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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

Advances in Materials Technology: 
MONITOR 

Issue Number 6 \5b05 April 1986 

Dear Reader, 

'lllis is the sixth issue of UNIDO's state-of-the-art series in the field of 
materials entitled Advances in Materials Technology: Monitor. 1bis issue is 
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 technological trends 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-of-the-art assessment 
made, hope fully every two years. 

'llle first issue was devoted to steel and dealt in particular with high 
strength, low alloy (HSIA) steels. 1be 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 thP idea of a monitor on materials. ln 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 futu=e issues as well. 

'!he subject of plastics is rather wide and we have to make a rather limited 
selection. This isoue contains one article written by two UNIDO experts and three! 
written by outside exp.srts as well as a current awareness section, including 
information on new proaucts, new processes, apolications and market trends. A list 
of publications and infonuation on meetings as well as a section dealing with 
genenl infonnation are also contained in this issue. 

'The UNIOO secretariat would welcome information on materials and suggestions 
on the format and con~ent of the Monitor from readers. 

~. Venutaraman 
Special Technical Adviser 

UNIDO Technology Progra111111e 

Compiled by the Technology Programme of UNIDO P.O. Box 300, A· 1400 VitnN, Austria 

Nor •n offici•I doc11,,,.,,r. For infonNtion only. 

V.861 56101 
Opinion1 ••prnl«/ ifl rh/1 -•t.rt1r do nor n«..,.,ily r•fl«r r111 "'-'of UNIOO. 
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A. PLASTll:S Wltll EITilAO!U'llWlY l'ROPEllTIES 

U.eaists can nov rearrange the loops and chains 
of carbon, oxygrn, hydrogen ~nd nitrogen in plastics 
not only to .. ke the• lighter, cheaper and better 
protectors of perishables, but also to give the• 
extraordinary properties. lhey can be .. de to 
conduct electricity, or to possess the strength of 
steel. 

F~r cons~ers, the first ~bles of the 
revolution can already 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 1<>l•r cells tnat .;an be pulled of a roll like so 
much saran vrap. 

Even the si•ple toothpaste tube is no longer ao 
simple. Once .. de of lead, it is now coaposed of 
nine layers of plastic and other .. terials, that, 
aaong other handy qU<1lities, refuse to break open 
and ooze toothpa•te even after repeated folding. 
Further signs of the revolution are snack bags and 
cooking pouches that often seem impossible to 
pu~cture except for the pr•gm&•i•t equipped vith a 
sharp knife or •cissors. For a variety of econoiaic 
reason:, industry ••parts expect the pace of the 
shake-up to quicken. As vith any revolution, there 
are also nev risks. llesearchers are constantly 
searching to see if the .. nuracture or incineration 
uf exutic nev plastics can be harmful to health. 
Confident of current safe~y, cbemists say theJ are 
nov confronting the knotty ecoloaical problem of 
whether metal-like plastics can be developed that 
are easily recycled. 

Emergence of super plastics 

1he age of super plastics has its origin in the 
last decade or so and is largely a result of 
funda-ntal insights into tlae nature of .. tter aost 
especially the electr>nic and physical properties of 
... noaers, n .. 11 1roups of molecules that can be 
linked into lon& chains known as polyaers. (lhe 
vord "plea.tic" usually refers to a aixture of one or 
aore polyaers vith other .. terials that .. ke the 
•i•tu£e soft enough tc aould into usetul products.) 
As is nften the case, breakthrougba have als' raised 
nev theoretical questions. 

Metals conduct electricity because tney unleash 
a~d tran,fer their electrons - tiny sub-at .... ic 
~articles that carry what bad Iona been consider.ad 
an in~ivisible unit of nature, the ae19tiva electric 
charge. lut phJsiciats believe tha' condu~tivity in 
plastics .. y veil be evidence of a fractional 
ch~rge. Dr. Robert Schrieffer, a llobel laureate at 
the University of California at Santa lsrbara, has 
described tt.e vork on conductive plastic• •• "~ of 
the hottest area• in modern physic•"· 

Of 110re than theoretical interest, conductive 
plastic• .. Y have vida applicat~on, accordins to 
Dr. David .. irna, a ch .. iat at t~• University of 
Pennsylv•nia. lie •aid the fabrication of lighc­
vaiahc fuel call1, batteries and •olar cell• vas 
bcina vi1orou1ly pur•uad around the world. 

PolraulfonH 

In addition to cond1>ctiv• vondau, chnical 
insi1hts have 1ivcn rise co • nrJ cl••• of 
1uparcou1h and heat-re1iat.tnt pla•ti:a Chae have 
~id1ly replaced al••• and .. cal. Fifcc~n ve•r• •10, 
for i11aunca, c!M!aiata ac tlle Un& .. n C.rbiac Curp., 
d11vin1 on ne• knovledae of hov aolacule• interact, 
da•iaad • vay •o hook a •ulphur-be1ad aonOllCr inco 
lcna chains. llwlvft •• polyaulfo ... a, Clla•• turned 
out to h•v• a hish ra•iacancc to acid b••••· v•t•r 
and he•~· 

- l -

lbe upshot vas a nev fa•il1 or nerculean 
pla~tica. u.Jel the brand name of a Union Carbide 
super-plastic, can withstand continuous temperatures 
of l00°F and has a tensile strength of 10,llOO lb a 
square inch, as against l2,UOIJ p.s.i. for brass. lt 
easily fills in for gl•ss, st•inle:os :oteel and 
nickel. Udel 's widely use.i in me-hc•t instru.onts 
and •ilking .. chines, both of which -st be 
~terilised before use. It can also be found in hair 
dryers, e11 cookers, digital watch cases, camera 
cases, pacemakers and astronaut helmets. 

Since tlw •id-seventies even stron,er (and more 
expensive) -tal-like pl•stics have e ... r,ed that c•n 
take higber temperatures and stresses. levlar, live 
ti-• st>onger than steel, is viJely used to .. ke 
bulletproof vests. 1he touahest metal-like plastic 
yet created vaa recently announced by scientist• at 
E.I. Du Pont de lleaours. ltnovn as Delrin ST for 
super tou&h, it vill, according to llu Pont 
officials, !ind its vay into everything froa 
autoaotice bearin&• and bicycle &••rs t~ type>iriter 
parts and ski bindings. 

lbe power of the superplastic revolution, born 
of pure chemistry, has oeen multiplied by a Devy of 
nev techaiquea for •haping plastics intu useful 
products. Perhaps the aoat remarkable is a process 
kDovn •• Hbarrier coextrusion", in which different 
polymers, each vith a unique quality, are bound 
together into a ainale sheet tlaat performs ailtiple 
task• such as blockins the passaae of light, oxyaen 
and fl•vour. An ••••pie ia a potato chip baa, 
seeainaly impervious to puncture. lta inner •nd 
outer layers block light, aoisture and large 
cheaicals vbile a aiddle layer blocks the •igr•tion 
of tiny aoleculea such •• oxygen. The final tvo 
layers cie the whole thin& toaecher. High tensile 
strenath ia a by-product of the five-layer sandwich. 

Just hov far vill the revulution gu? AccurJing 
to chemists and industry experts, that depomJs tu a 
larae ex:eat on cons ..... rs changina life patterns, as 
indicated by the increased use of •icrovave ovens, 
clearly require greater use or plastics in 
packa&illl• lut la11e unknowns also lurk, such as 
whether their conauaera vill vant to buy ?lasttc 
cartons of unrefriaerated •ilk that nave saL on a 
shelf for a year. 

Ecoao.ics is also a factor. Steel-like plastic 
is easy to 1111ke but expensive. Greater de .. nd viii 
drive down the price, a tre~d clearly at vor~ in the 
autoecJtive indu1try especially in fuel-conscious 
Europa. lbe aaount of plastic in the typical 
European car ha• risen to al110at seven per cent by 
vei&ht, aa.& models havin1 as .. ch •• 10 per cent 
plastic. 

A probln in all this ia racyclina. With cars, 
for aa .. ple, about 70 per cent of their vai&ht 
(aoatly .. tal) can be recycled - but not plastic 
parts, a probl•• cu1re~cly under attack by che•iats. 

'Ille upshot is tnat auperpla•ei~• are 
increaain&lY likely to ahov up in packa1in1, 
batteries, airplanes, car•, textiles, roofa, ooats, 
paints, villdovs, tennis racket•, D&cycla aeara, 
solar cells, aarbaar. b•&•, hOIMI insulatiun and a 
host of ~oa ..... r aooda. l£atr•ctad froa: 
Po.f!!l•r Plastics, Vol. lltJ', llo. ), March 191S, 
PP· IJ.ISJ 

•• ri&V!LOl'llltlll or llAJUlt POLYIUb 
AllU Tll&lk Al'PLll:ATIUN 

Durin1 th• last JS yaara cha rapid ~avalo...-nt 
of •cience awd technology in Che field of cha•iatry 
baa led Co th9 creation of hundreds of new 
chnLc•la, ••pacially poly .. ra po•••••in& unique 
properties. lllny innov•cions have baan .. de i" the 



use cf nev pc;ly.er sub•tances thank• to apecific 
prapertie• ~uch as ther.aal and electric ia•ulation, 
corrosion and weather resistance, lov apecific 
&r••ity, vater and 1re•se resistance, facilitJ to 
take peraanent colours, ease of handlin& and 
cleanlin•••, etc. 

Plastics are divi~ed into tvo ... in 1roups: 
the...,plastic and then.osettin& .. terials. 
lben.opla•tics soften on heatin& and reharden oa 
coolin&, the process bein1 n'petitive and allowing 
the foraation of al80st a:iJ shape d~sired. 'lhe 80st 
i•portant processins ... thods for the1'9i"ipla•tics are 
inj~ction and blov 80uldin1, extrusion and 
the..ctransformin1. lhe .,st videlJ ~•ed 
tben.oplaatic• are pol1vin1\ chloride, re•ins, 
polyeth1lene (tov and hi&h ~ensity), 
acrylonitrile-butadiene-st1rene, polJpropJlene, 
polJstyrene, cellulos~ es~c-•, polyaaide, acetal 
resin•, and polJcarbonates. 

'lhen.oeettin& re•ins harden when heated 
irreversihlJ. 1he7 asuallJ have a croaa-linked 
•tructure which 1ives th .. additional resistance to 
temperature, chemical• and creep. lhe follovin& 
.ethods can be used for their processin1: 
compression .ouldin1, transfer ..,..ldin1, caseins and 
cal•nderin1. Amon& the best-itnova then.o•ettins 
pla•tics are phenol formaldeh1de and iMtlaaine 
fo .... tdehJde resins, polJe•ters, epoxJ ~esins and 
i>OlJUrethane. Pol1estera and epoxie• are usuallJ 
used as binders and adhe•ive•, i.e. polJeatera with 
&lass fibre 1i~e f ibre1lass reinfor~ed ?l•atic• (FllP 
or llPJ. By the u•e o! different additives 
(diluent•, extenders, fillers, reinforcins 
.. terials, pla•ticizere) plastics vith a wide rahle 
of properties are obtained. Thank• to their varietJ 
of properties plastic• are widely used in the 
construction indu•try as .1ell a• in .. ny other 
sectors such as packa&inc, electrical equipment, 
transport .. chinery, a1riculture, household goods, 
etc. (Extracted fr.>a a United llationa fc0009ic and 
Social Councit leport "lhe Use of PolJ!Mtr Material• 
in the Construction lnduatry" iECE/CllEll/26, 
l FebruarJ 19801) 

C. UNlOO llEWS 

UlllDO'S TECHlllCAL ASSISTANCE H THE DEVELOPMU? or 
P!ASTICS FOi INDUSTRIAL APPLICATIOllS 

N. Youaaef/V. IJ•JUk* 

lbe vord "plastics" ua11ally refers to .a •ixtura 
of one or -.>re polJ!Mtr• to&ather vith other 
.. teriai• to .. ke it aof t enou&h ro be ..,..ld~d and 
shaped into useful products. The plastics are 
divi~: I under Lvo distinct cata1oriea n.,..ly: 

(i) lbermoaettin& and (ii) 1hermopla•rica. 

'Ibara ars a 1reat .. ny different plastic• 
~tarial• available vith proparti•• that can be 
110difiad in various ways: bJ use of a4ditivaa, 
plasticisers, ttabilizaro, colourants, 
r1.infocc-nta; by varyini .,laculAr sizes, shapes 
and da1raas of cros1-linkin1; and by procaaain1 
th .. in diffaranr. vays. llo other .. tarial• can be 
produced in such a wide variety of fol19S and 
col~ur., and •OINI era avan available in tranalucant 
or Cr•n•p•r•nt ~o ...... 

Today .ore than aver there is a real ravol~tion 
in plastics, and, accordin& t4 ci..iat• and 
•ntrepranaura, the daJ• of 1la•• an~ .. cal are 
nullb11rad for .. nJ proclucu. o. .. iat• can -

• ~ivieion of lndu•trial Operati4n•, 
Petroch .. ical lndu•t,iaa, UNIDO, Vienna, Au1tri•i 

rearran&~ the loops and chains of carbon, oxygen, 
hydro&en and nitrogen in pla•tics not only to .. ke 
the• li1her and cheaper, but to 1ive th .. 
extraordinary properties as vell. 'IneJ can be .. de 
to conduct electricity or to nave the streO¥th ot 
steel. 

lt is of interest to note that at present in 
the plastics industry the cost-property relationship 
is shiftin& in favour of .,re espensive lthat is 
-re technolo1y-intensivl!) but le•• 
.. terial-intensive products. For axa..ple, thinner 
but stronger fil .. and sheets will be produced, 
plastics articles will be redesigned to have thinner 
walls, and elaborate .eans vill be necessary to 
recover and rec1cle scrap and discarded products. 

Conversion Industry 

Plastics are processed by a ranse of techniques 
to produce co.ponents of appropriate desi&n Vhile 
taking advanta1e of the intri~sic properties of the 
.. teriaL. The•e technique~ include extrusion, 
injection .,ulding, blov -.uld1n1, frost formin& a5 
vell •~ .. chinin1. 

rla•tica are used in prac:ically all of our 
daily reiuire1Mtnt• as household conau.er &<><'ds, 
tOJS, i.1 construction, in pacu1in1, in the 
automotive industry. in medical use•. in aerospace, 
in a&riculture and in industry, and every daJ new 
application• are found. there are tvo videly u'e~ 
application• for plastics - industrial applications 
and application• in •&riculture. 

The industrial applications cover a very viJ~ 
area of industries, of which the follovin& are an 
exa•ple: 

luildin1 and conatruction 
Electrical 
~lectronica and telec ...... nications 
En1inaerin& 
furniture 
Medical 
Pach1in1 
Textile• 
Transport 

vh;le in a&riculture the a~olicationa cover: 

Water conservation and .. na1 ... nt 
Crowin& 
Product collection and packa&in& 
1artilizer and pesticide•, packa1in1, 
tran•port and di•tribution 
Livestock housing 
Machinery and too>• 

Development of the elastic• industry 

The increase in the uaa and application of 
plaatic• and •Jnthatic .. tanala in industrr, 
a1ricultura and buildin& in recant year• ha• placed 
pol,.ara a,..ng the le•din& Dasie .. ceriala used Cur 
acoft09ic davalo,.ant in the davalopin& countri••· 

Plastic• are already one of the world'• .. in 
aroupa of industrial .. cari.als. World pla•tica 
consumption i• now 1raater than that of all 
non-ferrous .. tal• in tar.• of va11ht and of steel 
in t'rw• of volU11a. The n.,..rou1 u••• and 
applications of plastics, which are ar,ll 
incraS1in1, have caused this lnd•.atry _.narally to 
1row at a faster ratir tlaan most branchaa of the 
.. nufacturina •n<tuatria• and to contribute in 
1rovin8 proportion to the acono.y. 

ln a •tudJ carried out by UNIDU on 
patro.;.he•icala, the da .. nd for pla•ti~• lur the 
period 1980 to 1990 in davelo~1nK countries •• 

• 

, 



esti-ted at 11 per c:ent per year. 'llaia -an• 
b.5 •illion ton• in 1986 r1•111& to 22 •illion ton• in 
lS9U. The c:orreapondiaa produc:tioa in dewelopina 
c:ountriea in 1960 va• about l.5 •illiOG ton• and 
in l 990 i• expected to be around l5 million ton•. 

