘ethylene, and quantity control of oxygen.
The quantity of oxygen, in particular, had to be precisely controlled. Although
Sumitomo Chemical had plans to construct a plant with a capacity of 3.000 tons per
year in 1954 after the success of the pilot plant, it still had additional production
problems to solve. For example, the supply of ethylene for making the polyethylene
was not assured. At the same time Mitsui Chemical signed a contract with Dr Karl
Ziegler to produce high-density polyethylene This was challenging news for the
people at Sumitomo. They contacted the mission from ICl in February 1955 and
arranged for a licence to manufacture low-density polyethylene with 1C1 in July
1955. 1t was decided to build an ethylene plant and a polyethylene plant Since
Sumitomo had had experience in working a pilot plant, there was no difficulty in
operating the commercial plant after introducing the technology from (1

Mitsui Chemical, affected by a depression 1n the coal-mining industry, decided to
manufacture higher alcohol from low-grade coal by the oxo process. On a trip to
Ruhr Chemie in the Federal Republic of Germany in January 1955, the executives of
Mitsui Chemical stopped at the Max Planck Institut in Dusseldorf and signed an
option contract with Dr. Karl Ziegler to produce high-‘ensity polyethylene
However, this process was successful only in the experimental work, and Mitsui
personnel had to obtain the know-how of large-scale operations by themselves

In April 1955, three engineers were sent to the Max Planck Institut to
participate in the laboratory work of the Ziegler process. In May. basic research was
started in their own central research laboratory and in the laboratory at the Ohmuta
plant. Mitsui received patent rights from Dr. Ziegler. but because it was impossble to
commercialize production from the laboratory data, suitable technaques had to be
established. For example, basic investigations had to be made into the choice of the




FSTABLISHING PLASTICS INDUSTRIFS IN DEVE FOPING COUNTRIT S N

Benzene reacts with ethylene n the liquid or gaseous state. producing
ethylbenzene Ethylbenzene 1s then dehydrogenated to styrene monomer [he
production cost of styrene monomer for each plant capacity 1s shown in table 26
The production costs of general-purpose (GP) and high-impact (HI) grades of styrene
polymer are shown in table 27

TABLE 27, PRODUCTION COST OF POLYSTYRENE, BASID ON FLANI CAPACHTY
AND COST OF RAW MATI RIALS

Plant capacity (tons,year) 10.000 20,000 40.000 %0.000
Cost of plant (millions of dollars) 278 444 722 125
Cost of monomer Grade of polymer Cost of polystvrene
fcents/lb) fcentsilb)
6.25 GP 10.67 1001 9.51 919
6.25 HI 11.30 1064 10.13 9 .81
7.50 GP 11,98 1133 1082 1050
1.50 HI 12.61 1195 1144 11.'3
8.75 GP 1330 1263 12.13 1181
8.75 Hl 1392 1326 1276 1244
10.0 GP 1461 1395 1344 1313
10.0 HI 1523 1458 14.07 13.75
11.25 GP 1592 1526 1476 1444
11.25 Hi 16.55 1589 1538 15.06
12.5 GP 17.23  16.58 16.07 15.7§
12.5 HI 17.86 17.2 16.69 106.38

Urea-formaldehyde resin

The raw materials for urea-formaldehyde resin are urea and formaldehyde. Urea
has been produced in large quantities for fertilizers, and formaldehyde is easily
produced from methanol. Obtaining the raw materials for urea-formaldehyde resin is
therefore no problem in any country. Asexplained in chapter 1.1, the manufacturing
cost of thermosetting resins is hardly affected by the size of the resin plant, a factor
which makes it easy for any developing country to start producing this resin.

Additives for synthetic resins

There are many additives for synthetic resins, the two main ones being
plasticizers and stabilizers. In some applications, a flame-retardant agent is added to
make the resins safe for building materials and automotive and electrical parts. An
antioxidant is added primarily to polyolefins, acrylonitrile-butadiene-styrene (ABS)
polymers and polystyrene. An antistatic agent is usually added to polyolefins and
polystyrene for food packaging and also to vinyl for phonograph records.
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solvent and conditions for polvmerization, the after-treatinent and the physical
properties of products. Also necessary for industnalization were studies concerned
with the bulk density of powdered polymer. the effect of molecular weight and
densitv on the processability of the polymer. the elimination of ash in the product
and uniformity of operations so as to ensure a standard quality of product

All these important problems had been studied in the basic research 1aboratory
A pilot plant (2 tons per month capacity) was then built in June 1955 and
approximately S0 engineers and 60 workers operated the plant until autumn 1956
During these months, they collected important engineering data on the effect of
scale-up, the mosteconomical operational process. the selection of apparatus and the
design for the commeraial plant Their efforts led to the construction of a pilot plant
with a capacity of 10 tons per month The plant was worked from autumn 1956 to
spring 1958, during which time the emiphasis was placed on market development and
operational techniques.

Mitsui Chemical originally wanted to build its own plant but in accordance with
the recoinmendation of the Mitsu1 Bank. eght Mitsui companies established a joint
company called Mitsui Petrochemical Company to which Mitsur Chenical offered 4
sub-licence and its technical know-how A high-density polyethylene plant with a
capacity of 1,000 tons per inonth was constructed at Iwakuni by Mitsm
Petrochemucal Company in Angust 1958 The manufacturers had had enough
experience In the operation of a pdot plant so that no difficulties arose in the
operation of the commercial plant

The plans for making polyethylene by Mitsui Chermical and Sumitomo Chemical
had provoked other chemical companies. and in 1956 Furukawa Chemical Showa
Denko and Mitsubishi Petrochemical announced their own plans

In Apnl 1956, the executives of Furukawa Chemical had visited the Phillips
Petroleum Company in the United States Their talks lasted two months and ended
in the drafting of a contract in which Furukawa agreed to pay $1 6 muhon for the
annual production of 7.500 tons of polyethylene based on Phillips technology

Later. executives of Showa Denko visited Phillips Petroieum and out bd
Furukawa by rasing the tee to $2 475 million Phillips accepted the new offer and 4
contract was signed. forcing Furukawa to look sisewhere for a polyethylene
manufacturer It finally paid Standard Oil Company of Indiana $1 5 milbion for a
licence to produce 7. 500 tons a vear

Mitsubishi Petrochemical, which was established by nine Mitsubishi group
companies and the Shell (Wl Company in Apnl 1956 ugned a contract with Badische
Anilin- und Soda-Fabrik (BASH) of the Federal Repubix of Gerrnany to produce
10,000 tons of polyethylene per year paid $0 68 million. and started operations in
June 1959 (BASF had bought the patent nghts from IC1 and had established its own
know-how Its commercial plant had been operated by the Rheintsch (Mefin Werke
which 1s jointly owned bv BASF and Shell )

As mentioned sbove. many companies had competed for foregn technology
Several of the companies were successful, others were not The reasons for failure
were shortage of markets and technical problems mentioned below

Sumitomo Chemical and Mutsubishu Petrochemical entered full operations as
won as the first round of production had reahzed large profits However Mitsw
Petrochemscal operated at less than SO per cent of capacity for more than s year
becmise of lack of demand for high-density polyethylene and 1 shortage of
apphications technology I consdered producing low-density polyethylene and
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established a jomt venture called Mitswr Polvchiemucals Ltd with Du Pont of the
United States in December 1960).

