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Aldvances in Materials Technology:
MONITOR

Issue Number 6 ) 5 é O > April 1986

Dear Reader,

This is the sixth issue of UNIDO's state—of-the—art series in the field of
materials entitled Advances in Materials Technology: Monitor. This issue 1s
devoted to plastic and is addressed to a select target audience of policy makers,
scientists, technologists and industrialists in developing countries.

In each issue of this series, a selected material or group of materials will
be featured and an expert assessment made on the techmological treads in that
field. In addition, other relevant information of interest to developing countries
will be provided. In this manner, over a cycle of several issues, materials
relevant to developing countries could be covered and a state-cf-the-art assessment
made, hopefully every two years.

The first issue was devoted to steel and dealt in particular with high
strength, low alloy (HSLA) steels. The second issue was devoted to new ceramics,
also known as fine ceramics, high-performance ceramics and advanced ceramics. The
third issue dealt with fibre optics, the fourth issue with powder metallurgy and
the fifth with composites, UNIDO has received good response on the content of
these issues as well as on the idea of a monitor on materials. In preparing the
monitors, the Technology Programme is receiving valuable help from experts in and
outside UNIDO, We hope to have their co-operation in our future issues as well.

The subject of plastics is rather wide aud we have to make a rather limited
selection. This 1ssue contains cne article written by two UNIDU experts and three
written by outside experts as well as a current awareness section, including
information on new products, new processes, apolications and market trends. A list
of publications and information on meetings as well as a section dealing with
general information are also contained in this issue.

The UNIDO secretariat would welcome information on materials and suggestions
on the format and concent of the Monitor from readers.

K. Venkataraman
Special Technical Adviser
UNIDO Technology Programme

Compiied by the Yechnology Programme of UNIDO P.O. Box 300, A-1400 Vienna, Austria

Not an ofliciel do . For infor ion only.

Opinions expressed i this newsletrer do not necesserily reflect the views of UNIDO.
V.86 56101 Y
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A.  PLASTIUCS WITH EXTRAORDINARY PROPERTIES

Chemists can now rearrange the loops and chains
of carbon, oxygen, hydrogen and nitrogen in plastics
not only to make chem lighter, chesper and better
protectors of perishables, but also to give them
extraordinary properties. They can be made to
conduct electricity, or to possess the strength of
steel.

Fcr consumers, the first rumbles of the
revolution can slready be heard. A plastic
automotive engine has been built, giving better fuel
efficiency, and on the horizon are lightweight
plastic batteries, fuel cells and paper-thin arrays
of solar cells tast :an be pulled of a roll like so
much saran vrap.

Even the simple toothpaste tube is no longer so
simple. Once made of lead, it is anow composed of
nine layers of plastic and other materials, that,
among other handy qualities, refuse to break cpen
and coze toothpaste even after repeated folding.
Further signs of the revolution are snack bags and
cooking pouches that often seeam impossible to
puacture except for the pragma.ist equipped with »
sharp knife or scissors. For a variety of economic
ressonz, industry experts expect the pace of the
shake-up to quicken. As with any revolution, there
are also new risks. Researchers are coausZantly
searching to see if the manufacture or incineration
of exotic new plastics can be harmful to health.
Confident of current safely, chemists say they are
now confronting the knotty ecological problems of
vhether wetal-like plastics can be developed that
are easily recycled.

Emergence of super plastics

The age of super plastics has its origin in the
last decade or so and is largely s result of
fundamental insights into the nature of matter most
especially the electronic and physical properties of
monomers, small groups of wolecules that can be
linked into long chsins known as polymers. (The
word “plastic” usually refers to a mixture of one or
more polysers with other materials that make the
sixture soft eaough tc mould into usetul products.)
As is often the case, breskthroughs have alsos raised
new theoretical questions.

Metals conduct electricily becsuse tney unleash
and cransfer their electrons - tiny sub-atomic
narticles that carry vhat had long been considered
an indivisible unit of nature, the negative electric
charge. But physicists believe that conductivity in
plastics may well be evidence of & fractionsl
cherge. Dr. Robert Schrieffer, s Nobel lasureate ot
the tniversity of Californis st Santa Barbara, has
described the work on conductive plastics as "Une of
the hottest aress in modern physics”.

Of wore then theoretical interest, conductive
plastics msy have vide application, according to
Dr. David Mairns, s chemist at the University of
Peonsylvania. He said the fabrication of light-
weight fuel cells, bstteries and solsr cells vas
being vigorously pursued sround the world.

Polysul fones

in sddition to conductive wonders, chemicsl
insights have given vise to s new cl of
supercough and hest-resistant plastics that have
widely replaced gless and metal. Fifte~n vearo ago,
for instance, chemiots at the Union Carbide Curp.,
diswving on new knovledge of hov molecules intersce,
devised s way io hook s sulphur-bssed wonomer into
long chains. Known ss polysulfones, these turned
out to have & high resistance to scid bdases, water
and hest.

The upshot was a new fawmily of nerculean
plastics. Uldel the brand name of a Union Carbide
super-plastic, can withstand continuous temperatures
of 300°F and has a tensile strength of 10,000 1b a
square inch, as against 32,000 p.s.i. for brass. It
easily fills in for glass, stainless steel and
nickel. Udel ‘s widely used in medica! instruments
and wilking machines, both of which wust be
sterilised before use. It can slso be found ian hair
dryers, egg cookers, digital watch cases, camera
cases, pacemakers and astronaut helmzts.

Since the mid-seventies even stronger (and more
expensive) metsl-like plastics have em:rged Chat can
take higher temperatures and stresses. Kevlar, five
times stronger than steel, is widely used to make
bulietproof veste. The toughest meral-like plastic
yet created was recently announced by scientists at
E.I. Du Pont de Nemours. Known as Delrin 3T for
super tough, it will, according to bu Pont
officials, find its way into everything from
automotive bearings and bicycle gears to typewriter
parts and ski bindings.

The power of the superplastic revolution, born
of pure chemistry, has peen multiplied by a vevy of
new techniques for shaping plastics into useful
producte. Perhaps the most remarkable is & process
known as “barrier coextrusion”, in which different
polymers, each with a unique quality, are bound
together into a single sheet that performs multiple
tasks such as blocking the passage of light, oxygen
and flavour. An example is a potato chip bag,
seemingly impervious to puncture. Its inner and
outer layers block light, moisture snd large
chemicals while a middle layer blocks the migration
of tiny molecules such as oxygen. The final two
layers tie the whole thing together. High tensile
strength is a by-product of the five-layer sandwich.

Just how far will the revolution gu? According
to chemists and industry experts, that depends to 2
large extent on consumers changing life patteras, as
indicated by the increased use of microwave ovens,
clearly require greater use of plastics in
packaging. But large unknowns also lurk, such as
whether their consumers wili want to buy plastic
cartons of unrefrigerated milk that nave sai on a
shelf for s year.

Economics is also s factor. Steel-like plastic
is easy to make but expensive. Creater demsnd will
drive down the price, a trend clearly at work in the
sutomotive industry especially in fuel-conscious
Europe. The swount of plastic in the typical
European car has risen to slmost seven per cent by
weight, sows wodels having as much ss 10 per cent
plastic.

A problem in all this is recycling. With cars,
for example, sbout 70 per cent of their weight
(mostly metsl) can be recycled - but aot plastic
parts, 8 probles cuirently under attack by chemists.

The upshot is tnat superplastics are
increasingly likely to show up in psckaging,
batteries, sirplanes, cars, textiles, roofs, voats,
psints, windows, tennis rackets, vicycle gears,
soler cells, garbage bags, home insulation and a
host of consumer goods. (Extracted from:

Popular Plastics, Vol. XXX, No. 2, March 1985,
pp. 13

8. DPEVELUYMENT OF MAJUR POLYMERS
. ANV THEIK APPLICATION
During the last 25 years the rapid development
of science end technology in the field of chesistry
nas led to the creation of hundrede of new
chemicals, espacially polymers possessing unique
properties. Many innovetions have been made in the
I
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use cf new pclymer substances thanks co specific
praperties such #s thermal and electric insulation,
corrosion and weather resistance, low specific
grivity, water snd grease resistance, facility to
take permanent colours, ease of handling and
cleanliness, etc.

Plastics are divi‘ad into two main groups:
thermoplastic and thermosetting matecials.
Thermoplastics soften oa heating and reharden on
cooling, the process being repetitive and allowing
the formstion vf almost any shape dasired. The most
isportant processing methods for thermuplastics are
injection and blow moulding, extrusion and
thermctransforming. The wmost widely vsed
thermoplastics are polyvinyl chloride, resins,
polyethylene (low and high density),
acrylonitrile-butadiene-stycene, polypropylene,
polystyrere, cellulose esie-s, polyamide, acetal
resins, and polycarbonates.

Therwmosetting resins harden vhen heated
irreversibly. They ususlly have a cross-linked
structure which gives them additional resistance to
temperature, chemicals snd creep. The following
methods can be used for their processing:
compression moulding, transfer moulding, casting and
calendering. Among the best—known therwosetting
plastics are phenol formaldehyde and melamine
formaldehyde resins, polyesters, epoxy resios and
polyurethane. Polyesters and epoxies are ususlly
used as binders and adhesives, i.e. polyesters with
glass fibre give fibreglass reinforced plastics (FRP
or RP). By the use of different additives
(diluents, extenders, fillers, reinforcing
waterials, plasticizers) plastics with a wide rauge
of properties are obtained. Thanks to their variety
of properties plastics are videly used in the
coastruction industry as ~ell as in meny other
sectors such as packaging, electrical equipment,
transport machinery, agriculture, household goods,
etc. (Extracted from a United Mations E ic_and
Social Council Meport "The Use of Polymer Materials
in the Construction Induatry™ [ECE/CHEM/26,

1 February 1980})

C. UNIDO NEWS

UNIDO'S TECHNEICAL ASSISTANCE IN THE DEVELOPMENT OF
PLASTICS FOR INDUSTRIAL APPLICATIONS
H. Youssef/V. Bysyuk*

The word "plastics” ususlly vrefers to a2 mixture
of one or wore polymers together with other
materiais to mske it soft enough to be moulded and
shaped into useful products. The plastics are
divic: § under two distinct categorvies namely:

(i) Therwosetting and (ii) Thermoplastics.

There src a grest maany different plastics
msterisls available with properties that can be
nmodified in vsrious ways: by use of additives,
plasticizers, stabilizers, colourants,
riinforcements; by varying molecular sizes, shspes
and degrees of cross-iinking; end by processing
thes in different ways. No other saterials can be
produced in such 8 wide variety of forms and
colours, and wome are even availsble in translucent
or transparent ioowms,

Today wore than ever there is a real revolution
in plastics, and, occording tc chemists and
sntraprensurs, the days of gless and metsl are
nusbared for many products. Chemists can nov

L4 Division of Induscrisl Operaticns,
Petrochemical Industcies, UNIDO, Vignns, Austris.
I

rearrang? the loops and chains of carbon, oxygen,
hydrogen and nitrogen in plastics not only to wmake
them ligher and cheaper, but to give them
extraordinary properties as well. Tney can be made
ro conduct electricity or to nave the strength ol
steel.

It ts of interest to note that at present in
the plastics industry the cost-property relationship
is shifting in favour of more expensive (that is
more technology-inteusive) but less
material-intensive products. For example, thinner
but stronger films and sheets will be produced,
plastics articles will be redesigned to have thianer
walls, and elaborate means will be necessary to
recover and recycle scrap and discarded products.

Conversion Industry

Plastics are processed by a range of techniques
to produce components of appropriate design wnile
taking advantage of the iatrinsic properties of the
meaterisl. These techniques include extrusion,
injection moulding, blow moulding, frost forming as
well as machining.

Plastics are used in practically all of our
daily rejuir ts as h hold ¢ r gocds,
toys, ia construction, in packaging, in the
automotive industry, in medical uses, in aerospace,
in agriculture and in industry, and every day new
applicstions are found. There are two widely used
applications for plastics - industrial applications
and spplications in sgriculture.

The industrisl applications cover a very wide
area of industries, of which the following are an
example;

-~ Building and coastruction

~ Electrical

- <lectromics and telecommunications
- Engineering

- Furniture

- Medical

= Pachkaging

~ Textiles

= Trensport

while in agriculture the arplications cover:

=~ Water conservation and managesent

- Growing

= Product collection snd packaging

- JFertilizer and pesticides, packaging,
transport and distribucion

- Livestock housing

= Machipery and tools

Development of the plastics industry

The increase in the use and application of
plastice and synthetic meterials in industry,
sgriculture and building in recent years has placed
polymers smcng the leading pasic msaterisis used for
econosic development in the developing countries.

Plascice are already one of the world's sain
groups of industrial msterials. World plastics
consusption is nov greater Chan that of sll
non-ferrous aetals in terms of weight and of steel
in terms of volume. The numerous uses and
applications of plastics, which sre st:ll
increasing, hsve caused this ind.stry generally to
grov at o fester rste tiian most branches of the
manufacturing industries and to contribute in
growing proportion to the economy.

In & study csarried out by UNIDU on
petrochemicals, the demand for plastice tor the
period 1980 to 1990 in developing countrius is
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estimated at 1l per cent per year. This means

6.5 million tons in 1980 rising to 22 million tons in
1590. The corresponding productioa in developing
countries in 1980 vas about 3.5 millioa tons and

ia 1990 is expected to be around LS millioan tons.

The share of the production of plastics and
syathetic fibres in the developing couatries is
expected to reach 25 per cent and 30 per ceat,
respectively, in the next decsde, thas showing that
the Lima target of 25 per cent of world production in
the developing countries by the year 2000 can be
obtasined as far as the manufacture of plastics and
syntheric fibres is concerned.

A developing country may find it convenientr to
start vith the production of thermosetting resins
e.g. phenol formaldehyde, urea formaldehyde. These
products of condensation of formaldenyde with
respective chesicals are polymers vith a wide
spectrum of end use. Though these materials were the
first to be discovered as polymers at the beginaing
of this century, their use has continued to
diversify - the phenolic fosms are used in wide
applications for cold storage, air conditioning, high
temperature insclation, laminated switch boards,
etc. The sanufacture of general purpose
thermoplastic resins, e.g., polyethylene,
polyvinylchloride and polystyrene in units of smaller
capacity and based on renewable feedstock, e.g.
alcahol produced from agricultural products, has been
found to be economically viable under certain
coaditions. 3Some developing countries with no access
to hydrocarbon feedstocks may find it interesting to
examine this option.

There are a number of options available to the
developing countries to enter the ers of plastics in
a modest way suitable to the needs of a perticular
country.

In many developing countries much of the
plastics processing outputs sre directed to the
easietr household consuser market where product
quality is aot critical. Everything processed,
whether good, bad or average, is sold without
question snd quality control is often unknown.

Normslly .n developing countries only & few
companiss see plascics processing as 8 long-term
business. They sre prepsred to back eedius- avd
long-term development operstions im principle, but
generally, for finsncial reasons, are unsble to
undertake such wurk thesselves.

Taking the above into consideration it is highly
unlikely that the economic and social sdvantsges that
could be derived in the development of & country
through the applied spplication of plastics in both
sgriculture snd induscrisl uses will materislize
valess thers is some Covernment interveantion or the
plascics industry is able to organize itself in such
8 asnner 8s to tackle such probless.

Technical sssistence through UNIDO

In order to successfully develop wider market
areas it is necessary to establish s suitsble
inetitution that would be equipped sad staffed with
specislists capsble of providing the necessary
technological development snd subsequent techaical
services To support sand strengthen the plastics
industry as well as providing suicsble trsining
facilities.

There has been a continued demsnd for UNIDO
aseistance ir establishing such institutions., These
so-called '"Plastice Tachnology Centres™ or "Plastics

Development Centres™ assist the plastics industry in
establishing meaningful standards - an 2ssentisl
step in the extension and development of markets for
plastics products where performsnce characteristics
are the main criteria for the product, for exasple,
in rural development, coastruction, sutosotive
industry, medicine, packaging aad other industrial
applications.

Mothing can be worse for the future of this
industry than to have substandard products fail ia
uze. To help and assitt the plastics processors
understand the need for anu Lo 1atroduce quality
control are areas where s PDC could be of service to
the industry.

Such centres have been established and are
being established by UNID® in a aumber of countries
such as China, Colombia, Burma, Bangladesh, India,
Iran, Indonesia, Egypt, Ecuador, Mexico, Pakistan
and Burkins Faso, and these ceetres will greatly
facilitate the process of tecawology trausfer in
this field.

Usually, when such a project is initiated,
UMIDO organizes what we call a "Plastics Week”, in
which experts from developed countries are iavited
to present papers on the latest technology in
specific fields and conduct practicai demonstrations
and cousultations with the tocal industry. The
followiag is another practicsl example of initiating
such 8 project: In co-opersticm with the Government
of Bomania through the Joint UNIDO/Romania Centre,
UNIDD, in December 1975, fielded a wobile
demcastrztion unit for the processing aud use of
plastics in agriculture in Mali and in
Burkina Faso. The uait consisted of plastics
processiag equipmsent mounted on trucks and was
accompasied by 13 experts vho demonstrated
techniques of plastics processing and the use of
pipes, films and sheets for growing and for water
couservation sad irrigatioa, wita c¢mphasis on desert
agricultural techniques. Participants from five
other countries of the Sahelian region were preseni
at sowme of the demonstrations. A project vas
initisted in Burkina ¥aso following these
demonstrations.

When such 8 project is initisted the
operstiossal activitiee of UNIDO consist mainly in
providiag the following inputs:

(a) Making svailable its techaical staff as
well as intcrnationally recruited experts who advise
the PDC (Plastics Development Ceatre) on their
specific probless;

(b) Trsining the techaical staff and personnal
either locally or abrosd on individusl or group
basis;

(c) Supplying specislized testing equipsent
snd quality control laborazories ss well as pilot or
desonstiation plants for R&D snd training purposes;

{d) Eetablishing agricultural research snd
demonstration stations.

Msay uf these insiitutes sre encouraged to
eotablish sister institution arrsngesents with
sisilsr instirutes in both developed and developing
couatries to provide 8 means of continmously
updating technology snd to fecilitate the process of
technology transfer in thnis field.

TCIC arrsngesents betwsen sowe of these centras
such as India/Banglades: and Egypt/mexico have been
astablished.
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It is also worth mentioning that UNIDO, in
co—cperation with the Austrian Governmeat, has been
conducting annually since 1970 a training prograsme
on plastics tecnnology. The yeacly programme is
up-dated and tailored to the needs of the develcpirg
countries by UNIDO's techanical staff and the starf
of the institute undertaking the training
programme. Furthermore, UNIDO, ia co-operation with
the Governmeat of Argeatina, has conducted training
programmes in plastics techunology in 1974 and 1975
for participants from Latin Aserica.

Plastics in agriculture and vater management

The large-sczle use of plastics im agriculture
is relatively oew, having started to build up in
voluse only during the last decade.

It is oaly in more recent years that 2 number
of developng countries have now started to shov an
active interest in this subject. The reason for
this swakeaing interest is Jue to Che realization
that plastics, of the correct quality, can offer
beth technical #ud economic s2lutions to many
agricultural problems. In this sense, plastics are
currently being regarded as 2 tool to serve the
needs of agriculture both by way of increasing
etficieacy as well as output.

Each couatry must carry out its own development
and e«perimental trisls under its specific
conditions of usage, if plastics are to provide both
the technical and economic solutions te the
sgricultural problems.

Development programmes for plastics in
agriculture applications involve a kncvledge of two
techaologies: plastics and agriculture, and the
development work also involves outdoor Ciials and
demonstrstions at suvitable agricultural experimental
sites before effective solutions are obtained.

There is generally a lack of plastics
tzechnology and know-how in producing the correct
quality of plastics products for agricultural use.
The main uses of plastics in agriculture are in
greenhouse covering, tunnels, mulches, reservoir and
irrigation channel lianing, fertilizer storage
(silos), fertilizer and product sscks, crop and
silage cover, :‘czlters and livestock protectiom,
tubing and pipe for water supply and irrigation,
vater tanks and contsiners, product handling, plaat
pots and equipmwent components.

Some applications of plastics iu sgriculiure
will now be mentioned but these are only a selection
of & very vide range nf spplicstious which have been
developed, and the development process is a
continuous one.

a. Plastic covered tunnels

I
There are sany forme of plastic covered tunnels
in use, ranging fros low tuanels, up to "walk-in”"
tunnels or greenhouses. :

whilst the original and traditionsl -oancept of
s greenhouss was to provide & ware stwosphere, in
vhich plants could be grown "indocrs” in countries
wvhere the winter climate vas too cold for outdoey
groving, this concept aas taken nev mesning. By
providing low-cost transparent tuanels in vhich the
plant cen be grown, it is ocv possible t5 control
the total environment in which the plant grows, thus
enabling optimum yields to be obtained.

Thus there sre vide-Tanging climaric conditions
in which the utilisation of plasric tunnels has

found ezonomic solutions. ‘

b.  Soil fumigation

Large sheets of PE film are spread over the
ground to be sterilized and gas is introduced under
the fila through » flexible plastic tube.

This techaique is used to eliminate harmful pests
&nd diseases from the soil, which in turn assists
also to develop strong plants and improved yields.

Crop storage

Apart from the use of woven sacks for crop
storage, film-lined vire mesh silos have been
constructed for the storage of grain.

Fibre reinforced plastic silos (composites) are
also coastructed for grain storage, which can have a
capacity of several hundred tons.

Hater wensgement

Film as a vaterproof wembcane for lining large
agricultural reservoirs is a standard practice.

Film is also used as a waterproof membrane for
the lining of canals. The purpose of the lining is
to prevent seepage and control weed growth.

Fidbre reinforced plastic composites are also
utilized to form prefasbricated irrigation channels
and water reservoirs.

There is an increasing trend to move to piped
vater supply f~r drinking and tor irrigation. This
is particularly so where "trickle irrigation” is
used. The principle of trickle irrigation is to
deliver to the plant roots only sufficient water for
the plant's need, thus achieving a wore efficient
management of limited water resources.

Various trickle irrigation systems have been
designed which are of two basic types. The first
type is based on plastic pipes to which sre fitted
adjustable drip nozzles or other devices which easure
a drio octlet. The second type is bssed un a plastic
lay-flat tubing or sheath in which the flow rate of
the water is controlled by using water friction to
reduce the pressure.

This is undoubtedly an area in which developing
countries will find many benefits for water supply
and couservation and increased crop yields in the
future.

One of the simpler applications of plastics film
in agriculture is its use &8s a "muich”. This means
"s cuvering over of the soi1l”, Strav, hay, dead
leaves, etc. have all been used for many centuries as
8 anatural mulch oa soil to keep the soil moisc. With
plastic (ilw however, there is one important
difference, it is completely impermeable to water and
thus by preventing the svaporation of the moisture
from the soil, it plays a positive role in water
conservation.

Since the use of plastics in agriculture is a
relatively nev technology, 1t becsme clesr thst there
vas 8 need to provide s suitable platform to bring
.ogether the many different parties, organizations
and institutions with s common inZerest in
sgriculture, Thsee include the plastics induscry,
GCovernment depsrtms..ta concerned, financial
institutions, reseaict vorkers, farmers and growers
sssocistions, etc. This has besn achieved by the
formation of s Natiorsl Committee for Plastics in
Agriculture, vhich provides the necesssry central’zed
institutional facility vhereby knowledge snd
sxperience could ba pooiud and excnangad.
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National Committees have been formed in
Argeatina, Bulgaria, Egypt, France, Germany, Federal
Republic of, Hungary, India, Italy, Japam, Mexico,
Portugal, Spain, the United Kingdom and tke United
States of America. They are slso qualified to become
mesbers of the International Committee for Plastics
in Agriculture, CIPA, operating from Paris, if they
80 wish. Through mesbership in this organitation a
wider range of contacts with international experts
and institutions becomes possible, and they zre able
to participate at the International Congress on
Plastics in Agriculture which is organized every
three yesrs and is only successful with UNIDO's
sponsorship. Such Congresses were hosted in
Argeat:ins , Pe_ tugal and NMcxico under the sponsorship
of UNIDC and the next one wiil be held in Egypt in
1986.

Thruugh the activities of national committees
the area of prinrity and development needs can be
identificd, and suitable work programmes determined
for exec'.zion by sppropriate agricultural research
institutions and experimental statioas. UNIDC plays
an active role in the establishment of such
committees.

In short, th. ueed to undertake both the
plastics and tic 33.icultursl develojment work in
developing countr:i:1 should be of concern to both tre
plastics industry “as & wbole and to the Governmeat.

For the plastics industry, the use of plastics
in agriculture snc industry generally represents a
new market area bo~: of large potential size and with
the prospects of repeat orders. This represents a
solid base for the development and expansion of a
plastics processiag industry.

For the Governaent, the advantages to be derived
for the national econowy through the use of plastics
in agriculture sre great. There are slso desirable
social improvements arising through increased incomes
which derive from increased sad/or efiicient
agricultural outputs. In addition the expansion of
the market will also lead to additionai employment
opportunities.