'Dle share of the production of pla•tica aad 
ayntbeti~ fibres in t~ developina coaatriea ia 
eapec:ted to reac:n 25 per c:ent aad JO per c:ent, 
reapec:tively, in the neat decade, tbaa ahovina that 
the Lima taraet of 25 per c:ent of vorld production in 
the developin& countries by the year 2000 can be 
obtained as far aa the •anufac:ture of pl .. tic:a aad 
synthetic: fibre• i• concerned. 

4 developinc country may find it convenient to 
start vith the production of thermoaettina reains 
•·•· phenol fo~ldehyde, urea formaldehyde. 'Dliese 
products of condensation ~f formaldenyde vtth 
respective che•ic:als are polr-rs vith a vide 
spectrum of end use. Thou&b these -terial• vere the 
fiut to be discovered as polr-n at tbe beaianina 
of thi• century, their use bas c:ontiaued to 
diversify - the phenolic: fo ... are used in vide 
appl"c:•tions for c:old storaae, air c:onclitioaina, hi&h 
teaperature ina~lation, l .. i ... ted switch boards, 
etc. The -nufac:ture of aeneral purpoae 
ths....,plaati~ rssins, •·&·• polyethylene, 
polyvinylc:bloride and polystyrene in units of s-ller 
capacity and based on renevable feedatnck, •·&• 
alccbol produced from aacicultural products, bas been 
found to be economically viable under certain 
conditions. Some developina countries vitb no access 
to hydrocarbon feect.tnckS ..ay find it interestina to 
es .. ine this option. 

'Dliere are a nullber of optioas awailable to the 
developin& countries to enter the era of plastics in 
a llOclest vay suitable to the needs of a ,.ctic:ular 
country. 

In -ny developina counc~ies much of the 
plastics pcocesaina outputs are directed to the 
easier household cona..,..r .. rket vbere pr°""ct 
quality is not critical. Everythina processed, 
vnether aood, bad or averaae, is sold without 
question and quality control is oft•• lllllulovn. 

llormally ~o devalopioa countries o.aly a fev 
compsnias see plas,ics procesaio1 aa a loaa-taPI 
busioaas. They are prepared to ba>:k ...ai...- apd 
lona-t•cm development operations ia principle, but 
aanerally, for financial reasons, aca uD&bl• to 
undertake 1uch ""rk tba .. alve1. 

Takin& the above into consideration it ia hi&hlY 
unlikely that the eco-ic and social adnntaps that 
could ba derived in th• development of a country 
throuah th• applied application of plaatica in both 
aaricultura and industrial u••• vill .. tarialiae 
unl••• there is soma Covar1111&nt interYeation or the 
plas,ic1 indu•try is able to oraaoisa it••lf in 1uch 
a aaoncr as to cackle such probl .... 

Technical a1ai1taoce throu1h 1111100 

In order to 1uccaasfully dev~lop wider .. rkat 
ar••• it ia ncc•••ary to •stablish a suitable 
institution chat vould be equipped aad staffed vich 
spaclaliata capable of providin& tba naca•••ry 
cachnolo1ical davalo.,..ot and sub~ua•t technical 
aarvicaa to support and atraoathan tba pla•tica 
ioduacry •• Vtlll •• providin& suitable craioioa 
faciliti ... 

'lhera ha• baan a continued d ... ad for UllDO 
aa1i•t•nc• ir aatabliahina •uch io•titutiona. 'DI••• 
ao·called "PlHtics T"1chnoloay Cantr••'" or "Plaacica 

- ) -

Dewelo,.eat Centre•• as•iat the plastics induitry io 
eatabliabiaa -aninaful ata ..... rda - a11 ~••ential 
step ia tb& eate11&io11 aad developaeGt of -rketa for 
plastics products vbere perfo ... nce cbarac:teristica 
are the -i• criteria for the product, for example, 
i~ rural development, construction, aut....,tive 
industry, -4icinc, packaai111 and .. tner ind .. •trial 
application.. 

.. tbi111 ca11 be vorae for tba future of this 
industry than to have substandard products fail io 
uee. To belp and aaairt the pla•tica proceaaora 
understand the 11eed for and Lo i11troduc:e qJal1ty 
control are areas vbere a PDC could be of aervic:e to 
the iaduar.ry. 

S..Ch centres have been established a11d are 
beina eatabliahed by UllIOO in a n.-ber of c: .... nt rh!S 
sucb aa O.iu, Colombia, ...... lan&ladesh, India, 
Iran, llllloaeaia, qypt, Ecuador, lleaic:o, Pal< utan 
aad ...-kiaa Faso, and these c:eRfre• v1ll greatly 
facilitate the process of r.ec ...... loSJ tra~sfer in 
this field. 

Usually, vben such a proj.,ct is initiated, 
•UJO oraa11ius vbat ve c:all a '"Plastics Week", in 
vbich experts from devsloped cou11tries ace invited 
to preaeat papen oo the latest tecbDoloay in 
apacific fields and c:oaduc:t practical d.,...nstration• 
and coasultations vith the loc:al iodustry. '!be 
folloviac is another practical example of initiatin& 
auch a project: ln c:o-oparati~• vith the Government 
of a-nia throuab the Joiat 1111100/8-nia Cantre, 
UlllDO, in llec...,.r 1975, fielded a oaooile 
demG11&tr•tion unit for the proceaainc and use of 
plaatica ia ~ric:ulture i11 11.ali and in 
Burkina Faso. 'Illa unit coaaiated of plastics 
proceaai•& ...,.ip.ent -t..S - cro1cka ....S vaa 
acco.puied by ll eaperta vbn •-teated 
tecbai~ues of pla~tica proceaaina all<I the use of 
pipea, fil .. and sheets for aroviaa and for vater 
cooaerwatioa aod irriaatio~, vico ......,.sis on desert 
aaricultucal tecboiq·..ica. Participaata fr- five 
other couatriea of the Sabelian reaioo >1ere preaeo• 
at some of Cha d...,..acraciona. A project vaa 
iaitiated in lurkiaa Faso tolloviaa these 
4-trniona. 

llllan •ucb a project i• initiated the 
oparar.i .... l activitiaa of UlllllO coaaist .. inly in 
providina the follovi111 iaputa; 

la) llakioa available its tecbDical staff •• 
well aa iatcrnationally recruited aaperca who advise 
tba PllC (PlHtica Daftlo..-nt Centre) on tbair 
apacific probl ... ; 

(b) Trainina tba tecbnical •taff an.; paraooool 
aithar locally or abroad on indivi1ual or group 
N•ia; 

(c) Supplyin& specialised caatio& equipment 
aDd •uality control labora:oriaa aa vell a• pilot or 
delloaatracioo plant~ for &60 aad craioina purposes; 

(d) latabliahin& •&ricultural research and 
.....,..Cration acecioaa. 

lfaDy uf Ch••• inatitutaa ara ancouraaad co 
eatabliab aiacer ioacicucio• arrao .... nt• vith 
aU.ilar inati~ute• iD lloth developed and devalopin& 
cout1triea to provide a aeaoa of continuously 
u,.taci .. cachnolo11 aod to facilifefa cha proc••• of 
taclulolO&J traaafar in caia tiald. 

TCDI: arraaa ... nca batvaan aa.c of th••• caotro• 
aucb •• bld1a/lanaladaa~ and &tlypt/,..sico have been 
aacabliabe4. 

I 



It i• abo worth -•tioaioa that UIIDO, io 
co-~peratioo vilh the Auatriao Gove~ot, ha• beeo 
conductioa aaauall7 aiace 1910 • traiaioa prosr....., 
on plaatic• tecnaolo&J. 'Ille 7eacly prosr .... i• 
up-dated and tailored to the need• of the d•-lcpiq 
countriea by UIIDO'• technical araff and the •t•tf 
of the iaatitute undertakioa the traiaioa 
pro&r..... Furthe.-.ore, 111100, io co-operatiOfl vith 
the Cove~nt of qeatiaa, baa conducted trainioa 
prn&r .... • in pl••tic• tec:haolo11 io 1974 and 1975 
for participant• fruoa Latin America. 

Pl••tica io •griculture and vater .. aaae-eot 

'Ille lar1e-sccle u•e of plaatic• io •1riculture 
is relatively aev, havinc •tarted to build up io 
•ol .... onl7 durin& the l••t decade. 

It i• only ia -re recent year• that a au.t>er 
of developoa couotri,.• have - •tarted to •bov ao 
active interest ia thi• •ubject. 'Ille reaaoa for 
thi• av•kenioa iaterest i• Jue to the realizatioo 
that plaatica, of the correct quality, caa offer 
both technical .aad eco11011ic •~lutiona to .. DJ 
•1ricultural probl.... IA thi• aeo•e, pl••tica are 
currently beioa re1arded •• a tool to •e.,,e the 
needs of a1riculture both 1'y ,..y of increaaioa 
efficiency •• vell a• output. 

Each country -st carry out its ova development 
•nd •~P'!r<-ntal tri•l• under its specific 
condition• of u••ae, if pla•tic• are to provide lhlth 
the technical and eco11011ic •olutiona to the 
•&ricultural probl ... 

Development pro1r...e• for plastic• io 
•&riculture applic•tioaa iovolve a !uwvled&e of tvo 
te~hnolo1ies: plastics aad a1riculture, and the 
development vork al•o involves outdoor t&ials and 
demonstration• at suitable a1ricultural experi-ntal 
sitea before effective solution• are obtained. 

'lhere is 1enerally a lack of plastic• 
t~chnolo17 aod knov-tlov io producin1 the correct 
qualitf of plastics products for acricultural uae. 
Die .. in use• of plastics ia •&riculture are in 
1reenhouse coverioa, tunnels, ... 1ches, reservoir and 
irri1ation channel liain1, fertiliser atora1e 
(silos), fertili&er and product sacka, crop and 
sila4e cover, :'£lt9rs and liveatock ~:otectina, 
tubina and pipe for vater •upply and irrication, 
vatsr tank• and coatainera, producr handlin&, plaot 
pots and equipment coiapoaeot•. 

S.... ai-pli.::ati.on• of plaatiu i11 a1riculture 
vill nov be .. ntioned but tbe•• are onl7 • •election 
of a ver7 vide rans• of applicatio~• vhich have been 
developed, and the develo ... nt proce•• i• • 
continuou• one. 

a. Plastic covered tunael• 

'lhere •re .. n7 foC911 of pla~tic covared tunaela 
in use, ranai.n1 fl'09 low tuanelt', up to "wlk-ir." 
tunnels or 1reenhou•••· 

llhil•t the oriaiaal and craltitiooal :oncept of 
a 1reanhouH vas co provida a va,,. at.,apbere, ia 
which plant• could be arovo "indoGr•" in countriea 
vhere the vintsr eli .. u vH too cold for outdoor 
1rovin1, thia concert nH taken 'nev ••nine. '1 
providin& lov-cott tr•n•p•renc t,u;inel• in tlhich the 
plant e..n be arovn, it i• """ pn••ible t' control 
the totd e11vir-nc in vhicb th• plant srov•, tbu• 
en•blin1 opti .... 7ielda to be ~C•ined. 

'lhu• Chere are v&d&-ranain' cli .. ric conditiDll• 
in vhich Che utili .. tion nf pla•~ic tunnel• ha• 
found •=oti09ic 1olutinn•· 
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b. Soil flaigation 

Larae aheeta of PE fil• are apread over the 
&round to be •terili&ed and &•• is introduced under 
the fila tbroush • flexibl• Fl•atic tube. 

tbia tec:baique ia uaed to eliainate baraful pestiJ 

and diaea•e• from the aoil, vhicn in turn •••i•t• 
•l•o to dewelop •tron1 plant• and iaproved 7ield•. 

Crop atorap 

Apart from the uae of voveo aacka for crop 
•torap, fila-lined vi.re -sh siloa;. bave been 
coaatructed for tbe atora1e of 1raia. 

Pibre reiaforced pla•tic ailo• (coapoaites) are 
also coaatructed for 1rain stor•&e, vhich can have a 
capacity of •everal hundred tons. 

~-nae-ot 

Fil• •• a waterproof aetmbrane for linin& lar1e 
•&ricultural reaerwoir• i.a a atandard practice. 

Fila ia alao u1ed •• • vatecproof -r•n• for 
the linioa of canalt. 'lbe purpoae of the llaioa ia 
to prevent seapap and control weed arovth. 

Fibre reiaforced pla•tic coepoaite• are alao 
utili~ed to fora prefabricated irri&•tion channel• 
and vater reservoirs. 

'lhere ia •a iacreasi.n& trend to move to piped 
vater aupply fnr drinkin& and tor irri1ation. 1hi1 
ia particularly ao vhere "trickle irri1•tion" ia 
uaed. 'Jbe principle of trickle irri&ation i• to 
deliver to the plaot root• only aufficient water for 
the plaot'• aeed, thu• achievin& •.,re efficient 
.. use-at of li.aited water resource•. 

Varioua trickle irri1ation •y1t ... have beea 
deaicaed vhich are of tvo ba•ic type•. 'lbe firat 
t7pe ia baaed on pla•tic pipe• to vbich are fitted 
adjuatable drip ooaalea or otn~r device• which ensure 
a dri' o~tlet. tbe aecond type ia baaed on a plastic 
lay-flat tubias or she•th in vhich the flow rate of 
the vater ia coatrolled by usina water friction to 
reduce the pre••ure. 

'lhi• ia uadoubtedl7 an area in which develop1n1 
countrie• vill find .. n7 benefit• for v•ter aupply 
and cooae.,,atioo and increa1ed crop 7ield• in the 
future. 

One of the •i•pler applic•tion• of pla1tic• fil• 
in a1riculture ia it,; use a• a "mulch". 'lhi• -•n• 
"• ~~veriac over of the ao&l". Strav, ba7, dead 
leave•, etc. htYe alt Deen u•ed tor .. ny centuries •• 
a natural .. lcb oo •oil to keep the •oil moi•t. ~&th 
plaatic Lit. hovever, there i• one iaportant 
difference, it i• coapletely iaperae•ble to water and 
tho• by preventiO& the evaporation of the .,iature 
fl'09 tha •oil, it play• a poaitive role in vater 
i:on•ervatioa. 

iiatee the uae of plaatic• in a1riculture i• • 
relatively nev cechnolo17, &t bac ... claar that Chere 
v•• a aeed to provide • •uitabls platfo,. to brin1 
.oaether the .any different partie1, or&aPiaationa 
aod inatitutioo• with • c09'!0ft intere1t in 
a1riculture. 'lhe•• include che plaatic• indu•try, 
Cover-t alepart•o.ta C'.oncerned, fiaancial 
ioatitr.tLiooa, re•eazcll vorker•, faraers and srovera 
a••ociation•, etc. 111i• ha• been achieved b7 the 
fo.,..tioo of a .. cior•l C.O..irree for Pla1tic1 in 
""riculrure, wllith provide• the ft4Ce••ary tentr•l;•rd 
in•titutional facilit7 whereby knovl•dse •nd 
aaperieaca ca~ld ba poo&.d and 1..:nan~ad. 