Showa Petrochemical. a subsidiary ot Showa Denko, started 1ts polyethylene
operations m December 1959 Showa Denko was not experienced m experumental
work or - the operation of a pilot plant. but 1ty mtroducton of polyethylene
technology trom Phillips was a success because of Phillips’ wide experience of
laboratory research and commercial plants.

Phillips Petroleumn  developed a catalyst system (chrome-oxide catalyst on
sihica-alununa) and announced its process 1n 1954 After successful bench-scale
expeniments, it was decided to progress to the pilot plant. The inen in charge of the
reaction group began to operate a 10-USgallon ( 38-litre) batch reactor and to build a
20-US-gallon (76-hitre) continuous reactor m 1954, After two months, the 20-gallon
reactor was completed and a 24- to 48-hour continuous operation was accomplished.
However it was difficult to operate the reactor for longer than 48 hours because of
certan mechanical problems One problem was a clog in the polyiner pipe, owing to
scale-up problems with nuxing and heat dissipation

While the polyinenzation group was attempting to solve these problems, another
group n charge of eliminating catalyst residue and recovening polymer was trying to
choose the most suitable process and desgn of apparatus  As soon as the
polymenzation process was perfected, the polymenzed product was separated,
filtered. dried. and sent 10 the laboratory where 1ts physical properties were tested.
Within two months  the polymenzation group was able to operate the reactor
continuously for six days. As a result of a change in solvent, the process was
remarkably unproved

baght months of produc tion resulted n 270 kilograms ot polyethylene from this
pdot plant which were used tor making saples tor a market survey . After another
tour months, the plant design. plant cost and the manulacturing cost i the
commercial plant were estunated lhe results of the market research were so
encouraging. that the executive commttee decided to go ahead with plans to build a
commercil plant Designs for the ethylene plant and the polyethylene plant were
drawn up At this stage. the iunctions of the pilot plant were to collect techmical
data. 1o unity the data collected in each section and correlate themn to the design
shedule and to produce vanous kinds ot polymer for market research. While the
commeruial plant was being designed. the pilot plant operated continuously, and the
drymy extrusion and pelletizing systems were changed from a batch system to a
continuous system. In addition. a 60-US-gallon (227 litre) polymerization reactor
was added to the system.

It was 1 't necessary to construct a serru-comme rial plant before desgning the
comunercial punt. but for the purpose of market development, a semrcominercial
plant with a capa ity of SOO kilograms per day was built at Bartlesville, Ok lahoma.
This plant was use.! 16 tran and drill the operators. study the safety problems and
develop the market | e comimercial plant began production in March 1957,

These expenences in the Phillaps plant served to assst Showa Denko n its
operation and Showa thu  1id not aeed to buid a puot plant However, no demand
developed for the product ¢ the medium-pressure process. and the low rate of
operations continued for 4 long 'me

Furukawa was less successful. mnce as was mentioned earhier 1t had been
defeated by Showa's competison for Phullips technology. Furukawa finally
wnported an unmature techaaque from >tandard O (ompany of Indaana. Standard
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had undertaken the basic research and had obtained many patents. but 1t had not
enough expernence of pilot plants. Production i the Furukawa plant was therefore
delayed tor one year while attempts were made to solve technmical troubles. kven
after operations began n June 1960, the plant was plagued by problems. In addition
to techmical problems, there was very httle demand tor the injec tion-moulded
products, wire and cable coating 1lhese blows proved fatal and 1in 1966 Furukawa
Petrochemicals was sold to the Nisseki Petrochenncal Company .

The large consumption of low-density polyethylene attracted many newcomers
to the production of the resin. Nitto Chenucal established a joint venture called Nitto
Unicar with UCC of the United States in 1962, Asahi Dow Company mtroduced a
technique from Dow Chenncal of the United States in 1964, as did Ube Industnies
from Rexall Chemical m 1965 and Toyo Soda Company from National Distillers and
Chermical Corporation in 1966. Japan Petrochenmucal i1s now constructing a plant
based on the technology of Rexall Chemcal. All the compames eluninated the
pilot-plant stage and built commercial plants immediately. As they used established
techniques. there were no particular troubles in operation. All of them have snce
established their own applications research laboratories for the purpose of market
development. All current polyethylene producers have introduced foreign methods,
and no company has established a commercial plant based on its own technique.
Toyo Koatsu Company and Mitsubishi Chemical. however, established their own
techniques in pilot plants that have been working for several years. Unfortunately
they cannot build commercial plants. because 1t 1s very difficult to attain reasonable
profits and success on the market as a result of keen competition and low prwes.

Polvvinyl chloride

PV( resins were imported 1n 1938 from pre-war Germany under the trade name
“Igeht”” made by IG Farbenindustrie AG. and from the United States under the name
“Vinyhte” developed by UCC  1lhese resins became the models for Japanese
researchers. and in August 1939, Nippon Chisso Company began the production of a
PV( resin called “Nippohit” lotal production of the resin reached 126 tons by
1944. but m 1945 most of the plant was bombzd and production was stopped in
1946 Chisso has never regaied its leading position in the production of PVC resins.

In 1947 the loshiba Company began production in a small pilot plant which
remained the only PV( plant in existence until 1949. [oshiba had no raw matenals,
but bought hquid chlonne and acetylene in cylinders. The 3-tons-per-month-capacity
operation of this pilot plant interested other chemical manufacturers with excess
chlorine or acetylene Several companes. e g. Tekkosha, Mitsur Chemical, Mitsubishi
Chemacal and Kanegafuchi Chemical, started research i 1948 and each began to
produce 10 tons of PY( per month. The companies had had some experience in
polymenzation durmg the war, so it was not difficult for then to begin research
again on synthetic resins. But other mexperienced chemical manufacturers, eg
Kureha Chemucal. Denki Kagaku, Japan Light Metal industry and Showa Denko.
requested leadership for their research trom the Government Chemical Industrial
Research Institute in Tokyo A member of this orgamization, Dr. K. Muzutan, gave
mstructions i the synthesss of vinyl chlonde monomer to chenmusts from the four
companies {rom Apnl 1949 to March 1950

Kureha Chemial started its own research work i September 1949 and began
the construction of a |(-ton-per-month-capacity plant which was completed in July
1950 This plant was later transformed to produce polyvinyhdene chlonde resin
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Kureha Chemical originally dealt in the production of viscose rayon, but its rayon
plant was scrapped by military order during the war. The original plan to
manufacture PVC resin was replaced by a plan to produce a polyvinylidene chloride
fibre using vinyl chloride monomer.