It has also deen the effort of UNIDO to promote
the use of plastics in the developing countries
utilizing the natural resources available in such
specific aress while at the same time trying to keep
the developing countries sbreast of the new frontiers
of technology in this field. The major contridutions
have been:

(a) Development of composites specific to the
concerned areas e.g. jute reinforced polyester;

(b) Development of composites of plastics with
natural rubber ro ensble natural rubber prnducing
countries to meet the competition of syuthetic rubber;

(c) Development of technology for carbon fibres
in developing ccuntries to ensble developing
countries to enter the ares of carbon fibre
composites for the specific applicacions ian those
countries.

UMLTED NATIONS AND UNIDO REPORTS COVERING PLASTIC
MATERIALS

S March 1981 (UNIDO/10.419)
Report on the Testing of Plast.ce and Rubber.
Ajit Saenksr Bhaduri DIO/Chem. Ind. Branch

2 October 1981 (UNIDO/10.487)
Joint IDCAS/UNIDO Project for Development of the
Piastics Procecsing Industries in Arsd countries
(UC/IDC/79/088) (Mission Report).
H. M. Bl Sharkesy (expert in plastice)

13 December 1932 (ID/WG.384/10)
Some Significant Advances in Matecials
Technology (Expert Meating Preparatory to Int.
Forum on Technological Advances and Development,
Moscowv, 29 November-3 December 1982).
Edvard Epremian

13 December 1982 (ID/WG.384/11)
New Materials, New Technology.
N. S. Enikolopov, S. A. Volfson
(Inst. of Chem. Physics, USOSK Academy of
Scieaces)

13 December 1982 (ID/WG.384/12)
Development and Application of New Materials: A
Prospective View,
N. A. Makhutov, Mech. Eng. Res. Ianst., USSK
Academy of Sciences

17 March 1983 (ID/WG.384/1/Rev.1)
Implications of New Materials and Techmnology for
Developing Countries.
UNIDO Secretariat

April 1983
Aide-wmémoirr: Ad-Hoc Expert Croup Meeting of
Internationslily Renowned Polymer Scientists and
Technologists (UNIDO: 2-4 November 1983)

Paper written by M. Parrhasarsthy (uNIDO expert)
presented to Regional Sympusius for Plastics ic
Agriculture for African Decade,

27 Octoder-1 Movember 1984. “Role of plastics
in vater ssanagement and irrigation”™

Joint AIDO/UNIDO Project for Development of the
Plastics Processing Industries i. arad lountries
(UC/IDC/79/088); Study on Estidlishmeat of a
Regional Plastics Developsent te..‘re, by

A. O, Clarke, UNIDO Consultanc

1981 (UNIDO/10.419)
Report on the Testing of Plastics and Rubber.
d. A. Youssef

UNIDO/ IU/R.125
Les Plastiques dans le Développement rursl
(Agriculture, Gestion des Eaux, Utilisation
Domestique, Emballage, Recipients et
Construction). M. Ynussef

UNIDO/10/R. 126
Fabrication de Produits en Plestique aux Fles du
Cap-Vert. M. Youssef

19 March 1985 (CHEM/AC.15/R.2/Add.2, 3 and &)
Additives for Thermoplastics.
United Nations Econowmic and Socisl Council.

1 February 1980 (ECE/CHEM/26)
The Use of Polywer Materisls in the Construcrion
Industry.
United Mations Economic and Social Council.

UNITED MATIONS AND UNIDO MEETINGS OM PiLASTICS SiNCE
1980

6-11 Povewber 1980
8th Int. Congress on the Applications of
Plastics in Agriculture.
Lisbon, Portugal.

6 October - 14 November 1980
In-Plant Croup Training Pruogramme in the Field
of Plastics Technology.
Vienns, Austria.

29 September - 12 November 1981
12th In-Plant CGroupy Training Programme in the
field of Plastics Technology.
Vienns, Austris.
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17-21 May 1982
Petrochemical and Pclymer Consultation Week.
Porto Alegre, Brazil.

5 October ~ 15 November 1982
l3h In-Plant Group Training Programme in the
Field of Plastics Techaclogy.
Vienna, Austria.

11 October ~ 21 Movember 1983
l4th In-Plant Group Trsining Programme in the
Field of Plastics Technology.
Vienna, Austria.

1 October - 9 November 1984
15th In-Plant Croup Training Programme in the
Field of Plastics Techaology.
Vienna, Austria.

30 September - 8 Novewber 1985
16th In-Plant Group Training Programmse in the
Field of Plastics Technology.
Vienna, Austris.

3-6 November 1985
Expert Group Meeting on Enterprise-to—Enterprise
Co-operation among Developing Countries (ETEC)
vith Special Emsphasis on PLASTICS in the
Latin American Region.
Buenos, Aires, Argentina.

8-12 UVecember 1985
Workshop on Plastics in Agriculture.
Alexandris, Egypt.

October/November 1986
17th In-Plant Croup Training Programse in the
Field of Plastics Techaology.
Vienna, Austris.

D. ENGINEERING PLASTICS APPLICATION

it has been about 15 years since engineeriang
plastics first asppesred on the market. The market
has already resched 300,000 tons snnually, and there
are veportedly about 20 kinds of products.
Meanwhile, altnough it has resultad in heating up the
competition between synthetic resins, the trend
toward higher properties indicates a multifaceted
evolution toward a high-tech era. Desand has already
risen from several thousand tons to more than
10,000 cons, and the scope has b-oadened to what is
called a "general purpose” engineering plastics field
from the standpoint of use and price, and further to
s fiwld of "super engineering plastics” or "specialty
engineering plastics™, opeaing up new areas and
functions. It is s fact that engineering plastics
themselves are expanding with solid progress. With
specialty aud discriminated general purpose resins as
sppropriate materisls to meet the needs of the times,
high expectations are held for the evolution of the
new field.

Representstive engineering plastics include
polysmide, polycarbonate (PC), polyacetal (PA),
polybuthylene terephthalate (PBT), para polyphenylene
oxide (pers PPO-PPL) and polyethylene terephthsiste
(PET). These sre so-called "general purpose
engineering plastics”, and they are distinguished
from specislty engineering plastics or super
enginearing plastics. Specialty engineering plastics
include polyphenylene sulfide (PPS), polysulfone
(PSF), polysrylate (PAR), polyether sulfone (PLS),
polyetherether ketone (PLEK), polyimide (PI),
prolysmide-imide (PAl), ekonol, polyetherimide,
phenol-alalkyl and ionower, in addition to
perfivoroalkoxy (PFA) copolymer resins end
fluorinated ethylene propylane (FEB} copolymer
resins, About 20 kinde of spezialty engineering

plastics are used and produced domestically in
Japan. Of course, there are monopolies and
import—iependent varieties, and active research and
development as well as market cultivation goes on.

The properties of engineering plastics are
appropriately serving tune needs of the age. Uses of
these materials have been extended to the nighly
popular radio casettes, VIR's and oftice equipment,
and as basic materials in the advanced iadustries.
At the same time, new products and uses have been
developed.

However, despite the fact that engineering
plastics are presently in the spotlight, Cnere is
expected to be a slowdown iu the appearance of new
resini, or rather they caa no louger be expected, and
the nroducers are concentrating on research aand
development to wmodify existing resins. Uader such
circumstances, new products and uses are to be
expected with the producers clearly responding to the
situation. For example, regarding tre wmodification
of engineering plastics, there are expected to be:
(1) inorganic fillers (glass fibre, taic, mica,
titanic acid kalius) and organic fillers (carbon
fibre, special synthetic fibre/rubber), (2) compound
resins (polymer alloys), which are a blead of 2 or 3
kinds of resins and elastomer, and (3) IPN
{interpenetrating polymer netwoikj. Among the

rs from producers to the recent questionnaire,
partisl progress is seen regarding (1) and (2), and
such further progress is demanded of thes regarding
their functions. There was s period when grade
diversification of general purpose resins was
implemented in simple form. In the case of
eugineering plastics alsv, a trend toward
diversificatica of well—known brands is apparent.
There sppears to be some excessive qualities, and it
is hoped that a solid position for the new materials
will oe estavlished.

Listing engineering plastics in the order of
large demand, there are: polyamide, polyacetal,
poiycarbonste, psra PPO, polybuthylene terephthalate
and reinforced PEf. With the exception of
polyacetal, the volume of every item is smaller in
Japan cowpared tv the American sarket. Although
reinforced PET has not reached 1U,00U tons annually,
a grovth rate of 1U-15 per cent s torecast tor the
future. Among the producers, leijin Ltd. was the
first to establish manufacturing techaclogy, followed
seve..! jears ago by Toyobo Co. (product name:
BYULOPET), Mitsubishi Rayon Co. (product name:
DYAMITE), Mitsubishi Chemicsl Industry Co. (product
name: NOVODUR), Asahi (iemical industry (o. {(product
name: SUNPET), Kanegaruchi Chemicsl Industry vo.
(product name: HI-PAL!TE) sand Unitiks (product
name: C-PET). Tnere are also imports by Dupont and
Akzo. ln the United States, they are included in the
same statistics with PBT snd are not included in the
five aajor general purpose engineering plastics.

Of course, polyacide is the largest in volume.
The demand in 1984 was estimated at 105,000 cons
snnually, and it was used for electronic/electrical
parts and auto parts, Of marked growth was polyamide
66, which is more expensive than the polyamide 6
resin. However, its properties are higrly evaluated
and has shown growth in industrial uses. ‘The chief
producers are: Asani Chemical Industry, ube
Industries, Torsy Textiles, Dainippon Plastics snd
Polyplastics Dupont-Japan. In sddition, the Snowa
Denko Co. began in October two years sgo to import
and sell produts for the Rhone Poulenc Co. of France
(product name: TECHNYL), thus responding fully to
the demand for engineering plastics. Asani Lhemical
Industry, a top waker of the 66 resin (product name;
LEOMA) is working to deveiop IPN and to expand the
polyasids market. This includes polymer slloys and
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polymer bleuds that use 6 and 66 as the base, and
they continue to be representative of general purpose
engineering plastics. Much is also expected from
research and development by Ube Industries, Dainippon
Plastics, Daicel Chemical and Toray Textiles.

The next largest volume of resins comes from
polyacetal. It was developed by Dupount (product
name: DERULYN) abour 25 years ago as a "challenge
against iron". Dupont began export sales to Japan,
and the development of a domestic market wvas
started. In Jspan, led by Polyplastics {product
name: DUBACON), Asahi Chemical Industry (product
naswe: TENAC) and Mitsubishi Gas Chemical (product
name: UPITAL), producers are seeking a stable supply
systes for office equipment, factory equipment,
electronics and autos. Foreign producers iaclude:
Dupont, Celanese, Hext, BASF and ICI. Dupont and
BASF producis are imported by Japan. In particular,
engineering plastics are used largely for electronic
and electrical components using a high proportion of
polyacetal. The level of research and development at
Asahi (hemical Industry, including rationalization of
the manutacturing process, is very high, and the
product is the only one awong engineering plastics
that surpasses U.S. production. The aanual demand in
1984 was estimated at asbout 79,000 toas - s growth
rate of 25.6 per cent compared to the previous year.

Octhers are polycarbonate, psra PPO and PBT in
that order. The demand for PC is about 50,000 tons
annually, the production capacity for para PPO is
70,000 tons annually, and the annusl demand for PBT
is estimsted at 25,000 to 30,000 tons. The demand
for PBT alone has wore than doubled during the past
three years. There was a period whea general purpose
engineering plastics failed to show any growth.
Hovever, during the 1 and 1/2 years, from the latter
part of the year before last to the early part of
this year, s double-digit growth was achieved
concurrent with the general business recovery of the
chemical industry acd of synthetic resins.

PC is a general purpose engineering plastic
noted for its transparency and balanced quality. It
is used widely for medical care, public safety snd
miscellsneous goods, centering on the broad sreas of
electronic/electrical parts and machine/industrial
equipmear parts, and has a stable demand and supply
base. 1t is sustained in particulsr by the
cultivation of markets and is used by such domestic
producers as Teijin Chemical Industry (product name:
PANLITE), Mitsubishi Cas Chemical (product name:
UPICUN), Mitsubishi Chemical Industry (product nawe:
NOVARAX) and Idemitsu Petrochemical Ind (product
nese; IDEMITSU POLYCARBONATE), in addi + to the
Engineering Plastics Co. (EPL) that imp. :s and seils
products made by the General Electric Ccrporation
(product name: LEXAN), None the less, the problea
of raw materials continues to exist.

Producers of para PPO sre: EPL (product name:
KORYL), Asshi Chemical Industry (product name:
2YLON) and Mitsubiehi Cas Chemical (product name:
UPL-ACE). The snnusl production capacities are;
50,000 tons by EPL and 10,000 tons each by the other
two companies. High production by the companies
continues, and Asahi Chemicsl Industry plans to boost
production this fell to 18,000 tons. In particular,
regarding the demand for PPO, conepicuous growth is
sean for such OA equipment as computers, copiers,
princers and faceimiles. It hae partly penetrated
the markets of ABS, polycarbonste, polystherimide and
PBT, and it hss reached s market scale considered
second only to polysmide by fully manifesting its
properties. Especially EPL snd Asshi Chemicsl
Industry sre actively promoting the development of
nev market’ and schieving concrete results., For

example, they are reportedly co-ordinating production
of OA equipment, such as the development of an
eleciLromagaetic shield grade for housing material as
a substitute for ABS and the marketing of conductive
compounds. Their future activities are the center of
attention.

PBT nas also shown high growth during the past
year or two. PBT producers have waintazned a high
rate of operstion, and their facilities appear to
have reached their limit of capacity. Polyplastics,
EPL, Teijiu, Mitsubishi Chemical Industry, Mitsubisui
Rayon and Dainippon Plastics are actively pioneering
new uses, fully utilizing the properties of general
purpose engineering plastics.

The outstanding trait of engineering plastics
has bcen their high functions. In this article, we
will consider those with an annual demand in excess
of 10,000 tons as the five major engineering
plastics. In comparison, resins with high properties
and high prices centering on heat resistance are
generally called “super zngineering plartics™ or
“specialty engineering plastics”, but the definition
is ambiguous. Nevertheless, they possess properLies
that qualify them as basic materials from which
"lightness, thinness, shortness and smsllness" can be
obtained. Along with new ceramics and carvon fibres,
their demand scale and ccmmerc.alization as advanced
basic msterials have been remarkable.

Aaid the upgrading of syathetic resins as a
vhole, super engineering plastics are also facing a
strong demsnd for higher functions. Speaking of
engineering plastics, virtuslly all of chem were
thermal plastic resins, but engineering plastics
consisting of thermal sclerotic (hardening) resins,
such as phenoialkyl, have also appeared recently.
There are also resins that are sosewhere between
thermal plastic and thermal sclerotic resins, and a
variety of such resins are being developed. In
additicn, the tasks facing these nigh-function
engineering plastics include the establishmenr of
polymerization and application technology. Amsong
polymer basic materials are: glass fibres, inorganic
fillers and specislty carbons, end they are expected
to lead to the introduction of engineering plastics
vith new basic materiasls and new properties.

For example, super high molecule polyethylene
and ABS/polycarbonate alloys may be included in
engineering plastics. We have examined the present
situation of several kinds of main engireering
plastics such as polyarylate, polyphenylene sulfide
(PPS), polyoxy benzoil (ekonol), polyether-ether
ketoue (PEEK), polysther sulfone (PES) and polyiaide.

One type of specialty engineering plastics in
the spotlight is the PPS resin. Developed by
Phillips Petroleum (U.S.), it is s crystalline chain
high polymer with a simple structure. It has
superior hest resistance in sddition to low
combustibility, chemical resistance and dimensional
stability, and wuch is expected of it in the future.
PPS is supplied by such polymer producers as Phillips
Petrolevm (annusl production: 6,000 tons) and by
compounders such #s Dsinippon Plastics, Hodogays
Chemical Industry (which has & co-operstion agreement
wvith Toyo Sods Manufscturing Co.), Asahi Glass and
Shin-etsu Polymer. Also, pilot plants of Toray
Industrieas and Phillips Petroleus have started
operations in addition to multi-faceted ressarch and
development. Moreover, since the key patent for the
production formuls from Phillips Petroleus has
expired, Kureha Chemical Industry snd Toto Chemical
Industry have newly entered the field on an
independent basis. Naturally, Phillipe is taking
steps in response to this.
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In other areas, polyarylate, which vas
developed in Japan, wvas warketed ia 1975 by Unitika
under the product name “U-Polymer.” Unitika has
siace been working on market expansion and has
reaped results. Japan has thus been creating
products under independent tecnnology in engineering
plastics. In the past, it was dependent on the west
European countries, following their models. The
recent trend, including the research and development
of modifying technology and plastic processing
technology, is expecred to gather momentum in the
future.

On tne other hand, polysulfone was developed by
an American company, UCC (product name: U-DEL), and
is imported and sold by Nissan Cnemical Invustey in
the Japanese market. It is taking time to produce
polysulfone domestically. Also, polyetherimide was
developed by Ueneral Electric (U.5.), phenolalkyl by
Albright and Wilson {(Britain), iocnomer by lupont
(L.S.), ekonvl by Carborandum (U.S.) and polyether
sulfone by ICI (Britsin). T:ey have been sold in
the Japsnese market and are now being produced
domestically.

Ekonol is a polymer that is closer to merals
from the standpoint of polymer structure. It is
produced domestically (annual production capacity;
50 tons) by Sumitomo Chemical Industry, and shous
solid growth centering on grinding waterials. Also,
PEEK is being promoted in the Japanese market by ICIL
Japan, Sumitomo Chemical Industry and Mitsui Toacsu
Chemical Industry. The properties of these resins
are being fully exploited, and are woving iato
separate areas from general purpose engineering
plastics.

A nev stage is evolving in the engineering
plastics business, centering on such integrated
chemical companies as Mitsubisni Chemical
Industry, Sumitomo Chemicsl Industry, Ube
Industries, Saowa Uenko and Mitsui Toatsu (heamical
Industry. They are utilizing the various properties
of these materials wich an ey2 on the advanced
industries and the 2lst century, as evidenced by the
evolvemeut of the petrochemical industry by
Hitsubishi Petrochemical, Mitsui Petrochemical and
Nippon Petrochemical, in addition to the evolvement
by Torsy Industries, Asshi Chemical Industry,
Unitika, Dainippon Plastics, Denki Kagaku Kogyo ard
Asahi Glass. These companies are conducting
research and development from such a standpoint.
(Source: Kagaku Kogyo Nippo in Japanese
25 August 1985, p. 3)

E. ADVANCED FIBRE REINFORCED PLASTICS (FRP)¥

In this article, the present scate of progress
in the development of different kinds of resins used
a8 matrix material in the production of FRP and
various other kinds of materisls wvhich sre being
utilized 39 reinforcesent, and the features of tnoie
resins and reinforcement materials are being
described.

Table 1 (ses page 35) shows the classification
of various kinds of msterisls used to manufacture
FRP.

* This is an abbrevisted version of the
srticle "Advanced Fibre Keinforced Plastics”
prepared by the Industrisl Survey snd Research
Depsrtment of Kagsku Ssngyo Ksihatsu Co. snd
published in Tokyo NIKKO MATZRIALS.

Resin for FRP production

The resins which are utilized in the pruduction
of FRP are divided into two major ategories -
thermoplastic resins and thermosetting resins.

‘Thermoplastic resins are the kind Inat either
welis or herdens wnen ueat 15 applicd. ducu resins
either turn into a fluid state or change their
original snipe as a result of tue heat applied. As
resins in the category of thermoplastic resins, the
Tepresentativ: ones are vinyl chloride resin, viuyl
acetate resin, acrylic resin, polyamide,
polyethylene, and fluorvresin.

Un the other hand, thermosetting resins are the
kind tnat nardens aobove certain temperatures when
they are subjected ro heat. These resins
permsnently luse some of tueir physical features
which they had before being neated. wWith such
resins, once tney have hardeued as a result of
heating, they never turn into a liquid state ever if
they are heated again. Phenol resia (bakelite),
urea resin, melawine resin, unsaturated polyester
resin, and epoxy resin are the representative resins
in the category of thermosetting resins.

Usually thermosetting type resins are utilized
mainly for tne production of FRP.

Unsaturated polyester resin

Unsaturated polyester resin contains
unsaturated acid such as wmaleirc aanydride or
phthalic acid. By adding saturated pulybasic acad
such as phinalic anhydride and 1sopnthalic acid,
polyhydric alcohol such as propylene glycol and
ethylene glycol are obtained. Unsaturated polyester
resin is a resin in liquid form which can be
obtained by dissolving polyhydric alcohol and
unsaturated alkyd.

As a method to set unsaturated polyester resin
the radical polymerization method is being utilized.
In this method, tite setting is carried out by
bridging unsaturated polyester resin with vinyl
monomer like styreme. As catalysts used to promote
the sctting process, either naputhenic acid conalt,
dimethylaniline, or benzoyl peroxide is utilized
depending on the temperature at which the setting
takes place. In order to realize proper gelation
time suitable for a particular method of molding of
the resin, it is important to pay due attention to
the temperature of the roowm where tue setting 1s
carried out and to tne adjustments of the catalysts
and the sgents to promote the setting process Lo
ensure saximum efficiency.

In addition tn the sbove-mentioned method for
carrying out tne setting of unsaturated polyester
resin, there are aleo other mechods svailsble by
which the radical polymerizstion 18 carried out,
They involve the process of projecting either
uitraviolet rays or radiation at the resin for
setting. All of these machods have slready been put
into practical application.

The chemical festures of unsaturated polyester
res3in have been found wost suitable for the
production of FRP. For this reason, this resin is
the most popular among those being presently
utslized iu tne production of FRP in Japan, and it
is now used in about 90 per cent of the totsl output
of FRP in the country. In i983, ctne production of
unsatursted polyester resin stood st 190,000 tons,
of which 70 per cent was used for wanufacturing FRP.
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With the field of application of FRP expanding
appreciably in recent years, users have increasingly
been demanding & diversification in the
characterisctics of FUP so that they can choose the
most suitabie type of FRP for their zpplication,

Making FUP fire-resistant

FRP's applicstion fields include its usage as
housing structure mesterial, creating various
housing-related equipment and facilities, and
application in the field of transportation. The FRP
to be utilized in these fields of application is
naturally required to be fire-resistant.

Fire resistance in unsaturated polyester resi:
has been realized by sdding or mixing with the resim
substances such as halogeu group elements, phosphorus
compound, or inorgsnic fillers, including hydrate
alumina. When inorgsnic fillers are utilized to
impart fire resistance ability to unsaturated
polyester resin, they are required to be added in
reletively large dosages. Recently, a new method to
make the resiu fire-resistant has been utilized. The
method calls for applying a layer of a certain kind
of paint on cthe surface of FRP products. Such s
coating produces sn inert gas when it is exposed to
fire, and this causes the formation of a foam layer
which in tura works to protect the FUP products from
fire by insulating them from the heat of fire.

Corrosion-resisting resin

In recent years, demand for FRP to use in tank
in supply systess uf water for drinking snd other
purposes, for brewing tanks, pipes, and manufacturing
other kinds of goods have been on the increase in
Japan. When unsaturated polyester resin is used to
produce these products, the resin is required to have
good corrosion-resisting ability, It is expected
that demand for the FRP which has a good
snti-corrosion capability and weatherability would
further increase in the future.

At present, there are a numder of methods
availsble to improve ccrrosion-resisting ability in
unssturated polyester resin. Those methods require
reducing the coupling density of the ester invoived,
reducing or closing the end group, introducing
hydrophobic type scid or hydrophobic type glycol, and
making s careful choice of oonomer.

Different kinds of unsaturated polyester resins
vhich are quite corrosion-resistant have already been
put on the market by several producers. They include
a product tradenamed Dcrakane produced by Dow
Chemical, Epocry LI by Shell Chemical, and the
products belonging to the epoxy scrylic resin
cstegery or vinyl ester resin category which are
being manufactured by domestic makers such as Hitachi
Cheaical and other manufacturers.

On the ocher hand, as a resin having
weathersbility, che resin which contsins an
ultraviolet rays sbsorbent such as saslicylace
derivative, which impsarts weatherability to resins,
has been available on the msrket.

Heat-resisting resin

Ordinarily, hest-resisting unssturated polyester
resin is wmanufsctured by adding isophthalic acid to
the resin. When phthalic snhydride scid was utilized
as sn additive instesd, the breaking of the principel
chaine of the es’ r involved takes place when the
tesin contsining it is heated, causing s sublimation
of the phehalic snhydride scid. But when isophthalic
#cid is used, no such phenowsnon can be observed,

Epoxy resin

At present, epexy is the second most popular
resiu in use tor the production of FRP.

Table 2 (see page 35). MHesius used xn the
production of heat-resisting fibre-reinfurced tuermal
plastic

Epoxy resin is a compound which has at least
more than two epory groups within a single molecule.
It is divided into glycygyl (phonetic) type epoxy
resin and non-glycygyl type epoxy resiu.