• 

• 

• 
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National C:O..itteea have been fonoed in 
Ar1entina, lul1aria, E&Ypt, France, Cer.aay, Federal 
le public of, l'1n1ary, India, Italy, Japan, lleaico, 
Portuaal, Spain, the United lin1dn11 and t~e United 
Statea of America. lhey are also qualified to bee...,, 
me.a.era of the International C:O..ittee for Plastics 
io Aariculture, ClPA, operatin& frOll Paris, if tbey 
ao viah. lhrouah .e.i.erahip in this oqaaiution a 
vider ranae of contact• vith international experts 
and inat:tutions become• poaaible, and they are able 
to parti~ipate at the International Congress on 
Plastic• in Aariculture vhich ia or1aaiaed every 
three ye•rs aod ia only aucceaaful vitb llllDO'a 
aponaorahip. Such Conaressea vere hosteci in 
Argent•~·, P~. :ugal and llc&ico under tbe apoaaorsbip 
of UNl!lC' and the neat one vill be held in Egypt in 
1986. 

lhr~u&h the act1v1t1es of national c01a11ittees 
the area of pri?rity and development aeeda can be 
identifi•d, and suitable vork progr...-es deteraioed 
for exec.·.:ion by appropriate agricultural reaearcb 
iostitut.ona aod eaperi.ental stations. UlllllO plays 
an active role in the establish.eat of sucb 
co-itrees. 

In short, ch. need ro undertake both tbe 
plastic• and th<- •t · i cultural develo:;meat -rk ia 
developing couotr: .. , should be of concern to botb t'le 
plastics induatry •., a v!>?le and to the Cowe~nt. 

For the plaatics industry, the use of plastic• 
in •&riculture anc. induatry generally represent• a 
nev urket area bo~;, of larae potential size AIMl vitb 
th• proapects of repeat order•. lh i.1 represeata a 
aolid base for the develop.eat and exp11,..ioo of a 
plaatics proceaaiog industry. 

For tne Government, the aJvanta,ea to be derive<! 
for tbe national econa.y through the uH of plastic• 
in aariculture sre areat. lh~re are alao desirable 
aocial i19prov ... nta ariain& throu&h increaaed income• 
vnich derive fro• increaaed and/or efiicieot 
aaricultural outputa. In additioa the expanaioo of 
the urket ~ill also lead Lo additional employment 
opportunit iea. 

lt ha• also Deen the effort of UNlDO to pr...ote 
tha use of plastic• in tba developioa countriea 
utilisina the natural reaourcaa available in auc:h 
•pacific areaa while at the .... time tryiaa to keep 
the devalopina cPuntries abreaat of the aav frontier• 
of techaoloay in this f iald. lhe .. jor cootributiona 
have been: 

(a) Development of COC5'0aitH specific to tba 
concerned ar••• •·I• jute reinforced polyeater; 

(b) Davelo,...nt of coapoaitaa of plaatica vith 
natural rubber to enable natural rubber prnducin& 
countries to ... t the coaepeticion ~f •1'•thetic rubber; 

(c) Development of tecbnoloay for carboa fibres 
in developina ctuntriea to enable developiaa 
countries to eater the area of carlJon fibre 
cn11posit•• for th• apecif ic application• io those 
countries. 

llPllUD llATlOllll Alli> UlllUO IUOITS COVHlllC PLASTIC 
llATUIALS 

S March 1981 (UNll>0/10.419) 
laport on the Teatina of Plaat.ca and ... lier. 
Ajit Sankar lhaduri DIO/a.-. lnd. lraacb 

2 October 1981 (UNIDO/I0.487) 
Joint IDCAl/~NIDO Project for Devalo,...t of the 
Plastic• Proca~aina liiduatri•• in Arab countries 
(UC/IDC/79/088) (Mission a.port). 
K. M. 11 lbar~w~1 <••pare in plaacica) 
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13 Dece.i.er 1982 (lD/WC.384/10) 
Some Si&nificent Advances in Keteriela 
Technology (Espert lleeting l'reperatory to lnt. 
Forum oo Technoloaical Advanc.ea and IJevelop.,.nt, 
tloacov, 29 liove.i.er-3 Dece.i.er l9d2). 
Edvercl Epre.ian 

ll Dece.i.cr 1982 (lD/llG.384/ll) 
liev llateri•ls, Nev Technology. 
N. S. Enikolopov, s. A. Yolfson 
(Inst. of a.ea. Pbysica, US:iK Academy of 
Sciences) 

1) December 1982 (ID/WG.384/12) 
llevelop.ent and Application of llev Material~: A 
Prospective Yiev. 
II. A. llakhutov, llecb. Ena. lies. Inst., US:iK 
Academy of Scieac~• 

17 Karch 19113 (lD/WC.)84/lillev.l) 
1-plications of Nev Materials sod Technology for 
Developing Countries. 
UNlllO Secretariat 

April 1981 
Aide-W.Oir": M-lloc: &pert Croup Meetin& oi 
lnternationally~ecl Polymer Sciencista and 
Techaolo&iata (UNIDO: 2-4 November 1981) 

Paper written by M. Parthesarathy (uNlllO expert) 
preaented to lleaiooal Sym~aiua for Plastics ir. 
A&riculture for African Decade, 
27 October-1 Noy .... er 1984. "&ole of plHtics 
in veter oaanaaement and irri&ation" 

Joint AlllO/UNlDO Project for Development of the 
Plastics Proceasiaa lnJustriea i~ Al'eb U>untr•es 
(UC/lDC/79/088); Study on Eat1.l»lia-nt of a 
lle&ional Plaat ics Devel,,pment '-··!re, by 
A. ~. Clarke, UIIDO Consultant 

1981 (UNID0/10.419) 
Report oa the Teatina of Plastics and !lubber. 
It. A. YouHef 

UlllDO/ lO/K. l2S 
Lea Plaatiquea dans le Dfveloppement rural 
(Acricult•re, Ceation des a.aux, Utilisation 
llal!leatique, u.Dall•&•. lecipieats et 
Construction). M. Y .... aaef 

UNIDO/ IO/a. ue. 
Febrication de Pr~uita en Plaatique aux Flea du 
Cap-Vere. K. Youssef 

19 11.r.rch l98S (CltEll/AC.lS/l.2/Add.2, l and 4) 
Additives for Thar90plaatics. 
United Nations Eco-ic and :iocial Council. 

February 1980 (Et:l/CllEH/26) 
The Use of Polywar llaterials in rhe Conatrucc•on 
Industry. 
Unitt'd Nation• Eco-ic and lioc1al Council. 

UNlnD NATIOllli AllD lllllllD ll&UlllGS UN Pw\:i'CIC:i :l.llCt: 
1980 

6-11 l'ov...i.ar 1980 
Ith Int. Conar••• on the Applicarion• of 
Plastics in A&r&cultura. 
Lisbon, Porcuaal. 

6 October - 14 llove.i..r 1980 
In-Plant Group Train1n1 P1~1r.-e in the Field 
of Plaacica TechnolosY• 
Vienna, Austria. 

29 Sapt...,er - 12 Nova.a.er 1981 
12th In-Plant Grou,. Train1n1 Pro1r•- in th• 
fiald of Plaat&ca Tecbnolo1y. 
V&•nna, Austria. 



17-21 May 1982 
Pet rocheaic:a l and Pt.lymer Consultation w..ek. 
r..rto Alegre, araail. 

5 October - 1) llove.iier 1982 
l:kh In-Plant Croup Training Progr- in the 
Field of Plastic• Tecbll,\ogy. 
Vienna. Auatria. 

11 October - 21 Hovellber 1983 
14th In-Plant Croup Training Progr- in the 
Field of Plastics Tecbllology. 
Vienn~. Au•tria. 

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

30 September - 8 November 1985 
16th In-Plant Croup Training Progr- in the 
Field of Plastic• Techaology. 
Vienna, Austria. 

l-6 llove-r 1985 
Expert Croup Meeting on Enterprise-to-Enterprise 
Co-operation ..,DI Developing Countries (ETEC) 
vith Special E.pbaaia on PLASTICS in the 
Latin American legion. 
luenoa, Aires, Argentina. 

8-12 Uecellber 1985 
Workshop on Plastics in Agriculture. 
Alexandria, £&ypt. 

Octobcr/llovellber 1986 
17th In-Plant Croup Training Progr- in the 
Field of rlaatica Technology. 
Vienna, Austria. 

o. EllCINEERINC PLASTICS APPLICATION 

lt has been about 15 years since engineering 
plastics first appeared on the .. rket. Dae .. rket 
haa already reached 300,000 tons annually, and there 
are reportedly about 20 kinda of products. 
lleanvhile, altnough it haa reault~d in heating up the 
c-petition betvee" synthetic resins, the trend 
tovard higher properties indicate• a ... ltifaceted 
evolution tnvard a high-ccch era. Demand has already 
risen fr..,. several thousand ton• to .. re than 
10,000 tons, and the scope has b~oadened to vhat is 
called a "general purpose" engineering plastics field 
from the scandpoint of uaa and price, and further to 
a fi•ld ot "auper anaineering plastic•" or "specialty 
•n1ineerin1 plastics", opening up nev area• and 
function•. It is a fact that engineeriD& plastics 
th ... elves are expanding vith solid proare••· Wirh 
specialty a~d diacri•iAatad general purpoa• ra•in• as 
appropriate .. teriala to .. at the naeda of the ti.ea, 
ht&h expectations are held fot the evolutidft of the 
ne11 field. 

lepre1entative enginaarina plastics include 
poly••ide, polJcarboaate (PC), polyacatal (PA), 
polybuthylena taraphthalata (PIT), para polyphanylena 
o•ida (para PPO-PP!) and polyethylene terephthalare 
(P~T), lbas• are so-called "general purpose 
•nginearina plaatica", and they are diatinauiahed 
frOl9 specialty engineering plastic• or 1uper 
~nginearing plaatica. Specialty engineering plastic• 
include polyphanylane sulfide (PPS), polyaulfona 
(PSF), polyarylata (PAil), polyether aulfona (p~), 
polyatharath•r ketone (P!!l), polyi•ida (PI), 
J'OIY••ida-i•ida (PAI), ekonol, polyathar~•ida, 
phanol-alalkyl and ioA011Cr, in addition to 
perfluoroalkoxy (PFA) copolymar ra1ina and 
fluorinated ethylene propylsna (F!I} copoly .. r 
reain1, About 20 kind• of •pa~ialty engi1Marin1 
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plastics are used and proauced domestically in 
Japan. Of course, there are a>nopoliea and 
i•port-.iependent varieties, aad active research and 
development aa vell aa .. rket cultivation goes on. 

the properties of engineering plastics are 
appropriately serving tne needs of the ace. Uses of 
these .. teriala have been extended to the hi&hly 
popular radio caaettes, VTk'• and oftice equipment, 
and as basic .. teriala in the advanced iadustries. 
At the acme timie, nev products and uses have been 
developed. 

llovever, despite the fact that engineering 
plastics are presently in the spotlight, tnere is 
expected to be a alovdovn iu the appearance of new 
resin:;, or rather they can no longer be ""pected, and 
the producers are concentrating on research and 
development to ..dify existing resins. Under such 
circ .... tances, new products and uses are to be 
ezpected vith the producers clearly reapondin& to th" 
situation. For e ... ple, ragardu>& t1·• -iticatio>n 
of e111inaerin1 plaatica, there are ezpacted to be: 
(1) inoraanic fillers lglasa libre, ta&c, •ica, 
titanic acid llaliua) and organic fillers (carbon 
fibre, special synthetic fibre/rubber), (2) compound 
reaiaa (polJ9er alloys), which are a blend of 2 or l 
kinda of reaina and elastomer, and ll) IPN 
(interpenetrating polymer net110ckJ. Mlon& the 
answers from producers to the recent questionnaire, 
partial procresa is seen regardia& ll) and (2), and 
8UCh further procreaa is de.anded of them recardin& 
their functions. lhere vaa a period when crade 
diversification of general purpose resins vaa 
i•ple.ented in •i•ple form. In the case of 
engineering plaatica also>, a trend toward 
diversification of vell-ttnOllR brands is apparent. 
1bere appears to De some e•cessive qualitiea, and it 
is hoped that a solid position for the new .. terials 
vill oe eataoliahed. 

Listing en&ineerin& plaatica in the order of 
large d ... nd, there are: polya•ida, polyacetal, 
poiycarbonate, para PPO, polybuthylene terephthalate 
and reinforced PEr. With the e•ceptioa of 
polyacetat, the volume of every -itC111 ia s .. l ler in 
Japan co.pared to the American .. rket. Alt11ou111 
reinforced PET has not reached lU,OOU tons annually, 
a crovth rate of IU-1~ per cent u to>rccast tor the 
future. Among the producers, ·reij in Ltd. vu th" 
first to eatabllah .. nufacturing tccnno>logy, follu11ed 
aeve•-l 1eara ago by Toyobo Co. (product name: 
IYUUW!T), "icsubiahi llayon Co. (product o .. e: 
DYANITZ), "itaubishi a. .. ical Industry Co. lproduct 
n-: M>VODUK), Alahi \)1e•ical industry Co. lprodu~t 

na-: SUNP&T), ltanepruchi Cha•ical Industry ..:0. 
(product naime: Hl-PAl.!T~> and Un&tika lprO<iucc 
aa .. : C-P!T). Tnara era also i•poru by Dupont and 
.Akao. 1n the United Scates, they are included in the 
sa .. atatiatica vith PIT and are not included in the 
five .aajor general purpose anginaerin& plastics. 

Of course, polya&ida is the largest in volume. 
lbe d ... nd in 1984 vaa ••ti~ted at lU~,UOO tons 
annually, and it was uaad for electronic/electrical 
parts and auto part•. Of .. rked gro11th vas polyamid• 
66, vtaich i• -r• ••pensive than the polya•ide b 
raain. llovaver, its properties are hiarly evaluated 
and hH ah""" arovth in industrid uHs. '111• chief 
producers are: Alahi Cne•ical lnduat ry, uoe 
Industrias, Toray Tex~ilaa, Dainippon Plaatic• and 
PolyplHtin Dupont-Japan. In addition, the Sno11a 
Denko Co. began in October t110 years ago to &•port 
and aall produts for th• llhone Poulenc Co. of Yrance 
(pr.>duct name: T!CHNY~), thua raaponding fully to 
the da .. nd for •nginearin1 pla1tica. Alan& "11••ical 
lnduatry, a top .. kar of the D6 resin (product na .. ; 
l.l!ONA) ia vorkina to develop IPN and to ••pand tne 
polynida .. rkat. ·n.11 includH polywr alloys and 
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poly-r ble1.ds th.at use & and 66 as the base, •nd 
:ney continue to be representative of 1ener.al purpose 
en1ineerin1 plastics. Much is also expected froa 
research and developaent by Ube Industries, D.ainippun 
Plastics, D.aicel Cheaical and Toray Textiles. 