When Kureha started research work in 1949, the research groups were composed
of ten people each in monomer and polymer synthesis groups; another ten people in
a fibre fabrication research group were added in 1950. After six months of research,
they succeeded in spinning the polyvinylidene chloride fibre in the laboratory as a
result of experiences in spirning protein fibres during the war. On the other hand,
Kanegafuchi Chemical and Toa Gosei Company were not successful in spinning
because their researchers had had no previous spinning experience. The laboratory
work in Kureha was operated by means of a 10-litre reactor, which was replaced first
by a 100-litre reactor, then by a 2,000-litre reactor and finally by an 8,000-litre
reactor. In 1952 the capacity of the pilot plant was expanded from 10 tons to 30
tons per month and the engineering and market research continued.

While Kureha was starting research on the polyvinylidene chloride fibre, Asahi
Chemical, Kanegafuchi Chemical and Toa Gosei Company were each beginning
similar research. Asahi Chemical entered into joint operations with Dow Chemical
and in 1953 the Asahi Dow Company was established. The other two companies
failed in their attempts to spin the fibre, but in later years made polyvinylidene
chloride latex.

Of the companies that started research into PVC resins, Japan Light Metal
Company contacted B. F. Goodrich Chemical Company of the United States, and the
Furukawa companies and Goodrich established a joint venture called Japan Geon
Company in 1951, forming an excellent model for the Japanese PVC manufacturers.
Mitsubishi Chemical imported a technique from Monsanto Chemical Company of the
United States and together the two companies established Mitsubishi Monsanto
Chemical in 1952.

Japan Geon and Mitsubishi Monsanto Chemical are at present the only two joint
ventures with foreign companies in the group of fourteen PVC producers. Among the
other twelve companies, Mitsui Chemical introduced a technique from the United
States in 1950, Toa Gosei bought licences from St Gobain of France in 1957, and
Nippon Carbide Company imported the process of continuous polymerization from
BASF of the Federal Republic of Germany in 1956. Eight of the fourteen PVC
companies began operations between 1949 and 1952, but six others, Kureha
Chemical, Denki Kagaku, Shinetsu Chemical, Toa Gosei, Nissin Chemical and
Gunmma Chemical (subsidiary of Denki Kagaku), started several years later. Of these
late starters, Kureha and Denki Kagaku established their own technology, and the
other three companies, Shinetsu Chemical, Nissin Chemical and Toa Gosei,
introducted methods from other companies. Shinetsu introduced their PVC
technology from Chisso Company and chlorine techniques from Kureha Chemical,
and the Nissin Chemical plant was constructed and operated by engineers from
Chisso. The technology of PVC resin production has been progressively developed
from emulsion polymerization to suspension polymerization and dispersion
polymerization, and has been expanded from homopolymer to special kinds of
copolymers.

The PVC products have been accepted by many customers and the range of
application possibilities extends from rigsd water pipe and rigid corrugated sheet for
housing to soft film and sheet products. The model for PVC technology has always

ot
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been Geon products made by Goodrich. In recent years, however, Japanese PVC
technology has generally been classified with the best in the world and many plants
in developing and developed countries have been built with Japanese technical
assistance. For example, Sumitomo Chemical sold its method to France and the
United States; Kureha Chemical to the Soviet Union and the United States and
Mitsui Chemical to the United States. In addition, Shinetsu built plants in China
(Taiwan), India, the Philippines, Portugal, the Republic of Korea and other
developing countries.

Polystyrene

The production of polystyrene was started in 1957 with the importation of
styrene monomer by Mitsubishi Monsanto Cheimical :nd Asahi Dow Chemical. In
1959 both companies developed a petrochemical complex and produced styrene
monomer. The third producer, Kokan Chemical, a subsidiary of Japan Steel Pipe
Company, introduced the technology of the Koppers Company of the United States
it 1959 and started it in 1961.

Toyo Polystyrene Company, a subsidiary of Mitsui Chemical Company, and
Toyo Koatsu Company bought a technique from Cosden Petroleum in the United
States and began operations in 1964. Denka Petrochemical, a subsidiary of Denki
Kagaku, introduced a technique from the Petrocarbon Company of the United
Kingdom and proceeded to operate it in 1965. One year later in 1966, Yawata
Chemical, a subsidiary of Yawata lron and Steel Company, went on streain
employing a method from UCC. As previously mentioned, no home technology or
pilot-plant work has been used for making polystyrene.

All these companies have a very different share of the market. Asahi Dow
Chemical and Mitsubishi Monsanto Chemical hold approximately 80 per cent of the
total market because of their early start and the excellent quality of their products.
Other companies have been trying to develop a market for their oroducts and to
establish the necessary applications research laboratories. Their share of the market is
still small.

Japan Steel Pipe gave up control of Kokan Chemical and sold it to Showa
Denko, and Mitsui Chemical sold its share of Toyo Polystyrene to Toyo Koatsu
Company. Such a situation is a result not only of a later start, but also of the type of
technique imported. Dow Chemical’s technique is the best. The companies that
introduced other foreign methods have not been able to use pilot plants to improve
them and have had to be satisfied with a low success rate.

Vinyl chloride monomer

In recent years the synthesis of vinyl chloride monomer has developed
remarkably from the conventional acetylene process to the newer oxychlorination
process.

The diluted mixed-gas process for making vinyl chloride monomer is a good
example of a process that has been perfected through the co-operation of many
companies in research and development. Usually it is difficult for chemical
companies to co-operate in research. However, it is important to develop home
techniques both for companies that cannot afford to import foreign ones and for
governments that fear loss of currency and a disturbance to industrial policy by the
invasion of foreign methods and capital. The Japanese Government in 1961 passed a
Law of Research Associations for Technical Development in Industries and Mines.
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The Research Association tor Developing Raw Materials tor Hhigh Polymers wa. the
first association based on the law [he Chiyoda brngneenng and Cheutncal
Construction ( ompany was miluential in this move

In May 1958 the prospects for establishing an association tor developing
acetylene were explained. Delegates from ceventeen companies attended a meetine to
establish an acetylene-cthylene development association in July 1959 and on 10 fuly
1959, the association was formally started with seven PV( resin producers ten other
chemical companies, three pe troleum refimrg companies. and three other companmes
as founder members. [wo anversity  protessors and one executive ftrom the
Petroleum Dwvision of the Resources Research Institute acted as consultants for the
association. After the establishment of the association, the design of a prlot plant
with a capacity of 0.5 tons of acetylene per day was investigated The construction
of this plant was begun in January 1960

In 1958 before the association was estabhshed, the engineers at ( hiyoda
Engineering (ompany had planned to mvestigate the possibihity of makg acetylonw
and ethylene from naphtha. They began preparing the bench-scale research
equipment in January 1959 The expenimental apparatus treating S litres of naphtha
per hour was ready in April. but as a result of carbon trouble and erosion of the
furnace. reliable data could not be obtained for several months. After August 198X,
the experiments proceeded successfully., a concentration and purification system was
set up, and a 0.5-ton-per-day acetylene pilot plant was completed on 15 June 1960
Fifty-one operators, sent by the member companies after completion of university
engineering courses and four to seven years of experience in their respective chemical
plants, started the operational tests in the pilot plant

The plant was partially operated for a month, during which time the instiuments
and machines were tested. After replacing the faulty parts. the cracking furnace was
started up on 31 July. Twelve uns were completed dunng the next four months The
yield of acetylene and ethylene 1ached 57 per cent of capacity, a figure betier than
those recorded for the bench-scale operations and those n the data supplied by
foreign companies. Between January and Apnl 1961. the punfication step was
accomplished, enabling the punty of acetylene to reach 99 9 per cent The recovery
of acetylene from the cracked-gas operations was 95 per cent, indicating a success tor
the tirst plan of the pilot plant.