More than 90 per cent of the epoxy resins
currently being manufactured are of the bisprenol A
glycygyl type. This type of epoxy resin constitutes
the mainstay cf the resins currenily being utilized
for the prcduction of FMP.

In an effort to further improve tne
heat-resisting ability of FRP, researcn on novolak
type epoxy resin for use in the production of FRP has
been conducted by the industry. And the introduction
of brominaed epoxy resin is also under study for the
production of fire-resisting FHP.

Vinyl ester resin (epoxy acryiate resin)

Vinyl ester resin which can be creatcd by
causing bisphenol A glycygyl type epoxy resin and
unsaturated basic scid to react with each other,
displays particularly good chemical-Tesisting
capability. This produces vinyl ester resin which
is utilized increasingly today in the production of
various equipment and facilities used for the
prevention vof environmental pollution. The only
drawback of the resin used for those applicsations
is its high cost. Compired with unsaturated
polyester, utilizing vinyl ester in tne production
of those equipment and facilities is much costlier.
At present, the companies which are marxeting vianyl
ester resin include Dow Chewical, Shell Chemical,
Shows Highpolywer, aad Dainippon Ink and
Chemicals.

Phenol resin

The FR? which is produced using phenol resin is
estimated to account for between 4 and 5 per ceunt of
the total FRP output. Phennl resin performs well in
heat resisting, chemical-resisting as well as
solvent-resisting. Among other advantages of this
resin over other kinds of resins are its relatively
low degree of degeneration in strengih after the
resin has been put into s boiling liquid for a
certain length of time. However, phenol resin nas
disadvantages, too. The resin is brittle, takes
longer for setting, and is not easy to cclour. Ac
present, the resin is utilized priwarily in che
production of fishing rods, ski sticks, and pipes,
among other products.

Other kinds of resins

The several kinds of resins deicribed so far in
this article account for & majcrity of thermusetting
res..s which are used in tie pruduction of FxP.
Among other kinds of theimosetting resins which have
not been mentioned are polybutsdiene rusin and
silicone resin. Polybutadiene resin excels in
corrosion-resisting and has good electrical
characteristics. On the other hand, silicons resin
is supsrisr in strength snd has good electricsl
insulating capability. Tnese tsatures expliain why
both polybutadiene resin snd silicone resin are
utilized in specisl fields of application such as tne
slectric and aircraft industries.




Resin for FRTP production

The term "Fibre Reinforced Thermal Plastics™
(FRTP) has been coined for a plastic to distinguish
it from FRP which utiliiss thermosetling resins as
=material in productica.

In the development of FRP, the main goal of
development has heen to produce 4 plastic with better
strength. in the case of FRTP, rescarchers have been
aiming at miking an improvement not only in its
strength but also its heat-resisting ability as well
as stability in dimension.

Ever since giass fibre reinforced polyamide was
put into prectical use in the industry in 1956,
various kinds of FRT™ have been developed so far and
sowe of them have already begun to be utilized in
practical application.

FRTP is being vtilized primarily in the
~roduction of products such as cars, electric
appliances and electrenic parts. Iao many of these
products, FRTP is employed as a substitute frr
aluminium.

RE iNFORCEMENT MATERIALS

As reinforcement materisls for uctilization in
the production of rRP, the following ones are i hiefly
used at present. They are glass fibvre, cacbon fibre,
metal fibre, synthetic fihbre, natural fibre, asbestos
fibre, boron fibre, ceramic fibre, and whiskers.

Glass fibre

Gliss fibre is one of the reinforcement
materials popularly utilized in the production of
FRP, With respect to tensile szrength, glass fibre
displays & fairly iigh leve) among long fibre
materials, which is only second to that of steel and
borun fibres. Butl in terms of elasticity rate, glsss
fibre displays the lowest level. This meaas that
when & certain degree of stiffness must be attained
in glass fibre, the rhickness of the fibre must be
sncreased. This is a major drawback in usiag glass
fibre a3 reinforcemeat material.

In contrast to glass fibre, caibon fibre hzs a
higher degree of elasticity and it is lighter. Due
to these advantages, carbon fibre has begur ro be
utilized a0 a reinforcement materisi which is now
avsilable on the market, Though it is inferior to
E type glass fibre, C-type glass fibre fares better
in ecid-resisting capebility, and chis is why it is
utilised in the FRP in the production of tenks fer
holding various kinds of chemical fluias. S-type
slass fibre is utilized in the production of the FRP
which is destined for usage in the militery, space,
ocd sircrafc due to its higher strength snd higher
elasticity.

The features of glass fibre sre as follows:
{1) It has & very high tensile strength value and the
strength incresses as it becowes finer. (2) It
excels in shock-Tesisting capability for it exhibits
high strength cnd has s high extensicn rste within
the bresking elasticity limits. (3) It has a very
high elasticity rats and has no yield point,
(4) Glass fibre is hest- as well as fire-resistant
and its strength is not affected up to a tempersture
of shout 200°C, (5) The fibre exhibits good
chewical resisting ability, except for boron snd hot
concentrated phosphoric scid. (6) In glass fidbre
production, the fibre length can be freely sdjusted,
and short as well as long fibres can easily be
produced. (7) Class fibre poses almost no nealth
hszard to the human body.
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When using glass fibre as reinforcement material
ta the production of FRP, che fibre must be treated
first on the surface with the surface treatmeat aygent
in order to improve boading between the fibres and
the resins utilized for production of FiP.

Carbou fibre

Carbon fibres are divided into high-performance
type centering on PAN system fibres and
general -purpose iype centering on pitch systea .
fibres. The high-performance type is further divided
into highly tcugh type and highly elastic type.

Today it is estimated that the total world N
production of carbon fibre stands at aroend
2,000 tons per year. Uf this production figure, the
PAN systes fibres account for abour 8U per cent and
the bslarce is the pitch system fibres.

Eoron fibre

The developwent of boron fibre started in the
United States around 1960. In 1966, the fibre began
to be practically urtilized as structural eaterial in
aircraft production. In recent years, boron fibre '
has been introduced into fishing rocds and golf club
shafts, and the fibre is attracting increasing
attention from the industry becavse of its promising
usefulness.

Tne boron fibre utilized in these products is
made by vapour coating 12 tungsten fibre with
boron chloride or boron o‘::ined by thermally
decomposing organo boron, thus making the fibie
vepor-voated into lcng fibre witn a diameter ot
0.1 am. Boron fibre's stcrength is 4s high as Chree
times that of carbon fibre. But it is heavier. baid,
ard snaps relatively easily. It is difficult to make
a curved surface in products using boron fibre. The
cost in producing boron fibres is about twicc that of
carbon fibre. For these reasons, it is sapected that
the application fields of boron fibre will be
relatively limited.

Alumina fibre

Alumina fibre is produced by either rreating
sluming at high teamperature or by applying a special
treatment fc turn it into polycrystslline fibre. The
principsl festure of alumina fibre is its very high
heac-resisting capvavility which ranges from 1,300 to
2,000°C. 1In terss of strength, alumina fibre is
inferior to carben fibre, but it possesses better
electric insulation capability. Due to these
characteristics, it is utilized in the production of
8 kind of FRP which is beginding to be used in space
and military applicstions. Research has been undes
way in sn eftfort to iatroduce alumina fibre also into
car production, Alumina fibre is regarded as one of
the prosising kinds of fihres us reinforcement
material in the production of FKP.

Silicon cerbide fibre

Silicon carbide fibre dubbed "miracle fibre” was -
originslly developed by a professor st the State-run
Tohoku University. Silicon carbide fibre can be
obtained in uninterrupted form from the production
systes by polymerizing organic silicon cuampounds, .
melt-spinning the polyserized compounds, and then
firing the spun object.

Silicon carbide fibre this crested is stronger
then pisno wire and has better high temperature
characteristice than carbon fibre with a
heat-resiscing capability of up to 1,300°C. In
addicion to these advantages, silicon carbide fibre
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has 300d wettability with metals. Because ot these
features, it is utilized mainiy as reinforcement
material for metals. Hesearch has been under way to
make it possible to utilize silicon carbide fibre in
ceramic and ia resins as their reinforcement material.

Orgaric_fibre

Alanid fibre developed by s Pont of the
United Srates as been gaining increasing attention
within the industry in Japan as a substitute organic
fibre which could be utilized to replace natural
fibre 4nd regenerated fibre like rayoa.

In Japan, it is ssid that Teijin has ewdarked on
a programme to use this fibre as reinforcemvent
material ia some products on & comamercial basis using
its own techsology.

PRESENT SITUATION IN FiP DEVELOPMENT

As described in tne preceding sections of this
article, FRP is a composite material which is wade up
of tne matrix resirs and the reinforcement fibres.

By changing the composition betveen the resins and
reinforcement fibres, ditferent kinds of FRP can be
manufactured. However, only & few of those have been
put into practical use. Amoug thoce being utilized
now, only three kinds of FRP - GFRP, GFRTP, and

CFRP - account for a majority of Japan's FRP sarket.

In the following sectiuns, we will discuss the
current situstion in the development of FWP products
and their application fields. At the same time, tne
recent gituation in the development of advanced FRP
products will alsc be discussed.

Glass fibre reinforced plastic (CFRP)

Glass Fibre Reinforced Plastic was developed
first among reinforced plastic products. GFRP
accounts for most fibre reinforced plastic products
vhose production volumes are listed in various trade
papers under the pruduct name FRP. As for the matrix
resin in the production of CFRP, it is estissted that
unsaturated polyester resin counts for more than
90 per cent of tnose resins utilized in the
production of FRP. However, iecently other CFRP
products with epoxy resin as the matrix waterial have
also begun to appear on the market. (See table 3,
page 3b.)

Regarding the production method of FRP, there
are traditionsl methods such as the hand lay-up
method vhich involves laminstion work by hands, and
the spray-up method in which blowing by a spray gun
is involved. In receat years, new mechanical CFRP
solding technology has been introduced and the
producers are using those new molding methods by
choosing the most suitsable for particulsr GFRP
products fhey are going to manulacture, Those
molding methods are. the cold press method in which
the molding is carried out using the press; the
resin ink jet method in which & resin in liquid form
is injected into & a1ld filled with reinforcement
glass fibres; che matched die method in whicn the
molding is carried out by spplying hest snd pressure
to the GFRP production msterisls which are placed
into a metsl mold; the continuous drawing method;
the continuous panel solding method for the
production of coriugates as well as flat-surfeced
plates; s&nd the filament winding method. The
satched die method is further divided into the WMD
metnod, the »MC method and the BNC method.

Among the varied methods used today in the
production of GFRP, che hand lasy-up sethod is still
the woot popular., However, coneidering the fact that
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until & or 5 years ago about 60 per cent of GFuP
production had been carried out using this method,
today the ratio has declined appreciably. This
indicates that autosation and introduction of
mechanical wolding machines have made progress in the
industry in the past several years.

Carbon fibre reinforced plastic (CFRP)

The practical application of CFRP to a number of
comsercial products started around 1973 wnen carbon
fibre reinforced plastic began to be utilized for the
productiva of spcrts and leisure items such as skis,
tenn;s racxets, goif clubs, and fishing rodi. lhe
industry’s etforts to Jdevelop new fields of
application of CFRP stepped up since the earity 1980s.

As carbon fibres utilized for the production of
CFRP, the fibres belongiug to PAN system are wost
popularly used at present. Those carbon fibres are
being utilized for reinforcement after being
processed as prepreg, cloth, filameat winding, or
spread roviag.

The advantages of CUFRP over other kinds uof fibre
reinforced plistics are 1ts lignt weight, high
wechanical streagth, relatively strong stiffness,
good vesr-resistance capability, good characteristics
in electric conductivity, X-ray penetrability, aand
gocd corrosion-resisting ability. The CFRP's lign:
weight results from the relatively low density of
materials composing 1t. ine high mechanical streugth
means that CFRP also excels in tensile strength, ané
the CFRP's strong stiffness has sumetning Co do with
its high elasticity rate.

Due to these merits of CFRP, it has been used in
8 wide range of products and the application fields
are expected to expand still turther in che future.
Table 4 (see page Jo) gives the uames of products ia
wh_ch CFRP has already been introduced. CUFRP is now
one of the high-tecn industrial materials which huve
a promising future in their prospective usefulness as
nev industrial materisl.

Fibre reinforced themopiastic (FRIP,

FRTP first came into being afcer FRP beloaging
to the polyamide system uvas developea in 195b. FKP
which has been produced using thermoplastic resins
(TP) as macrix material is cslled FRTP. As
reinforcement material, glass fibre 1s being utilized
most widely at present. But carpon fivre and metal
fibres sre slso being employed.

At present, s number of companies are engzged in
the production of fibre reinforced plastics on a
commercial basis with the combinations of the matrix
resins aud the kinds of reinforcement materials
varying from producer to producer. Toray ludustries
is producing polyamide and iside, ICL 38
menufcecturing PPS and PEEK, and Mitsui Petrochemical
Industries is making polyamide bismarimide resin.

FRTP combines the features of thermoplastic
resins and those of glass tidbre or carbun Libre,
depending on which of the reinforcement materisls 1is
utilized. Compared vith wetals, thermoplastic resins
have an sdvantage in specific gravicy,
cecrosion-resisting capavility, and electric
insulation sbility. But thermoplastic resins asre
inferior to metsls in mechanical strength, stiffness,
sud heat-resisting capability. Consequently, FRTP
which incorporates sither glass fibre vr carbon tibre
as reinforcement msterial, displays wechanical
strength which mstches that of metals and, st the
same time, exhibits overall features which surpass
those of metals.
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At present, FRTP is used in the production of
car transporting vehicles in parts of the wehicles
such as the exterior surface, inside walls of the
compartments, and the engine rooms. Reinforced
plastic is slso being used tuv produce mechanical
parts and electric as well as electroanic parts.

Ocher FRP products

As for high-tech FRP, there are hybrid FRP,
metal fibre reinforced plestics (MFRP), borom fibre
reinforced plastic (SFRP), snd arsmic fibre
reinforced plastic (AFRP).

Hybrid FRP employs a combination of glass fibre
and carbon fibres as reinforcexent msterial.
Depending on the way the Teianforcameat material is
comsbined with matrix mesins, hybrid FRP is divided
into the gso-called in-layer type and inter-layer
type. As the marrix resin, epoxy resin is utilized
tne wost at preseat. Hybrid FRP is deemed suitsble
for use in spplications where good materials involved
sre required, such as in building constructionm,
marine applicstion, and the production of various
industrial sesbers.

MFRP is one kind of fibre reinforced plastic in
which metal fibres such as stainless steel fibre or
sluminium fibre is utilized as reinforcement meterial.

stainless steel fibre reinforced plastic
hss been developed to produce car brake pads as a
sutstitute for asbestos pads. In additiom to this,
other kinds of MFRP have been developed in which a
combination of alumioium fibre sad glass fibre is
employcd as reinforcement msterial to create a3
MERP with good thermal coaductisity. Aisia Seiki is
producing this kind of MFRP. An MFUP which carries a
metal filler is being developed, which combines the
festures of tresins and metals, including electiic
conduction capability. The development
of this MFRP will be further stepped up in the future.

. CURRENT AWARENESS, TRENDS AND DEVELOPMENTS
- General

Coating plastics with wetsl

Development of a new process for coating
plastics with setal that could cut costs by
30 per ceat is the objective of a study offered by
Battelle's Columbus Latoratories. During the
proposed study, resesrchers will attempt to prove
commercial feasibility of the process, further
develop it for commercial applications, and traansfer
the technology to industry. The study is being
offered on 8 group baszis, with sponsoring companies
receiving licensing rights to use the process.

The nev process — cslled in-xould plating -
could eliminste seversl steps presently required vhen
costing plastics with setals. Additionslly, it hss
the potential of expsnding the types of polymers and
coating msterials that can be used, and it
sccelerstes plating operations.

dith the prucedurs, metal is deposited on the
surface of s stsinless stesl mould typically used on
s production line. The metal is spplied to the would
by & fest-rate electrodaposition techniqus. This
creates & smooth mstsl surface on the side touching
the mould and a rough surface on the opposite side.
Mclten polymer then is injected into tns mould,
forming s bond with the rough side of the metal. At
this stage, 8 finsl Jecorstive finish can be spplied,
if desired.
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Is-mould plating is, in effect, the reverse of
coaveatioral electro-plating on plastics. With
ional pr ses, polywers typically are¢ tairst
melted and forwmed and the metals sre tnen applied by
warious etching and plating steps.

During the study, Battelle will concentrate on
developing prototype procedures for plating with an
insert technique. Parts would be made in 2 two-step
operation, first, by preparing a number of
electroformed metal shells and then inserting thes
irto tne mould to complete a anrmal iajection
moulding cycle.

Subsiquently, Battelle plans to develop an
integrated electroplating and injection moulding
systes. Consideration will be given to buth material
snd process parameters, with emphasis being placed on
developing adhesion between tne polymer aud meral in
the plated structures.

The final step in the study would be to
demonstrale a pilot plant opiration. Tne objective
is to prod 8 repr tative cial product,
which would be evalusted for performance
characteristics. The study also will include @
preliminary econvmic evaluation of the process.

In small-scale lsboratory studies, Battelle
experts have been able to deposit trox U.> mils of
wetal in 17 seconds to 4 mils of metsl in two
miautes, because the plating operations nave been
accelerated. Wit proper desigu, 8 coutinuvus
process wight produce a completed part every 30 to 4U
seconds.

The researchers said cthot one advantage to
inwmould plating 1s that polymers other than
acrylonitrile butadiene styrene (ABS) can be plated.
Also, several melals - including copper, Zinc, and
nickel - appear to be candidates for plating. With
conventional procedures, ABS is the major resin used
with a base coat of copper.

Previous estimates indicate that the in-mould
plating process could reduce the costs associated
with conventionsl procedures. Msjor savings sre
projected vecause the process uses less materials and
energy and because moulding and metsllizing ure done
in one integrated operatioa vather than in seversl
stepe. Also, savings can be realized because the
process does not produce etcning wastes chatl need to
be disposed. (Joseph Preston, Battelle's Columbus
Laborstories, 505 King Avenue, Columbus, Uhio 43/01,
USA (telephone: 614/424-5560)) (Source:
Manufacturing Technology Worizons, Vol. 2, No. &,
July/August 1983, p. 2)

Mew technique gives plastics a hard coating

STC Technology Ltd. has developed s novel plassa
etching snd costing process which can deposit hard
dense coatings on suitsble thnermopiascics, as well as
metals, by virtue of being able to keep the substrate
at approsching room temperature tnrougiivut the
costing process.

This comparss with conventional plasms methods
which restrict substrate temperatures to abovs
350°C and place thermoplastics substrates out of
court as 8 resuit. The low substrate tempersture
during deposition using tine dIC process 18 mude
possible by providing & much higher degree of
dissocistion then with conventionsl plssma eethods.
A high degree of dissocistion is important if »
minimum of ponded hydrogen is to occur within the
costing.




Preliminary recults show that hard, dense, wear-
reststant coatings of silicon carbide can be produced
on polycarboaate sheet, to improve its wear resistance
by a factor of x120, over the uncoated polywer.

Coasiderable further improvements can be expected
by incorporating an organic transition layer so as to
avoid the sharp ircterface. For comparison, commercial
polycarbonate sheet with a siloxsne costing achieves
an improvesent factor of oaly x10 to x 20.

(Extracted from: Engineering, November 1985, p. obk)

Plastics flamespray system

HMetallisation has introduced a new flamespray
system fc- the application of plastics coatings. The
PPl series can be uscd in & host of industries for the
application of coatings either for corrosion
protection or specisl purposes like non-stick linings,
anLi-sbrasion coatings and insulation protection.
(Source: Engineering, February 1986, p. 202)

Injection molding

A scientist at the Massachusetts Institute of
Technclogy has recently patented a controllable heat
transfer device for use in precision injection
moulding applications. Kncwn as a "volume-csntrolled
variable conductance heat fipe”, the device provides
contrulled neating and cooling of s portion of the
wmould cavity surface during the woulding cycle, which
in turn results in less shrinksge and distortion of
the moulded parct.

By placing one end of the heat pipe near the
surface of the would cavity, the rate st vhich the
part cools can be coatrolied during the mouldirg
cycle. Similarly, the hest pipe can be used to heat
up selected mould cavity surfaces.

This controlled cooling and hesting
significantly reduces bu:lt-up stresses within the
woulded part resulting in less distortion snd
iaproved mechanical and opuical properties. If
higner moulding pressures are used at the same Lime,
workpiece shrinkage can also be slmost totally
eliminated.

Althougd controlled nesting and cooling of the
mould has been attempted before, it has generally
been found to incresse the muulding cycle to s point
where it is not economicslly prscticsl. My using
heat pipes, howaver, the inventur oslieves that
ozfficiently short cycle times can be achieved to
justify the technique. (Arthur Smith, Psteat,
Copyright and Liceasing Office, Msssschusects
Institucte of Techaology, Rona E19-722,

77 Massachusettes Avenus, Cambridge, Msssachusetts
0213y, UsSA (telephone: 617/253-6966)) (Svurce:

Manufecturiag Techrol Morizons, Vol. 2, No. 5,
33.:.:5:752:»« I!ﬁ, p- 13

Plastic drum is robust

Teaks & Urums is launching ite L210 L-ting
plastic barrel this spring. The blowv-moulding
equipment has been developed snd built by Krupp
Ksutex of the FRC.

The barrel is asde in WdPE snd is said to be
robust wich strong impsct resistsace. Two grades
will be svailable: stsndard and heavy duty. Ic
gives the ssme degree of protection for hszardous
products as lacquered steel or composite drums, but
is lighter end sesisr to clesn for re-use.
(lu.;a)cud from Process Eagineering, April 1986,
p.
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Soltex Polywer Corporatiom has imtroduced an
intersediate~density polyethyleme copolywmer that is
compatible with i1njection blow swuiding tociing
desigeed for high-density polyethylene. Containers
fabricated from the resin =xhibit superior surface
gloss aod cavivronmental stress cvack resistance,
1ccording to Soltex. (Source: (hemical Marketing
Reperter, ¥ Uecember 1985, p. 53)

New thermoplastics self-reirforcing, vesist hest

The tirst injection mouldable iiquid-crystal
polyser has gone ianto productioun at Lartco
Manufacturing Co. (a subsidiary of Dart & Kiaft <o.)
and is aow available i1n production quantities.

Iradenamed Yydar, the seif-reinforcing
chermoplastics (so-called becsuse tne polyaer teads
to form itrong, tibre-like chaius upon
solidificarion) have s melting point of approximately
790°F. Nevertheless they can be processed on
conventional injection moulding machines modified
with suitable barrel neaters and mould oil-cuuling.

The high temperature thermoplastics have
excellent :hemical resistance, electrical properzties,
and fracture loughness that are ssid Lo exceed those
of other high-temperature rhermoplastics. The
aromatic copolyestecs have a UL coatinuous ~use
temperature rating of 465°F and a heat-detlecticn
temperature of ©71°F.

Xydar is ioherently flame resistzarc and is
expected to receive s UL94 V-O rating. Its limiting
cxygen index is 32. iIn addition, swoke generstiou is
very low: the polymer has a smoke-density rating of
3-5 after 4 minutes ia the BB saoxe cl:#mber.

According to Dartco, the liquid crystal polymers
have other processing advaaotages besides their guod
souldability. No postcuring cycle is needed, unlike
sowe other high-temperature therwoplastics, and the
material requires no mouly release. Up to lDUI
regrind can be used with no deleterious effect on
part qualaty.

Two of the three commercisliy available grades
are in the SKT series (uareintorced): KT 300, a
regulor melt-flov grade, and its high~flow
counterpart, SAT 500. A second series of compounds
called FSR (filies, self-resnforcing) also is ou the
scene; FSR 315, cne only grade in the series
currently availab =, is & 50 talc-filled version >f
SRT 3C0. (Dertcc riufacturing Co., Augusts, CA,
USA) (Source: Plastics World, Uscemder 1984, p. 71).

All-plastic pump eliminates hazards

An sll-plastic, pistonless displacement pusp has
been introduced by Hill (Ermest W. Will Ltd., beta
Works, Fitzwillism Screec, Sheffield S1 3CX, UK;
tel: (U742) 23019) tor transferiag snd dispansing
fluids - including oils and sost corrosive
chemicals - direct from stendard coaotainers 25 | to
210 ) in size. (Extracted from: Manutecturing
Chesist, March 1985, p. 77)

Linig technique renovates corroding process

Pipes

The Iasituforw process utisises & polyester
fibre felt liner tailores to Che diamater of tue pije
to be rehabilitated. The limer 39 coated on vne side
with polyursthane and the felt ss satureted wich an
epoxy (Araldite) resin. The choice of epoxy resins
avsilsble sllows renabilitation of sither drinkang
water, gos, dilute chemical or sevage lisas.
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The freshly impregua ed liner is inserted iato
the pipe through & manhole or other existiag access
point, usiag a vertical insertion tube and & head of
cold water. Curves, 45° angles and the bridging of
canted joints sad corrosion holes present no
problems. Inversion results in the epoxy-impregnated
felt being pressed firmly against the pipe wall.

when the liner is in place, the vater in the
pipe is heated to cure the resin. The result is an
epoxy/felt composite forming s smug-fitting and
stone-like pipe within a pipe. As the liner is
relatively thin and smooth, cthe fiow capacity of the
rehabilitated pipe is usually better than new.