'lhe next largest voluae of resins cOlles froa 
polyacetal. It was developed by Dupont (product 
naae: DEllULYN) about 25 years aito •• a "chal lenae 
•&•inst iron". Dupont bepn export a.ales to Japan, 
end the developaent of a d011estic aarilet was 
started. In Jepen, led by Polyplestics (pri>duct 
naae: DUIACONJ, AHhi Cheaicd Industry (product 
na•: TEllAC) and Miuubiahi Cu a.-ical (product 
naae: UPITAL), producers are seeking a stable supply 
aystea for office equipaent, factory equipaent, 
electronics and autos. Forei&n producers include; 
Dupont, Celanese, llext, llASF and ICI. Dupont and 
llASf produc~a are iaported by Japan. In particular, 
enaineerin& pl.aarics are used largely for electronic 
and electrical coaponenta uain& a hi&h proportion of 
polyacetal. 'lhe level of research and development at 
As~hi Oteaical Industry, includin& rationalization of 
the asnut.acturing process, is very hi&h, and the 
product is the only one ..., ... engineerin& plastics 
thet surpasses U.S. production. lbe a3nu.al deaand in 
1984 ~•s estiaated et about 79,00G tons - e 1rovth 
rate of 25.6 per cent coap.ared to the previous yeer. 

Others ere polycarbonate, para PPO and PIT in 
that order. 'lhe demand for PC is about 50,000 tons 
~nnually, the production capacity for par.a PPO is 
70,000 tons .annually, and the annual dea.and for PIT 
is eatia.ated at 25,000 to 30,000 tons. 'lbe deaand 
for PIT alone has aore than doubled during the past 
three years. lbere was a period when 1eneral purpose 
enaineerin& plastics failed to show any 1rovch. 
However, during the l and 1/2 years, frr>a the latter 
part of the year before l.aat to the early part of 
this year, a double-di&it 1rowth was achieved 
concutrent with the general business recovery of the 
cheaical industry ar.d ~f synthetic resins. 

PC is a 1ener.al purpose engineering plastic 
noted for its transparency and balanced quality. le 
is used widely for aedic•l care, public aefety and 
aiscellaneous 1oods, centerin& on the ~road areas of 
electronic/electrical parts and a.achine/induatrial 
equipaenr parts, and baa a stable deaand and supply 
base. lt is sustained in particular by the 
cultivation of a.arketa and is uaad by such doaestic 
producers •• Teijin O\eaical Industry (product n.aae; 
PANLITt:), Mitsubishi Caa O\eaical (product naae: 
UPICuN), Mitsubishi Cheaical Industry (product n.aae; 
NOVARAX) end ldeaitau Petrocheaical Ind• (product 
na.me; IDEMITSU POLYCAIUIOllATE), in addi , to the 
t:nainurin& Pl.aatics Co. (UL) th.at i•P• ;a and sells 
products a&de by the General Electric Cc;.rporation 
(product naae: I.EXAM). None the less, the problea 
of raw materials contin .. es to exist. 

Producers of para PPO are: EP~ (product naae: 
liOlYL), Asahi O\eaical Industry (product naae: 
ZYLDN) and Mitaubiehi Caa Cha•ical (product naae; 
UPI-ACE). 'lhe annual production capacities are; 
~0,000 ton• by UL and 10,000 tons eac~ by the other 
two coapa1>'.u. Hi&h production by the c,,.paniea 
rontinuaa, and Asahi O\e•ical Industry plans to boost 
production r.hia fall to 18,000 tons. In particular, 
r•&•rdina the daa.and for PPO, conspicuous 1rovth i1 
•••n for such OA equipaent •• c011puter1, copiers, 
printer• and facai•il••• It has partly penetrated 
the .. rketa of ABS, polyc•rbonata, polyetheri•ide •nd 
PIT, end it ha• reached a aarkat scelc considered 
second only to pol7a•ide by fully a.anife•t1n1 it• 
properti••· K•"8ci•lly tPL and A1ahi Che•ical 
Industry are •ctivaly proaotin& the davelopiment of 
new .. rkct1 •nd •chi.evin& concrete ruults. For 
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exaaple, they are reportedly co-ordinating production 
of OA equipment, such as the development of an 
elecLr...agnetic shield g~.ade for housing .. teri•l a• 
a substitute for AJIS and the a.arketing of conductive 
coapounda. 'lbeir future activities are the center of 
.attention. 

PIT G.aa also ahovn high growth durin& the past 
year or tvo. PIT produc~r• have .. inta1ned a high 
rate of operation, •nd their facilities appear to 
have reacbecl their li•it or capacity. Polyplaatics, 
UL, Teiji.a, Mitsubishi Cheaic.al Industry, Kitsubisni 
Rayon and Dainippon Plastics •re actively pioneering 
new uaea, fully utilizing the properties of &eneral 
purpose engineering plastics. 

'lbe outstanding trait of engineerin¥ plastics 
has been their hi&h functions. In this .article, we 
will consider those with an annual dea.and in ~xcess 
of 10,000 tons aa the five aajor engineering 
plastics. la coaparison, resins with high properties 
and hi&b prices centerin, on heat resistance are 
generally called "super engineering plartica" or 
"specialty enaineering plastics'', but the definition 
ia aabipM>Ua. Hevertheleas, they possess properties 
that qualify the• •s basic aateri•l• f roa which 
"lightae••, thinness, shortness ilnd s .. llneaa" can be 
obtained. Alona with new ceramics and carbon fibres, 
their deaand scale •nd ccmaerc.alization •• adv•nced 
b•sic aeteriala have been remarkable. 

Aaid the upgr•ding of synthetic resins •• a 
whole, super engineering plastic~ are •l•o facing a 
strong deaaacl for higher functions. Spe.akin& of 
enaineeriaa pl•atics, virtually all of the• were 
thera.al plastic resins, but ~ngineering plastics 
consiatin& of thena.al sclerotic (hardenin1) resins, 
such •• phenol.alkyl, have also appeared recently. 
There are alao resin• that are soaevhere between 
thera.al plastic and thera.al sclerotic resins, and a 
variety of such resins are being developed. ln 
addition, the tasks facing theae nigh-function 
en&ineeria& pl•stics include the eatabliahlaenr of 
polyaerizatinn and applic•tion technoloay. Amon' 
polyaer basic a&terial1 are: gl••• fibres, inorganic 
fillers and apecielty carbon•, and they •re espected 
to le.ad to the introduction of engineerin& plastics 
with nev basic a.aterials and new properties. 

For es.taple, 1uper hi&h aolecule polyethylene 
•nd AIS/polyc.arbon•te •lloys may be included in 
engineerin1 pl•atica. We h•ve ex.a•ined the preaent 
situation of aever•l kinda of main engireering 
plastics avch •• polyarylate, polyphenylene sulfide 
(PPS), polyoxy benzoil (ekonol), polyether-ether 
keto11e (PEllt), polyether sulfone (l'ES) •nd pc.lyi .. ide. 

One type of 1pec1•lty enaineering plastic• in 
the apotli&ht ia the PPS resin. Developed by 
Phillipa Petrol•- (U.S.), it is •crystalline chain 
hi&h polJMr vith • aiaple structure. It h•• 
superior heat re1iatance in addition to lov 
coabuatibility, chemic.al resiat•nce and di,..naional 
1tability, and auch is expected of it in th~ future. 
PPS ia aupplicd by such polymer producers ., Phillip• 
Petroleua (annual production: 6,000 t~na) and by 
coapoundera such •• Daini~pon Plastics, llodo&•Y• 
O\e•ical Industry (which ha• a co-operation aareeaent 
with Toyo Sod• llanufa~turin1 Co.), Aa•hi Glass •nd 
Shin-etau Polyaar. Aleo, pilot plant• of Toray 
lndu1trie1 and l'hillipa Petrolaua have started 
operations in •dditio•• to multi-f•cetad renarch and 
developaent. Moreover, 1ince the key p•tcnt for the 
production foneul• frO!ll Phillipa Petroleum has 
Hpired, lureh• Che•ical lnd•JStry •nd Toto O\e•ical 
Industry heve newly entered the field on •n 
independent ba1i•. N•turally, Phillips is t•kin& 
atapa in response to this. 



In other areas, polyarylate, vhicb va• 
developed in Japan, vaa .. rlteted in 197~ by Unitika 
under tbe product n- "U-Poly.er." Unitika h•• 
since been vurkin& on •arket ex""'nsion aud has 
reaped results. Japan haa thus been creating 
products under independent tec11nology in eniineering 
plaatics. In the past, it vas dependent on the vest 
Europe•n countries, following their models. 'lhe 
recent trend, including the research and development 
of oaoclifying technology and plastic processing 
technology, is expected to gather --.ent.,. in the 
future. 

Oo tne ou1 .. r hand, polysulfone vaa developed by 
an American company, UCC {product na-: U-Dt:L), and 
is import"d and sold by rii»san Clle•ical ln~~stcy in 
tne Japanese .. cket. It is taking ti•e to prO<luce 
polysulfone domestically. Alao, polyetherimide was 
de~eloped by lri!neral Electric (U.S.J, phenolalkyl by 
Albright and Wilson (Britain), ionomer by llupont 
(u.S.J, ekouol by t:arborand.,. (U.S.J and polyether 
sulfone by lCI (Sritain). n,ey have been sold in 
tile ..1apaneae .. rttet and are no>w oeing produced 
do-•tically. 

Ekonol ia a polymer that ia closer to ..,cals 
froe the standpoint of polymer structure. It is 
produced domestically lannual production capacity: 
50 tons) by S1Jmitomo Chemical Industry, and shows 
solid growth centering on grinding -le.rials. .Uso, 
PE~K is being promoted in the Japanese .. rket by lCl 
Japan, s ... itomo Chemical Industry and ~itaui Toacau 
Chemical Industry. The properc iea of these resins 
are being fully exploited, and are Moving into 
sr.parate areas from general purpose engineering 
plaat ics. 

A new stage is evolvina in t~e enaineerina 
plastics buaineaa, centerina on such intearated 
cnemical companies as Kitsubiani Chemical 
Industry, Suaitoeo Chemica~ Industry, Ube 
Industries, Si1ova Uenko and Mitsui Toat.tu Utemical 
industry. 'Ibey are utilizing the various properties 
ot tnese .. t.,r~ah with an eye on the advanced 
industries and the 21st century, •• evidenced by the 
evolvemeut <>f th• petrochemical industry by 
Mitsubishi Petrochemical, Mitsui Petrochemical and 
Nippon Petroche•ical, in addition to the evolve-nt 
by Toray Industries, Asahi Chemical lndu•try, 
Unit1ka, Uainippon Plastic•, Denki Kagaku Koayo ar.d 
Asahi Glass. niese c09panies are conductina 
research and development from auch a standpoint. 
(Source; l(agaku Koayo N:ppo in Japanese 
25 Augu•t lY85, p. 3) 

E. ADVANCED FlllllE 11£1NFOICEU PIASTICS (F&PJ* 

1n this article, the present state of proar••• 
in the davelopmenL o! different kinds of reains used 
•• .. tri• .. tarial in the ?roduction of PIP and 
various other kinds of .. terials vhi~h are beina 
utilized •• reinfor,emenc, and tne features of tno3-­
resins and reinforce11ent .. terials are beina 
ducribed. 

Tabla 1 (see page lSJ shovs the classification 
of varioua kinds of .. terials used to .. nufacture 
Fil'. 

* lbis ia an abbreviated version of th• 
article "Advanced fibre lleinforcad PlHtics" 
prepared by the Industrial Survey and lasHn:h 
o.,art .. nt of Kaaaku ~an170 laihat•u Co. and 
publishad in Tokyo NllU(O HATilllALS. 
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lleain for FllP production 

llte resins which are utilized in th" pruduction 
of FIU' are divided into two maJor :ateiorie" -
thermoplastic res in• and thermosetting res in". 

"rherwt.>plastic resins ar~ the kind that t!ither 
9!lts 1ior n.,,.,rdens vau~:n ne~t is <i1.ppL1.::'1. :>t.1cn r~.,Ln$ 

either turn into a fluid ~tate ur change their 
original suape as a re,.ult 1>t t11e heat applied. As 
reaina in the category of thermoplastic resin~, the 
repre•entat1vl! unes ar~ vi11yl .:hli.>ruh!: rt:s.111, VUl) 1 
acetate resin~ acrylic resin, polya•idt!, 
polyeLhylen.,, oinJ tlu1>rures11:. 

Un tne ()tlter hand, tht!rmosetti11.g resins are the 
k.1.mi tnat n.ardens aaovt!: certain lemperatures when 
they are subjected to h~~t. These resins 
penaanli!'ntly luse sum.= oi tu.:Lr physLcal teatur~5 

which they had before being neat~d. with such 
resins, once tney have har..s.:u~J as a re.iult ot 
neating, they nevc=:r turn into a liquid state ev~c if 
they are heate•I again. Phenol resin (bak .. liteJ, 
urea re•in, melaaine resin, unsaturated polyest~r 
r11?s1n, and epoxy resin aE"e the representative re5 Ln• 
iu the categ1>ry of thermoaett ing resin~. 

Usually thermusetting type resins are utiliz~d 
mainly for tne i-roducti>Jn of FKP. 

Unsaturated polyester resin 

Unsaturated polyester resin contains 
uns.ilturated acid such as male1c aaany&S1·1tJe or 
phthalic acid. dy addin, saturated ...,lybaa1c •c1d 
&llch aa phU1allc ;onhydude and uoj11tth.,l1c sc1J, 
polyhydric alcohol »uch as propylene glycol and 
ethylene glycol are obtained. Unsaturated polyester 
resin is a resin in liquid form which can be 
obtained by di~solvin& polyhyaric alcohol and 
unsaturated alkyd. 

As a method to aet unsaturated polyester reair. 
the radical polymerization method is be1n1 utilized. 
1n this method, the setting i• carried 1>ut by 
oridaing unsaturated polyester resin with vinyl 
monomer like styrene. As catalyst• u•ed to promote 
the scttin1 pruceaa, eith"r nap11then1c acid coJJalt, 
dimethylaniline, or benzoyl peroxide ia utilized 
dependina on the temperat~re at which the artting 
take• place. ln order to realize proper aelatiun 
time suitable for a particular method of molding ..,f 
the resin, it is important to pay due attention to 
the teaperature oi the rooos vn .. re t11e sett in.i u 
carried out and to tne adjustments of the catalysts 
and th" agents to promote the aett1111 pr.,cesa to 
ansure .. ximu• effi,iency. 

ln addition t~ the above-.rntioned method for 
carryinii 01>t tne settin1 of unsaturated polyeat11r 
resin, there are also otner methods available Dy 
which the r"dic;ol polymeruation is carri•<I "'"t, 
They involve the proceea of projectina either 
ultraviolet rays or radiation at th• ruin for 
aatting. All of these mathods have already been put 
into practical application. 

The che•ical features of unsaturated polyester 
re,in have ~een found 1110st suitable for th• 
production of PIP. For this reason, this resin is 
the most popular amona those bein& presently 
uuli.sed ~11 tile production of Fili' in Japan, •nd it 
i1 nov used in about 90 per cant of the total output 
of PIP in the country. In 1!18J, tn• product ion of 
unesturatsd polyester resin stood at l!IO,OOU tons, 
of Vhich 70 per cant was uHd for unufacturi111 f&P. 



~ith the fi•ld of appl1catioo of Fll.P expancli111& 
appreciably in recent yeara, u•era have increa•in&ly 
been demanain& a diveraificat1on in the 
characteristics of Fll.P so that they can choose the 
110at auitable type of FaP for their application. 

Hair.in& Fll.P fire-ruiatant 

Fill''• application field• include its usace •• 
houaina structure .. terial, creatinc varioua 
hou•inc-related equipment and facilitiea, and 
application in the field of tranaportation. 'Ole FIP 
to be utilized in these fields of application i• 
naturally required to be fire-reai•tant. 