In the second stage, in 1961, a plant yielding 3 tons per day was planned
However, since eight companies did not go on to the second stage. the remainng
fifteen companies were forced to continue the project alone The acetylene pilot
plant (3 tons per day) was completed in December 1961 and was worked by 49
people including twenty engineers from fifteen companies Seven tests were run
before the end of March 1962 and the plant was successful in completing 100 hours
of continuous operation. The consumption of utilities was improved 20 to 2% per
cent over that in the 0.5-ton-capacity pilot plant

The third-stage experiment was held from May to August 1962 Twelve
companies did not go on to the third stage, leaving Kureha Chemical. Chiyoda
Engineering and Mitsubishi Oil Company (the supplier of naphtha for this
experiment) to operate the pilot plant (6 tons per day) In the third stage.
operational control apparatus was successfully introduced into the operation of the
naphtha-cracking furnace.

The cost of development for each stage in this particular operation is shown in
table $4.
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A comparmson of working costs from the basc research stage to the third stage

piot plant 1s shown in table S The cost of operation in the third stage is 14 times
that of the bench-scale experunent [his mdwates the wnportance of obtaiming
enough process data from the small pilot plant The operation of the larger pilot
plant should also be considered in finalizing the desgn for the commercial plant

The work accomplished by this research association was hmited to the
production of acetylene and ethylene from naphtha By the third stage only Kureha
Chemical remained from the seventeen chemacal companies that had joined in the

TABLE °S. COMPARISON OF WORKING COSTS FOR VARIOUS STAGES OF RFSEARCH
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tiast stage The engineers ot Kuareha ( heradcal olanne 1 to use the research work trom
the . racked gas tor the produs ton ol vinvl o hlonde monomer and in 1960 they huilt
4 pilot plant to manutacture vinyt hlonde monomer from cracked gas This very
successtul progect led o Apnl 1961 1o the Construction of a4 commercial plant tor
making vny!  hlonde mortomer trom naphtha  the pricess s now called the
kurehad hivoda viervt Chlonde monomer process  or the dilute mixed gas V(
monomer peocess  Hhis method hasy been sold 1o india Norway  the |ntited Kingdom
and the t SSR

The reasoms why Kareha hemcal rernamned thre gh the thad stage ot the
association and succeeded in building a comme rcial plant have teen stated by Dr by
Munekata . hiet of the Noguchi Research Institute president of the Japan Atomic
Resear h Instetut  and former direc tor ot the board of the Asahi Chemical Industry
Company A*' *'.a. time he was in charge ot the association’s research. and he has
explained the success of Kureha Chemical in his bouk Researc h and Development in
the {hemucal Indusirv 1964 The tollow ng extract from s book s translated
intormally trom Japanese

"When the  assoniati vas established  the managers belonging to the large chemical
companies hesitated to . e assodcation hed auve they had rehed on foregn methods Al the
wme iuve (1 was mporiant tor them to avord any responstbility tor the talure of the
experniments tven the compames that jommed the assouiation were comtent ta watch the
expenmenti with a conservative atlitude thus eighi compamies avonded the risk i the swoond
age In the vecond stage | attended the technical discussion There were very few engineers who
were anxious to develop the process and the discussion was bimited > them Most of the
engineers attending the meeting were only histeners Dy Gomi of Kureha Chemical was the most
cager person in the dssaociation and the eoginecrs trom Kureha directed by him bec anw the care
ol the association s research work  Their eagerness carried them through 16 the final stage

“Thus, the ohwervations and forecasts tor the development of the process ook on a4 quite
duferent quality among the enthusastic engmeers and spectators The pronsering Wit ot the
engineers ot Kurehu t hemscal brought ebout @ wek ome sucoess

On the other hand, Shinetsu Chemical, which had backed out after the first
stage umported an acetylene process from Montecatini of ltaly w 1961 which faled
at its introduc ion  Since the acetylene plant buat by Montecatint did not work well,
payment tu Montecatini was finally stopped and Shinetsu was forced to spend a great
deal of money un unproving the process i the commercial plant. 4 wtuation which
created a financial crisis 101 Shinetsu

Mitsubisht ( hemxcal introduced the acetylene process trom BASE i 1960 and
planned to manufacture polyvinyl sicohol at Mzushima, but 1t gave up thss plan in
order to build a commerciel plant Surmatomo Chemical introduced the SBA provess
from Beigum i 1960 and worked the plant for three years before it was torced to
sbandon 1t becmuse of umeconumxal operation It later introduced the
oxychlormation process from Stauffer Chemucal of the United States Toa Goser and
Kanegafuchi Chemucal have bought the licence for the Wulff process. but they have
not begun (o syathemae vimyl chionde monomer commercially

The experence of the Ressarch Assocumtion for Developmg Raw Materials for
High Polymers can be summarwed s follows

(a) The engmesrs and planners wn the large chemical compenies such »
Mitsubuh: Chemucal, Sumitomn Chemucal and Mitssi Chemical were
hositant sbout jowning the cooperstrve resarch They preferred to mmport
technology mther then 1o estsblish thew own, snd decided aot to join the




RESEARCH AND DEVETOPMENT IN PLASTHON (NDL STRIES

thi Mast ot the companies that joined the association were interested only n
hemg ohservers They lacked the pioneering spiiit necessary to establish
home industry A co-operative ettort in research and development s limited
and unsuccesstul unless 1t includes enthusiastic engineers who nake an
ettort to advance the project 1t s not difficult to collect funds from several
companies tor research and developrent butitas dithcult to find engneers
and scentists who have suthicenth creative munds to act positivelv and
cagerly
The most aportant requirements n an attempt to establish a new
technique are the prloneenng spint ot scientists and engineers and the
sympathy ot the compas v s executives with thas spint

Svnathetic fibres

Research into synthetic fibres in lapan was started after the sample importation
of nylon 6.6 trom the United States in 193X and nylon 6 trom Germany m 19149
Toyo Rayon began investigating iy lon 66 in 193% and nylon o0 1939 and 1940 |n
1943 a puot plant was put into operation The product was sold under the name of
“Amulan” Atter the Second World War the process of Toyo Rayon was investigated
by engineers at Du Pont and 1t was tound that there were no infringements on patent
nghts Toyo Rayon deaded in i947 10 buy the trade mark and polymerization
process tor nylon trom Du Pant  The other tour manutacturers of nyvlon all
introduced toregn methods atter the war