In Kuwait, as elsevhere in the Middle East,
sevage lines have only slight gradieats, carry
lacgely undiluted sewage at 30-50°C and are hardly
ever flushed by rains. These conditions forms
sulphuric acid, which means that fibre cem=nt pipe
that would last 40-50 years ia Europe staits to
deteriorate after four to six. 1f remedisl actiom is
aot taken, the final outcome is pipe cave-in and the
collapse of the sevage system. The eulire system is
uow being rehavilitated and it has been found that
the Insituform process is faster and wore effective
than sliplining and costs far less than pipe
replacement. (Source: Materials & Design, Vol. 5,
October/Novesber 1984, p. 206)

Plastic piping is reinforced

Available for the first time in the UK, Polugap
and Ekotef glassfibre-reinforced polyester pipe
products are weight- and cost saving alternatives to
setal,. They also offer corrosion and abrasion
resistance. InCended mainly for liquid and slurry
nandling, vo.h ranges are iaternslly costed for added
protection. Polugap products have a polyurethsane
coating firaly bonded to the GRP outer pipe. Ekotef
pipes are coated internally and, if required,
exterually with epoxy/orgoltsr for chesical
res.stance. (Extracted from Process Engineering,
Apris 1986, p. 89)

Nozzle for plactics

An isproved type of the tried and tested hot
ruaner nozzle suitatle for special plastics
processing operaCions wss introduced by Hasco, FRC.
This meets the rising market demand for gating
systems.

The tube witin the central msteriasl chananel of
the new nozzle type Z 104 (1) is made of specisl
wolybdenus allcy. This mseans higher wear and
pressure resistznce snd an excellent thermal
coadustivity.

The maxicum opersting temperature goes up to
450 (at en injection pressure of 1500 bar).
Therefore this nozzle is suitable for sll types of
enginesring resins.

The sealed hester coil is embedéed 1n copper
beryllium and shielded with & circular reflector
sheet. The voltage is 220 V AC. The buil* -in
thermocouple ensures sn exsct femperature control.
(Sour;c: African Technical Review, Janusry 1986,
p. B4

Plastic tubing

The US company, Griffolyn D.vision have produced
an economical reinforced plastic tubing designed for
irrigation or sir distridbution purposes. Availadle
in multi materisl grades and colours the tubes can be
mede in any disweter or length needed to schieve
asxisum flov. These tubes will lay flet wvhen not
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full to allow crossing of venicular and pedestrian
traffic without causing damage. Blacx/white colour
available that reduces heat aud wmuisture build-up by
85 pes cent, also will resist sun breakdown from one
to six years. Features availatle include velcro
closures, grommets and custoe crnufacturing te exact
specifications. (Source: African lechnical Keview,
March 1985, p. W)

¢rallim offers tube fittings in plastic

Drallim's Series N tube couplings for use with
plastics tubing, nitherto supplied in aylon only, are
oov available in both ptfe and pwif. 1lhese materials
greatly broaden the applicational tieid ot tne
products, particularly with regard to acids, alcohols
and hydrocarbons, claims the company. The new
fittings are available as union fittings tor 6, 8 and
10 wm o/d tubing, with G 1/8 to G 1/2 IS5V parallel
male stud ends (formerly BSPT) and corresponding
Americen NPT types. (brallim Fluid Components, Brett
Prive, Zexhill-on-Sea TN4U 2JP, Un) (Source:
Manufacturing Chemist, September 1985, p. 87)

Dunlop Sports Ltd. (United Kingdom) has developed
an innovative technigue for moulding hollow composil:
or plastic parts. b>imilar to the recently developed
"lost wetal™ casting process, the new Vunlop kechnique
also uses low melting point tin/bismuth alloy cores.
The plastic or cumposite parl 1s 1ajeciion svulded
around the core, which is then removed by immersion
in a hot vil bath. The new process is being used to
manufacture carbon/nylon composite tennis rackets.
\Source; Manufacturing Technology Horizons,
September/October 1983, Vol. Z, Ko. >, p. lo)

Super —streagth fibre

Last month a new fibre technology was eatered in
the Southern Ucean Racing Conference races in
St. Petersburg, Fla., USA. Produced trom
polyethylene by 8 proprietary gel-spiruning techaique,
the new fibre was used in sails and rope, but it can
slso reinforce plastics, says Allied Corp.,
Norristown, K.J. James J. Dunbar,
director-operations, says the fibre, called
Spectra 900, will compete with sramids and graphite
fibres - possibly reaching an annual consumpison of
10 million 1b. In plastic reinforcement, dpectra YOU
can he advantageously combined with graphite fibres.
High streagth (up to 501 greater thar aramids)
suggests applications in reinforced structures such
as radomes, ballistic protection, medical isplancs,
and sporcs equipcent. says Mr. Dunoar. In >/8 in.
rope, breaking strength is ten tons, versus sevea
tons with nylon. (sSource: Ilundustcy wees, & March
1985, p. 120)

-~ Developments in the United States of America and
Canada

High heat thermoplastic outperforms ¢P5, DAP

A new high-modulus thermoplastic resin with
supetior properCies at elevated teumperstures has been
introduced by Union Carbide Corp. mindel B-340 1s &
wcdified polysrylether resin reinforced with 403
glass fibres. It is »aid to compare faveurably with
glass~ and wineral-filled Jdiailyl pnthalate (DAP) 10
physical and electrical properties, therssl
stability, creep and humidily resistance.

The nev resin is recommended ss a replacement
for reinforced VAP and tur glass-filled F¥> 1n
connectors, sockets, relsy and switch housings and
terminal blocks. Mindel B-34U hes lower snrinkage
than crystaliine resins, which until now have been
the mejor replacements for thermusets, according tv
the cospany.
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The tensile strength srd elongation of the new
resin at break are mure than double that of DAP. Its
tensile impact strength, nearly triple that of DAP.
Long term aging studies give i: a projected higher
coatinuous use tesperature over DAP: 320°F.

Mindel 8-340's electrical properties are also
said to be superior to those of DAP. It is less
lossy at frequencies up to 10 Mz, offers higher
dielectric strength and better insulatior
resistance. (Union Carbide Corp., Daubury, CT, USA)
(Source: Plastics world, usy 1985, p. 148}

Dow Chemical has developed reactive processing
t¢ permanently bond coextruded layers of plastic
instead of "gluing” them together with adhesive tie
layers. This nev techoology could be the next major
step in multilasyer processing technology. Reactive
booding chemically produces a coextrusiou whose
strength is limited only by the integrity of its
materials. Cowbinstions of resctive polywers with
coreactive barrier materisls form multilayer sneet or
fils that will oot delsminate under extrese
teaperature and stress conditions. In structures
such as PP/EVA/PP, the wmore heat-sensitive core layer
will fail before the outer lsyers. But in most
coextrusions, including barrier, 1409C+ welt points
of commonly used resins ensure tnat a resctively
bonded web will meet high tempersture retorting sad
sterilization exposures that now can be haudled ounly
by glass and metal coatsiners. (Source: Modern
Plastics Iaternaticnal August 1985 p. 45)

Thermoplastic resins

Georgis Gulf Corporation has introduced a nev poly-

mer blend designed to compete with polyphenylene oxide
and fleme retardant acrylonitrile-butadiene-styrene.

A company spokesman says the new material is
designed to fill s cost/performance niche between
Icwer priced materials like rigid vinyls and flame
retardant polystyrene, and higner cost alternatives
such as PPO/PS and FR-ABS.

The material couid also compete with
polycarbonates in applicstions that demand higher
pectormasnce but which do not tax tne full
capabilities of the polycarbonates. Such
overengineered spplications are the key to the new
material's market potential.

Georgia Guif claims that the material exhibits,
acong other qualities, excellent UV stability, snd
faster mould cycles that PPO/PS.

Plastics anslyst Richard Kassoff notes that many
nev alloys have been introduced recently, snd
nuserous nev price/performance options exist for the
design engineer. The large number of new products of
this type makes it difficult for s nev materisl to
establish iteelf in the marketplace.

He says that any nev material will have to prove
itself in specific applications, and that in order to
replace suother malerisl, tne nev product wust
demonstrate squal or betier properties wvithin those

applications. (Source: Chesmicsl Mrkctin. Meporter,
30 September 1985, p. 19)

Dicysnate semi-IPN composite metrix (Allied
Corp., U3A)

A composite dased on grephite or Kevisr fibres
end a semi-IPN matrix thet comdbines & dicyanste
thermoset (for heat~ and solvent-resistance) with
either polyethersulfone, polysster carbonste or
polycarbonate thermoplastics (for toughness).

-ls-

The dicyanate and therwoplastic are both
dissclved intu s sethylene chloride solution, which
is applied to either carbon fidbre or Kevliar fibres.
Curing at 220°C-300°C causes the dicyanste to
crosslink around the thermoplastic. (Extracted from

High-Tech Materials Alert, Vol. Z, Mu. 1V,
Jctober 1985)

Allied-Sigaal Inc. says its researchers have
created 2 polyser that couducts protons at Tvos
temperatures. The company claims the development
could have & major impact on bacttery, fuel cell,
sensor and other technologies. Batteries and tuel
cells could be made smaller and rar surz ellicieat
using proton-—conducting wmaterials, it 1s noted. The
aev polywer is a blend of polyviuyl slcohol and

phosphoric acid. (Source: Chemical Marketi
Reporter, 9 December 1985, p. 55)

A polyurethane engineering plastic

Isoplast, s aev engineering plastic, based on
MD1 (diphenyl methane diisocyanatel!, is a
polyurethane polymer but does ot share the rubbery
properties of polyuretnane elastomers.

The first commercial applications for Isoplast
in the USA indicate the utility of its properties
combination in many fields.

In buckets for bulk conveyurs, the new plastic
is outlasting otner >Jsscics in demanding
applications. In conveying equipment that must dig
into abrasive materials sucn as scrép glass and it
provided the ideal combination of stiffness, impact
strength and abrasion resistance. In conveying
detergents and bulk chemicals, its resistaance to
chemical attack and sttess craching also come into
play.

In ircvigation sprinkler hesds, it caa
resist fertilizers and other agricultural
chewicals, water, outdoor exposure snd physical
abuse. In rollers for overhead garage doors, o1l and
gresse resistance is one factor in its selection.
Others are low friction snd adnesion to s nudb made of
metal or other plastics. Its good adhesion o other
materials plus resistance to scratching and cutting
led to its selection as the tcp surfasce of skin wade
by Olin. Hedical catheters and connectors rely on
the purity of the materials asnd absence of residual
monomers and othes extractables. These couponents
sre gamms sterilized. In the sutowotive industry,
GCenersl Motors is svaluating its potential as s
replacement for polycarbonste in valence paunels,
wvhere it would provide much better resistance to
damage caused by spilled fuel and oil.

Other possible applications include sleeves,
besrings, connectors and adapters, snd power drive
parts such as gears and sprockets. Potential uses
in the recrescional field include ski boots, rackets,
skates, helmets snd toys. Automotive spplications
include interior and exterior psnels and parts,
in sddition to general mechanical components.
(Extrected from: Popular Flastics, June LY85,

p. &5)

Du_Pont has developed 8 new polywerizstion

technique that could open A new ers in man-made
fibres, plastices, paints an? sdhesives. The new
procedure may sllow production of new types of
polymers and will reduce the cost and pollution of
polymer production. The process uses an initistor
molecule containing an activating group. A monomer
inserts between the 1nitiator and the actaivitating
gsoup. Another monomer joins between the first
sonowar and the activsator, wnich is thus Cransterred
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aloag the chain. This group transfer polywerization
(GTP) process allows easy control of chain lesgth, sad
fuacticasl groups can bde added that would otherwise
be unavailable. The chains will coantisue to grow as
loag as wonomers are availadble. Afier one munomer is
incorporated to the desired chain leagth, s di1fferent
type of monomer can be added sand incorporsted ieto
the polymer. GIP uses up all the moaomer supplizd,
80 there is less waste. The monomer is also added in
a mose concentrated solution, reducing energy needed
to evaporate the solveat. The techaique uses
difluoride toa as a catalyst. Research so far has
been concentrsted on acrylics, and & pilot plant will
be built to produce automotive fianisnes. Methyl
trisethylsilyl dimethylketene acetal is the 1raitiaster
in the process. (Extracted from: Sci. Wews,

9 March 1983 p. 149)

Laminate resists high temps at low cost

A pev series of glass reinforced thermoset
polyester sheet materials has been developed as a low
cost 155°C (classz F) electrical iasulatioca.

Haysite H755, which also csa be specified in
mechanical application requiring thermal resistance
to =levated temsperatures, qualifies as a GPO-1
material.

H755, which is priced similar to standard low
temperature GPO-1, is avsilable in thicknesses of
1/32 to 2 in. snd in sheet sizes 36 x 72, 48 x 60 and
48 x 96 in. (Hsysite Reinforced Plastics, Erie, PA,
USA) (Source: Plastic World, Decesber 1984, p. 71)

IP polyesters are first ia ) classes

Four grades of Du Pont's Rynite thermoplastic
(IP) polyester have received final recognition by
Undervriter's Laboratories for use in Class 180 (H)
systems of insulation for transformers and other coil
wouna products. Aloag with previous recogmitiom in
Class 155 (F) and Class 130 (B), the PET
(Polyethylene terephthalate) polymers are the first
thermoplastics to be recognized for all three UL
classes.

The four resias, FR-530, 530, 935 and FR-945,
can be used as the bobbin or coil fore (primsry
ingulator) with seven other msterisls: wvire,
varnish, tspe. phase insulstion, sleeving, tie cord
snd lead vire. The materials can wvithstand hot spot
temperatures of 155°C for Class F recogaition;
130°C for Class B; snd 180°C for Class H.

The glass or mineral/glass reinforced resians,
wvhich provide good dimensionsl stadbility sad
stiffaess in thin sections, compete with thermosets,
thermoplastice, psper lswinates sad ispregnsted
paper. {(Du Punc Company, Wilmington, DI, USA)
(Source: Plastics World, April 1985, p. 73)

Call for plastics outdoors

A numoer of developments in the electronics
industry sre openiag up nev market opportunities for
soulded plastic parts. In celecommunications sand
telavision, there is sn incressing need for housings
that csn protect electronic gesr outdoors, snd
engineering therwoplsstics sre grabbing up these
applications from cast- and shest-metsl parts.

With the break-up of AT & T, nev telephone
installstions require an interface box dividiag
in-house viring from the locsl phone cospeny’s.
According to CL's John Pasy, office snd institutional
progrems manager for Noryl, every house and building
vill hava a minisus of one box by 1990. At least one
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azjor cowpany, Morthera Telecom. is already using
plastic interface boxes manufactured by the firs's
mouldiag division, Cook Electric, Mortoa Lrove, IL.
Holded-in threaded inserts and colour ¢liminate
almost ali secoadary operations.

Cook moulds the interface boxes from Xenoy
polycarbonate/PET atloy to xchieve a2 balance of
impact resistance (provided by amorphous PC) and
chemical resistaoce (from crystalline PNT). Utner
candidates for interface boxes, according to Lr,
include straight PC, for nigh impact strengthu, and
wodified PPU, for good loang-ters property retention
at lowver cost.

Coox has also been successful coaverting
Strantere outdoor terminals for telecommunicatiocas
cables to Xenoy. Mere, plastics replace 8-10 pieces
of aluminius shcet, which had to be assembled vith a
plagtic iasulator block. The PC/PST alloy withstaands
insecticide sprays, & Tequirement mandated by the
end-user. (Ceneral Electric, Pittsfield, MA, UsA)
(Source: Plastics World, September 1985, p. 91)

Reiatorced rods are sirvager cuan sieeil

Reinforced plastic rods, both nollow and solid,
are said to deliver greater teasile strengths than
steel at one-fourth the weight. The rods are nade of
coatinuous glass fibres (802 by weight) in a
thesmoset polyescer matrix. The Polystal materials
are msde by a pruprietary manufacturing process that
orients the fibres in the longitudinal direction.
Tensile strengths of the E-glass/polyester materials
rarge from 203,000 to 224,800 psi.

Applications range from reinforcement for fibre
optic telecomsunication cables to 3. In cthe
latter, the rods sre placed 1n the wmould with SIS and
eacapsulated by the part. A textured surface on the
Polystal rod provides good boanding.

At present, the rods are offered in two
versions: E-glass/polyester or S-glass/epoxy in
continuous lengths up to 2 miles. The rods range in
dissster from 0.06 zo 1 in. and are avairlsble ccited
with s thermoplastic resin or uncoated. The
E-glass/polyester version has s teansile modulus of
7,000,000 psi, while the S-2 glass/epoxy rod has
about 25X higher tensile properties. (Mobay Chemical
Co., Pictsburgh, PA, USA) (Source: Plastics World,
Uctober 1985, p. 71)

Thermobonding usin, lyester fibre will be the
dbouding wethod of the future, accordiag to C. Barker
of Eastman Qremical Products, due to its
environmental, processing and product isprovement
sdvantages over latex resins. Lkazironmentsl
advantages involve the elimination of aqueous
discharges and a substantisl reduction of ataospheric
emissions. Fibre lubricant from the composite blend
of the matrix and binder fibres is «xhausted, while o
unit bonding matrix fidbre sprayel or sstursted with
latex rezin emits a substantisl portioa of water
vapour, which may contain formsldehyde. VFour
processing advantages of thermobonding vver latex
bonding include less anargy required, clesner
operation procedures, grester control over sprsy gun
snd nossle problems, end increased production rates.
The most important advantage of thermobonding over
latex bonding is product isprovement - latex bonding
of 8 nonwoven ssterisl genersily produces a stiff
substrats with s hereh hand. A thermsily bonded
substrate has no surfece coating, with vond sites
concentrated at the fibre crossover points throughout
the mstrix structure, resulting in a soft and euppie
hend., (Deily Meus, 22 September 1983, p. 20)
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Thermoplastic resists high temperatures

Production of polyketoae polymers will begia
next year st & facility sow being comstructed,
reports Unioa Carbide Corp. At that time, the
high-temperatute engineering therwoplastics will de
commercially iatroduced wnder the Kadel Ctradensme.

The technology iavolved iz based ou Cardide's
polyarylether patents. Sigoificaat product and
[ 3 develop s for these nev matevials already
arz covered by a range of patents and pateac
applications.

Polyketones have an lly Sroed perf
spectrum, according to the company. They provid-
short-ters thermsl resiastance to over 690°F, and
wvill wizhstand loag-term exp e Lo Temperatures
well sbove 400°F. Polyketone polymers are
resistant to virtually all organc and aguecus
chesicals and have exceptional combustion-resistamie
properties. Tney also are described as especially
tough sad wesr resistant. Coaventional
melt-processing methods s4re used to produce the nev
thermoplastics, including injection moulding,
extrusion, snd melt spinning.

The combination of properties, says s conpany
spokesasn, is expected to make polyketones sttractive
in a vide range of demanding spplications, including
wire and cable irsulstion, electrical equipment,
aerospace/sircrsit structural components, and
antifriction deviceas. (Source: Machine Design,

8 August 1985, p. 8)

Cansda: New plastics have been Jeveloped by
bonding acrylamide resins with hardwood pulps,
sccording to scientists at the University of Quebec's
R:lp & Paper Research Ceatre. The new plastics, the
first to be produced from hardwood instead of
softwood pulps, are reportedly stronger sad cheaper
than conventional plastics. The aew process consists
cf boadiag the pulp and plastic via » xanthate
grafring. (Psper Jour 15 October 1583, p. 22)

-~ Developweuts in Japan

Pollution-free plastic material

Chuo Kagsku has developed s new-type plastic
msterial "CT”, which has & high resistance to heat
snd can be produced st low cost. The mstezisl csuses
no enviroamentsl pollution even when it is burned.
The produce will be marketed early in 1986. It has
been developed by s new techaique for sixing
inorganic matter into resin. (Source: Chemical
Econowy & Engineering Reviev, June 1985, p. &4)

Cross-liakablie polypropylene wich functions of
engineering plastic

Mitsubishi Petrochemical Co., Ltd., has begun
msrkating cross~-linkable polypropylene that has the
functions of engineering plastic.

The conventionsl cross-linking wethods are
limited to either chesical mesns or rsdistion for the
reasons relsced to wolecular structure.

‘e company developed s new cross-linkiang
technique called the silane cross-linking wethod that
vees wvater Co cross-link polyolefin with sn active
silene radical. Cowpered to conventionsl
cross-linking methods, this hes the following
advsntages:

(1) It provides the seme level of moulding
processibility as polyolefin, end the product can be
formed into sny shape by using s genersi-purposs
soulaing mechine.
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(2) Being & simple method using ouly water, it
requires no special facilities such as a
cross-liaking tube or radiation eyuipment.

Compared to non-—<rosslinked polypropylene, the
product has che following improvemcats:

(i) Gieat-resistance: Increased by 30~ S0°C.
(2) Creep-resistance: laproved by
1,000 ¥ 100,000 times.
(3) Teasile strength: Rigidity and
shwck-tesistances improved by 1.5~ 5 times.

Further, it is even superior to ayloa vhichk is a
typical geaeral-purpose engineering plastic in such
properties as fatigue resistance, friction, and
chemicala us well as sizing stability.

(Source: The Japan Industrisl & Techmojlogical
sulletia, July 1985, p. 20)

Sitsubichi Rayoa (Japan) has developed technology
to vond plastics sad ceramics by boambarding them with
plasma at 20,000°C. The resulting composite
material has the harduess and heat resiscance of
ceramics and the light weight and impact resistance of
plastics. Hitsubishi Rayoa coats the surface of the
plastic vith special icorganic materisls to keep it
from melting or deforming. Several plastics can be
bonded with cersmics, including ABS, polycarboaate,
msethy! wethacrylate snd epoxy-carpon fibre composites
(Source: Japsn Economy, 1l January 1986 p. 17)

Japan: Progress in develop t of three new

types of polymers

Sophis University, Tokyo: MResearch on ultrafine
polymers has led to experimental production of siugle
polystyrene wolecules with dismeters varying from 3CV
to 780 angstroms.

Mitsubishi Chemical Yokohams Resesrch Lentre:
Poly (oxvethylene) derivative adsorbents are put
inside hollow acrylic polywer microspheres. The
acrylic polymers sllov vater and urea to pass iato
microspheres, where compounds acre adsorbed by the
poly derivatives. Polymer shows promise for kidney
dislysis.

Matsushita Research Institute: Ianstitute has
produced polysetacyclsphane that ccnsists of
metacyclophsne linked with 4,4° - dihydroxybiphenyl
wmoiety. Polywer shovws prowise in electromagnetic
shielding. (Extracted from Chemicsl Week,

27 November 1985, p. 93)

Data bases

The Ministry of Internationsl Trade snd Industry
(MITI) in Jaspan will carry out s ccaprenensive plan
for the msintenance and promotion of data bases.

Some of tae items being consideied include: devising
s plan for the development of dats bases in
state-of-art fields such ss new msterisls. MITI is
planaing to construct a Jats base tor fine ceramics
and the Polymer Materisl Centre in Tokyo. (Extracted
from Tokyo Minon Keizsi Shaimbun, 29 August LY85, p. 5)

Nigh-performance therwmoplastic elastomer

Nippon Zeon Co., Ltd., has developed and started
ssoufscturing "ELASTAR™, & high-performance
therwoplagtic slastrmar.

Thermoplastic elastomers heve the superior
properties of vubber snd the high processibility of
plastice, snd are asvsilable based on stylene, olefin,
urethan and vinyl chloride. MWowever, as the uses of
these materials expand, industry is d ding
improved cnaracteristics, sspecislly easier use and
better performsnce while retsining their souldability.
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ELASTAR is a result of combining the company's
techuiques for designing bigh molecular wmaterials,
iacluding rutber sud plastics, and the processing
expectise of Zeon Kasei Co., Lzd.

ELASTAR has improved shape retentic=a at high
teaperatures, supcrior vresistance to oil (especially
fuel oi1ls), excellent resistance to weathering and
chemicals, snd can be produced with various
hardaesres, in various culours and by various
woulaing processes.

fharacteristics

(1) The mazerials have the good processidility of
ordinary thermoplastics, alloving extrusiom,
injection, hollow and zslendar wmoulding.

(2) Wulcanizing is unnecessary and this coatributes
to energy-saving and possible scrap recycling.

{3) Good elastizity and shape arc maintaioced at high
temperatures.

&) Compression zauses little permaneat Jeformation.

(5) It has superior resistance to oils (fuel oil,
lubricant, ecc.)