Fire resi•tance in unsaturated polye•ter re•i~ 
ha• been realized by adding or aixina vith tbe reeia 
aub•t•nce• •uch •• halocen croup eleaent•, pho•phoru• 
cot1pound, or inorcanic fillers, includinc hydrate 
•luaina. When inorcanic fillers are utilizrd ta 
iapart fire re•i•tance ability to unaaturated 
polyester resin, they are required to be added in 
relatively larce do••&••· Recently, a nev aethod to 
aalr.e the resin fire-re•iatant has been utilized. The 
aethod call• for applyin1 a layer of a certain kind 
of paint on the surface of Fill' product•· Such a 
coatina produces an inert &•• vhen it i• exposed to 
fire, and this causes the foraation of a fo311 layer 
vhich in turn vorlr.• to protect the FllP products froa 
fire by in•ulatina thea frcw1 the heat of fire. 

U>rroaion-re•i•tin& reaiP 

ln r~cent years, deaand for <RP tu use in tank 
in •upply •yateaa ~f vater for drinkin& and other 
purpose•, for brevina tanlr.a, pipe•, and aanufacturin& 
other Ir.ind• of &ooda have been on the increase in 
Japan. When unsaturated polye•ter resin it used to 
prl>'luce the•e product•, the reain is required to have 
good corrosion-re•i•tin1 ability, It is expected 
that demand for the Fili' vhich has a good 
anti-corrosion capability and weatherabi lit)· vould 
further inc rea•e in the future. 

At present, there are a num:>er of methods 
available to iaprove ccrroaion-reaistin& ability in 
unsaturated polyester resin. lhose methods require 
reducin& the couplin& density of the e•ter invoived, 
reducing or clo1ing the end croup, introducing 
hydrophobic type acid or hydrophobic type clycol, and 
aalr.ing a careful choice of aonoaer. 

Different kinda of un•aturated polyester re1ina 
vhich are quite corro1ion-re1i1tant have already been 
put on the aark•t by 1everal producer1. lhey include 
a product tradenaaed Dcrakane produced by Dov 
Cheaical, Epocry 11 by Shall Cheaical, and the 
products belongin~ to the epoxy acrylic re1in 
cate1ory or vinyl e1ter re1in category vhich are 
bei~c .. nufactured by doae1tic aaker1 -uch as Hitachi 
Dleaical and other aanufacturer1. 

On the other hand, as a re1in having 
veatherability, the re1in which contain• •n 
ultraviolet ray• ab1orbant 1uch aa ••licylate 
derivative, which iapart• veatherability to re1in1, 
ha• been av1ilable on the aarket. 

Heat-r.siatin1 reain 

Ordinarily, heat-rc1i1tina unsat~rated polye1ter 
re1in i1 aanuf1ctured by addina iaophthalic acid to 
the re1in. When phthalic anhydride ecid va• utilized 
a1 •n 1dditive in1tead, the breakinc of the principal 
chain• of the ••' r involved take• pl1ce when the 
reein cont•inin1 it i• heated, cau1in1 a 1ubli .. tion 
of th• phthal1c anhydride acid. lut vhan i1ophthalic 
acid ia u1ed, no 1uch phen ... non c•n be obeerved. 
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Epoxy re1in 

At preeent, epcxy ia the •econd moat popular 
reaiu in u•e tor t~e pruduction of FRP. 

Table 2 (•ee page 35). lle•ins u1ed 1n the 
production of heat-resistiO¥ tillre-reinfurced tnenul 
plaatic 

Epoxy re•in ia a coapound vhich hae at leeet 
aore than tvo epor1 irou~a vithin a single aolecule. 
It ia divided into glycysyl (phonetic) type epoxy 
reein and non-1lycnyl tyl'e epoxy reain. 

More than 90 jler cent of the epoxy re1in1 
currently bein& aanufactured are of the bi.spitenol A 
g~ycyayl type. llli• type of ep.>xy resin ~onstitutes 
the -inat&y cf tne re•ins curren:ly being utill;:e.: 
for the prcduction of FllP. 

In an effort to further i~prove tne 
heat-resisting ability of Fii!', reaearcn un nuvolak 
type eposy re•in for use in the production of FIU' has 
been conducted DY the industry. And the introduction 
of broaina~ed epoxy resin i1 also under study for the 
production of fire-resist.in& FllP. 

Vinyl eatel" resin (epoxy acrylate reaiuJ 

Vinyl eater resin vhich can be creatc.d by 
ceu1ing bisphenol A 1lycy11yl type epoxy re1in and 
un1aturated basic acid to react vith each other, 
diaplay1 particularly good chemical-resisting 
capability. Thie produces vinyl eater re5in ~hich 
ia utilised increasingly today i11 th• ;>roduction of 
variou1 equipment and fecilitie1 u~ed for the 
prevention uf environmental pollution. lbe only 
dravback of the resin used for those applicati~ns 
is it• hi&h cost. CoapLred vit~ un1aturated 
polyester, utilizinc vinyl ester in tne production 
of those equipment and facilities is IMlch costlier. 
At present, the companies which are a.an.et 1ng vinyl 
e1ter re•in include :>ow C'heaical, Shell Dlemical, 
Shova Highpoly~er, and Dainippon Ink and 
Dleaicala. 

Phenol resin 

lbe FKi' which i1 produced u1ing phenol re•in ia 
e1ti-ted to account for betveen 4 a11d 5 per cent of 
the total rap our.put. Phen"l ree in perfora1 we 11 in 
heat re1iating, cheaical-re1ieting •• vell •• 
solv1nt-re1i1ting. Among other adve~r.ages of thi1 
re1in over other kinda of re1in1 are it1 relatively 
lov degree of degeneration in stren11tn after tile 
ruin hH been put into a boiling liquid for a 
certain len&th of time. However, phenol reain nae 
di1advantage1, too. The re1in ia brittle, takft• 
longer for 1etting, and is not easy to ccluur. At 
pre•cnt, the resin i1 utilized pri ... rily in the 
production of fi1hin& rode, 1ki atickA, and pipes, 
a110n& other products. 

Other kind• of resin• 

lhe several kinda of reeina deo1cdbed 10 far in 
thia article account for a aaJcrity of thera<11ettinc 
rH•·•• which are used in ti1• pruduction of F11P. 
Aaon& other kinda of the11aosettin1 reun• vhiC'l1 h11ve 
not been .. ntioned are polybutadiene ~~•in end 
silicone resin. Polybutadiene re1in excal1 in 
corroaio>n-reai1tiu1 and hH good electTical 
charact•ri1tic1. On th• other hind, eilicon• rea1n 
i1 auperi~r in 1trength and ha• good electrical 
in1ulntin1 capability. fnue telltures exp1arn vhy 
both jlOlybutadien• resin and 1ilicone r11in arc 
utilised in 1pecial fialds of applicatiun 1uch 11• tne 
alaccric and aircraft induatriH. 

, 
I 



ii.es in for fll.TP product io>" 

The ten> "Fibre Reinforced Thenul Plastic•" 
(F~TP) h•• been coined for • plastic to di•tingui•h 
it froe FRP which utili.~,.,• thenio•etling resin• a• 
••teri•l in produ~ticn. 

In the deYelopment of FRP, the •ain goal of 
development has ~een to ~roduce • plastic with better 
•trenech. rn the c;ue o>C FR11', res••rchera ha.te been 
aiaing at 91\king an i•provement not only in ita 
etrength b"t also its he-.c-resi8ting ability as well 
•s stability in dilS<!nsion. 

Ever ai~ce giass fibre reinforced polyamide wa• 
put into pn,~cical use in the i11Justry in 1956, 
various kinds of FRI' ~ave been developed •o far and 
soae of the• have already begun to be utili&ed in 
pra~tical application. 

Fll.TP is being utili&ed pri .. rily in the 
~rtlduction of product• such aa cars, electric 
applianLea and electrQnic part4. In many of these 
products, FRTP is employed as a substitute frr 
aluainiwa. 

KE iN~llR<:EtlENT HATl::KIALS 

As reinforcement material• for utili&Jttion in 
the production of r'llP, the following ones are <.hiefly 
use~ at present. They are glass fiore, carbon fibre, 
metal fibre, synthetic: f i '>re, nuural fibre, a.bestos 
fibre, boron fibre, ceramic fibre, and ~hiakers. 

lilau fibre 

Cl1a• fibre it one of the reinforcement 
materials popularly utili&ed in the production of 
fiP. With respect to tensile strength, gl••• fibre 
displays a £ .. irly l1igh level among long fibre 
materials, which is only second to that of steel and 
borvn librea. But in term• of elasticity rate, gl••• 
fi~re displays the loweat level. lhia me•"• that 
when a ~ert•in degree of atiffneaa auat be attained 
in gl••• fibre, the r.hickneaa of the fibre .... t be 
•ncreaaed. lhia is a major drawback in uaiolg 1laaa 
fibre as reinforcement material. 

ln contrast to &laaa fibre, ca•bon fibre has • 
hisner decree of elasticity and it is lighter. Due 
to thaaa advanta&e•, carbon fibre ha• begun to be 
utilized a1 a reinforcement material which ia now 
av1ilable on the ••rket. n.ough it ie inferior to 
E type 1laa• fibre, C-type gl••• fibre fares better 
in tcid-reaiatin& cap•bility, and this is vhr it ia 
utili.ed in the FllP in the productiGn of tank• fer 
holdina variou1 kinda of chemical fluiGa. :>-type 
il••• fibre ia utilized in the ptoduction of the Fll.P 
which ii dattine~ for uaa1e in the •ili•1ry, apace, 
ar.1 aircraft due tc; it• hi&her strength and hi&her 
eluticity. 

'D>e feature• of gla•• fibre are a1 follows: 
(I) It h•• a very high tan1ila etrength value and the 
strength incrauH as it bec01H• hner. 12) It 
excel• in ahock-re1iatin1 capability for it exhibit• 
hi&n atr•n•th ~nd ha• a hi&h extenaicn rate vithin 
the breaking elasticity li.,iu. (1 I It hn a very 
hi&h •la1ticity rata and has no yield point. 
(4) Glas• fibre i1 heat- a1 wall a1 fire-re1i1tant 
and ita atran&th ia not affected up to a te•parature 
of ,ho .. t 200°c. (~) 'Ill• fibre exhibit• good 
che•ical ruining ability, except fo•· boron and hot 
concentrated pho1phori~ acid. (6) In 1la11 fibre 
production, the f,bre length can be freely adjusted, 
and ahort al wall 11 long fibre1 can eaaily be 
produced. (7) Cl111 fibre po••• almost no health 
ha•ard to the human body. 
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When u1in1 glass fibre as reinforcement material 
•n the production of f!U', the fibre must be treated 
firat on the surface with the surface treat•ent agent 
in order to iaprove bonding between the fibres and 
the resins utili&ed for production of filP. 

wrbo11 fibre 

Carbon fibres are divided into higt.-perfonaanc<' 
type centering on PAM systr.• fibres and 
general-purpose qpe ~entering on pitch sy .. teoa 
fibres. n.e high-performance type is further divided 
into highly tcush type and highly elastic t)pe. 

Today it is estiaated that the total world 
production of carbon fibre atands at aro~nd 
2,000 tons per year. Uf this production figure. the 
PAii system fibres account for about au per cent and 
the balarce is the pitch sy•te• fibr~•· 

l!oron fibre 

lhe ~evelopment oi boron fibre st~rted in the 
United States around 1960. In 1966, the fibre began 
to be practically utilized aa structural aaterial in 
aircraft production. In recent years, boron fibre 
has been introduced into fishing roos and golf club 
shafts, and the fibre is attracting incr~asing 
attention frOlll the industry because of its promi•ing 
usefuln~ss. 

Tne boron fibre utili&ed in these products is 
aade by vapour coatin& 12}"" tunisten fibre with 
boro>n chloride or boron o&tained by th~l111ally 
df:compoaing org~no boron, thus making th~ fib1e 
vPpor-.:oated into lens t1bre with a diameter ut 
0.1 ma. Boron fibre's atcength i• "" high aa three 
times that of carbon fibre. llut it is l1f:a,,ier. l•ud, 
ard anap8 relativelr easily. It :s dif fic~lt to make 
a curved surface in products using boron fibre. lbe 
coat in producing boron fibres is about twice that uf 
carbon fibre. for these reasons, ic i• ~apected that 
the application field• of boron fibre will be 
rel.tively limited. 

Alumina f ii> re 

AlU111ina fibr~ is produced by either treating 
alu•ina at high te~perature or by applyin& a special 
treataent tc turn it into polycry•talline fibre. The 
principal feature of alamina fibre is ita very high 
heat-reaiatin& capai>ility which •an,ea from 1, JOO to 
2,0000C. ln tenaa of strength, alumina fibre is 
inferior 'o carbon fibre, but it po••e•aea better 
electric insulation capability. Due to these 
characteristics, it is utilized in the production of 
a kind of FllP which is be&iD'ling to be uHd in apace 
and ailitary applications. ieae•rch baa been under 
way in an effort to i~troduce alumina fihre also into 
car production. Alumina fibre is resardad •• one of 
the pro•itin& kinda of fihraa ~• reinforcement 
material in the product ion of Fll.P. 

Silicon carbide fibre 

Silicon carbide fibre dubbed "miracle fibre" was 
orisinal ly developed by a profeuor at the State ·run 
Tohoku Univenity. Silicon carbide fibre can be 
obtained in uninterrupted fora fro• th• production 
•Y•t•• by polymerizing or1an1c ailicon c ... pounda, 
melt-spinning the poly-rind coapoJnda, and then 
firing the 1pun object. 

:>ilicon carbide fibre th11 created is 1tron1rr 
than piano wira and haa batter high t••peratura 
charactariatica than carbon fibre with a 

, heat-raaiatin& capability of up to l,loo•c. ln 
addition to these advanta&••, silicon carbide fibre 
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ha1 ~ood wettability with ..,tali. llecaua~ ot theae 
featurea, it ia utilized .. inly aa reinforcement 
... terial for metals. kesearch has been under >MY to 
make it possible to utilize silicon carbide fibre in 
ceraaic and in resins as their reinforcement .. terial. 

Orgar ic fibre 

Alamid fibre develol"'d by ~ Pont of the 
United States as been gaining in:reasina attention 
within the industry in Japan as a aubstitute organic 
fibre which could b~ utilized to replace oatura: 
fibre and regenerated fibre like rayon. 

ln Japan, it is said that Teijin ha• e19!>arlted oa 
a pn.3ra .. e to use this fibre as reinforcement 
.. terial in some products on a c.-.ercial basis usina 
its own tech~ology. 

Ph:SEllT SU'JAUON IN FllP IJEVE!.OP!tt:NT 

As describe~ in tne preceding aections of tbia 
article, FllP is a composite .. terial which is .. de up 
of tne matrix resir.1 and the reinforcement fibres. 
iy changing the composition betveen the resins and 
reinforce..,nt fibres, ditferent kinds of F&P can be 
manufactured. However, only a fev of those have beeo 
put into practical aooe. Allo11g thoce being utilized 
now, only three kinds of FllP - CFllP, CFKTP, and 
CFRP - account for a majority of Japan's FllP .. rket. 

In the following 1ectiun1, ve will discuss the 
current situation in the development of FIP producta 
and their application fields. At the same time, tne 
rec~nt situation in the development of advanced FllP 
products will also be discuss~d. 