Polvacrvlomtile tibres had been studied by Protessor Kanbara ot lokyo
lechnological Liniversity in 1941 and the fibr  was named ‘Synsen”  T'he death of
his co-researcher Mr (, Mamiva g (ing the war prevented the commercialization of
the fibre Acrviic fibre was commercaluzed n 194% by Du Pont. and Japanese
engineers began their own research into the fibre at this tume The ommeraaly ation
ot acrylic fibres was started with the establishment of an acrylonitrde-vinyl chlonide
copolymer fibre by Kanegatuchi ( hemicat in 1954 In 1956 Fxlan ( ompiny 4 jomt
venture of Toyo Spmning and Sumitomo (hemal. imported a technique from the
Amernican (yanamd Company Mitsubishi Rayon Company ntroduced a technique
from the Chemstrand Corporation i 1958 Asahi Chemucal established its own
method of making an acryix fibre calted Kashimslon” This method has unce been
wid to the USSR

One unsyue fibre developed in Japan & the polyvinyl alcohol fibre mvestyated
independently by P. Memor | Sakurada of Kvoto Unwersity and Dr S Yazawa of
Kanegafuchi Spnning (ompany The fibre produced by Protessor Sakurada was
called “Goser Ichigo™ (synthetic No 1) A piot plant. which was later absorbed by
Dai Néhon Spinning (ompany was operated by (oserlchigo Kousha The product
made by [ Yazaws was named ‘Kaneviyan and a puot plant to make three tons
per month of it was started n 1939 by Kanegafuchs Spinning Company but the
work was later stopped.

Dr Tomonan of Kursshiki Rayon was mterested in the polyvinyl adoohol fibre
nd started (0 mvestagate it in 1942 In 1947 he upened a large commercaal plant for
makmg “Vinylon ' fibre

in 1952 the Japan Synthetic | ibre Asociation was osganuzed and prowvded tor
an exchangs of research results on synthetic fibres The associastion was reorganzed
8 the Socety of High Polymer Science m Japan and its actwity was extended to
cover remarch conferences on all ty pes of high poly mers
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Another new method for producing synthetic fibres was a vanilline<thylene
glycol copolymer fibre called “Vanion™ developed by the Kokoku Rayon Company
in 1957. This fibre has charactenstics senilar to ““Tervlene™ or “Dacron’ polyester
fibre Vanmiline 1s included in the waste hquid from pulp The utilzation o pulp
waste 1s a possible source of this fibre. but as yet the process has not been
comme rcialzed

Polyurea fibre was developed by the Toyo Koatsu Company in 1955 It was
produced by the condensation of urea and dimme ot carbon-9 o ahiphatic
hydrocarbon. Olew acid from sperm oil or nce bran was used as a raw matenal A
pilot plant had been in operation tor several years. but 1t was tinally closed down
when 1t becarne too ditficult to collect the nce bran

Two new kinds ot fibre are now under development One s a polyether hibre
called “A-tel” manufactured by Nippon Rayon Company. and another 1s a
proten-acrylomitnle slymer tibre called “K-6" Both resemble silk

Caprolactam

The manufacture of caprolactami, a raw matenal for nylon 6 has changed from
the classical phenol process to the dwect oxidation or photo-mitrosahon of
cyclohexane (PNC) The PNC process was developed by the Toyo Rayon Company
in 1950 The establishment of this PNC process 1s a typwal result of chemxal
research and development

In 1950 Toyo Ravon started the first expansion of nylon 6 (S tons per day
capacity ) by the phenol pracess The piot plant (1 ton per day capaaity) had hecome
idle Mr Atkawa head of the synthetic lactam section who had torecast the future
of the phenol process directed a research group investigating a new process for
synthewzing caprolactam m ten years’ tume At that tune the phenol process was the
only commercial one but it was incomplete and unsatisfactory

Other processes tor caprolactam had been suggested. but theu industrial value
was completely unknown The PNC process was one of the processes selected by the
scientists at Toyo Rayon for making caprolactam

Ihew wdea was that it it were possible to nitrosate cyclohexane directly this
process would be more rational and economical than the phenol process for
manufactunng Cydlohe xanone oxime

The wlea of reacting (y lohexane with nitrous acd 1o produce mitrosocycho
hexane was unsuccessful so nitrosy! chlornide was used nstead of mtrous scd  This
reaction did not work very well but eventually an ody salt of oxime was obtamned
through the reaction of cyclohexane and nitrosyl chlorde i sunhight The ywld of
the reaction was very low and a small quantty of the product was intermixed with
many by product's The process was improved by the addition of hydrogen chlorde.
but several daifficulties. e g suitable amounts and wave lengths of light. remained It
was necessary to .nd a source which supphied large mexpensive amounts of light of
sitable wave lengths while ehiminating unsuitable wave lengths. such as ultra violet
hght Also necesmary before the process could be cormercislized were solutions to
the problems of corrosion by nitrosyl chioride and the elmnation of heat produced
from the light source

At that time no large-scale photo-chemical reaction had been commercialized.
and many people at Toyo Rayon therefore consdered the process hopeless
Prehmanary expenmental results brought asbout discussions of the wisdom of
proceeding with the expenment It was finally decrded for two reasons to continue
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Colounng agents are added toall plostics Inorgame colonrmg agents such as
ttamnm diwoxide are the mmost populart chowes Carbon black i the most trequent
iternn among the <vamce colourg agents, and ity share ot the total orgamics in the
United States was about X0 per cent i 1964 itamum droxade occupied 76 per cent
ot the total inorganics m the same study - The total consmnption ot additives for
plastics was estundted to he about XO0.000 tons in the United Statesan 1964 (table
2%)

TABIT 28 CONSUMPTION OF ADDITIVES FOR PLASTICS IN THE UNITED STATES,

1964
TI'ype of additive Consumption
(tons)

Plasticizers 432,000

Aromatic: 326,000 tons“

Aliphatic: 106,000 tons
Heat stabilizers 18,200
Flame retardants 38,000
Inorganic colours 25,000
Organic colours 10,000
Water-soluble colours 1,700
Organic peroxides 3,950
Antioxidants 1,730
Antistatic agents 0.5-1.0% of resin
Ultra-violet absorber 365

%includes 272,000 tons of DOP (dioctyl phthalate).
Source: Kunststoffe, March 1966.

There are two processes used for making octyl alcohol, the oxo process and the
acetaldehyde process. The acetaldehyde process requires hydrogen as a raw material
and the oxo process requires a propylene-carbon-monoxide-hydrogen mixture.
Although the oxo process requires less expensive raw materials, its plant costs are
higher.

The DOP or DBP can be economically produced on a relatively small scale. The
size of the plant has little effect on production, and raw materials and end-products
can be fairly easily transported. The cost of the raw material, on the other hand,
greatly influences the cost of the process. Octyl-alcohol plants using the oxo process
should be planned along with any pe irochemical complex to be built in the future, in
order to obtain cheap octy] alcohol locally. This product could then be transported,
if necessary, to any plant making plasticizers.