(6) It is nighly resistant to ozone, wveathering and
chemical products. (Source: The Japan
Industrial & Technological Bulletin,

Decesbexr 1985, p. 17)

- Develop ; in Europe & USSR

A corrugated noneycombed polycarbonate sheet
called Thermonda is the result of research by two
Italisn compsnies, the processor, Polyu and machinery
manufacturer Union, and raw materisl supplier CE
Plastics.

The sheet is said to have & K value less than
half that of glass vith 80 per cent transsission of
light snd solar energy. Light weight,
self-extinguishing properties, good resistance to WV
rays, temperature fluctustion snd breskage are
features claimed for it.

Thermonds can be extruded at the rate of
1 metre/mivr and the specially built line: a 100 ms
single-screv extruder with a gauged flat head which
provides paeumstic closing in line with s
stabilisation unit; a take-up unit; s progreamable
shesr cutting unit; asnd s staker for the extruded
sheets. (Source: Popular Plastics, January 1985,
p. 26)

The Rubber and Plastics Resesrch Associstion
(England) has developed s new device for blending
zlusic- and rubber during extrusion. Knownm ss 3
Cavity Transfer Mixer™ (CTM), the device is sn
extension to tne extrusion screv and consists of s
concenrric rotor and stator, both of vhich have
epherical cavities machined into their opposing
surfsces. These cavities csuse the plastic or rubber
material to be efficiently wixed as the rotor turas.
Reportedly, the CIM provides such better blendiag
than conventions! screw extruders. The CTM can also
be retrofitted to existing equipment. (Source:

Manufacturing Technology Morizons, September/October
3 , Vol. 2, Mo. 5, p.

The Rubber end Plastics Ressarch Associstion
(RAPRA) in Britsin is slso conducting resesrch into
fosmed nylon RINM.
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The project is aimed st finding a strunger,
stiffer and more fire retardant materisl than
polyuretnane Kin for use in such applications as
business machines and sound repruduction equipment.

Blowing ageats have been identified based va luw
boiiing organic liquids, and RAPMA has gone as far as
woulding test pieces on a moditicd nil sachine.

The major remaining problem is uneven expansion
ia the mould which has resulted in foam gridiencs and
irregulax cell structure. The next stage of the
project is to tackle this problem with the
ideatification of surfgctants and aucleatiug agents
capable of allowing better coatrol of the an-mould
foaming proceis. The pussibility of eagineering the
collapse of rie foa~ at the mould wall to give an
integral skin will also be evaluated.

Vespite the work still to be done, RAPKA
believes that this study is further advanced ci.an any
comparable work in Europe. (Source: Popular
Plastics, January 1985, p. 26)

GIP altcrnator frames are 40X lighter

darkon Engineering is having its revised range
of 2.5 kW alternators produced with frames and
terminal covers wade from gless reinforced plastic
(GEP). These components are bDeing supplied under
contract by the W.H. Allen Plastics Pivision of
Bedford, NEL-APE's specialist designer and producer
of reinforced posite p ts.

The reinforced plastics componernts fovm
W.H. Allen have the same mechanical strengih as the
earlier aluminium slloy frames but show a weight
saving of some 40X over the latter snd have received
full UL (USA) standards approval.

The order from Markon, which iacludes production
by W.H. Allen of the =ould and prototypes, was
obtained on techaical competirtiveness coasiderations.

Markon claims €0 be the market leader for units
of this output, and the 2.5 kW machine is believed to
be the first iadustrial alternator in the world to
have a GRP frame. Flame-vretardant URP is used
becsuse of its low density, sttractive appesrance and
heavy-duty capabilities.

The decision to change to GRP slternator fraases
vas CLaken after many thousands of hours of successful
field trisis with hire fleets and sccelerated-life
testing carried c¢it in the laboratories of the
Production Engineeriang Nesesrch Associations at Melton
Kowbray. (Source: gngineeving, February 1986, p.
16%)

Mainz Polymer Research Institute

A nev Irstitute for Polymer Research st the
Max-Plaack Society has been in existence since the
beginning of 1985 in Msinz, FRC. As & neutrsl
research site, it is to prepare the bases for nevw
generations of synthetics, from which industry in
particular will profic. Of psrticular importance is
cthe drawing up of nev mechanical properties, such as
matrix meterials or those with a "buile-in"
reinforcing effect. Also imporrant are synthetics
with lignt-conducting propertiss or with usable
electrical and magnetic propertiss. MNew synthetics
of this type can be achieved, if sore dats about
crystalline structures and hov to control thes csn be
gsthered. In the viav of polymer scientists, it is
no longer enough to invectigste only chemical




properties and reactions to realize these gosls.
Ouly close co-operation between physicists and
chemists can help. The aev Institute is headed by
three renowned scientists: Prof. Erbard Fischer,
Prof. Gerhard Wagner and Prof. Hams W. Spiess. Mew
construction of a separate researck iastitute in
Mainz will start this year. (Extracted from Bern
Technische Rundschau No. 19, in Cerman, 7 May 1985,
p- 7}

Rhoce-Poulenc conceatrates its laboratories

The CLYPT is born: The research and development
ceatre for Rhone-Poulenc's plastics research has just
opened near Lyons (France), with 4,000 square metres
of laboratories and workshops and 15 engineers.

The centre is equipped with the Frocop sysiem
(developed by Cisigraph ia collaboratiom with
Rhone-Poulenc and other industrial parteaers) for the
thermumechanical calculation of structures and the
calculstion of the flow in the moulds.

Next, tne colour-formslacion stage is concerved
with developing the formuls needed for the
application on the basis of polysmide 66 (of which
Rhone-Poulenc is the lesding Europesn manufacturer
end second in the world after Du Powt) anl other
plastics of its type (cthermoplastic polyesters,
block-gmide polyeers, polyimides).

On the average, a workshop comsisting of six
extrusion granulation lines produces ome or two
formslas per day. Rhone-Poulenc lists more thac 500
polyaaide formulas in its catalogwe. Additionaslly,
the colour-formulation lasboratory, which is equipped
with che computerized Procolsr system, can produce
colour formulations 1n record time.

The transformation stage tests these new
form:lations, macufactures Che stacdardized test
pieces for the product evaluation laborstory and
ensures the quality of the test moulds. Six
injecti10n presses of 25 to 250 toas locking force are
provided. These machines are rented out o equipment
wanufscturers, which is a good way to dispose of the
test performing models at aay given moment. Some are
equippsd with iastrusents to evaluate the waterial’s
sptitude for chsnge through specific tests (among
others, a test of plastification which measures the
mechanical energy sbsorbed by the melted materisl,
and a test of the speed of recspturing bending
rigidity which indicares the aptitude of s material
to be quickly resoved from a mould).

A special stage is devoted to polyimides {Kinel
and Keremid), of vhich Rhone-Poulenc is the leading
world producer. These are materisls which can be
found in automobile cigarette lighters, as well as in
CIMM-56 reactors. Polyimides slso have many other
spplications, ranging from gears to sultilayer
circuits for alectronics. (kxtracted from Paris
L'Usine Nouvelle, 2 Jasuwvary 1986, p. 22, asticle by
FPierre Laperrousasz)

Polymers agsiust frost

At a labdorstory of the Institute cf
Physical -Technical Problemss of the North, Yakutsk
Branch, Siberisn Depsrteent USSR Academy of Sciences,
packing gaskets snd rings made of polymers wvere
introduced. Whst is there 8o nev sbout it? "They
don't fesr froet,” explsined the Deputy Director of
the Institute. The cold westher litersily "devours”
the litetisss of vehicles and wechanioms. At fifty
or sixty degrees below zero, their uwseful [ifespun is
veduced by two or three
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times and their productivity is lowered two-fold.
Hydraulic, fuel and lubricatioa syslems especially
suffer greatly. With this kind of frost, rubv.r

pscking rings become brittle and crusble readily.

The nev material, a new design for the parts and
technology for production, is waste-tree aad nas many
advantages: lightweight, stroag aod vabreakanle.
Experimental samples of the frost-cresistaat polyme::rc
insulatocs are being tested on operating electric
pover lines. Plastic channels can also carry hot
water to scpply industrial and residential
buildings. Frost-resistaci pipes will also help to
prevent awci 2nte in severe cold, reduciag to a
minimum the cisk formerly associated wath the use of
metal steam lines. (Extracted from Moscow Sovetskaya
Rossiya is Russian, 1] February 1984, p. 4, article
by A. Orlov, Yakutsk ASSK)

- Pac| 1
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Nev packaging technique -

ldeal for everyday commodities, the new
techaique utilizes paperboard and thin plastic
sheeting but vithuut the need for near-sealing.
Instead the filw-like sheeting is stretched and glued
ctight to the sides of the pacxs. (Source:
Internsrional Licensingz, March 1986, p. 13)

A nev nylon barrier resin for psckaging

DuPont has added Selar PA, a nev amorphous nylon
resin, to its Selar product line tor barrier
packaging. The company expects Selar PA to
accelerate the displacement of giass and metal and
even other plastics ino a wide variety of packaging
applications. Tie resiu cowbines glasslike clarity
with strength, thermal stability and oxygen barrier
characteristics. The company has high hopes tor
Selar PA in food packaging, particularly for products
that are hot-tilled. Initially, however, Selar PA
will be used in nonfood packsging, including small
bottles for cosmetics, ss well as coatainers for
household chemicals. industrial chemicals and
automotive fluids. (Extracted from Chemical week, 19
February 1386, p. 42)

Co-extruded plastics bottle from Plysu

Plysu Contsiners has introduced s multi-layer
5 1 plastics bottle intcnded to enmable the company to
snpply attractive, high-performance bottles for
merketing and distribution of products that
previously could not be packed iy plastics. A
version of its C5.8. botrtle - & container which, to
date, has been blow-woulded from high-~density
polyethylene -~ the co-extruded bottle is nov being
produced in sample quantities which sre availsble to
customers for cesting.

The co-extruded bottles sre expected Lo open up
totally aev markets for packsging of agro-chesicals,
industrial chemicals, decorstive and maintenance
products snd others which nave previously beesn
supplied in traditions] materisls such as glass and
tinpiate, says Plysu. When the bottle moves info
full ~scale production, it vill be available svulded
in the company’s standard vange of coluurs. icreen
prioting with customers’ vwn brand designs in up to
four colours, and pre-printed plastics sleeves and
ladelling will sleo be available. The co-exiruded
bottle is designed to be siacked and Cransported in
muiti-urit corrugated fibreboard transit cases.
(Plysu Contsiners, Woburn Ssnds, Milton Keynes
MX17 8SE, UK) (Source: Manufacturing Chesmisc,
Octodber 1985, p. 87)




Bew high-pzrformsace plastic comtainera

Alumiaium Co. of America (ALCOA) agreed to form
a 50-350 joint ventura with Metal BSox America to
deveilop and produce new high-rerformamce plastic
coatainers for the food industry. Proposed products
include Lamipac retortable containers that cam be
used in microvave ovens, coutainers made of
polyethylene terephthslate, oriented polypropyleme
hot-fill barrier bottles and jars, and aseptic
packages. (Extracted from Chemical Week,
29 Jawuary, 1986, p. S5)

Plastic and composite closures were being showw
by several closure conpamies. Alcoa Deutschland
exhibited the Talog composite closure, which consists
ot an aluminium roll-oa top to which is attached an
anti-pilfer plastic band. The same comcept lies
behind the Top Cap Safe showm by VAN Alusiniws.
can be applied with any sealicg machise on the
market, no edditional sttschmesat or modificatioa
being necessary. Crown Cork & Sesl showed the Ubrist
plastic pilferproof closure, which is being mssrketed
through its subsidiary Crom Ubrist.

Products were displayed on which Obrist closures are
being used, including Coca-Cola, Pepsi-Cola, Costes
Somserset Cider, beer in PEIT bottles and such food
products as tomato sauce. (Source: Food ineeri
Internstional, September 1985, p. 27)

It

Recortable plastic can goes to market

Another milestone in plastics packaging was
resched by American Can Co., Greeowich, CT., USA, by
producing plastic cans for stess—retorted foods. The
nes can has s double-seamed metal, pull-tab 1id that
is easy to open. And because of its two-piece
coastruction the can is essy to stack. Americam Can
uses & proprietary mwltilayer co-imjection blow
moulding process. A five-layer parison, comsisting of
two polyolefin structursl layers, two adhesive tie
layers incorporating s desiccant, and an EVUH barrier
layer, is injection moulded and them blowa into a
coatsiner. The desiccant in the tie laye: prevesnts
che EVOH layer from losing its oxygen barrier
propetrties during stesm retorting. This technology
produces 8 contsiner that preserves flavour and
nutritional value throughout the skelt life of up to
2 years. (Extracted from Plastics World, August
1985, p. 8)

Alfastar (Tumbs, Sweden) has developed s new
technique for packsging solid and liquid foods. ®oll-
fed sheeting is folded into a trough-like shaps for
seceiving prehested food. Trough edges are them
sealed together uader vacuwn, forming a food tubw
that, after advaacing through s tumnel-type ovem, is
quick hesied in vater to 260°F by microwaves. MNext
the pclymer food tube is cooled by water snd psssed
into & pyuch-forming section. The pouches elimimate
the need for refrigeratioo vhile retaining fresh
taste snd nutritionsl vslue in foods. (Machise D,
8 August 1985, p. 33)

- Building construction

R t_develop

8 in the use of polymer comcrste

Serious resesrch on the use of polymers (or
plastics) to modify the sngineering charscteristics
of conventional coucrete started in the early 1950s.

It is commonly known that Portlend cemest acte
as o gep~filling sdherent in concrete and thst there
is no equally economic slternstive. Polymers howsver,
used with or without cement are being developed st sa

increasing rate, and time has already proved that
polymer coacretes can be used with a tresendous
advaatage over couventional concretes, both
economically and structucally.

The folleving table svamarizes some of the
researck doae on polymer concretes ian recent years,
and serves to illustrate the advantage of these
saterials.

CONPARED TO COMVENTIONAL
PROPERTY CONCRETE

Compressive strength Increases & tiwmes
Tensile strength Increases & times
Modulus of elasticity Increases 2 t.imes
Modulus of rupture Increases & ctimes
Flextural modulus

of elasticity lacreases | 1/2 times
Creep deformation Vecreases 1V Cimes
Hardoess impact Increases more Chan

values (L Memmer) 1.7 tines

Water permesbility
Water absorption
desistance to

Becomes negligible
Greatly reduced
Increases more than

hydrocholoric acid 12 times
Resistance to Inceases more than
sodive suiphate 7 times

Polymer concretes:

Polymer concrete is s concrete in which the
normal cementitious Sinder is supplesented or
replaced with a polymeric emulsion (lLatex) or im
wvhich after hardening of the concrete, 8 monvamer is
impregusted and subsequeatly polymerized. Both of
these processes cause an intricate polymer chain to
form which fills the voids and mscro-fractures in
the concrete to such an extent that it serves as a
micro-reinforcing systes. This greatly increases
streagth and dursbility, and signficantly reduces
perweability.

Types of polymer concretes

Polywmer-Impregnated—Concrete (PIC;

PIC is manufactured by impregnating hardened
conventional Portiand cement concrete with a liquid
monomer which is then polymerized. Polywer-
ispregnacted concrete is very much lLike conveational
concrete in appearance. Upon cloce inspection, PIC
may be distinguished by the presence of polymer in
sir voids of the concrete. PIC made from
conuveational concrete ususlly contsine 6 to
7 per cent polymer by weight. Methyl sethacrylate
is widely used as & womomer becsuse of its low
viscosity, low cost and good properties im PIC,
while 8 commonly used catalyst o induce
polywmerization is Azonitrile. The basic steps
tequired to produce polymer-impregnated concrete sre
as follows:

1. Dry concrete at 150°C for 24 hours to remove
fcee moisture.
I
2. Allov concrate to cool to room temperature.
3. Place concrete in iwpregnstion vessel and spply
a vacuua for 30 miunutes.
4. Introduce the catulyzed wonomer under a vacuum

to completely submerge the specimen, then sosk
under 8 comprassed air pressure st betwean
170-340 kPs for 2 hours.
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5. Drasin excess wonoser and immediately backfill
the vesael vith wvarm water - this is to
ninimize poratioan 1 .

6. Apply hest (normally steam) until
polymerization is completed — mormally 4 hours
st 70°C.

The sbove procedure allows for full
impregnation of the concrete which is obviously am
expensive process. A similar and lees costly
process can be used to obzain a partially-
impregnated or surface-impregnsted concrete. lere a

and pr e soaking is not required which
consequently eliminates the need for s pressure
vessel as required for the fully ispregnated
concrete. The process consists of drying the
coucrete, sosking it with the acnower, and inducing
polywmerizstion by immersing the concrete in vara
vater or by other appropriate aspplicatiocns of heat.
It has been reported that partislly-impregoated
concyntes have good structural properties, excelleat
resistance to Ereeze-thav dereriorstions, vater
Jenetration, wear and abrasion, and have good skid
resiscance.

PIC is used in pipes, tunnel limers, beams,
undervater habitats, bridge deck panels, prestcessed
piles, barges, and & variety of highway structures.

Polywer-Concrete (PC)

Polyser-concrete is produced by mixing a
moaomer with sggregates sod polymerizing the
aaterial after pl . The or resin
therefore replaces the c itious bind
completely. In contrast to PIC, PC can be made with
8 wide range of wonomers snd the msterial is suitable
for both precast and in situ applicstions. It is
common knowledge that the strength of ordinary
concrete depends msinly on the bond strength bctween
the cement and the aggregate particles, and as
polymers with tremendously high sdhesive properties
are available, it is found that cleavage and breakage
of polymer concretes occur through the aggregate
bodies and not in the cementitious bimding places.
Becsuse of its excellent durgbility and good
structursl properties, PCs are used effectively and
economically in situstions wvhere mild chemicals, sea
water, sulphate-contsining soils, polluted air,
corrosive effluants or sewsge preveats the use of
ordinary concrete.

Polymer-concrete cen be produced wsing stendsnd
conccete mixing plants sad conventiomsl placiang
techiiques, snd is therefore resdily adsptabdle to
existing concrete production techmology. The
preperstion of sost PCs are dows vith liquid momowmsr
in the proportion of 10:1 to 1:;1 sggregete/resin
sizes., The sonomer is preemixed with s catslyst snd
sdded to the dry wix. The setting time can be
reguisted by the sdded smoust of catalys. or by
tespersture. Full strength is obtained when
polymerisation is completed.

Polywer impragnated concretes - spplicetioas
Pipes

Recert tests on PIC pipes placed in sress
coataining eulphstes at concentrsticse wp to 7-5 per
cont in the soil and 5-9 per cent in che weter, os
wvell se tests on PIC sever pipes, where the hydreogen
sulphide concentration ves sbout 10 parts per litre
in the winter, snd sevars! hundred parte per litrs
during the summer have shown no evidence of say
detericretion.
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Conpression reinforcemeat

With the advent of polywmer impregnation
techniques for concrete, it is sow feasible to wake
high compressive strenith coancrete with excellent
cotrrosion resistance. This fact led to some research
done by Gunasekaran of che Westimghouse Kesearch
Luboratories ia the USA oa the use of PIC for
concrete rods which can be wsed instead of steel
reinforcement. In addition to possessing excellent
corrosion resistance, the rods were found to have a
veight advantage over steel reiaforcesent since the
density of the concrete is omly about one—third that
of the steel reinforcement. Applications for these
rods are found in numerous structural sesbers such
as columms, doubly reinforced beams, in which, due
to size limitations, it is wecessary to design the
steel reinforcement to carry compressioa ia bridge
piers vhere corrosion might be a serious probles,
etc.

Appilications of PC ioclude road and bridge
overlays, pothole repairs im rosds asad ruanvays,
councrete pipes, tunnel support limers, panels,
kczbstones, and 2 variety of specislty products like
iloor snd roofing tiles, winmdow sills and inflation
forwed dome structures.

Polymer-C ~Concrete (PCC)

The process technology of PCC is very similar to
that of conventional Portlasd cemeat councrete, and iC
consists basically of adding either a monomer (with
subsequent post-mixing polymerization) or a polywser
to the standard concrete mix. Because most polymers
and their s sre i patible with 8 mixture
of Portland cement, water, aod aggregate, most
research on PCCs have concentrasted oa overcomsing
these basic incompstibilities. Because of this
probles the properties of PCC are generslly only
moderately improved. The mein beaefits of these
materials are good boanding properties with Portland
cement con:retes, good durability, aod s high degree
of sbrasion resistance. Streagth improvements asre
relatively minor. PCC is also called latex sodified
concrete (LXC) with the three most common cowmercial
LMC products being styrene butsdieme, acrylic snd
epoxy esulsions. Normslly the concrete mixes are
degsigned with over 277 kg/m’ Poxtland cement per
n? of concrete, as the lastexes are more effective
ia the richer mixes.

The maip applications of polymer cement
concretes are overlays for concrete bridge decks,
perking garages, industrial floors aad as patching

compounds.

Recent Cevelopments in the use of polymer concretes

Polymer technology is undergoimg rapid
sdvancement, snd nev snd more exotic uses are being
discovered or developed almost daily.

Tomnel linings

Three full-scale tests were conducted Ly
Carpenter, Cowsn and Spencer ¢a PIC tuanel linming
snd support segments erected to form s 2.4 »
dismetre by 2.4 @ long tunael. The load-carrying
capabilities, deflections, modes of feilure, and
effects of back{ill material were deternined. The
test results indicsted:

1. ‘e PIC system is viable snd, compared with »
conventional concrete system, ces provide
incressed load cspacity or an squal capscity
with 8 thinner section.
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2. With concrete backfill the PIC aystem
carried 1.6 times greater load than the
conventional c.acrete system of equal segment
thickness.

3. PIC provides for superior joint etreangth.

4. Economic advantages of a PIC system can only be
deternined from a speciil application;
however, a preliminary analysis showed
advantages for PIC in long tuncels, €.% m or
larger in diametre.

PIC bridge deck system

Research is presently being undertaken by the
Federal Highuay Administration (FHWA), Bureau of
Reclusation, and the Prestressed Concrete Institute
(PCI) in the United States on the use of prestressed
PIC bridge deck systews. This system is desigued to
utilize the structursl properties of the prestressed
panels, the potential of a precast system foc rapid
construction, and the protection of reinforcing from
de-icing salts provided by the polymer. The concept
envisages precasting of deck-width sized panels,
tapid erection and placement of panels at the site,
and comnecting of panels by post tensioning.

Seafloor structures

Because of its strength, durability and low
permeability, PIC is being evalusted for underses
spplications. Test results show that PIC spheres
respond elastically to hydrostatic loading, and that
Lhe iaplosion pressures are 40 per cent grester than
those of conventional concrete. The maximum
operating depth of buoyant spherical PIC hulls in
the ocean has been estimated st 1,220 m.

PIC plumbing fixtures

A South African firm has built a3 pilot plant
for production of concrete wash basins, sioks and
bathtubs, which sre subsequently impregnated with
styrcae snd polymerized. The final product has s
very saocoth, glossy surfuce and is called "mirror
coacrete”.

Miscellaneous applications

In Japan, pump beds made of PIC have been in
service for 2 years without corroding, in contrast
to s maximum service life of one year for costed
stainless steel. Ocean-going darges constructed of
PIC prestiessed concrete have been built with the
purpose of transporting liquid natural gas.
Cylinder piles used as foundation structures for
ma jor over-water bridges have been made vut of PIC.
Because of its higher strength snd dursbility the
wall thickness cen be reduced with the effect of
decreasing weight snd thus reducing handling
problems. The higher modulus also facilitates
better driviug. The use of fender piling made of
PIC has considerable potentiasl for wvhsrves and
jetties against which ehips must dock. The higher
energy sbsorption and sbrssion resistance, coupled
with its higher strength, makes PIC an excellent
saterial for this use if costs can be kept within
170 per cent of the conventionsl prestressed
concrete piling.

Surfsce-ispregnated <oncrete

A grest dea) of interest has been directed
tovards surface~-impregnated concretes. The
development of s field surface-ispregration prociss
led to field trials and demonstrstions on 20 bridges
in the USA. The technique has slso been used on
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hydraulic structures to protect the concrete against
cavitation, abrasion and freeze-thaw damage.
Examples of such structures are spillways, floors
for stilling basins, and cutlet walls.

A rather interesting use of surface
impregaation was successfully used for geotechnical
investigations of the foundation of the Auburn Dam
in Cslifornia. The process was applied to
congolidate soft material in s fault zone and to
allow for the taking of undisturbed samples for
analyses.

Polymer concrete — applicatioans

In FRG alone, seven factories are mass
producing polymer concrete units. Local authorities
in this country are specifying polymer concrete for
all nev vater and sewage treatmeant plants. In a
geothermal powver installation in Texas where PC
units are used under opersting conditions of 200°C,
to military applications in the Soviet Union where
temperatures drop to minus 18°C, PC has proved its
ability to resist variations in temperstures under
highly corrosive conditions.

A recent development is a "sandwich” concrete
pipe with a resin—concrete lining reinforced with
glass fibres. In another research project done by
Brockenburgh and Patterson, steel and glass fibres
were used to strengthen Methacrylate PC. The steel
fibres resulted in significant isprovement of all
test resgults while the glass fibres decreased the
compressive strength but increased the tensile and
flexural streangths.