Clas• fibre reinforced plastic (GFllP) 

Glass Fibre Keinfor.:ed Plastic vas developed 
first ...ong reinforced plastic products. CFIP 
accounts for most fibre reinforced plaatic products 
vhose production vol....,1 are liated in various tr•de 
papers under the product name FllP. Aa for the aatrix 
reain in t!ae production of GFIP, it is eati .. ted that 
unsaturated polyester resin counts for more than 
90 per c"nt of tnose reains utilized in the 
production of FllP. However, •ecently other GFKP 
products with epoxy re1in aa the .. trix material have 
al10 begun to appear on the .. rket. (See table 1, 
page lb.) 

iegarding the production aethod of FllP, there 
•re traditional 11ethod1 auch a1 the hand lay-up 
11ethod •·hich involve1 lamination work by hand1, aad 
the apcay-up aethod in which bloving by a 1pray aun 
i1 involve~. In recent years, nev aechanical CFIP 
molding technology ha1 been introduced and the 
producers are u1ing those r.ev aoldin1 -thod1 by 
choosing the 11n1t suitable for particular CFIP 
producu they are going to .. nulacture. "lbo1e 
aol~in1 aethod1 are. the cold pre•• method in which 
the moldi.na ia carri-.d out u1in1 the presa; the 
re1in ink jet aethod in which a reain in liquid fora 
is injected into • •·1ld filled vith reinforc-nt 
11111 hbru; th• aatched die .. thod in vhi.cn tbe 
molding ia carried out by applying heat and pre11ure 
to the crar production aater&•l• vbich are placed 
into a aetal mold; the continuou1 dravina aethocl; 
th• continuou1 penel 110ldin1 .. thod for the 
production of cor1uaatcd a1 veil •• flat-aurfaced 
plates; and the fila .. nt vindin1 .. thod. nia 
.. tched die .. thod i1 further divided into the MMD 
•etnod, the ~MC .. thod •nd the IMC aethod. 

AllOna the varied •.Chods u1ed today in the 
production of GF&P, the hand l•y-up .. thod i1 1till 
the llOlt popular. llovaver, con11dering the fact that 
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until 4 or ~ years ago about 60 .,er cent of GFllP 
production bad been carried out using thia method, 
today the ratio has de~lined appreciably. This 
indicates that automation and introduction of 
mechanical molding -cni.nt?s nave -de progre,;s 1n the 
induatry in the past several yeara. 

Carbon fibre reinforced plastic (CFllP) 

The practical application of CFllP to a number oi 
c-rcial products st4rto:d around l'J1J vnen c;trb"n 
fibre reinforced plaatic began to be utilized for the 
productitJ"n of spcrts and le1~u.~1"e it.ems tiUCh ~$. :»Kls, 

tennis raceets, golf clubs, and fishing rods. lhe 
iaJustry'a elforts to Jevelop nev fields of 
applicatton of CFllP stepped up since the early l9dUs. 

As carboo fibres utilized for the production uf 
CFllP, the fibres belonging to PAN systo:• are mu11t 
popularly u1ed at present. Those car~on tibres are 
being utilized for reinforcement after being 
processed as prepreg, cloth, filaae~t winding, or 
1pread roving. 

The adva11tages of CFKP over other kinds .. t fibr., 
rei1>forced pl .. ,.tics are &ts li~nt "e1g11t, high 
aechanical 1trength, relatively strong 11tiffness, 
good veer-resistance capability, 3oud character1stics 
in electric conductivity, X-ray penetrability, and 
good corrosion-resisting ability. The CfllP's ligll~ 

veight re1ult1 from the relatively lov density ot 
uteriah c-po•illl &t. ·1ne nign -ch;onical strength 
aeana that CFIP al10 excel• in tensile strength, ;and 
the CFIU''s 1trong stiffness h;os 11 ..... tn1n1 tu uo "•tn 
it• high elaaticity rate. 

Due to these -•its of CFKP, it ha1 been used 111 
a vide range of products and tne application f 1elds 
are expected to expand still turth~r in the tuture. 
Table 4 (see page Jo) gives the .. ....., .. ot pruduc tli 111 
vb~cb CFllP has alr<"ady been introduced. CF&V is nov 
one of Lhe h1gh-to!Ch industrial aateriah which h;,Vo! 
a proai1ing future in their prospe,tive usefulnes& as 
nev industr1al .. terial. 

Fibre reinforced theraop1a1r. ic (FllTP / 

FllTP firet ca.., into being after FllP belo~11n~ 
to the polyaa1de system uaa developeo in l9~b. fllP 
vbich ha• been produced u1ing theraopla1tic resins 
(TP) as .. trix .. terial is called FRTl'. Al 
reinforcemenL aaterial, glass fibre ••being utilized 
most videly at preeo!nt. lut carDun iiure and aetal 
fibre• are also being eaployed. 

At pre1ent, a nU8ber of c-p•nie1 are engeged 1n 
the production of iibre r<tinfurced plaatics on a 
c.,...rcial ba1i1 with the combination• of the matrix 
re1in1 a11d tho! k111ds of reinlurceme11t uteuala 
varying from producer to producer. ·roray fodu»tries 
i• prOducing polya•1de and &•ude, 1.:1 i• 
aenuf<.cturi.ng PPS and P~Ell, and Mitsui Petrocheaical 
lndu1tries is maki11g polyaaide buaari•ide resin. 

F&TP combine• the feature• of theraopla1t1~ 
re1rn1 a1>d tho1e of glau tlbre or carbun llbre, 
depending on which of the reinfurceaent aateria!a •• 
utilised. Compared with 19etal1, tllena..ii>luti~ reuna 
have an advant•ge tn 1pecific aravity, 
cc,ro1ion-re•ieting capaDility, and ~lcctric 
in1ul1tion ability. lut thermoplastic re1i.n1 are 
inferior to aetah in mecb11n1cal strength, 1t1ffn<"u, 
arid heat-re1iat ing capability. ~n1equ11nt ly, FllTI' 
vtiich incorporate• either glaaa tibr~ or carbon 11br~ 
a• rei.nforce•ent aaterial, •lispl•Y• .... chanical 
1tren1th which .. tches that of metals and, 1t the 
1a .. ti.ae, exhibits overall features which surpa•• 
tho1e of .. tal•· 



At preaeat, rnP ia uaed in the producti- of 
car tranaportiac wellicle• ia parts of the -iaiclea 
auch •• the eaterior aurface, inaide valla of tbe 
c-part•nta. ... tbe eacine rooma. leinforced 
plaatic ia alao beina uaed tu produce .ecbanical 
parta and electric aa -u aa electronic part•. 

Other fllP product• 

As for lai&ll-tecb raP, there are hybrid FIP, 
•tal fibre reinforced plHtica (llFllP), boron fibre 
reinforced plaatic (...,J, and ar .. i~ fibre 
reinforced plaatic (AIU'). 

Hybrid fllP e.ploya a combination of &la•• fibre 
and carbon fibres •• reinforcecent .. terial. 
Dependin& on tbe -y the ~einforc.-:it .. terial i• 
combined vitb .. tria ••w, hybrid fllP ia divided 
into the so-called in-layer type and inter-layer 
type. Aa tbe .. tria reain, epoay reain ia utilized 
tne moat at preaeat. Hybrid FllP is de-4 auitable 
for uae in application• ..ea.re good .. teriala iavolved 
are required, auch aa in buildina conatruction, 
.. rine applicati-, and the production of vari-• 
induatrial __..era. 

KFaP ia one kind of fibre reinforced plaatic in 
which aetal fibre• such aa atainleaa ateel fibre or 
aluaini,.. fibre ia utilised •• reinforce•nt meterial. 

~tainleaa ateel fibre reinforced plaatic 
ha• been developed to produce car brake pad• •• a 
autstitute for aabeatoa pada. ln addition to tbia, 
ot~er kinds of llflP bave been developed in llhich a 
combination of al ... iai,.. fibr• ~nd gla•• fiDre ia 
eaploycd •• reinforce.at .. terial to create •~ 
llfllP vith good tber.al conducti1ity. Aiain :iriki ia 
producing tbia kind of llfllP. An HfllP which carriea a 
metal filler is bein& developed, which combine• the 
feature• of reaina and aetala, including electcic 
conductioo capability. Die development 
of this Mf&P vill be further atepped up in the future. 

F. CUllUllT AWAU!tiSS, TlllDS AND DEVELOPMllTS 

Coatin1 plaatica vith aetal 

Uevelopaeat of a !NV proce•• for coatina 
plaatica vith metal that c-ld ~ut coat• by 
30 per cent is the objective of a atudy offered by 
Battelle'a ColUllbua Latoratoriea. During the 
propoaed atudy, reaearcher• vill ar.t .. pt to prove 
c-rdal feHibility of the proceH, further 
dev~lop it for c-..rcial application•, and tranafar 
the technolo&J to indu.cry. 'lhe study ia being 
offered on • gr-p ba~i•, with apon1orina c"91Nnie• 
receiving liceaai111 rights to uae the proce••· 

ll\e nev proce•• - called in-mould platin& -
could eliainate aaveral atape presently required vhaa 
coating plaatica with .. tala. Additionally, it ha• 
the potential of expanding the type• of pol,...ra and 
coating .. tariala tnat can ba uaed, and it 
accelerate• plating operation•. 

~ith the pr..cadura, .. tal ia dapoaitad on tba 
aurfaca of a etainl••• ataal aould typically uaed on 
a production hna. 'Iba Mtal ii applied to tba -ld 
by a feat-rate alactrodapoaition tachniqU6. 'lhia 
creat•• a a.ooth .. tel aurf•c• on the aide touchilll 
the aould and • r-&h •urfaca on the oppoaira •ida. 
Mclean poly .. r then i• injected into tnt mould, 
for11ing a bond with the r-gh aide of the •tel. At 
thi• ataga, • final ~ecoretiva finiah can 9• applied, 
if dHirad. 
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b.·mould platin& ia, in effect, the rever•e uf 
c--tiOl".al electro-platin& on plaetica. lllitb 
coaventi-.l proceasea, pol,.er• tyFically ar• t1rst 
-lted aad for.ed and tbe -t•la are tnen applied by 
wari-• etcllin& and platina atepa. 

lllarin& tbe atudy, lattelle vill conce~trat1t on 
da .. lopin& prototype pn><:eJurea for platin& with aa 
iaaert teclaai41ue. Paru -ld be .. de in • tvo-at1tp 
o,.ration, firat, by preparing a nuaber of 
alectroforaed •t•l abella and tbea in•ertin& thea 
iPto tae aould to c~lete a a9r.al injection 
aouldin& eye le. 

Sub•cqueatly, lattelle plan• to dewelop an 
i.at~&rated electroplating and injection aouldin& 
ayatea. Consideration vill De given to Duth aaterial 
and proce•• paraaetera, vitb eaphaaia bein& placed on 
developin& adbeaion betveea tne poly.er aud .. t•l in 
tbe plated structure•. 

nae final step in the study vould be to 
de.onatrate a pilot plaat oiw.ration. 'Jbe ODJect1ve 
ia to produce a repreaentative commercial product, 
vbicb ._ld be evaluated lor perfor.aace 
characteriatica. n.e study also vill include a 
preliainary econ.,.ic evaluation of the proce••· 

In ... u-.cale laboratory :studiea, lattelle 
eaperta have been able to deposit trow U.) aals uf 
•tal in 17 aeconda to 4 ails of .. t•l ia tvo 
ainutea, becauae the platin& operation• nave Deen 
accelerated. lllitia proper d~•i1u, a C'1utauuuu• 
proceaa 1Sight produce a coapleted part every 30 to 4U 
sec-d•. 

'Dae resesrcher• aaid that one advantage to 
ia-.ould platin& is that poly.er• other than 
acrylonitrile butadiene •tyrene lAll5J can be plated. 
Aho, aeveral -t•la - in.:ludin1 c .. p...,r, zinc, •nd 
nickel - appear to be candidates for plating. Wilh 
conweational procedures, AIS is the .. Jor resin u•eJ 
vitb a baae coat of copper. 

Previ-• eatimates indicate th.ot the in-.ould 
plating proceas could reduce the cost• aas .. caated 
with conventional procedures. Major saving• are 
projected uccauae the ~roce•• use• le•• .. ceraals and 
aner&y and becauae aouldin& and .. tallicing •re Jone 
in one integrated o~ration ~•ther than an aeveral 
atepa. Alao, saving• can be realized becauae the 
proceaa does nut produce et~ning vaste• cnat necJ to 
be diepo•ed. Uoaeph Preston, lattell•'• Colual>us 
wllN>ratoriea, ~; ltin& .Avenue, l:oluabua, Uhio 4JJUI, 
USA (telephoae: 614/424-;!)60)) (~'>Urea: 
llan~facturin1 tcchnolo1y IJ!orizona, Vol. 2, llo. 4, 
July/Aupast 198J, p. 2) 

..., technique 1iv•• plaetac• a hard coating 

~TC Tcchl'lolo&y Ltd. ha• developed • novel plasaa 
ctchin& and coatin& procea• whach can depoait IMlrd 
den•• coatinc• on suitable tnaraopl•~tica, •• oHll •• 
.. cala, by virtue of being able to keep the aubstrate 
at appr-hina r- teaperatura tnrou&no>Ut uae 
coati .. proca••· 

'lllia co.pare• vith convant~onal plaa .... thod1 
.. icla raatrict aubftrata t .. paraturea to -bov• 
J~C alld place tharaoplaatica aubstratea _, of 
c-rt •• a raault. lha lov ••ubatratlt t-parature 
duri• dapoai.tion ueang tna :.re .,roce•• •• Md• 
poaai~l• by pntYiding • mu~h higher degree of 
dieaoc:iation than v1ch conventional pla ..... choda. 
A higll degree of di•aocietion i.a iaportant if a 
•ina.u. of DOadad hydrogen i.a to occur within th• 
coatiaa. 



Prel1ainary reculta ahov that hard, dena~, ..ear­
rea1atant coatin&a of ailicon carbide can be prooloacetl 
oa polycarbonate aheet, to iaprove ita ..ear reaia~ac:~ 
by a factor of xl20, over the uacoated pol,.er. 

Conaiderable further iaprove9eata can be expecte4 
by incorporatin& an oraanic tranaition layer ao •• to 
avaid the sharp i~terface. Far coepariaQn, comaen:ial 
polycarboaate sheet uitb a ailoxaoe coatin& achie..ea 
an iaproveaent factor of only xlO to a 20. 
(£&tracted froa: ~iioeerin&, llc>vember 1~8), p. bfl4) 

Plaat1ca fl ... apray ayat .. 

lletalliaation baa introduced a oew fl ... apr•J 
ayatea fr= the application of plastics coatin&•• 'lbe 
PPl aerie• can be used in a boat ot industries for the 
applicat1ou of coatiaaa eithar for corrosion 
P•otection ur special purpoaea like non-stick linina•, 
anLi-abraaiuo c~tin&• and ioaulation protectiou. 
(Source: Enaineerin&• February 1~86, p. 202) 

Injection moldin& 

A scientist at the ltaaaachuaetta laatitute of 
Tecbnotogy has recently patented a controllable beat 
transfer device far use in precision injection 
aoulding applications. tJw"" as a "~aluac-c?ntrolled 
variable conductance heat Fipe", tbe device provides 
contrullcd neatin& and coolina of a portion of the 
aould cavity aurface durin& the aouldin& cycle, vbich 
in turn reaulta in leas abrinka&e and distortion of 
the aoulded part. 

IJ ?laci~& one end of the h~at pi:ic near the 
•urface of the mould cav~tJ, the rate at ubicb the 
part cool• ca~ be control~ed durin& the aouldir.& 
cycle. Si•ilarly, the beat pipe can be used to beat 
up selected aould cavity aurfacea. 

'lbia controlled coolin& and bcatin& 
•i&nificantly reduce• bu;lc-up atrcaaea within the 
moulded part reaultin& in lcaa diaturti~n and 
improved Mcbanical and op\.ical propertica. lf 
bigner aouldin& preaaurca ara used at the .... ti..,, 
workpiece ahrinka&c can alao be alaoat totally 
c li•inated. 