It is more advantageous to obtain the raw materials for synthetic resins and
plasticizers from the petrochemical line than to select natural materials such as
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research  barst. the present process was based on the old one developed ur the
nmeteenth century  and although 1t had been unproved ot was thought that 4
completely new process should bhe orgmated hy the Japanese rtesedrchers woan
attempt to sumphty the processing ot raw matenals Second resear. h o nylon an
lapan had becn delaved more than ten vears | hus It was preterable 1o welect 4
completely new process rather than to trace the rewarch ot Uinted States oy
Furopean companies

Research was begun agamm i October 1951 after a halt vear terval One
research chenust and three  assistants studied the mam and  side redctions ot
photo-mitrosation and apphed lor patents Mr Kohay ashi head of rhe syntheti tibve
research section reported o the executives that the process had a hopetut tuture A
d result. the mandagement othicially dccepted st asareseaih progect The adviser the
fate Mr Karashima and the late president: Mr Sodevama visited the laboraton
several fune s and theic words of support and bope encouraged the researd hers

A year later m October 195 4 bench-w ale plant equipped with 4 1 kidowart
mercury lamp was completed and a4 photoreaction was dccomphished lastimg ten
hours i this stage the yield of cyclohexane to oxnne was about ') per cent byl the
vield of oxnne was only 20 grams per kidowatt hour 1t was tound that rhe »osty ol
power and construction were very hagh To miake the process econonme al the researc h
was thetetore anmed at developing a4 suitable lamp a larger photoreactor and more
ethaent atilization ol hghi

the period o four yedrs between this first stage and the second stage was the
et parntat g the fevelopoe st ot the PNC jrioness Neo Poap namabactarer was
willmg toattempt 1o manatacture 4 tronble free g ap b 1997 4 S kajowatt
high-pressure mercury lamp was vompleted and hope was restored ton the industrial
manatacture of niteowyl L hlonide and tor caprolactam prodaction by the Beck man
reaction with oxame hydrochlonde

In 195X the firt pilot plani equipped with 4 S kilowatt inercury famp started
aperations The yield of oxnne was 130 grams per kKilowatt hour and long Contimous
runy were possible The development of the lamp proceeded with 1he help of Tokyo
Shibaura tlectrn Company  and 4 10 kdowalt high pressure lainp was pertected A
prlot plani with 4 capacity ot 100 Ktograms per dav was equipped with s . ombmed
set of five lamps and completed i March 1960 1o develop this process engineers
replaced scientists on the inain research staff and the totval numbe r was rased trom
10 10 60 As 4 result ot unexpected . orrosson problens and unusual side reac ions. 1t
took about six inonths to reach stable contmuous working

In October 1960 when Snia Viscosa of ltaly announced 4 «aprofactam provess
starting with toluene several Japanese companies became interested i the new
method When Mr Notarbastolo visited Japan w January 196! he was shown
through the Toyvo Rayon piot plant and a comparnon of processes was proposed In
March 1961 several engineers from Toyo Rayon visited Snia Visc 0sa to see the pilot
plant and discuss its econonue and technical problerns [he companson showed that
the two processes were almost equally economscal [ he executives of Toyo Rayon
decided to mamtamn their own PN process. not only because of 1ts brnght future. but
alsu 1o contmue thewr own techncal development This decision accepted by the
Wienusts and enganeers. acted as an incentive for further development

In August 1961 4 plant to increase production trom 100 kdograms to 19 tons
per day was accepted and a plant with 4 capacity of 10 tons was completed in March
1962 Unlike the situation i the former plant, many difficultses erupted at each
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stage bqumpment was redesigned and matenals were .hanged Atter five months
corroson was ehrmansted Scale-up data and the most economical conditions ot
operation were studied tor setting up the control system In November 196, the
process was exported to the birestone Tire and Rubher ( ompany of the l'nited
States This led to the dewgn of a plant with a4 capacity of ) tons per day whih
began partial operation in March 1963

The cost of research and development tor the PNC process is shown in table S6
and the steps in its development are outhined in table 37 These tables show the
length of time and the costs to develop the ongmnal proces

The development of the PNC process has shown how important to research staft
it can be to have the understanding and encouragement of top management

TABLE %6  (OST OF RESFARCH AND DEVELOPMEINT OF (APROL ACTAM BY THE
PHOTONITROSATHON CYCLOHFE XANE (PNC) PROCESS IN JAPAN 1950 {964
Ithousands of dolears)

Variahble . osts Fixed costs

1950 1958 127 6 128
1959 439 197
1960 S8 9 185 8
1961 I3 8 LRIN
1962 4120 781 0
1963 552.0 2320
1964 1872 124.1

TOTAL 1713 4 1.6867

Sowrce K HOSHINO and M_ ITO (1967) “PNC Process
Lectam® hemicel Economics (i Japanese), 14(3) 71

TABLE $7 DEVFLOPMENT OF THE PHOTONITROSATION CYCLOMEXANE (PNC)
PROCESS IN JAPAN 1961 196]

(apecity Lamp Oxime
of plant capacity yseld Rave of plent cost
(toms/day) (kW) (gram /A Wh) (per comt)
1962 March 10 10 160 100
1963 March 30 20 200 60
1964 December 60 20 240 40
1965 September 76 20 280 35
1966 December 95 20, 40 320 32
1967 April 140 20, 40 320 28

Sowrce K. HOSHINO and M. [TO (1967) “PNC Process Lactam™, Chemical
Keomomics (in | spaness), 14(3), 71.
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National and regional pilot plants in the developing « ountres

Chapter 4 e ntine.d inany Pagioples of Conneerorad developme et ot ety e
shiciwang that

Tl At g compar fas had i ower Cxpenence b Some process oo iahesr 41ory
toopldot plant o will have oo dithicalty in anderstandin, and wnplementng
toregn technotowy in The same process

It the boregn cunpatny bas bad snongh expenence of commes gl working
there should be no problem in local operahon A manutacturer interesied iy
new methods should hay  an estabhished te. hnique tor th  Gimmern 14l
operation In this case 3 pilot plant s not 4 necessary sdditiona! pur. hase
If the forewn technugue o wr an cxperinental stage the buyer shonsdd 1race
the rewdts o the laboratory  hoaild 4 pldot plant  and develop his own
technijue tor scale up

bven af the techiugue s mtrodiuced trom foregn countnes  te hial
apphcations and unprovenwnts should be mvestigated individually by each
buyer [he appliations of products often have special char tenstios i
each country and a market must he developed for each

The attempted (o operation ot Mdny private companses n researh and
developinent v otten difticult Fust  the subjects open to research are
hmuted to a teld of mutual imterest Second  the responsibility  tor the
research 1s not always dearly detwed lhird the engineers a ! oscwentisty
who o the Coaperihive  researc b programme  often furn ot to he
observers nstead of revearchers tourth cOmpany executives generally rely
on forewgn rather than domesti fe hnology

It takes tume and money to develop 4 home mdustry but each country
should bring 1ts own technugue np to as high g level as possible and should
attempt to create new products The attitude of the execnhves I8 very
important tor budlding up an indmidual techn ue

In bulding up an industry  cach developing country should follow 3 proce dure
4ppropriate 1o ats stage of developinent natural resources and socral conditions
mchuding education  religion transport systemn, standard of living and will 1o work

In the developrnent stage ot the Japanese chemical industries. several pilot plants
were budt in the national research institutes. with or without the co-operation of
private chemical compares The Gov rnmen Chemical Industnal Research Institute
m Tokyo played an important role in the establishment of Japanese chemal
technology  from the laboratory 10 the pidot plant and then on to the private
companies. It aiso mitiated research in the private chemical companies by offering
instruction to employees in vanous subjects