PC used in superconducting turbogenerators

A polymer concrete made with epoxide resin as
the sole binder with s compressive streangth of
150 MP2, and & stiffness of 40 GPa at 70°C has been
used to fabricate the stater structure of super-
conduction turbogenerators. The manufacturing
technique involved vascuum impregnstion of a
prepacked mould filled with aggregates of s maximum
size of 5 mm. This process was Jeveloped by the
Civil Engineering Department at Brighton Polytechnic
in response to s challenge from the designers of the
superconducting turbogenerators. Further research
is being conducted to use these concretes for pipes,
pump and valve casings subject to corrosive
conditions.

Polymer concretes are now fully competitive
with conventionsl materials in Europe. As compared
to normal Portland cement concrete, :t sllovs (in
sddition to its superior physical properties)
weight-savings of at least 50 per cent. This factor
is of major significance as transport costs for
concrete products continue to rise. In addition to
the above spplicstions, PC pruducts aze also proving
to be of tremendou; value in slaughter houses,
restaurants. fccd preparation plants, and service
stations where oil and grease separation is
essential. -

Polymer-vi:ent-corn-  etes - spplicctions

A sajor apriication for PCC is found in the
architectural field. PCC is used to pieiabricate
relotively large (3 ® ¢ & 1/2 @) pocwels of masonry
curtainwal! which .<¢ then #racted nn the job sirce.
Such an approach . :.aits the incnfroration of
unususl grchitercuial features, the guarantee of
year-vound deli.ury, hign quality control and
reduced construction time. PCC is also used to
provide tough durable floors for various
appiications.

—_—————




Polyser-wodified shotcrete

Coanventional wass concrete has been found to
be unsuitable to support excavations in hard rock
at depth while pneumatically sprayed concrete lacks
flexibility and ductility. Polymermodified
shotcrete vas developed as an slternative to the
above, and it vas found by Ortlepp and Wood of Rand
Mices in South Africa that with a polymer content
aof 3 per cent (dry weight), significant changes in
the properties of shotcrete can be achieved. Used
trgether with suitable steel mesh, such shotcrete
can form & tough, complisat layer which would
provide very effective support for tunnel walls
even after apprecisble distortion.
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The following two articles were obtained from
Asia-Pacific Tech Moaitor:

= In 1985 an Austrisn firm set up four plastic
windov factories in China and trained 1its
Chinese partner's personnal in various
aspects of plastic production;

- Strong light EPS

Insuifoam, & new expanded polystyrene (EPS)
material is manufactured by Insulpack industries
Pte. Ltd. of Singapore, & member of the Jebson ana
Jebson Group of Companies, Sosth Last Asia.

The main application of insulfoam is in the
coustruction industry but it is alszo populdarly used
in many other areas. Manufacturers use it for
packaging. Exporters use it for its strength and
lightness. vold-room experts use its high-insulating
properties. iArt buffs use it all the time to
achieve artistic finesse.

One of the main characteristics of insulfoam is
its high insulating capability. Thus it is also
used in roofing insuiation.

Insulfoam is extensively used im void forwming.
whenever a void in congstruction is necessary.
insulfosm is cut to the exact shape of the Gesired
void. The cut iasulfoas 1s placed at the required
position. Cement is then poured over the
insuifoam. When the cement has nardencd, the
insulfoam is removed, if necessary. FPre-soulded
insulfosm in various sizes are also readily
available which can be used for cresting voids for
severage, water and gas piping.

Plastic decorative surfaces

A small fire from 7RG which has carried out
considerable resesrch work in developing glass fibre
reintorced plastic sheet materisls for decorative
purposes for floors, wsils, etc., is prepared tv
grant 8 licence to an Irish compsny to handle
English speshing markets. The package of techavlogy
includes special press tools for producing specisl
surface finishes which sisulste copper, stone, etc.
(Source: Technology Ireland, Noveater 1985, p. 12)

Glazing sheet

A double-walled, impsct-resistsnt plastic sheet
offars up to 40 per cent energy ssvings in prisary
glesing over single-pane glass or monolithic plastic
sheet. Msde from polycasbonate, it is suitable for
recrufitting original glazing in industrial
busldings. Light transsission and insulatiug
capabilities era better thsn gless, or scrylic. can
be used as ekylight rooting on factoriss, (ueneral
Electric, Plastics Group, Cne Plastics Ave.,
Pittsfiald, Messachusetts 01201 USA) (Source:
Industrisl World, August 1985, p. 26) :




Higher thermdl and aoise insulation and greater
mechanical strength are claimed for a new PVC door
and window frame system compared with existing
hollov section PVC arofiles.

The Thermassiv system, developed in FRG, has &
solid core of polyester rods, measuring typically
1/4 in diametre and each coasisting of bundles of
fibres. The rods are spaced through the profiles in
s matrix of hollow glass spheres in an undisclosed
thermosetting plastic.

Thermal expansion of the solid core material is
ssid to be only 25 per cent of that of hollow
seckion PVC, In addition the extra strength enables
windows to be designed with slimmer profiles. The
outer skin is protected with acrylic. (Source:
Populsr Plastics, Jaauary 1935, p. 28)

Hsintenance work on concrete ofteu grinds to
a halt in cold weather. Integrated Polymer
Industries (IPl) of Santa Ans, Calif., USA, aims to
change that with its Arctic Barrier costing for
coacrete. The product can cure within oue hour at
tesperatures belov freezing. In warm veather the
coating cures within 15 mioutes so one can do
immediate repairs. (Extracted from Chemical WHeek,
12 March 1986, p. 18)

- (Lhamical-resistant polymer concrete .

Corrosion spares few industries

Polymer concretes are & nev generatioa of
corrosion resistant materials using the latest
technology of such resin systeas as furan, scrylic,
epoxy, polyester, snd vinyl ester. These systems
offer resistance to many acids, alkalies, salts, and
solvents in 3 multitude of process industries.

Polymer concretes are s recent development
emerging from the techunology of wortsrs and
monolithics. The wixing of polymer concretes uses
coaventionsl Portland cement concrete equipment.
The placing snd finishing uses tools common to the
industry for compacting, vibrating, screeding, and
finisning. Polymer concret: is equally appropriste
for pouring into forms as screeding ou floor areas.
Advantages >f high early strength, low sbsorption,
good impact resistence, high flexural properties,
and excellent chemical resistance are some
steributes of polymer concrete. (Atlas Minersls and
Chemicale, Inc., Farmington Rosd, Mertztown,

PA 19539) (Extracted from ASTM Standardization
News, February 1985, p. 20)
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Thermoplastics used in plastic surgery

Chlorinated polyethylene thermoplastic may be
ussful as an ertificial material to replace damaged
portions of the face and jaw. Lavrence Gettlemsn, s
dental scientist st Culf South Research lastituts,
Kev Orlesns, USA, described the advantsges of this
thermoplastic to colleagues at an Internstionsl
Association for Dental Research meeting
Las Vegss. When mixed vith aofteners sad coloring
sgents, the materisl can de coloured permanently to
match 8 person's facial complexion. It is also
stabler and more durable than other substances
currently in use, such ss silicone rubdber, which can
fray snd tear st the edges. Studies with patients
are under vay to test the comfort, effectiveness,
snd durability of facial replacements made of the
materisl, Cectieman says. (Reprinted with

permission fzom Chemicel snd Enginesring News,
(c) 1985, Amsrican Chemical lochly;
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ICL Scientific (US) has introduced newv plastic
laboratory urinalysis slides, branded is the Glastic
Slide, which will be adued to the Kova system product
line, the US largest selling disposable urinalysis
system. The nev slide Las 1V chawbers, single focal
plane readability and superior optics, vs conventioual
slides. ICL Scientific is a 1002 subsidiary of
Hybridoma Sciences (US). (Clinica, 10 January 1985,
p- 22)

Hitsubishi develops poreless polymer

Artificial skin and blood vessels are among the
proposed applications for a new copolymer of polyamino
acid and urethane. 7The new polymer allows moisture to
pass through even though it has no pores. Instead,
the acia and polyurethanes hydrophilic radicals
facilitate the passage of water.

More :mportantly, the polymer preveats bacteria
and viruses from permeating the mwembrane In
addition, the polyamino acid radicils mimic human
cells thus allowing the polymer to be compatible with
human organs. (Extracted from European ihemical News,
25 November 1985, p. 16)

Asahi Glass (Jepan) has developed s fluoroplastic

that eliminates the need for anticoagulants in medical
applications such as artificial hearts and blood
vessels. The product is & fluorine-containing
segmented polyurethane. its fluorine-containing part
is hydrophobic, while the polyectner section is
hydrophilic. The prepolymser was developed by reacting
diisocyaaate (containing fluorine) with
polytetramethylene glycol, then zreating the producr
with diamine. The plastic msaterial’s streagth is
rated at 630 kg/cm?, or 1.5-2X nigher than that of
silicone-based products. In tests with dogs and goats
it prevented blood irom coagulsting for 30-90 wmin.
(Japanese Economic Journal, 22 Movember 1983, p. 16)

Concept Polymer Technologies has developed a
thermoplastic elastomer with excellent lignt
transmission, identical appearance and lower price
thermosetting silicones. Clear C-FLEX styrene-
ethylene /butylene-styrene (SS) modified polymers are
intended primarily for medical applications such as
intrs 3 and ch herapy catheters, and blood and
solution bags that would best capitalize on their
biocompatibility, and sterilizability. The C-FLEX
elastomers have typical properties of 50 Sncre A
hardness, 1,340 psi tensile strength, 8001 elongation
at break and 300 1lb/in. unnotched tesr strength.
(Material Engineering, October 1985, p. 15)

Premature infants may benefit from being wrapped
up in & plastic bag to simulate the womb, according o
B. Chandler of Plantstion Ceneral Hospitsl
(Fort Lauderdale, FL, UbA). A girl porsn at 2l weeks
gestation weighing 510 g was kept on s
sheepskin-covered waterbed under radisnt hesters, all
within 8 plastic contsiner msde from s blood gse kit.
The infant was surrounded except where the
endotrachesl tube entered. 1IVs were used instead of
placental feeding. The child vas discharged frow the
hospital at 38 weeks gestational age in 'perfect
physical condition’, snd is spparently the youngest
premsture infant to survive. (Medical World,
11 Novesber 1985, p. 119)

- Plastics in the automobile industry

Plastice in autos uss seen growing

The markat for plastics in sli types of interior,
exterior and functional cer pares is due for renewed
growth, 2ccording to a study by Business
Communications Compsny, Stemford, Conn.
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The study, by BOC's plastics division, concludes
that the role of plastics and plastic car part
supplies will change dramaticaliy over the next five
to ten years.

In the mid-19/0s, the usage of plastics ir
North American cars had been predicted to increase
to 250-300 pounds or wore per vehicle by 1985. BCC
estimates thar actual 1985 ussge will be closer to
186 pounds per vehicle. What happened to the
earlier heavy predictions of alwost all industry
observers? According tc BOC, three key factors led
to less-than-expected growth in plastics usage.

. The real price of gasoline has declined
sharply siace 1980 reducing the urgency behind car
weight reduction.

. The ability of the US car companies to
cospete sgainst foreign companies in the ssall car
market has alvays been weak. These swsll cars have
gained an increased share of overall car sales and
also embody a disproportionately high percentage of
plastics parts for weight-saving and sticker price
reduction. Hence, lower US product:ion of plastics
for the domestic car industry.

. The plastics industry has been unable to
provide cost-effective plastic parts that could meet
the increasingly stringeat performsnce staniards
established by the car coapanies and regulatory
agencies.

According to the new study, the materials
preferences of automotive engineers are changing as
resin and processing options have improved and that
is sffecting the demand for plastic parts.
Automotive design engineers are interested in
materisls that sre lightweight for good fuel
economy, yet can provide maintenance-free
performance. Engineers are slso looking for parts
that sre reproducible in high volume and can meet
axacting functional and sesthetic standards for
improved aerodynamics. In addition, the new
plastice applications will be especially useful in
the cost competitjon with foreign car suppliers such
as Japan.

The report indicates that the average volume of
production of individual US car models it cowing
down to the point where both lsrge and small plastic
parts sre cost-effective alternatives to parts
conventionally made of steel, aluminium and other
non-pisstic materials.

Further, the report indicates that zhe resin
manufacturers, in close co-operstion with the US car
coapanies, have been spending hesvily on RéD into
nev plastic materials and processes since 1979.
Thess outlays sre just beginning to bear fruit.
Plastic equipment manufscturers and processors have
now dcveloped techniques for using existing snd new
plastic materials in ways thst save on total part
costs, in terms of reduced cycle time, reduced
lsbour costs in faebricating delivering and
installing parts, reduced waste, sn! enhanced scope
for parts consolidation,

Also, plastic part suppliers are graluslly
adopting "just-in-time” delivery systems that reduce
the iaventory conts borne by the car companies.

The study predicts that by 1990 the average
amount of plastics in & North Amsricen manufactured
car will attain and possibly d ths 300-pound
per~car level that most industry observers had
thoughit would be reached by 1985 - deepite the
continued low real price of gasoline snd despite the
continued downsising of cars sold in this country.
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The study notes, however, that wnile plastics usage
per car will grow by over 50 per cent from less than
200 pounds per vehicle in 1985 to 300 pounde per
vehicle in 1990, the total amount of plastics
consumed by US car companies will grow by less than
30 per cent to 2.1 billion lba. by 1990 - due to
further penetration by car and car part imports.

The other potential source of growth for Nerth
American sutomotive plastics consumption is the
groving car manufacturing operations in this country
sud in Canads on & vholly foreign-owned or joint
venture foreign-domestic basis. In this wmarket
segment, the US plastic automotive part suppliers
will have to compete witn foreign-owned part
suppliers operating either fros their home base or
from plants in this country. {Source: Chemical
Marketing Reporter, 6 January 1986, ¢. &)

Genersl Motors' Buick-Oldsmobile-Cadillac Group
is considering & line of high volume plastic-bodied
cars for introduction in the early 1990s. Around
1 mil cars/yr would be involved in the plastic car
project. The GM Buick-Oldsmobile-Cadillac Group is
looking at improved sheet molding compounds,
conventional injection molded urethane materials,
reaction injection molded materials and some new
polyures, nylon and other polymer-blend materials
with high hest-resistance festures and fast molding
times as potential body materials for the J-N cars.
(Am Mtl Mkt, 4 November 1985, pp. 1, 37)

Polyurea RIM seen wave of the future for the suto

industry

Automotive engineers may find that the ansver
to making large plastic body panels a cost-etfective
reality lies in polyurea~based reaction injection
aoclding.

At least that is what Dow Chemical Company is
hopiug. The company introduced its "fourth
generation” RIA technology polyurea-based reaction
injection moldable polymers at s press conference
during s technical conference of the polyurethane
division of society of the Plastics Industxy in
Reno, Nev., in Oc-ober 1985.

Dow believes that the developmental polymer
systems can help bring asbout mass production of
plastic door, fender, hood and trunk panels.

Currently, automotive designers and engineers
are evaluating the replacement of major steel body
panels with veiious plastics. While there have been
some successes - notably the Pontisac Fiero - most
industry sources project that large-scsle uses of
plastic in sutomotive body panels are at lesst five
years avay.

Curcent problems: Most currently available RIM
urethane and engineering thermoplastics cannot
withetand the 365° Fahrenheit primer oven cycle or
325° top coat bake required for on-line painting.
Also, large panels of these msterials typically are
produced with a two-minute cycle time - yielding low
productivity snd poor mass production economics.

But Dow spokesmen claim the new "Spectrums" HT
polyures—-bssed prototype products will overcome
those probless, giving RIM the opportunity to
challonge current RIM urethsne ureas and engineering
thermoplastics as candidates for future large sute
body penels.

(ne of the new polymers, reinforced with 20 per
cent glass flake, exhibits physicsl properties
compareble to high performsnce engineered
thermoplastic elloys and blends, Dow says, sdding
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that high temperature stability of parts produced
from the polymer is outstanding. (Source: Chemical
Marketing Reporter, 28 October 1985, p. &)

Toyota Motor (Japan) has jointly developed a
coabination steel sheet and plastic for use in
building sutomobiles with Nippoa Steel and Ube
Industries (both Japan). the new material, which
will reduce car weights by 5X, was developed by
putting polypropylene or nylon betveen two
high-tensile steel sheets. It can be used in auto
body panels, roofs and many other interior and
exterior parts. (Auto News, 2 September 1985, p. 14)

Mitsubishi Gsz Chemical (Tokyo, Japan) has
developed s stronger elastic plastic that can
substitute for metal in auto parts production. Reay
features high mechanical strength and modulus in a
wide temperature range, high heat distortion
temperature, nearly as lov thersal expansion rate as
metal alloys, lov water absorption rste and high
disensional and mechanical stability, and the
capsbility of precision molding and baking fimish.
Applications include electric snd electronic
applisnces, nails snd other building materials.
(Auto News, 2 September 1985, p. 17)

Nissan Motor will introduce s car with an
all-plastic body in spring 1986, for domestic and
export sales. The body is reportedly 10-20% lighter
than conventional steel sheet auto bodies. Nissan
will use plastics from several major producers,
including Toray Industries (Japan) and DuPoat (US).
(Jpa Econ J, 7 September 1985, p. 12)

Passenger car use of bulk molding compound (BMC)
wilkl average 41 lb/car in 1995, with exterior body
parts accounting for 73X, vs 15 1b/car with 31% for
exterior parts in 1985, according to Market Search.
The GH-80, slated for 1990 introduction, is an .ll-
plastic-body car that could use 50 mil lb/yr of sheet
molding compound (SMC), mainly for hoods and rear-end
panels. By 1990, SMC may reach the prodaction trial
phase for floor pans, although Market Search expects
only 1.6 5MC penetration of the floor pan market
for 8 3,6 mil 1b warket. Bayer (FRG) has introduced
plastic hubcaps on some European models, and Mobay
is working to introduce thes in the US. J. C. Gruet
of Salomon Bros. is concerned that consusers may
perceive the shift from steal and iron to plastics
ss reducing product quaslity, although s recent GM
market survey found thst the words 'nylon’ and
'fibre glass’' received favourable responses. (Ches.
Week, 23 October 1985, pp. 6-8)

donsento has developcd thermoplastic elsstomers

that sct like nitrile rubber. The nev materisls have
oil resistance equivalent to wost nitrile rubbers,
with & slightly higher dry hest service temperature.
The material is ideal for applications requiring
profiles snd shapes, such as seale, gaskets, control
cables, hoses, tubes, fusl lines and disphragss.

The msterial will reduce per-part cost up to 3%, s
well a8 provide close tolerances snd flash-free
parts. (Matrl Eng, September 1985, p. 13)

Composite drive shaft

Yord Motor Co, (11BA) will soon be installing
graphite snd glass fibre-reinforcsd plastic drive
shafts in ite stendssd-sise Econoline vans - under
8,500 pounds. The reinforcing fibres are arranged
in layers around the shaft. The ssin advantsges of
the composite over steel sre improved etiffaness and
an improvesent in noise, vibration snd harshnees.
There is aleo s sizeble weight savings of 9.5 1b over
conventional two-piece steel shafts., (Extracted

from High-Tech Materisls Alert, May 1984, p. 8)
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Nylon crmposite snubs wear

Harris High Technology Polymers, Savannah, GA,
USA, has developed a nylon 6/6-polyimide fikre—PTFE
composite chain snubber for fromt wheel drive
Cransmissions that prevents the drive chain froa
hitting the transmission housing, wearing both parts
and possibly causing catastrophic damage. The
composite withstanis constant contact with the
chain, which moves at an average 3,500 fr./min. Six
wmonth tests showed nmo significant wear.

The nylon compound retains its toughness in
-30°F weather and 300°F operating temperatures.
(Extracted from Plastics World, May 1985, p. 203)

The US automobile industry is increasing its
use of plastic body panels. General Motors will use
plastic body panels on its MY89 fwd Camaro/Firebird,
its MYB9 front-drive miniven and certain MY87
Buicks. Ford's Aerostar minivan has a plastic hood
and liftgate and the curvaceous nose pieces of the
nev Sable and Tsurus are plastic. Plastics offer
lightweight, corrosion-resistance and low tooling
costs for relatively low-volume production. It is
also less expensive to change the shspe of s plastic
body panel from year to year. Lovever, it takes
longer to wold plastic than to stamp steel, which is
important in the mangufacturing process. Anl some
plastics require further preparation before they can
be placed on & car after the molding process. (duto
News, 30 December 1985, p. 14)

General Motors, extending the use of plastics
and phu{c composites in passenger cars, is now
looking at underbody and chassis areas. Some
believe the materials ultimately will be used in
floorpans, wheelhousings, side rails, rear rails,
the wheels themselves and perhaps even axles of Gi's
cars. (Extracted from Am #tl Mkt, 2 vecember 1985,
p. 24)

UK: The Atomic Energy Authority has
developed a fiber-reinforced plastic engine
block. The original patent was amended, saying
that the plastic engine block must have a cylinder
liner of sufficient strength to resist bursting.
This indicates thst the first prototype plastic
engine blew up. (New Scicntist, 28 March 1985,
p. 28)

PEEK grade launched for bestings

ICI has lsunched s new grade of its high
performence polymer Victrex PLEK specislly designed
for bearing spplications. It has beean epecially
formulated o optimise the essential mechsnical
properties, particulsrly friction snd wasr, together
with sase of processing. Designed for use in
bushes, bearing csges, cams and rings, PEEK KX) is
slso being evslusted for under bonnet applicstions,
such as piston scraper rings and skirts.

All bearing meterisls msust have a suitsble
combination of properties relating to friction, wesr
and limiting PV (applied pressure x surface
velocity). A low coefficient of friction is
required, which varies with spplied lued, velocity
and tempersture. PLIK KX3 has s lower coefficient
of friction than porous bronse with graphite, resin-
ispregnated carbon and polyimide with grephite.

In plastic bearings, the prissry wsar mscheniss
is adhesive wear, charscterised by fine particles of
polymer being removed from the surface. PEEK KX3
has an extremsly low wvesr factor and extresely high
values of limiting PV. (Source: Msteriale &
Design, Vol. 5, Oct./Nov. 1984, p. 202




Plastic stator for awtemstic trasasmissioa

dippon Oil Seal Indwstry Co., Ltd., nas
succeeded in fabricatisg & stator, a core component
of the sutomstic ¢ issien, composed of piastic.

The stator, & remser isstalled between the pump
and heater of am sstematic transsission, reverses
the oil flov from the turbine to the pump to
increase torque. It sermslly turas st 3,000 rpa
during operatioam.

The turning point ia development was the use of
water resistant phemolic esgimeering plastic instesd
of aluminiue on coaveatisnsl rumners, to achigve
higher periormasce.

The phenolic suginsering plastic employed in
the vev runser shows sa impect resistance 10 to 301
higher than nrdisary pheselic resins and heat
resistance wp to JOOC.

The practical sdvamtages of the piastic stators
include its lLightweight property (much lighter than
sluminium) snd superier fermebility to setal, which
sllows the stater to be febricated into the integrzl
coastruction. This, is turs, leads tc & fewer
nuasber of compossats.

Since plastic offers bighr molding sccuracy,
the weight of the circumfeareatial portion is
asppreciably waiform ia cemparison to its siuminium
counterpsrts. The last amd the most attractive
advantage is the stable price of plastic. (Source:
The Japsn Industrisl & Techmological Bulletim,
April 1985, p. 30)

€. MNARKET TRERDS

World plastics mptios rose in 1984

Consusption of plastics is on the rise in most
of the industrialized nstioas, sccording to & recent
report from the Istermatiomal Plastics Associstion
Directors (IPAD). 1The figwres, covering 1984,
shove! the largest coasmwption increases in Canada
(16.5 per cent), Jepea (14.2 per cent) snd the US
(11.7 per ceat).

With the ezception of France and Spaia,
consumpt ion wes up in sll Ruropesn couantries. The
larges: gain was im Bemmerk, where consumption rose
by 7.5 per cent. Federsl Republic of Germany
consumpt ion was 6.54 sillios tons for the yesr,
placing it second ia world toanage after the US
(17.8 millios toms).

The Federsl Republic of Cermany also led the
Europesns in producties, with 7.41 wmillica tons and
imports of 2.39 millien toss. The hignest Europesn
percentage incresse is jasperts was reported in
Italy, 19.6 par con~. This, however, was far below
the US incresse of 355.1 per cent.

Ixports wers wp for all Ruropesa countries
except Denmerk, with Spsis showing & 26.4 per cent
increase and Itsly schioviag @ 22.2 per cent rise.