AlthUU&il controlled nutin& and cooliq of the 
mould ha• been att .. pted b~fore, it baa 1enerall7 
been found to incrcaac the auuldin& cycle to a point 
where it ia not econoaically practical. lly uai~ 
beat p1paa, bO,,.ver, the inventur oelievea tDat 
••1fhciently abort cycle tiaaa can be achieved to 
j~atify the tacbai•u•· (Artluar iiaitb, Patant, 
Copyri&ht and Licen•ina Office, llaaaachuaetta 
laatitute of Technoloay, I0'19 11,-722, 
77 llaaaachuaatta iWenue, c..l>ridae, llaaaachuaatta 
OJll~. USA (talephoaa; 617/ZSJ-69~6)) (Suurca; 
llaoufanuri-t1 Techeol?.r lloriaona, Vol. 2, llo. S, 
ilepca~r/OCtobar 191 , p. f) 

Plaatic dr ... i• robuat 

Tanlla 6 Ill' .... ia launc:hina iu UlO L-riaa 
pla1&ic !Jarrel Chia 1prin1. 'lhe blov.,....ldin1 
e•ui,..nt ... , b••• developed and built by lrupp 
laucaa of the rac. 

'Dae barrel ia lllda in llllPJ and i• aaid to be 
robuac uitb 1erut11 U.pact reaiatanc:e. 1'uo ,, ..... 
uill ...- available: atanderd and ba•VJ duey. le 
1ive1 the •- d•arae of protactlon foir baur4-1 
produce• •• lac4uared ateel or coapn•ita dr .... , llut 
ia li&btar •ad •••ier to cleen for re-uae. 
(huacted tr- Procaaa kginaerin1, Aptil 1916. 
p. 19) 
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:ioltea l'Vly•n Corporati- ... e istrodvccd au 
inte..ediate-denaity polyeti.,1 ... copolyaer that 11 
coapatible with injiOCtioa blov ..... 1di111 too11Df 
deai&eed foi· hi1h-dcnaity ,al,etllJlene. Contain .. u 
fabricated frooa the reaia ~ibil superior surface 
1lo1a and eaviroaaental atreoa crack resistance, 
wccoroina to :ioltex. (S-rce: Qaeaical llarkottin1 
lepqrter, 9 Oecellbcr ltd), p. S)) 

llcv thera>plastica 1elf-ceiPforciDJ• ,-e,.ist b,.;;t 

nae lirst injcctioa .,,...~ble liquid-crystal 
polr-r baa a<>ne into pruductiooa at Uartco 
tlanufactu.in& U>. (a subaidiary of Dart 6 •••ft .:...) 
and is now available 1n production quantities. 

rradenaaed ~ydar, the .elf-rcinforci"IL 
t~er.apla1tics (su-call.O bec:.aua• toe jMJly-r c"''"" 
to for! ~trona, tibre-like cbain• upon 
solidification) have a aeltia& point uf approximat,.ly 
790"F. llevertbeleaa they can be processed on 
conventional injection aouldiD1 .. chinea aodified 
with auitable barrel neater• and -•.i oi.l-c...,lu•i.· 

'lbe high teapcreturc thermoplastics have 
excellent ;hcaical resistance, electrical propo!~t•""• 
and fracture ~uuchncas that are said to exceed thos" 
of other bi&h-teapoorature rbermoplaatica. 'lhe 
ara.atic copolyesteca have a UL continuous-us .. 
teaperarure rat 1111 of 46)°F and a be.ot-detlect • ., .. 
teapcraturc oi o71°F. 

Xydar is inherently f laae rcaiatart and i• 
eapectccl to receive a UL94 V-0 ratina. Its 11a1t1n& 
c."ygen index is .02. In add it ion, smoke gene rat ia11 is 
very lou: the polyaer baa a ...-e-dcoaity ratin11 of 
3-5 after 4 a1nutc1 io the _.,. _,, ct:.,aber. 

According to Dartco, tbe liquid crystal polywter• 
have other processing advantaac• beaidca their &""d 
aouldability. No poatcurin& cycle is nerded, unlike 
aOlllC other hi&h~eapcrature tber.aplastica, and the 
.. t~rial require• no ..... 1u celeaae. Up to luu: 
re&rind can be used uith no deleterious effect un 
p.1rt •ulll1ty. 

Tvo of the three coaaercially available grad"s 
arc in the SKT serica (uareiofon:cdJ: SKT JUO, a 
reaular Mlt-flou &radc, and ita bi&b-flov 
counterpart, SKT )00. A aecoa4 aeriea of c-puunda 
called flill (hlle.i, aelf-reinforciqJ also ia uu tho: 
acene; FSI }l), <nc only ar..a. in tbe aerie• 
currently avail•~ ~. ia a )QI talc-filled v•r•ion ~f 
:i&T }CO. (Dartc' rs.ufacturiaa Co., Aupata, ~. 
U:.I.) (Source: Plaat1ca World, Uac,..._r 1¥•4, p. 11). 

All-plHtic puep elU.iutea baurda 

An all-pla•tic, piatoaleaa diaplac ... nt puap ha• 
~••n introduced by Hill (lr .. at •· llill Ltd., D•ta 
Works, fiL&willi .. Streat, .... ffield Sl lCX, UI; 
tel: \U742) 2lUl~J tur traaaferi~ and diapGn•ing 
fluida - includina uils a..t aDat corroaiva 
cheaical• - direct fr- ata .... rd c-t••nara 2:i I '" 
llO l i• ai&c. (Elltractcd fro.: ....... a.cturin1 
~. !larch 198S, p. 77) 

Liniag technique renovate• corrodin1 eroc••• 
.eie!! 
'Jhe lnaitufora proceaa utitiaes a pulye•ter 

fabre fdt liacr tailored to tlle •1&-t•r uf cue l'i;>e 
to ba rel1abilitated, 'Iha li-r u coated un .. ne uJe 
with polyurathana and the felt •• aaturatad with an 
epo•y (Al'alaite) reain. 'llltt ca.ice of epo•y re•&na 
available allowa r«nabil1tat1- of aitoar drinkina 
water, ca•. dilute , .... ical or ...,. .. li•«•· 



lhe freablJ i.pnau.:ed liner i.• i.oaerted i.oto 
tbe pipe tbrou&b a .. a1ao1e or other eai.•ti.ac ace••• 
point, usi:ia • ve~tical i.oaerti.oo tube aod a beaJ of 
cold veter. !Mrwea, 45° aoale• aod tbe bri.daioa of 
cant•~ joint• aad corroai.oo boles preaeot oo 
p~bl,.... lnweui.oo naulh i.o tbe epoay-i.loprep>ated 
felt beiaa pre•aed firalr •aai.oat the pipe vall. 

~be• the lioer ia io place, tile veter io tbe 
pipe ia be•ted to cure tbe reai.o. 'Dae re•lllt ia ao 
epoxy/felt coapoaite foraioa a ••rfittia& aod 
•tooe-like pipe vitbio a pipe. As tbe lioer i• 
r~lat1velr thio aod amool:h, the flov capacity of tbe 
rehabilitated pi.!"! i• ua118l?y better than oev. 

In ltuvait, as elsewhere io tbe Middle East, 
aevaae lioe• hawe ooly ali&bt aradieot•, carry 
laraely undiluted sevaae at l0-511°C aod are bardly 
ever fluabed by raioa. 'lbese cooditiooa fo~ 
aulphoric acid, ""icb -••• tbat fibre c-...t pipe 
tbat vould last 40-~0 year• io Europe ata&t• to 
deteriorate after four to •ia. If remedial actioo is 
not taken, tbe final outc- is pipe ca,.e-io and tbe 
collapse of tbe aevaae syatea. 'Dae entire aystea is 
nov bein& reb&Dilitated and it bas been fouod tbat 
the l.naitufora proce•• i.a faster aod -re effectiwe 
than alipli.nina and costs far less than pipe 
replacement. (Source: Materials ~ Design, Ynl. ), 
October/llovetaber 1984, p. 206) 

Plastic pi.ping ia reinforced 

Available for tbe f i.rat time in tbe UK, Polu&•P 
and t:kotef alassfibre-reinforced polyester pipe 
pro>ducts are vei~ht- and cost savina alternatives to 
metal. lhey alao offer corroaiJn and abraaioo 
resistance. Intended .. inly for liquid a.1d slurry 
nandling, oo;h ranee• are internally coate4 for added 
prJtection. Pol~gap products have a pol,.,retb&.'le 
coating fil"llly bonded to the cap outer pipe. illotef 
pipe• are coated internally an~. if required, 
exter11ally vith epoxy/orgoltar for che•ical 
rehstance. (Extracted froa Proceas i::,.ineeri!!f., 
Apri• 198&, p. 89) 

Nozzle for pla~ti.ca 

An improved type of the tried and tested bot 
runner nozzle aui.tabl .. for special plastics 
pr~ceaaina operations vaa introduced by llasco, FIG. 
lbis meets the r••ina .. rket demand for gstina 
ayate••· 

1he tube vi.th the central .. teri.al chanoel of 
the nev nozzle type Z 104 (I) ia .-de of special 
110lybden.,. allGJ. lhi.a mean• hi&her vear and 
pressure reai.stcnce and an eacellent thermal 
condu~t &vity. 

The -·i- operating t-pereture aoe• up to 
4S0° lat an injection pre••ure of 1500 bar). 
Therefore this nozzle i• suitable for all types of 
cng•ne.ring resin•. 

lha •••lad heater coil ia ... ed<led 1n copper 
berylli ... and shielded vi.th a circular reflector 
sheet. lhe voltage i• 220 V 1£. 'Iha ""ii• ·in 
fharoocoupl• •n•ure• a1& ea.tct i .. perature control. 
(Source: Afr•can Technical levie~, January 1916, 
P• 84) 

Plan ic tubin1 

111• US company, Griffolyn ~.vision have produced 
1n acona.ical reinforced pla•tir. t~bing de•i&ncd for 
irrigation or air di•tribution purpoa••· .,ailable 
in .,lti .. rerial gr•de• and colours the tubea cao be 
.. de •n any dia .. ter or length CMedad to achi•v• 
... ,..,. flov. 111eae Cubes will l•J flat when not 
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full to allov crossing of vchi.cul•r anJ pedestrian 
tra(f ic without cauainc da .. ce. •lacL/vllltt colour 
available tb•t reduces heat anJ aoisture bui.lol-up Dy 
•5 pe• cent, also vill resist sun breakdOV\l fr- one 
to aia years. features availA~:e include vel~ro 
closures, gro.11ets and custoe c.~n~facturina to c1tact 
specifications. lSource: Al'r1cau fechn&cal 11 .. ncw, 
llarcb 1985, p. llU) 

~ralli• offer• tu~e fittings in plastic 

Dralli•'• Series N tube coupling• Cor use with 
plaatica tubioa, nitherto aupplieca in nylon only, are 
- available in both pr (e and pvdf. ·abeae .. teriah 
an:~tlJ broaden tbe appl&c•tional tiead ul tne 
producta, particularly with r .. 1ard to •~ids, alcohols 
and hydrocarbons, clai .. tke c-pany. The nev 
fittinas arc •••ilaole as union fittings 1or 6, 8 an.a 
10 .. o/d tubina, vith C 1/8 to C 1/2 l~ parallel 
.. le stud ends (fo ... rly BSl'T) and correapondins 
Al9erican IPT types. (Urall1• Flu1d Coclponcht~, •rett 
flriwe, lexbill---Sea TW+U 2JI', ULI lSource: 
Manufacturing Cbeaist, Septeober l~K), p. a7) 

Dunlop Sports Ltd. (United ltingd-) hu developed 
a1& innovative tecboi'lue ~or -..ldina hollow c-po•ll" 
or plastic parts. ~i.91lar to the recently developed 
•1011t metal" Castin& proceas, the R.?V W•llop lt!!ChRiqulll? 

alao uses low ..,lting point tin/bis.,th alloy cures. 
'Dae plastic or c-posite part u 1111ccuon ..... :,•ed 
around t~e core, vhich ia then removed by i ... rsion 
ia a bot uil batb. lhe nev process is beina used tu 
.. nufacturc carbon/n1lon COISpoS&tc tenn&s r~ckets. 
>Source; Manufacturing Technology ttor1Eona, 
Septe,...er/Octob .. r 1~83, Vol. i, llo. ), p. lo) 

Super-strencth fibre 

lAst .onth a n"" fibre tcchnolocy vas enter~J &n 
the Soutbern UCean !lacing Confer .. nce r•,•• in 
St. Petersburg, Fla., USA. l'roduced lroa 

polyethylene oy a proprietary gd -&p&nn1ng tec11n1,.ue, 
tbe nev fibre vas uaed in -•ila and rope, but it can 
also reinforce plaat ics, s .. y• Al lio!d C..rp., 
Horriatovn, H.J. Ja .. s J. Dunbar, 
director-operations, says the fibre, called 
Spe.ctra 900, viii coapete vith araaida and gr•ph1tl! 
fibre• - possibly reachin~ an •nnu•l consuoapllvn of 
10 •illion lb. In ~lastic reinforcement, ~pectr~ ~OU 
can '>e advantageously cum1>ined vi th ,r•phlfe t ihr .. s. 
Hi&h strength (up to 501 ~reater than ara•ids) 
sucgeata applications in re1nfurced structures ~uch 
•• radomea, ballistic protection, .. dical i•plants, 
and spores equipo:ent, says ftr. Uunoar. In )/~ 10. 
rope, breaking strength ia ten tona, versus seven 
tons vir.h nylo11. (St.>urce; l1•'1uatc1 Wee11., Oe M111r~h 

198S, p. 120) 

- Develoroenta in the United States of America anJ 
~ 

High heat tbermoplutic outperfonu l'l'S, llAP 

A nev hi111-a>clulus therooplanic reun vith 
superior properties at ele..ated te .. peratur .. s has t. .. en 
introduced by Union t:arl.ide Corp. l!1nd .. t B-140 u a 
....tified polyarJlether reun reintorcd vlth 4oi 
&l•u fibrea. It ia a.aid to co11parc fav.: .. ral>ly vith 
al•H- and oinaral-filled J1•1Lyl i>hth•lat• U>Al'I 1n 
phyaical and electrical propart iaa, thermal 
arability, creep and huo&dity rui~tance. 

lbe nev rau11 ia rec-udad aa a raplaca•cnt 
for reinforced UAP and for 1laH-hllad l'I'~ 1n 
connector•, aockeu, relay and switch houa1n1• an-> 
terminal block•· Kandel B-J4U I••• luwcr •nrinkaga 
than C"ryatalHnc rcaina, which until nov have bean 
the .. jor replaca .. nta for thcr..,aett, according t~ 
the coepany. 
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"!he tenaile stnn&th ....t elonsation of tb.e aev 
resin at break are eore tban double tb.at of OAP. Its 
tenaile impact ctren&th, nearly triple that of UAP. 
Lona tera •&in& atudiea aiwe i~ • projected hisher 
continuoua use t-perature owr DAI': l200F. 