Most of the industry i developing countries comes trom the more developed
countries. This pattern is not expected ta change in the near future Theretore the
activities of a national pilot plant will be confined to a small asea

If there are special local products in the country .. a national research laboratory
could study the progress of production from hasic research to a pdot plant. It s
unlikely that high potymers could he developed because the raw material generally
depends on petroleum. It s also doubtful that a regional pilot plant could be
established. Almost all the new technical processes in polymers and plastic  have
been developed in the more advanced countnes. Production 1s no problem so long as
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the developuyg . ominfry huys an established techougue  trom more developed
counties A padol plant woald then not be 4 porerepsite tor making plaste s m any
developing country It g country wants 1o buy a Technigue in the experane ntal st
ot ot noapterested a0 the patent rights 1o 4 priwess 4 prlet plant s necessary  Thas
reguires ime money and nanpower and s the long run ot very econome al

oo portant tor e developmg - ountry 1o Create good conditeons bor the
miroduchion ot new technijues trom developed countres and tor improving and
adapting themn to local conditions

Creating 4 new mvennion does not always prominse econonue prospenty Many
bLuropean weas have been ntroduced mto and onunercalized i the | nited States
Japan has used many toregn nethods and aithough the ettort to develop hiome
mdustry s lower there than in buropean countries econonng Jdevelopment n Lapan
18 some tune s greater than an burope

It s amportant for each developing country 16 know how o adapt advanced
techigues Lo ity owne economc developinent instead ot spending 4 great aount ol
money and tune In creating new ones A national or regional pilot plant s not
necessary :n order to make use of estabhished technology but the developing country
must have a national or regional laboratory for applu ations research  Applications
research will help to improve the iving conditions in 4 country and wall result in
special local products

Table X hsts varions chemacal and industrial researc h laboratones in the Federal
Repubhc of Germanv France Japan and the Uinited States and indicates the helds
of research number of statf membess and laboratory area

FTABLE S8 CHEMN AL AND INDUSTRIAL RESEARCH LABORATORIFS

Staft? Laborator,
e mbers area
Surmitomo Chemical Central Research
Laboratory (Japan)

Basi research Main $x $.5>78 m?
Organic. norgan . and physical che mastry | Sub 58 (basx
polymerization, matenials evalustion, Doc. 4 research)
chemical engineering TOTAL 120

Applications research Main 41 5.336 m?
Application of polymers, technical service Sub 47 (applications

Adm. 62 research)

TOTAL 150 2812 m?

Sumutomo Bakelite Central Research (adm 1istration

Laboratory (Japan) and L ‘rary)
Applications research Main 77
Documentation Sub 38

Adm. 55
TOTAL 167
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| shte 3% caonrmued)

Denks Kagal o Central Resear. h ( lapan)

Basu research

Organ norganikc and physical  hemistry
poly mernizatuon

Polymer Research Laboratory (Japan)

Applications research

Applx ation of polymers. processing methods
techni al services market development

Asahi (hermacal Technologw al Research
instiute (Tokyo)
Basi research

Organac synthesss, polymerizatin b hemustry
physical chemistry

Development

Toyo Rayon Company Basw Research
Laboratory (Japan)

Rasic research
Orgariic and physical chemustry bwchemastry

Physical and Chemacal Research Institute ( Japan)

Basic research

Organx and inorganic chemustry, biochemustry

polymer, agricultural and radvation chenustry
poly mer phyucs, microbiology . ceramics.
metallurgy . theoretical physis mechanxal
and electrical engineenng, electronics

Lahiwgrow,
@ed

Mam 65 3169 m?

Sub 65
Adm 24

TOTAL 154

Main
Sub
Adm

TOTAL

Main 110

Sub 110
Adm 4()

TOTAL 260

Main 7% 19936 m?
Sub AR (land
Do 12 3%0 022 m?)

Adm 59 (cost of construc-
TOTAL 217 tion $10 malbon)

Research 333 35779 m?

Adm 7
TOTAL 450
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[able SX fcontimed )

Seaft?
members

Laborasory
areq

Deutsche Kunststoffe institut (Germany. Fed. Rep.)

Basic research TOTAL
Chemustry . physics, testing
Documentation

Centre d'ttude des Matseres Plastiques (France)

Plastics research TOTAL
Standardization
Documentation

National Bureau of Standards, Polymer

Divimon (USA)
Polymer research TOTAL
Documentation

Mellon Institute (LISA)

Sponsored research Research
Basw research Adm.
Applications research TOTAL

Government (hemucal industrial Ressarch
instrtute, (Tokyo, Japen)
Analytical chemistry Research
Physacal chemustry Adm,
Electrochermsstry TOTAL
industnal catalysts
Pigments. dyes
Polymer chemistry
OF and fat chemistry
Wood chemistry
Disposal of industrial wastes
Explosives safety
High-pressure chemastry

100

49

158
I R4
539

304
152
456

29943 m?
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Table S8 (continued

Staft? Laborarow,
menther arey

Leather
Photo-sensitive matenals

Technical consultation

Government Industrial Research
Institute, (Osaka. Japan)
High-poly mer chenustry TOTAL
Applications research tor plastics
Ceramics
Industnial wastes
Fuel cell

Government Textie Ressarch Institute (Japan)

Dyerng and finishing 10 research sections
Synthesss of new polymers TOTAL 138
Physical properties of polymers

Texties from fibres

Research into textie products

(sovernment Industrial Arts Institute (Japan)

Research nto consumer products
Improvement of design
Packaging

Applications for plastics

Metal finishing

Procesmng of wood and bamboo

(overnment Resources Research Institute (Japan)

Mining technology
Applications of coal and petroleum

Raw materials manufacturing procesess
for polymers

Combustion technology
industrial sfety
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tropical plants and crops tor this purpose In India there s a long history ot research
in the use of local products tor various applications One local product. deveioped
the 1930s. 15 a compression-mouldmg compound from shellac However the use ot
this moulding powder was abandoned as soomn as phenolic products became available.
because the moulding powder had too long a moulding cycle and various unstable
properties. Recently, tanmun-formaldehyde glue has been developed and appears to be
a promusing raw maternial Vegetable tannin and cashew nut shell hquid are also bemg
studied as raw materials

The value of such locally producible resms 1s not very high unless the resins are
produced with the properties and at a cost necessary to compete with the existing
important thermoplastic resins. such as polyethylene. PVC resin. and polystyrene
The chances of obtaining such a superb resin locally are very small in view of the
development of the present petrochemical resins, and it is considered more advisable
to concentrate on them.

The process for producing ethylene from cane sugar or molasses alcohol has
already been described. This was acceptable until ethylene could be cheaply made
from petrochemicals. The pioduction of important synthetic resins from locally
available vegetables or special minerals, instead of from petroleum and natural gas, is
not recommended.

1.4 Financial aspects of the plastics industries

Monomer and polymer industry

The plastics industry is usually classified into two very different parts, the resin
producers and the processing companies.