All Evropeas cewsntries, excapt France and the
Netherlands, vepert preduction incresses. The
highest vere ia the Vedersl Repudlic of Cermsny
(5.3 per cent), Nocwsy (6.8 par cent) snd the UK
(6.5 per ceat). (Seusce: MNoderm Plastics Iat.,
December 1983, p. 7)

The Reinferced Pﬁcm‘hgoitu Institute of
the Society of the Plastics sty presentud an
sstimete ot ite sanvel wweting snd Crade shov in
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Atlanta, Ga. = Jamwsry 1986. Ia the estimste it is
stated that producers of reinforced plastics have
another recurd year iam Che making, wita 1%86
shipments expected fo rise st shbout the same rate as
they did last yea:, slightly acre thsa 3 per ceat,
to abowt 2.29 billiom Ib. (Extracted from

(hemical Week, 12 Feoruary 1986, pp. i7 and V)

Asia

Asshi Chemical Industry Co. has developed a
speciality macerial desigaed to replace alumiaium in
chassis in office sutomation products. The new
material, & composite plastic of dematured
polyphenylene ether (PPE), glass fibres and carbon
fibres, will cut chassis weight by 70 per cent
compared to coavestiomal sluminium caassis, aad
reduce productos costs by 20 per cent. The aev
material uses Asahi’s styreme-grafted PPE as the
base resin. The resia was blended with between 10
and 30 per cent other msterislis. The composite
plastic produced has rigidity compsrable to tnat of
metals - at least 60,000 kilograms per square
centimeter. It cas also vithstand hest of up to

80°C. (Extracted from Tokyo Js Economic
Journal, 12 October 1985, p.ll’

Chinese polyester plant

Zismer AC, Federal Republic of Germany, has
commissioned part of what is described as the
world’s largest polyester polymer plant, uear
Manjing, People’s Repuwblic of Chixa. When the
entire facility is complered, it will have s Jaily
capacity of 1,600 metric tons. (Zucerpt from
Chemical Marketing Reporter, 13 Jasuary 1986, p. J)

The Indonesias synthetic fibre producer PT
Susilia Indah Symthetic Fibres Industries (Djskartes;
has agreed vita Zimmer AG, Pederal Republic of

Cermany, to build s polyester plsat ian the
neighbourhood of Djakarta.

The plant is planmned to come into operation in
mid-1987.

There will be three sarts to the uew plant:
cont i poly densation plant, a staple fidre
plant (direct spimming method) and s rapid spinning
plaat. (Extracted from Textile Worvizouns,

Merch 1986, p. 6)

A mew _sbsorbend blend from Zumitowo

Japan’s Sumitomo Chemical ezpects to produce
snd market 100 metric tons during the next )2 months
of s $10/kg blend of polyviayl chloride snd Che
company'’s highly water-sbsorbent resin. The new
blend is molded by extrusion, imjection or
compression methods - like conventiomal PVC. Its
applications include sesling for architecture and
packaging ss well as files for agricultursl use.
The compasy eavisagss 1,000 st /yesr production at
its Osaks workes in three years. (axtracted from
Chemical Neek, 26 Juse 1985, p. B1)

Indonesian project for plastice to begin with
Js se fim

A $1.6 billion project Lo produce olefin,
reechedulad two yesrs ago for fimsacisl ressons,
vill continue this yesr through s joist venture with
8 Jopansie conpany.

The Minister of Industry, Martarto, said after
8 sseting with President Suhsrto that the Asshi
Class Croup will jois the project te produce the
basic materisle for plastic-meking.
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He said the project im Mersk, West Java, the
second phase of the project begua im Aceh, North
Susatra, is expected to produce 105,000 toas of
chlor alkali, 150,000 toms of vinyl chloride somomer
and 70,000 tons of poly viayl chlocride anmmsily.
Olefin, produced from matursal gas, is the raw
material used to make tne three prodects. (Sowrce:
thea. Ec & . Review, Uctober 1985,

Volume 17, Mo. 10 (Mo. 192), p. 39)

Usa
Perfor plastics demand sees growisg at s
fapid pece

Demsnd for performance plastics will grow at am
average snnual rate of 14.3 per cemt Chrough the end
of the decad:, compared to 2 6.6 per cent growth
rate for the plastics merket as s whole, according
to Margolis Marketing & Research Cowpeny.
Performance plastics will accouat for 2.7 per ceat
of iotsl US plastice sales in 1985, and will
comprise 3.5 per cent of the market by 1990. These
materials sre “shaping the feture of the plastics
industry,” Margolis adds.

Ssles outlook bright

Exsaining the sales outlook for imdividusl ead
uses provides additional evidence of growth
potential for performsnce plastics. Margolis
anticipates a rise in US poundage for packsging uses
from the 1985 level of 660 millioa posnds to
1.150 billion pounds per year by the emd of the
decade.

Automotive uses should consume 75C milliom
pounds by 1930, s 300 million pound rise over the
saticipated 1985 total of 450 miliiou pounds.
Electronics uses should increasse cousemption from a
predicted 1985 total of 135 million pownds to
250 million pounds by the end of the decade.
Consvmption for wedical vses, described ss a sesll
but highly active market, should incresse by
15 million pounds from 35 williom te 50 milliom
pounds annusily during the same puriod. (Extracted
from Chemical Marketing Reporter, 9 September 1985,
P 3)

Organic fibres open up aev composites warket

New orgsnic fibre reinforcewsats are expected
to expand the markets for both thermoplastic snd
thermoset compusites. Higher impact sod tensile
strengths are tvo reasons why.

New types of tharmoplastic fibres sre joiming
the ranks of composite reinforcements, providiag
more options than ever for composite msterials.

Allied Corp., Morristown, W, USA, has becoms s
supplier of two fawilies of reisforciag fibres, with
more in the works. Its first fisre, Compet PET
(polyethylene terephthslste) introduced seversl
years ago, is finding use 8s sn impect improver to
replace glass in thermoset oystems.

Compet PET is claimed to have higher ispect
strength and produce better surfaces thas glass.

In one interesting progrem, the fidbre is boing
ueed a3 a reinforcement in imjection molded TIK
grill opening panels. Demsge and impact resistance
are prise incentives to raduce breshags duriag
sh pping and installetion. More recestly, Allied
introduced Spactrs 1000, s line of witra-high~-
strength HOPK fibres.
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Spectrs 1000 has a 60 per cent higher tensile
modulus and 8 20 per ceat higher temsile streagth
than Spectra 900. vhich is liste¢ st 17 millica psi
tensile aodulus snd 375,000 pei temsile strength.

Spectra can be used to reimforce practically
any resin processed under 250°F; its meitiag
poiat is 303°F. Typical mstrices inclede epoxy,
polyester, vinyl ester, and eves polyethylese and
polypropylene. Structures have been made ausing
filament vinding, pultrusioa, wet lay wp, and
compression molding with swtoclave curisg. Special
laminates uade of 100 per cemt PI have slso been
fabricated by compressing fibre, film, or resin
together.

Secause both materials hawe temperature limits,
Allied is developing other fibres with higher
temperature capasbilities.

These future fibres include ultras-high
wolecular weight and ultra-oriested polymers based
on puolyethylene, polypropyleme and PVA (polyvinyl
slcenol), as well as rigid rod aad flexible coil
polywers. Liquid crystsl polymers will also
evenrually be available i fibre form.

PAT: the ultimste fibre?l

Being developed as part of the Air Force
Ordered Polymers Resesrch Progras, "PSI”
(poly-parsphenylene benzobisthiazole, mot
polybutylene terephthalste) fibres possess extreme
environmentsl stability and resistamce to high
tesperatures and oxidation. They slsc have
stiffness comparsble to high modulus graphite fidbres
and strength and tensile properties similar to
aramids. Oun s specific wodules and specific
strength basis, PBT has the best combimation of
properties of any organic fibre.

The polymer does oot melt, but will decompose
in aitrogen or 8 nonoxidative eunviroamest at
temperatures stove 1100°7. Comnsequently, the
fibres are svizable for contimwous use at
temperatures of at least 650°F awd ia high
temperature thermoplastic metrix msterisls.

PBT fibres have temsile strengihs of
600,000 psi and tensile moduli of 45 to 50 million
psi. One limitation, howvever, is its coapressive
strength: it's about the same as srasid’s and
50-75 per cent less than that of graphite.
(Excracted from Plastics World, October i¥s5,
pp. 60-62. Article writtes by Rob Wehremberg)

Polyxer blends

The Society of Plastics REogineers (SPE) and the
Nstionsl Buresu of Standards (NBS) have agreed to
develop s dats program on polymer bleads for the
plastics industry.

Under & three-year sgreement, the two
organizations will develop phese diagreme and
isportent informstion for comtrolling blending
processes and selecting ssterials for mew products.
N8S will be responsible for overall techmical
guidance, sssuring ths relisbility of deta
collection, and co-ordinsting w:th other dats
centres. Informstion o3 polymer blemds will be
published and disseminated through the Nstionsl
Standard Reference Dats Systes snd by SPE. WNations!
Buresu of $tandsrds, Materialg Building, Roos B30,
Washington, DC 20234, USA. (istracted [rom

ohnuluturin' Technology Morisons, Vel. 2, Mo. &,
uly guest




-

Plastics ¢ata bask

General Llectric Piastics has introduced a new
data bank system oa emgirserimg plastics. ERIS (for
Engineering Resins Informatiom System) will provide
designers and eagissers with wp-to—date comparative
informatios o resins produced by General Electric
and other masufacturers, which will facilicaze
application developmeat sad weterial selection for
data bank users. The system can also perform cost
analysis and >comomic feasibility studies.

(Source: Chemical Week, 30 May 1985, p. 17)

Borg-Warner (USA) buwilds plastics compownding

unit

A leading producer of acrylonitrile-butadiene-
styrene (ABS) terpolymer resims plans to build s new
thersoplestics compouading facility. Products will
be used in Celeph , computer sad business machine
houtings, kitchea sppliances, refrigerator, auto
psrts, telecommmications equipment, lavn snd garden
products awd piping. (Extracted from Chemical Week,
23 October 1985, p. 5)

Poleroid (Rosemont, L, USA), has iotroduced s
nev flexible plastic LCD mater:al that is 1/10 the
weight and 1/10 the thickeess of equivalent glass
displays. The lLightweight 0.0l5-thick materisl can
be custom-produced up to lé-is wide and in virtually
unlimited lemgths for computer displays, resdout
panels, and other electromic equipment. The materisl
is also shatter-resistant. Thin and Ilexible, the
satecriasl cam be bent to a 2-in radius without
affecting opsratimg characteristics for curved
displays in specialized applicstions. Lower power
requirements - about equal to that of glass LCDs -
make the nev plastic LCDs switable for battery-
povered equipmsat. (Degm Mews, 11 April 1985, p. 39)

Sales »f polyser zlloys and blends to double

Sales of specialty polymer blends snd alloys
will double reaching sround $900 million by 1988.
The resson is the iscressiag realization that aew
polyner alloys for high performsnce uses are chesper
to develop tham mev resims. Nev alloys such as
polycarbonste/polybutylens terephthalates and
polyethylene/syloas are expected to pick up about
17 per ceat of the msricat share nov held by the four
uajor biends - polyphenylene oxide/polystyrene;
polypropylese/ethylene-propylene-diene terpolymer;
scrylonitrile-butadiene-styrene/polyvinyl chloride;
and wodified nyloms. These sccount for about
84 per ceat of presest wmarket tonnage. (C. B. Kline
& ., Inc., 3)0 Passsic Avemus, Fairfield,
WJ 07006, USA) (Extracted from Migh-Tech Materisle
Alert, Jumes 1984, p. 7)

CE forecasts emginesriag plastics growth

Engineer resine demsnd will rise to 2.5 billion
Ib in 1990 from 1.5 billioa Ib in 1984 (8-10 per cent
yaar), sccordiag to Gi's Plastics Croup. Automotive
uses vill lesd the vey, growing 10-12 per cent/year,
followed by computers sad busisess equipment (9 per
cent) and elsctrical/ sleccremic (8-10 per cent).
New processing wethods will spava nev products, such
as large, multi-layer coestrwded drums, barrels and
coatsiners; and blov molded furmiture, business
squipmsat housings and swtomotive parts. (Cenersl
Electric Co., Plastics Growp, laquiry Wsndling
Service, PR No.154-85, Oms Plastics Avenue,
Piccefield, MA 01201, DBA) (Bxtrected from

Nigh-Tech Materisle Alert, October 1985, p. 9)
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US aaterials ec y changing

"\hereas metals accounted for almost
S0 per ceat of the US materials industry 15 years
ago, by the turm of the cemtury they may sccouat for
less than 40 per cent. Polywers, oca the other nand,
likely will jump from 15 per cect ia 19270 to mure
than 25 per ceat by the year 2u0u,” says
Voasld C. Slivia, & cesearcher at Battelle's
Coluabus Div. Amung the rev materials waith the
Laragest potential markets that have been studied by
Battelle were sisloas, liquid crystsl polymecs and
smorphous metals. Accordimg to Sattelle, Japan nov
leads the world ia commercial advanced cerssics and
more efficieatly targers tmeir limized R&D funds in
two areas of development: advanced materials, such
as structural cersmics and optical fibres, and fifth
generstion puters. (S s Moderan Castiag,
October 1985, p. 10)

Europe
Metal Box imvests

Metal Box is to invest some £2.5 million in a
nev fsctory tm make plastics packaging st Southpurt,
Merseyside. The factory will be rum by its Venesta
subgidiary, which is already established in plastic
tubes.

To be opened by the end of 1986, the cowpany
says the Vesests plaat vill have the most up-to-date
equipment and conditions to sstisfy the quality
standards demanded by the toipletries,
pharmacenticals and cosmetics markets. The product
range of the plact will include decurated monv- and
multi-layer plastics tubes; laminate tubes; asad
injection moulded components, such as closures asnd

syrioges. (Source: Manufacturing Chemist,
Jaouary 1986, p. 7)

Cesket materisl resists corrosion and cracking

Nortoa Performance Plastics of Newcastle,
Staffordshire, UK, has developed a nev thermoplastic
plastomer sheet material for gaskets and lining
applications, that combines physical propercties and
chemical resistance not normelly found in s single
gasketting materisl. Called Morprens, it shovs no
sign of weskening cr cracking after the equivalent
years of exposure to hest aad ozone in aging tescs
and holds to tight dimensional tolersaces. These
depend on the thickness and range from +50 us on
0.8 = msterisl up to #200 us on 6.4 mm thick
sheet. Two Shore A hardases grades sre made: ol
and 73.

Other advantsges claimed for it include:

- Puachability for fast easy gasket
fabrication;

- Cleanliness - no tal:c needed;

- Ozone vrasistance for longer life in
electrical environwents; and,

-~ A service temperature range from -50° to
134°C,

Ic is hest seslsble and heat bondsble for quick
gasket repaire, large gasket fabricstion, and taenk
snd vessel lizings. Thicknesses vary from I to 6 am
(1/32 vo 1/4 in.). (This srcicle was firet

published is Engineering Megssine, London)




e~

Tue French Plastic Ommiws growp is o build its
fourth plastics coaversiom plamt - at Brusy-en-Arto:s
in the Morth of Frasce. The plaat will supply
products such as casr bumpers, Jashboards, typevriter
parts etc. (Source: Msmnfacturiag Chemist,

January 1986, p. 13)

Polymer zoatiag bimder

Viaavil, Italy, amd Borregaard, Morwvay, have
Jointly developed a pew polymer emulsion for use in
paper snd cardboard coatisg. Ihe product, called
Borvicote ETC 94, has showm promisimg results 1a
piint-scale and full-scale trisls 2nd is now being
iatroduced commercially. (Sowrce: Pulp and Paper
Int., February 1986, p. 59)

The Metherlands® DSM has started production of
its nev speciality polymer, nyloa—4/6, in a
150-setric toas/year pilot plant. The msterisl,
called STANYL, has & high meltiag point snd high
crystallinity, fsctors that comtribute to its
ducrability and resistance to heat sod chemicsls.
USHM has set its sights om applicatioms in industrial
yarn and engineering plastics. In 1975, DSM came up
vith the process in which the sylon—4/6 is prepared
by polymcrizing tetramethylesedismine end adipic
acid. (Extracted from Chemicsl Week,
13 Fedbruary 1986, p. 3%

Airica

Plastics technology

Incorporated in 1979, Kaelcr {West Africa)
Limited is & privately owmed compsay providing
engineering services to plastics compsnies in
English-spesking West African cowstries. The parent
company, Kseler, is an internstional organization
with the African headquarters ia Msirobi, Kenys
while Kaeler Engineering and Projects Limited
(incorpovated ia 1982) in lLagos, Nigeria, serves the
Ecoaomic Community of West Africsa States (ECOWAS)
mesber countries.

The Nigeriao compsany is the oanly truly
indigenous piastics, wmachimery services compsny in
Nigeria snd todsy holds service coatracts and
agreements vith wmany compasies, mminly Austrian and
German. These services include equipping brand nevw
factories with mschinery; supplying snd installing
nes machinery; servicing of mechinery and
rectificstion oi breskdowms; stocking of spare
parts for szles and services/repsirs. (Extracted
from African Technical Review, J y 1986, p. 57)

H. PUBLICATIONS

Modern Plastics Eacyclopedis 1985-86. In one single
voluse there are 850 pages of uwseful information,
arranged in four easy-referemce sections:

- Textoook vith hundrede of articles, tables,
charts and scheustic dravings - your
how-to-do-it of plastics.

- Design guide that helps you obtain optimue
tesults through practical design techaiques.

- Enginsering dets besk to guide your
selection of materials and equipment.

- Directory of US suppliers of products and
services.

(Modern Plastics Intermstiomal, 14, Avenue D'Ouchy,
1006 Lausanne, Switzerlend

Encyzlopedis of Polymer Scicmce amd Esgimeering.
Vol. 3, 2ad edition. Mermem F. Mark et al. uxiv +
820 pages. John Wiley & Soms Isc.,

645 Third Avenue, Mew York, WY 100io, UsA. 1985,

The Plastics World Plastics Directery 1385 publishea
by Plastics wWorld Plastics Birectery, Jack Mauck,
Editor, 275 Mashingtom Street, Newtom, A 02158, USA.

The American Mstional Stasdards Institete, New York,

aY, has published a two-volume, imdexed nandbook of -
all the plastics standerds of the lLatermational

Organization for Standsrdizatios (IS0). Covering

tetwinology, sampling, and the deterwinsticn of

properties, the first volume coatains sowme o0 I>v .
standards. The terximology sectiom lists the

principal terms used ia the plastics isdustry ic

French, English, and Russiam snd defiames thes in

French and English. The secomd woluse covers

standards on plastics materials, imcluding methods

of analysis and testing.

Boyden, J., 1976. A stedy of the iamovation process
in the plastics gdditives imdustxy. Umpublisined,
SM. Thesis, Slosn School of NMemagemest, MIT,
Camdridge, MA, USA.

Applied Polymer Science. 2ad editiom. ACS Symposiun
Series 285. Roy W. Tess, Gary ¥W. Pochieln,

editors. x ¢ 1341 psges. Americas hemical
Society, L155-16th St., K.W., Washimitoan,

D.C. 20036, USA. 1965.

Polymer Stabilizstion snd Degradatiom. ACS
Syeposium Series 28U. Pelex P. Klemchuk, editur.
xi * 446 pages. American Ohemical Soviety,
L155-16en t., N.W., Washiagtos, D.C. 2030, UzA.
1985.

Crompton, Thomas Moy. The asslysis of plastics.

NY: Pergamcr, '98h. &45 p. (Pergamon Series in
Analytical (hesistry; Volume 8) 84-1060.

ISBN 0-08-026251-1. (Provides excellent coversge ot
the analysis of plastics using chemical and physical
wethods of anslysis)

Tzchnomic Publishing Co., Lamcaster, PA, USA, has
published a2 book that provides the full texts or ol
technical reports presented st the Society of
Plastics Engineers’ Mational Tecmaical Conterence,
September 1983, in Detroit, MI. The book, called
NATEC '83, supplements the reports with taoles,
graphs, flow—charts, diagrams, and photographs. The
book covers many recent sdvamces im plastics
tecanology, including materisle casracterization ang
testing.

Joint Itslian-Polish Seminasr on Hulticomponent
Polymeric Systems (1982: Lods, Polsad). FPolyser

blends: groccniu!l worphology, and tmarziu.
Voiume 2. ited by Msriam Kryszewsk:,

Andrzej Celeski and Ezio Martsscelli. NY: Plenus,
1986. 287 p. 13BN 0-300-61802-9 (v.1).

A Plastics Additives Handbook by Gichter and Miller
includes sections on stabilisers, processing sids,
plasticisers, fillers, reinforcemests, and
colourants for thermoplastics. It hus been
published by Carl Hanser Varlag, PO Bozx ¥6 U« 10,
L-8000 Munich, Federal Rupublic of Cermany. 1986. 4

Polywers: The Origine and Growth of a Science by
Herbert Morawetz, Wiley. (%] .

Hechanical testing of plastice, second edition by
. Turner (Plastics @ ¢ Iastitute, 1! Hooart
Plece, London SWI WOHL, Raglasd), 1984, pp 240.
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This is & complitely revised sccond edition. It
includes much nev material to meet the demands
resulting frow tbe inevitable developments in
plastics technology during the intervieving years
since the first edition was published in 1973. HNew
chaptsrs cover: amisotropy; fracture toughness,
and effects of sample state and “flow geometry™.

Plastics coatrols. Digest Catalog 1Y describes
plastic products for controlling corrosive or high
purity liquids. The four page catalog iilustrates,
describes snd cites available sizes on check valves,
foot valves, vacuus breskers and pressure relief
valves. Other products included sre pressure
regulators, gsuge guards, flow and level indicators,
basket straincrs, metering pumpe, sitr and solenoid
shut-off valves, diverter valves, flow countrol
valves and ball valves. Plast-O-Mactic Vaives Inc.,
Totows, KJ, USA.

Polyester processing. Bulletin JIA examines
properties and processing of PBT therwmoplastic
polyesters. The €2-pg msnusl using charts and
diagrams advises on msterial selection,
troubleshooting, part sol wold design, sssembly and
finishing, and injection molding and furnishes
shorc- and long-term properiies, ratings and asgeacy
appprovals. Celacese Engineericg Resins, Chatham,
W, USA.

A brochure (8 pp, color) frum the United States
Testing Co., lac., Hobokea, W., describes the
firm's diversified services and products for
testing, inspeciion, research, enginzering, and
product development. The firm, now celebrating its
104ch anniversary, is sctive in industries that
include power generation, coastruction, consumer
products, food, heslth care, housing, metal, psper,
plastics, chemicals, textiles, and trausportation.
A second brochure (4 pp, color) focusses oun the
fimm's mecallurgical services, which include NDE
(RT, UT, NI, and PT).

Rubber and polywer. Six-pg qusrterly newsletter
titled "Polymer Profiles” supplies polymer and
rubber professionals with informstion about
materials testing, evsluation, and chsrscteristics.
The application oriented newsletter is svailable
free of charge. Haare Buchler Instrusents, Inc.,
Saddle Brook, WJ. USA.

Replacement of Metals with Plagtics is based on dats
cospiled by the Production Engineering Research
Associstion (PEMA). In its investigstion, the
sssociation exss:ned 85 examples of plastice
coaponents formerly made in metal. Detasled
informstion on 14 of these, frow s wide range of
industries has been included in the report. Copies
of the report Repiacement of Metsls with Plastics
are available from: NEDO Books, Millbank Tower,
Millbank, London, SWIP 4QGX, United Kingdomw.

Plastic forming. Arrow Plsstics’ recent
introduction o, a gisnt vacuum-forming machine will
ensble designers to creste large one piece
coaponents in plastic using sheets up to

10x 6 1/2 ft. The sachine, commissioned from
darvood-Moore Engineering, ie capable of forwing
sheets in all meterisle including polycsrbonste.
For a brochure "vacuum-forming, extrusion and
pressuce forming” contact Arrow Plastics in
Kingston-upon-Thanes, United Kingdom.

Plastic honeycomd truck bodies. Dats bulletin
describes the use of Norcore plastic honeycomb, a
lightweight core material used in manufscturing door
panals for truck bodies. Properties such as
resistance to wvarping and stwospheric changes ae
vell a¢ dimensions and waight sre provided.

Mortield Corp., Danbury, CT, USA.
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High temperature thermoplastics data. High
temperature thermoplastics are increasingly used in
demandiug engintering spplicetion for which
desigwers require detailed knowledge of performance
over extended periods. Useful data of this type may
be found in & nev RAPEA (the Kubber mad Plast:ics
Research Association, UK) publication - Tue
Durability of High Temperature Thermoplastics.

The report contains the results of a three-year
study, which comprised chree elements: the
determination of long-term duradility at elevated
temperatures, the examination of ~echanical
properties and the observation of responses to creep
and fatigue loading.

Properties of polysulfone. Tuelve-page product data
sheet F-42072] describes Udel polysul fone
thermoplastic resins. Advantages and
characteristics are ilisted and discussed briefly.
Tables of propertice are accompanied by charrs
showing performance characteristics. Formiog
processes are described, and representative parts
are illustrated. Engiceering Polymers, Union
Carbide Corp., Uld Ridgebury Koad, Uanbury,

CT 06817, USa.

Enginesring resins. Literature packet familiarizes

users vith this company’s line of engineering
plastics. Fold-out provides spplicstion suggestions
and physical properties of Ertalyte thermoplastic
polyester. Fact sheet reviews cast anylen with
internal lubricants. Bookiet presents basic aylon,
polyester, polyacetal and polyethylene shapes
offered for machining. Technical manual gives
in-depth coverage on the applications of the above
resins. Erts Inc., Malvern, PA, USA.

Engineering therwoplastics. Six-pg brochure
describes the products, services and facilities of
the company’s thermoplastics operstions. The
company produces filled and reirforced compounds,
color and additive concentrates, snd elsstomers. It
also furnishes compounding, pulymer synthesis and
formulstion services. Ferro Corp., Cleveland, OM,
USA.

Thermoplastic rubber. Materials and design handbook
surveys the physical properties cf Santoprene rubber
under various test coaditions and provides results
in tabular and graphic forwst. The compound vas
developed to serve as an alternative to wost
conventional thermoset elastosers used in
mechanicsl, sutomotive, and electrical product
applications. Monssnto Polymer Products Co.,

St. Louis, MO, USA.

MacDemmott, Charles P. Selecting therwoplastics for

engineering spplications. MNew York: darcel Lekker,
1984. 171 p. B84~-7048, [SEN 0-8247-7099-%.

Provides 8 procelure for selecting the proper
engineering plsstic for a given spplication but it
is not written for the plastic engineer expert in
design, but for anyone with an spprecistion for
simple technical and sechanical considerastions. Of
particuls: interest is the chapter on the ranking of
resins, with 14 ranking categories provided (viz,
tensile strength, flaxursl strength, arc resistance,
and the like). Author: with McDerwott Engineering
Plastice Compeny, Wilmington DE, USA.

Lincoln, Brayton, Kenneth J. Comes and

James 7. Braden. Mechanical fastening of pisstice;

an engineering handbook. NY: Marcel Dekker, 1984.
217 p. (Mechanical Enginesring; 26) 83-19013. IsBN

0-8247-7078-1., This such-needed tool provides the
background on current developments in
plastic-to-plastic, non-permanent sssemblies and how
fastening mechods will be affected by switches to
autometic sssembly. Excellent illustrative matter.
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Included is a useful tradenases and mamufacturers
appendix as well as ocoe on fastener
recomasndations. For reference collections used by
product designers, msmufacturing engineers, and
buyers of fastening products. First asuthor is &
sarketing coasultant, and the other two arz vith
Coatinental/Midland, Park Forest, lllimois, USA.

Waddell, Jospeh J. Constructioa materiale
ready-reference manual. WY: McGraw-Hill, 1984

[ €3 l";,. 393 p. ISBN 0-07-067649-6. This is a
handy field manusl providing basic inforeaciom oa
the principal waterials of coastruction. Each of

the chapters covers one major building materiasl
(e.g., concrete; plastics).

PVC plasticol coatings. Description ot Arbosol, s
plastic protective coatimg, introduces a 16-page,
pocxet-size booklet oa the materisl. The brochure
coasists meinly of tables indicating resistance of
the costing to various chemicels. Application aress
are discussed briefly. Arbonite Corp., Box 888,
Doylestown, PA 18901, USA.

Plastic tubing. Litersture package covers plastic
tubing for s wide variety of spplications. Among
products covered are: Flexibraid. a clear
reinforced PVC tubiag for sir tools; FPlexithane, a
high-pressure polyurethane tubing for fuel and
chemicsl transfer; and Flexitube, & transpsreat PVC
tubiag for gasoline and solvents. Plastic hoses for
food and beverage hsadling, ventilation, and other
special purposes are also covered. Pressure and
teaperature ratings, applicacion informstion, and
prices are provided. 20 pages. Flexitube
international Corp., Box 292, Willow Crove,

PA 19090, USA.

Plastic wolding. Twelve-page brochure describes the
company's plastic solding operstion including wold
design and fabrication, production engineering,
molding operations, and quality coatrol. Also
covered are such secondiry operations as conductive
and decorstive ink transfer printing, hot stamping,
decals, ultrasonic welding, drilling, and tappisg.
Photos illustrate typicsl wolded products as well as
production equipment. Texas Instruments,

PO Box 10508, M/S 5834, Lubbock, TX 79408,

USA.

Di lded plsstic psrts. Six-page fold-out
Brocauu describes acd 1llustrates
polyviayl-cnloride pasrts made by the dipmolding
process. Bellows, end caps, sleeves, and flexibie
ducting meabers sre showva. Detsils are given on the
process, prototype planning, tooling, msterial
properties and characteristics, and design
recommendations. Plastic Dip Moldings, & division
of Arbonite Corp., Box 949, Doylestown, PA 18901,
USA.

Thermoplastic polyester elastomer. Pour-page
Bulletin 2308-054 presents dsts on Caflex, a
thermoplastic polyester elastomer that offers the
advanteges both of a high-quslity elastomer snd the
processibility of & conventionsl therwoplastiz
msterisl. Benefite of the materisl sre listed, sad
8 comparison of its charsctetistics vich those of
compsting materisle is provided. A full-pege tedle
liste properties. GAF Corp., 140 W.51et Sc., New
York, MY 10020, USA.

Lesinsted-plascic tubes, rods. Discussions of

typical shapes, sizes, lengths, snd finishes are
included ia an 8-psge booklet on lsminsted-plsstic
tods sad tubes, Production of the shapes is .
illustrated, snd tables list meterial properties and
cheracteristics. Performance charsctoristics, such
as collapsing pressure and buret etrengrh, are
given, Syanthane~Taylor Corp., an Alco Standard Co.,
Box 0, Oaks, PA 19456, USA,
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Thermoplastic polyesters. Three brochures describe
thermoplastic polyester wolding compounds. Six-page
Bulletin 230800185 covers Gafite compounds.
Proparties of nine standard grad:s are tabulated,
and typical spplications are listed. Bulletin
2308-03}, 4 pages, provides similar iaformation oa
four grades of Caftuf high-iopact PBT comp de.
Bulletin 2308-013M4, 6 pages, covers Gafite LN
(lov-warp) PBT compounds. Chemical Group,
Eogineering Plastics, GAF Corp., 140 W.S5lst Sc.,
Mev York, WY 10020, USA.

Thermoplastics for wiriag board. Brochure describes
thermoplastics for injection wmolded priated wiring
boards. The brochure has informaticn on wold
design, chemical resistamce, plasticity mseasurements
and 8 comparison of the properties of injection
wolded polyethersulfoae (PES) and polyetherimide
(PEI) and epoxy lsminate msterials for printed
viring boards. RIP, Wi , MB, USA.

Thermoplastics selector. Two-page selector chart
lists mechanical, physical, thermal, and elecrrical
properties of 21 reinforced and uanreinforced
therwoplastic molding resins and compounds. Also
sncluded are general dats on resistance Lo acids and
alkslis, optical characteristics, wmold-shrinkage
values, and tradenames of the materials. UFE Inc.,
Box 7, Stillwater, MM 55082, UsA.

Reinforced thermoplastics. Engineering ssnual
supplies technicsl dats on company’s line of
reinforced thermoplastics. The 54-pg compilation
reports on resin characteristics and lists techanical
and property dats, injection molding
recommendations, and dasign sad surface finisn
congiderations. Therwofil Inc., Brighton, MI, USA.

Thermoplastic extrusion. 8-page capabiiities
brochure describes molding facilities including
extrusion sctivities. Sasll parts with complex
configurastions sre photographed. Moldex Inc.,
Ntnss, C”, USA.

All-plastic blowers. Corrosion resistsat,
sll-plastic blowers in verious wheel/housing
combinations sre featured in this l2-psge pocket
brochure. Discussion covers performance advantages,
wininsl maintensnce, blower types and operstion,
specifications, choice of sizes, materials
selection, snd more. MNelge Div., Sybroan Corp.,

sox 365, Rochester, NY 14602, USA.

Thermoplaszic extrusions. Color bruchure explsins

thermoplastic extrusion capsbilities of compsny’s
extrusion division, 8 producer of close-tolersnce
shaet, szrip snd profiles, Thermoplastic produces
include nylon, acetsl, ABS, scrylic, polycarbonste,
polyethylene, snd polyester. Moldex Inc., Park
Streat, Putnsm, CT 06260, USA.

Qsstom vrubber/plastic products. A 16-page brochure
describes economicsl benefits of custom plascic
injection, blov wolding, snd extrusion, and detsils
rubber molding/extrusion, including rubber-to-metsl
bonding. Quality production and cost-saving steps
asre discussed, such as design assistence for
incressed performsnce, prototyping design idess, and
secondary/finishing operstions. Carlisle Gesugs
Co., 401 South St., Chardon, UN 44024, USA.

Thermoplsstic "slbum”., "Commercisl Plsstics &

Supply Corp.'s Createst Wits” is a circuler slide
chert for tha selection of 21 thermoplastic and
eight thersoset plastics, in an LP slbus formst.
The "album” provides dats on mechsnicel, themmel,
electrical, snd physical propertiss. It sleo lists
trade names ewé generic cetegories. Album cover
datsils compeny’s ssles and varehouse locstions.
Commercial Plestics & Supply Corp., 1620 Woodhaven
Drive, Corawelle Heights, PA 19020, USA,
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Thermoplastic elastomer. Geolast brochure explains
how this thermoplastic elastomer rzsists oil for
part—to-part coasistency snd fast processing in aew
application areas such as sutowotive, induscrial,
and oilfield operations. Pre—compounded makeup,
coatrol of dimensional tolerances, choice of
process, and cost saviags sre eaphssized.
Propecties and performance comparisons are
illustrated. MNoasancto Polymer Products Co.,

260 Springside Dr., Akroa, O 44313, USA.

Plastics for Electronics. MKartin T. Coosey, editor.
ix + 380 pages. Elsevier Science Publishiang Co.,
52 Vanderbilt Ave., Mew York, MY 10017, USA. 1985.

Coaductive thermoplastics. 20-pg booklet profiles
Tine of clcctnc.hy conductive thermoplastics.

They offer varying degrees of conductivity snd solve
problems of electrostatic discharge and
electromagoetic and radio frequency imterference.
Wilson-Fiberfil Internaticnal, Evaasville, IN, USA.

Ring-Opening Polymserizatiom - Kinetics, Mechsnisms,
and Synthesis. James E. McCrath, Editor, Virginia
Polytecnnic Institute and State University.

Examines the industrial use of polymers obtained by
riog-opening polymerization. Explores applications
rsaging from water-soluble materials to
high-performance elastowers. Includes discussions
of catslysis via oot only the traditionsl anioanic,
cationic, sod co-ordinstor wethods, but also relsted
UV initisted reactions snd novel free radical
wechanisms. ACS Symposium Series No. 286.

386 pages. 1985. Clothbound. LC 85-13352. 15BM
0-8612-0926. (American Chemicsl Society,
Distribution Dept. 84, 1155 Sixteenth Street, W,
Washington, DC 20036, USA)

High-tempersture composites. Brochure on

high-tempersture reinforced thermoplastic materials
discusses materials in five resin families:

polysul foue, polypheaylene sulfide,
polyethersulfoae, polyetheriwide, and
polyetheretherketone. Charts and graphs cowpare the
differences in amorphous and crystslline materials
and provide complete dats on physical properties of
these materisls. 6 pages. RTP Co., Box 439,
Winona, MN, USA.

Thermoplastic polyesters. Bookict compares
physical, th 1, sad f1 biiity characteristice
of competitive thermoplastic polyesters fros various
suppliers. desia types include unreinforced,
genersl -purpose, high-impsct, glsss -reinforced,
flame-vetardant, snd mineral filled. Volumetric
ccit-analysis oo a year-to-yesr basis from 1977
cospleces the package. Mobsy Chemical Corp.,
Pittsburgh, PA, USA.

Prevex structursl foam. PFour-coler brochure
discusees structural fose gredes of Prevex polymers
snd their properties. Includes text snd color
photos and & chert listing thickness, tensile
strength, tensile sodulus, flexursl yield streagth,
flexursl modulus, dynatup impact, flame class
rating, and wold shrinksge. Borg-Waraer Chemicale
Inc., Parkersburg, W, USA.

Yirs Safety Through Use of Flame Ratarded Folymers,
Technomic Publishing Co., Inc., 851 New Hollend
Ave., Box 1335, Lancaster, PA 17604, USA.
717-291-5009. 1985. 200 pp. Putlicetion consists
of 13 reports originally presented at s March 985
conference on [ire-resistant polyweric materisls.

Plastics finishing. Brochure entitled *Mass

Finishing of Plastics™ exvlains dry-process mass
finishing teckmilogy. The techmology slilows large
lots of parts wede from a wide variety of plastics

materials to be finished economically and unitormly

with various surface effects. Pegco Process
Laboratories, Bartlezt. M, USA.

1. FUTURE MEETINCS - PAST EVENTS

The University of Technology, Loughborough,
U.K. organized in 1985 an Education Service of the
Plastics Industry (ESPI) for the bemefit of people
who are interested in a career ia pliastics.

The State of Uhio, USA, in 1985, provided woaney
to establish six Advanced Technology Application
Cantres. Two of the centres will be concerned with

materials technology, particularly 3 polyser and

welding institure.

Meetings on plastics in 1986 and 1987

January

8-9 "piffusion in Pclymers: Mechanisas znd
Applicatioas™ (City (onference veutre,
London)

13-16 "Coaference on viscoelasticity of polymeric
liquids™ (Institur de Mécanique de Grenoble,
France)

22-23 “"Polymer Charscterization by Thermal
Analysis™ (Semiunar and worksmop, Brunel
University, Uxbridge, Middlesex, U.K.)

26-30 "Plastics & Plastics Machinery Exhibition™
(Jeddah, Ssudi Arabia)

17-31  “world of Composites” (4lst Annual
Reinforced Plastics/Composites (onterence,
Atlants Hilton, Atlanta, GA, USA)

28-30 “Mixing in the Manufacture snd Processing of
Plastics™ (Kongresshaus, Baden-Baden, Fill)

February
18-20 “FoodPlas Conference” (Orlando, Flaiida, USA)

26-28 “Advanced Materials - Mev Opportunities for
Chenicals” (Pittsburg, PA, USA) - Advanced
composites, speciality metsl slloys,
high-performance polymers and cerasics were
discussed

Harch

5-9 "Plastics, Printing and Packaging
Exhibition” (Bangkok, Thailand)

12-15 "Rubberplas '86" (World Trade Centre,
Singapore)

17-21  "Plastex” (Inrernationsl Plastics and Rubber
Fair, Zagred, Yugoslsvia)

20-21 "The Plastice Industry - Positioning for
Srowth” (New York, USA)

20-21  "Joint Conference of the Pire Retardsnt
Chemicals Association and the Society of the
Plastics Industry” (Washington, D.C., USA)
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Kuala Luspur, Malaysia held in March an
"laternational Exhibitioa of Chemical acd Plastics
Techoology.

April

1-6 “Annual Meeting of the Polymer Processing
Society” (Moatresl, Canada

5-8 “Workshop on Flov-Deformation and Molecwlar
Reorganization in Polymers with Crystallise
and Liquid Crystalline™ (Mostresl, Canada)

8-10 “Iaternstiooal Comferemce on Fibre
Reinforced Composites” (Liverpool, U.K.)

21-26 “Europlastique '86" (Paris, Fraoce)

May

12-13  “"Costings for Plastics™ (Paint Resesrch
Associstion, Hsrrogste, Yorkshire, U.K.)

13-15 "Prochem '86" (Trade sad Conference Fair,
Rottexrdan, Netherlands)

17-19  "Plas-Tec "8" (Exhidition and Cosnference
dedicated to high-technology spplications ia
the plastic iadustry. Atlsatic City
Coavent ion Centre, Atlastic City, R.J., USA)

Nly

7-11  "Polywer supported resctiom im orgaaic
chemistry” (Jerusales, lsrael)

21-23 “Confersnce on Biologicsl Eaginesrcd
Folywmers” (Churchill College, Cambridge,
U.K.)

21-25 "2nd Intermational Sysposium on Acoustic
Emission from Reinforced Compositse” -
Montreal (Society of che Plestics Industry,
New York, WN.Y., USA)

Avgust

18-21 "20d SPSJ Internstiinal Polymer Conference”
(Tokyo, Japan)

September

23-25 "Anslyticsl Methods in Quality Control of
Plastice Materisls and Moulded Psrts®
(Seminer, Wuerzburg, PFEC)

26-25 "The Mould - Central Psrt of the Polymer
Processing Systen” (Zagreb, Yugoslavis)

Cceober

27-29 "6th Internstionsl Conferemce on
Instr ation & A ion in the Paper,
Rubber, Plastics & Polymerisation
Industries” (Akron, Ohio, USA)

Noveaber

&-5 "Modarn Plastice Intermstional Magesime,
Levsaune, Svicssarlsnd, presents & umique

4 K’ 86 Pro-Shov Cranference, in Duesseldorf,
FRG, which {s tollowed by

5-13 "16tk International FPlastics and Hubber
Yrade Fair™ (Duesseldorf, FuG)

13-15 “LidPE, vidPE and Polar Polyethylene Markets
and Economics® (Zurich, Switzecland)

21-26 “Jspanplas "®™ (lith Piastics and Rubber
Fair, Tokyo, Jaspan)

23-26 "’;it)h Bieanisl Polyser Symposium™ (Florida,
[}

26-27 “usat Transference in Plastic Coapouniing™
(Baden-Baden, FIG)

So far we are avare of ) meetings on plastics
to be held in 1987:

Jamcary: “Reinforced Plastics/Composites, &lst
Annual Comference”™, Atlsata, Ga., USA

sarch: "Culf Plastics '"87” (Dubai Internatioaal
Trade Centre)

September: The Institute of Physics, loadon, U.K.
is planming a conference and exhibition on MEW
MATERIALS AND APPLICATIONS.

Meeciags on plastics held in 19846 and 1985

June 1984: “Eiectrical Conduction in Polymers”
(London, U.K.)

September 1984: The Plastics and Rubber Iastitute,
U.K. sponsored the Internstional Adhesion Conference
st the University of Mottinghaa.

September 1985: "Saudi Basi Industries Corp.

made its formal European debut st the International
Plastics snd Rubber Exhibition in Birmingham,
v.K.”

aod

"Conference on Manufsacturing Technology for
Designing Plastic Parts”™ (Michigan, USA)

October 1985; "Polymer Sywposium™ (Pean State,
University Park, PA, USA)

"Joint Jepan/US Polymer Symposiua”™

"Pirst Braxilisn Internstional Plsstics Show™ in
Rio de Janmeiro, Braszil

“Mew Materisle Exhibition ‘85" (Sumshine City,
Ikebukuro, Tokyo, Japan)

November 1935: "Specislity Plastics Conference”
(Zurich, Switzerland)

"2nd Arab Culf Petrochemicale, (hemicsls, Plastics
snd Processing Industries Expo snd Conveation"
(Al-Khobar, Saudi Arabia)

"Nouvesux polyweres, nouvelles combinsisons,
nouvelles proprietes”™ (Societe Francaise des
Ing=nisurs Plasticiens, Paris, France)

"Jr’ Medical Plastics Conference” (Illinvis,
USA

"Internationsl Plastice Confersnce snd Exhibition”
(Colombia, Sri Lenks)
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Table 1: Classification of the materials constituting fibre reimforced plastic

Materials utilized

Unsaturated polyester resin, epoxy resin,
phenol resin, vinyl ester resin, etc.

Folyamide (nyloa), polycarbonate, ABS

resin

Glass fibre (GF), carvoe fibre (CF),

asbestos fibre

Vinylon fibre, acrylic fibre, polyamide

Metal fibre, vhiskers, composite fibre

Materials

constituting Kind of

the plastic material

Matrix Thermosetting

resios resin
Themmoplastic
resins

Reinforcing Inorgaanic

materials fibre
Organic fibre
Other kinds of
reinforcing
msterials

Other kinds Filler, setting

of materials agent, promotional
ageat, partiang
agent

Tatle 2: Resins used in the production of heat-tesisting fibre-reinforced thermai

plastic
) Material Tensile Elongation rate

Resin Character- strength betore tensile | Tempersture of heat
Names istics (kgf/ca?) | oreak (2) traasformation (°C)
Polyamide-imide 2000 5.4 2n
Polyether sther ketone 2150 3 300
Polyamide /bis—warimide

resins 1000 320
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Table 3: Kinds of glass fibre reinforced plastic

—
Form of glass as Coatents of
a rveinforcing glass (weight
Materials material Resins per cent)
Hand lay-up chopped polyester 30-40
mold mat, cloth polyester 45-55
Spray up molding roving polyester 30-40
Perfore, mat, matched { roving, polyester 30-50
die molding chopped mat
Premix molding, { roving, chopped { polyester
including BMC strand epoxy, melamine, | 1045
’ phenol, silicone
Prepreg molding cloth 50-65
SMC molding { roving, polyester 29-76
chopped mat
Draving molding roving polyester 50-80
epoxy
Filament winding wolding roving polyester 60-90
L epoxy

(“Technolozy for Molding and Processing ~f Fibre Reinforced Plastic™ by
Hiroshi Hurayama, Kogyo Chosa Kai, p. 106)

Table 4: Application fields of carbon fibre reinforced plastic (CFRP) composite

aaterial
Features spplication fields
Light weight Space and aivcraft, automobiles, textile industry
High elasticity rate machinery, fly-wneels, ceatrifugal sepsrators,
High mechanical strength sports and leisure articles (goif clubs. angling
. rods, tennis rackets), tools and equipment
Dimension stability Space indu.try appl.catiow (transvonder antenna,
etc.), micrometer, tim ng belt, ruler
Vikration absorber Audio equipment, musicsl instruments, driving
shaits in autowobilcs, leaf springs, leisure
. eq:ipment and facilitics
Electriiai charactaristics prewisg tank, plastic molding facility, static
{heat generation, preven~- elecericity pre-ention wmaterial, motor brush,
tion of st: ic electricity) clectrode
Corrosion resistiag Chemica) plant: collector elactrode
capability
Wear-rzsisting ability Bearing , brush material
X-r1y pens.rability A-ray pno.ographic plate cassette, medical
X-ray bad
Heat-resisting capability Kocket parts, turbine engine parts, brake disc for
arrcrafi

("Material Technology-i7, Composite Materisls”  y Musao voyams, The University

ol takvo tublishing House)
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UNLTED NATIONS INDUSTRIAL DEVELOPMENT SKGANLZATION
Vienna International Centre, P.0. Box 300,
A-1400 Vienna, Austria

Advances in Materials Technclogy: Momitor
Reader Survey

The Advances in Materials Technology: Monitor has now been published since 1983.
Although its mailing list is continuously updated as new requests for inclusion are
received and changes of address are made as soon as notifications of such changes
are received, I would be grateful if readers could reconfirm their interest in
receiving this newsletter. Kindly, therefore, answer the questions below and mail
this form to: The Editor, Advances in Materials Technology: Monitor, UNIDU
Technology Proyramme at the abeve address.

Computer access number of mailing list (see address label):
Name:
Position/tirle:

Address:

Do you wish to continue receiving issues of the Advances in Materials Technology:
Monitor?

Is the present address as indicated on the address label correct?

How many issues of this newsletter have you read?

Optional

Which section in the Monitor is of particular interest to you?

Which additional subjects would you suggest be inciuded?

Would you like to see any sections deleted?

Have you access to some/most of the journals from which the information contained
in the Monitor is drawn?

Is your copy of the Monitor passed on to friends/colleagues etc.?

Please make any other comments or suggestions for improving the quality and
usefulness of this newsletter,




For nev subscribers:

Request for ADVANCTS IN MATERIALS TECHNOLOCY: MONITOR

If you would like to receive issues of the Advances in Materials Technology:
Monitor in the future, please comrlete the form below and return it to:

UNITED NATIONS w NATIONS UNIES

URITED NATIONG IRBLETRIAL BKS KINPMENT (00 ANIRATHM

UNIDO MALLING LIST QUESTIONNAIRE

Advances in Materials Technology: Monitor
(Code: 504)
UBESO MAKLING LIST. MOUSTALAL MPOAMA TION SECTION,
£.0. BOX 309, A 1000 VIENNA, AUSTRIA

Type or print clessly {one letter par box) and isswe 8 apets Jstawen sach word

- —— - & -8 - - - .

————————— —
ORGANIZATION
STREEYT AND Ne. jor 1T bon)
CITY AND STATE OF ~..0VHXZT . 4

Towa { 11 111 !

MEABE 00 NOT WRITE I8 THISE SPACES

] wan[] w «[11]
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Readers' comusents

We should appreciare it 1f readers could tai. zhe time to tell us in this
spice what they think of the 6, iesue of Advences in Materials Technology:
Mrnitor. Comments on the usefulness of  he inforsation and the wsy it has deen
ciganlzed will hely us in preparing future issues of the Monitor. We thaa: you
fir your co-opersiion and look forwerd to hearing from you.