Resin production has two stages The first is the production of monomer, e.g.
the production of ethylene in manufacturing polyethylene, vinyl chloride monomer
in polyvinyl chloride production, styrene monomer in polystyrene and so forth. The
second stage is the polymerization of the monomers to make polymerized resin
material. The different steps involved are ali part of the so-called apparatus industry,
which requires high investments, extensive automation and sufficient plant size. In
order to justify production and make it economical, the capacity of the plant and the
rate of operation should be as high as possible.

Table 19 shows one example of production costs for low-density polyethylene.
The cost of building a plant with a capacity of 25,000 tons per year would be
approximately $11.7 million. If the capacity were enlarged to 100,000 tons per year,
the cost of the plant would be $35.6 million, or 20 per cent less than the cost of
building four 25,000-ton-capacity plants. Considering the fact that the costs of raw
material and labour are a small percentage of the total cost, this 20-per-cent figure is
very significant in lowering production costs.

This difference could be much greater in the production of other resins. Tables
26 and 27 show the production costs of styrene monomer and polystyrene. In the
case of monomer production, a 12,000-ton-capacity plant costs $3.33 million, while
a 96,000-ton-capacity plant (eight times larger than the first plant) would cost $11.]
million. This is half the cost of building eight of the former plants. The manufacture
of polystyrene from styrene monomer involves similar capital savings on larger-scale
production. A polystyrene-polymerizing plant with a capacity of 10,000 tons per
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year would cost approximately $2 78 mulhon, while the same plant with a capacity
of 80,000 wons would cost $12.5 milhon. Tius 15 a capital saving of approximately
one third.

A study of the figures in tables 19 through 27 shows that the mvestment
required for monomer production decreases as the capacity of the plant increases
Polymerizing a part of the monomer also offers similar. though smaller savings. A
unified large-scale monomer production centre 1s therefore desirable. but individual
polymer production plants could accommodate each local situation by providing
smaller plants in more places.

Plastics processing industry

Processing is usuaily carried on in many small plants. This is partly a result of the
smaller investment required to establish a small plant. The size of the plant does not
greatly affect the cost of production. Table 29 beicw shows that in the United
States, plants with annual sales of over $2.5 million have an advantage over plants
with sales of $250,000 to $500,000. The large processors do not benefit much from
their size, nor are the small processors always handicapped by being small. Table 29
also shows that the “profit before depreciation and taxes™ averages out to 11 to 2
per cent of sales.

In the United States the processing industries purchase resins at competitive
prices. Their selling prices are also competitive. In spite of this, the plastics processing
industry is flourishing. A profit of 10 per cent before depreciation and taxes is
relatively small compared with the profits of other manufacturing industries. This
indicates that the plastics processing industry is very vulnerable and competitive.
Capital is accumulated rather slowly through this pattern of internal financing. As
explained earlier, the plastics processing industry is the key to establishing an
integrated plastics industry. Special consideration must be given to lending money at
lower interest rates and special tax rates when commodities are manufactured for
export or for a government-supported project.

In order to assist processors to increase their capacity, tax regulations should
allow high depreciation rates. Cash equal to the amount of the depreciation should
be retained within the company and invested in new machines and buildings within a
reasonable number of years, providing a tax relief. A cheap and stable supply of resin
is another factor to be considered. Continuous operation at high efficiency is the
only means of ensuring fast capital returns and reinvestment possibilities. A shortage
of raw materials or a fluctuation in prices discourages reinvestment since it is an
indication of a poor risk. For this reason, the supply of resin should be under
governmental control.

The design of plastics products often poses problems when the products are
exported. Even in the domestic market, a good design encourages further use of the
same product. It is rather difficult for small processing ccmpanies to maintain a large
labour force for the purpose of producing new designs. A “design centre” for plastics
processors is a possible solution to the problem. Such a design centre could provide
information on patents, regulations, design, assistance in technical problems and so
forth. Co-operation between United States designers and design centres in different
countries would be helpful.
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FABLL 29 OPEFRATING FXPENSES AND PROLEITS OF THE PLASTICS PROCT SSING,
INDUSTRY IN THE UNITED STATES

(per cent of sale price)

Plants with annual sales of

$250.000  $500.000  $1.000.000
Total to to to over
industry  $500.000  $1.000.000 $2.500.000 $2.500.000

Costs of production

Material 35.2 35.7 353 410 36.5
Cost of labour 20.6 203 21.4 17.9 18.6
Manufacturing expenses

(including depreciation) 20.0 19.6 19.5 18.2 233
TOTAL 75.8 75.6 76.2 77.1 78.4
Gross profit 24.2 24 4 238 229 21.6

Selling ex penses

Salaries and cominissions 2.7 2.3 2.1 33 3.6
Advertising 0.7 0.7 04 04 1.2
Travel and

entertaining 1.0 1.5 0.5 05 08
Others 0.6 0.3 08 1.0 04
TOTAL 5.0 48 38 52 6.0

General and administrative expenses

Executive salaries 8.0 7.4 6.4 34 33
Debts 04 03 03 0.5 03
Others 3.6 49 5.2 5.2 48
TOTAL 12.0 12.6 11.9 9.1 8.4

Profit before depreciation and

taxes 11.1 114 12.2 11.3 11.1
Depreciation 39 44 4.1 2.7 39
Taxes 2.8 2.5 29 34 3.1
Net profit 44 4.5 5.2 52 4.

Source: The Plastics Processing Induswy 1966, Tarnell Company Incorporated.
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STUDIES IN THE DEVELOPMENT OF PLASTICS INDUSTRIES

Table 58 (contimueed)

Staff® Laboratory
members area

Wasts treatment
Applications of coal
Recovery of tar acid
Improvement of tar pitch
Analysis

Government Fermentation Research
Institute (Chiba, Japan)

Fermentation of carbohydrates and
hydrocarbons

Analysis and chemical engineering

Government Industrial Development Laboratory
(Hokkaido, Japan)

TOTAL 113

Research 49 (9 sections)
Adm. 22 (1 section)
TOTAL 71

Spain  :  main staff or ressarch
Sub. : acsletant research
Des. : documentstion
Adm, : osdministretion
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RECOMMENDATIONS

What can be done nationally or regionally to promote research and development
in developing countries? 1t is difficult for developing countries to establish their own
methods. Most of them lack the manpower, time and money needed to create new
processes. Therefore, their economic development should be based on the
introduction of methods from advanced countries. For this purpose, it is hoped that

developing countries are well prepared to digest the foreign methods and adapt them
to their own societies.

The establishment of a national industrial research institute is reccommended in
each developing country to promote applications research and to collect information
on the uses of local products. However, it may also be possible to establish an
institute through the co-operation of several developing countries. In this case,
UNIDO should work to set up such a regional industrial research institute.

The functions of such an industrial research institute are as follows:

fa) Collection of technical information and samples;

(b) Technical guidance for private companies;

(c) Research and development on behalf of private companies;

(d) Training of scientists and engineers sent from private companies;

(e) Applications research for domestic products and those made with foreign
technology;

(f) Ressarch and development in the regional and national interest from
laboratory to pilot pimnt.
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