Kindel a-340'• electrical propertiea are alao 
aaid to be auperior to thoae of DAP. It ia leaa 
loaay at frequenciea up to 10 !Ill&, offera hi&her 
dielectric atrenath aod better inaulatioo 
reaiatance. (Union Carbide C..rp., Ditr.bury, CT, USA) 
(Source; Plaatica llorld, Kay 196S, p. 148} 

Dow a.-ical baa dewelopad reactiwe proceHi,. 
tG peraanently bond coextruoled layera of plastic 
inatead of •1tuin1• them to1etber vith adbesiwe tie 
l,.yen. 'lhia aev tecbDololl' could be the .... at .. jor 
step in ... ltLlayer procesaina teclmoloay. a.actiwe 
boodina chemically produces a coeatruaiOG vhose 
atren1th is li•ited only by the intearity of its 
•teriala. eo.bi"'8tiooa of reactiwe polywers vith 
coreactiwe barrier .. teriala fora ... ltilayer aoeet or 
fil• that vill aot del-inate uader estreEt! 
te.apo<rature and streas conditions. la structures 
auch aa PP/EYA/PP, the eore beat-aensiti- core layer 
vill fail before the outer layera. lut ia .oat 
coextnaa1ona, includiaa barrier, 140"C• ,..lt poiata 
of co..oaly used reaina ensure tnat a reactiwely 
bonded web vill meet hip t-perature retortin& aad 
ateriliaatior. eapos~res that aov caa be handled only 
bJ 1l•H aad ,..tal containers. (Source: llodem 
Plastics lotemational Aupst 1985 p. 4S) 

'lheraoplaatic resia• 

Ceoiraia Culf Corporation ha• introduced a nev poly-
11er blead deaip1ed to coiapete vith polypheaylene oxide 
sad fl.-e retardaot acrylooitrile-butadiene-styreae. 

A c•paay spokea•a Hy• the aev •terial is 
de•i&aed to fill a coat/perforaaace niche betveea 
lever priced •teriala like ri1id wiayls and flame 
retardant polystyrene, and hianer coat altematiwes 
au.:h H PPO/PS and Fil-ABS. 

'Iha .. terial cou•d also c ... pcte vith 
polycarbonate• in appli,ationa that demand hi1her 
pertoraance but vhLch do not ta'i tne full 
capabilitiea of the poly~arbonatea. Such 
overen1ineered appl1catiooa are the key to the nev 
.. terial'• .. rket potential. 

Ceor1ia Cuif clai .. that the .. terial exhibita, 
acoo1 other ~ualitiea, e&eellant UV arability, aad 
raatcr eould cycle• that PPO/PS. 

Plaatica analyat Richard &Qaaoff notes that .. ny 
Dl!v alloya have been introduced recently, and 
nu .. rou• nev prica/perfG .... nca option• axiat for the 
deai1n an1iaeer. 'Iha Iara• number ~f nev product• of 
thia type .. kaa it difficult for a nev .. tarial to 
~•tabliah itaclf in the .. rkatplace. 

Its ••Y• that any nav .. tarial vill have to prove 
itaalf in apecific applications, and that in order to 
replace a11other .. tarial, tna nev product ... at 
deeonatrata equal or batter propartiaa vit~ia tlloaa 
apphcationa. lSourca: O.a•ical Karkatin1 llaportar, 
30 September 1915, p. 19) 

Uicyanata •••i-1P• compoaite .. trill (Allied 
Corp., U:OA) 

A co.poait• baaed on 1raphita or lavlar fibraa 
tnd a ... i-IP• .. tria that comoinaa a dicyanata 
tbaraoaet (for haac- and aolwent-rea\atanca) vith 
either polyatharaulfona, polye1ter carbonate or 
polycarbonate tharaoplaet1ca (for tou&hna•a). 

'lhe 4icyaaate encl thareoplaatic are both 
diaacl.....t iatu a .. thylen• chloride eolution, ...,;ch 
is applied to either carbon fibre or Kevlar fibres. 
Curia& at 2:ZOOC-JOOOC cause• the dicyanate to 
croaalialt a~ the thereoplaatic. (E.atracted f~ 
H11h-Tech Materials Alert, Vol. l, llu. lU, 
<ktobcr i91SJ 

Allied-Si1nal lac. aaya its reaearchera hawe 
created a pol,_r that couducts proton• at •­
t-peraturea. lbe c ... pany clai .. the dewelopment 
cftUld hawe a .. jor i.,.ct oa battery, fuel cell, 
aen..,r aDCI other techaolo1ies. Batteries and ruel 
cell• could be .. de s .. llc• an.a 1ar more ctlicicut 
uai111 proton-conductina .. teriala, it u 110ted. The 
aev polyYCr is a bl~d of polywiuyl alcohol aad 
pboapboric acid. (Source: a.-i.:al Kerketiy 
Reporter, 9 O..cember 190, p. SS) 

A Polyurethane e111iaeeri111 plastic 

boplaat, a ...,., eqineeriaa plaatic, based on 
KDI (dipbeayl .. thane diiaocyeaate), i~ a 
pol:f"rcthaae FOl:r-r b"t d;JCC aot share tM rubbery 
propertie• of polyuretiune alaatooaera. 

nae firat c-..rcial applications for laoplest 
in the USA indicate r~e utility of ita ~ropertics 
collbinatioo in .. ny f iclda. 

la bucket• for bulk conwey6ra, the nev plastic 
ia outlaatiD& otner .>l.aacics in demandi"I 
epplicationa. In conveyin1 equipment that ... st di& 
into ebrasiwe .. cerials sucn as scr•p 1lass anJ it 
prowided the ideal combinatioo of atiffneaa, i•pact 
atren&th ead abraaion resistance. ln conwcyina 
deter1enta and bulk chcaicela, ita reaiaten-=e to 
chemical attack and •tr~•• crac~in& alao cooae into 
play. 

In irriaati~n sprinkler baada, it caa 
reaiat fertil&&era and otner a1ricultural 
c""-ical~, water, nutdoor expoaure and phyaical 
abuse. In roller• tor owerhead 1ara1e doora, 011 •nd 
1reaae rcaiatance i• one factor in its selection. 
Other• are lov friction and adnes1on to a nub .. Jc of 
.. cal or other plaatica. lts 1ood adhesion to other 
.. teriala plua resistance to acratchin1 and cuuin& 
led to it• selection ao the tcp aurface of akin .. de 
by Olin. Medical catheter• and connector• rely on 
Lhe purity of the .. tariala aad eb•encc of reaidual 
-n-ra and other axtractaDlaa. Thea• c-po•Hnta 
ere ..... aterilised. la the eut0110t1ve induatry, 
Cenerel llotora ia ~valuatin1 ita potanrial aa a 
raplac.-nt for polyc.,rbon.ate in valence pao1ah, 
where it would prowide .. ch !Hitter reaiatan'e to 
d ... 1e cauaed by •pilled fuel end oil. 

Other poaaible application• incl.1de aleavca, 
baarin9a, connector• and ataptcra, and povcr Jr1ve 
pert• such aa scar• and aprocketa. vorent1al uses 
in the racraadon.al field include ski boota, ucketa, 
akataa, hel .. ta and toya. Automotiwa application• 
include interior and aatarior panel• end parta, 
in addition to 1aneral .. chanical components. 
(&lltracted from: Popular ~laat1ca, June lYIS, 
P• 4S) 

Du Pont has dawal~pcd • nev poly.srisation 
tachaisue that could OiJSR a nev H• in .. n._d• 
fibraa, plaacica, paint• ·~~ adhcsivea. 'Iha ncv 
procedure .. , allow production of nev type• of 
polymar• and vil\ red~c• the coat and pollution of 
pol,.ar production. n.e procaaa u••• an initiator 
110lacula containin1 an •~tivatin1 1roup. A ..-.noa.cr 
inaarta between the 1n1ciator and the act1v1lacin1 
aroup. Another mono.er joina batva'n the first 
mono.ar and the activator, vnich ia thus transferred 



aloaa the cbaia. 'lhia ar....., traaafer pol~cizatioa 
(CTP) pcoceH •11- eaay coatrol of cbaia leqth, aAd 
fuactioaal 1r-pa caa be adtled lbat -1• olherotiH 
be .... wailable. 'lhe cbaiaa vill c-ti-e to 1caw aa 
loaa •• -r• are awailable. After oae ..,,....r ia 
iacorporatn to the deairn chaia leaath, a •hffereat 
type of -r caa be a.We4 ..,.. iacorporate4 i1£to 
tbe p;>l,.-r. CTP 11aea 11p all tbe -r at1ppliff, 
ao there ia leas -ate. 'Iha -r ia alao ... e<I ia 
a -·• coaceatrated aol11tioa, re4tlciaa eaeqy _.,..,. 
to ewaporate the aolweat. 'Iha techai•- ... e11 
bifluur&de ioa •• a r.atalyst. laseaRb ao far baa 
beea cOGCeatrate4 .,. accylica, aad e pilot pleat vill 
be built to pro<luce aut-tiwe fiaisbes. lletla7l 
tr~tb7lail7l 4&.ethJ'lllteteae acetal ia tile &aitiat~r 
ia rhe proceas. (f&tracted froa: Sci. lleva, 
9 llaRb 1913 p. l49) 

A_., aeriea of &laaa ceiafoRed the,._aet 
pol7eater abeet .. teriala U. ll>eea developed aa a i­
coat 155°c (cl••• F) electrical iaaulatioa. 
llayaite 8755, vbicb a lao "" be apecifie4 ia 
-cbaaical applicatioa r~uiri"I the~l reaiauace 
to ~lewated te.peralurea, q~tifies •• a GPO-l 
.. terial. 

H755, wnich is priced aiailar to ataadard lov 
t..,.rature CP<rl, ia awailable ia thicltae•••• of 
1/32 to 2 i1t. aad i1t abeet aizea 36 a 72, 48 a 60 aad 
41 a 96 in. (Hayaite lleiafocce<I PlHtica, Erie, PA, 
USA) (:iO\arce: Plaatic World, Dece..,.r 1964, p. 71) 

YP polyeatera are firar ia 3 cl••••• 

Four 1radea of llll Poat'• lyaite the,._plaaric 
(lP) polyeater h••• receiwed fiaal reco1niti- by 
Ua<lervriter'• Laboratoriea for uae ia Class 180 (H) 
•Y•~ ... of insulation for cranaforaer• and other coil 
vo..aa product•. Aloaa vith p~•ioua recopaitioa in 
Claaa 155 (F) and Claaa 130 (I,, the PET 
(Polyeth7lene terephthalate) pol,..ra are the firat 
the.--plaatica to be recosaize-J for all three UL 
claaaea. 

1he four reaina, ra-530, 530, 935 and F&-945, 
can be .ran •• the bobbin or coit fore (priur,. 
inaulator) vith aevea other uteriala: vire, 
••raiah, tape. pha•• iaaulatiGn, aleewiaa. tie cord 
aad lead wire. 'Dae .. teriala caa vithataad hot apot 
te.perature• nf l55°C for Cla•• r reco111&t&oa; 
llO°C for Claaa I; aad llO°C for Claaa H. 

1ha al••• or aiaaral/&l••• cainforcad reaiaa, 
llhich prowida aood diaaaaioaal arability and 
atiffaaa• in thin aectioaa, coapete vith th•...,••t•, 
ther.oplaatica, paper laainataa aad iaprep1&ted 
paper. (Du Punt Coapaa7, Wilaiaatoa, Ill, U:iA) 
(Source: Plaatica World, April 1915, p. 73) 

Call for plaatica o.1t4oor• 

A numDar of dewelopaaata in tlle electronic• 
induatry are opaa1a1 up nav urkat opportuaitiaa for 
90ulda4 plaatic parta. la ~•lacoaaunicat&ona aad 
telaviaioa, thera ia an i..craaaina aaad for ~aia&• 
that can protect alactronic 1••r outdoora, aaO 
••1inaarin1 tharwoplaacica ara arabbin& up thaaa 
appl&cationa fr09 caat- an• aheat-aatal parta. 

With th• break-1&p of AT 6 T, aav teleplloaa 
inatallati011a require aa interface bo• 4iwi4iaa 
ia-tlouaa virin& fr09 tha local phone c-paay' •· 
,\ccordina to Cl'• John Pa•y, office and inatitutional 
proar- •naa•r for lloryl, eve.-,. houH and buil4i111 
vill hav' a aiai .... of one bo• by 1990. At laeat ona 
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-jor c-p.uay, •rthera Telec-, ia already uuq 
pl~atic iaterfece boaea UIMlfactured by rbe fire'• 
-ldi"I diviaio•. Coult Electric, llorr- CO..ow, lL. 
lloltle4-U. threaded iaseru alld col-r eliainare 
aleoat all aecoa.ta.-,. opotrat iooa. 

i:oolt -lda rae interfere boua froa lroen?y 
polyca..-te/PIT •~loy to ~hiewe a bala11Ce ·•f 
i..pact reaistance (prowided by -rplwus PC) and 
c!Maical reaisraacc Uroa cryaulluae PIJJ'). Uu:acr 
caD<lidatea Cor interface boxes, accordi.Da to l.Ot., 
i11Clude srraiabt re. for ni&b ..,.Ct atrcact1&, an.t 
aadifie4 PPO, for sood looa-tere property ret#•nt &OD 
at l-r coat. 

Cooit ha• also beea auccea•ful coa,,.rti31 
Straotera outd-r tereiuls tor telec-ai.cat.ona 
cables to lreaoy. Here, plastic• replece a-10 pi~c•• 
of al ... ioi,.. sheet. vbicb bad tu be asaeal>l.td vith a 
plaa~ic iaautator block. lhe PC/PIT alloy vithataada 
ioaecticide sprays, a rq .. ir..-at .. adacn by the 
ead-uaer. lCeaeral Electric, Pittaf~eld, llA, USAi 
lSource: Plastics World, Septeaber 19115, p. 91) 

lelaton:ecl rods ace •lr!l!lcc L._.o alee& 

llei1tforce4 plastic roda, both uo!lov aad solid, 
a-:e aaid to delittr arcater teosile streuctb• tban 
ateel at oae-Courth the veiaht. lhe rods are -de of 
co~tiououa alas• fibre• (IOl by veiaht) ia a 
tlwL-.oaet polyeater utrix. Dae l'Olyatal .. teriala 
are .a<le by a pn.prieta.-,. ounufacturi"I proceaa that 
orieat• the fibre• in the lonaitudioal direction. 
Tensile •rrea&ths of the E-alaaa/polyester uterial• 
r•~&• frooa 203,llOO to ?24.SUO pai. 

Applications ranae f.-.. reiaforceaeat for fibre 
optic telecaa.uoication cable• to Sa;. la the 
latter, the rod• ara placed •a the -ld vith Siii: aatl 
eacapaulated by the pare. A teztured aurface oa the 
l'Olyatal rod provid~• &ood bondin:. 

At preaent, tha rods are offered ia t­
•eraioaa: t:-11•••/polyaater or s-11•••/•po•J in 
coatiauoua lenaths up to 2 ail••· lbe rod• ranae ia 
di~ter frooa 0.04 :o l in. and are ava&labl~ cc•tcd 
vith a thereoplastic reaia or uncoated. lhe 
E-alasa/polyeater veraion baa a teaaile -4ulua of 
7,000,<>00 psi, vhile tbe S-2 alasa/apoay rod t..• 
about 25% hi&J>er tenaile prnpertia•. (llobay O.eaical 
Co., Pittaburah, PA. USAI \Source: Pla•t&cs world, 
October 191~. p. 71) 

'Dlareob0Ddin1 u•i•& eolxeater fibre vill ba the 
boud•n& ,..th...S of th• future, accordina to ~. larker 
of !aataan 0-.e.ical Product•, due to it• 
eoviro ... ntal, proceaai~& and product iaprov.,..nt 
adwanta&•• over latez raaina. t.a~iroaaaatal 
advancaa•• involve th• eliai ... t&on of a~ueoua 
di•~har&•• and a aub•tantial reduction of at...aapheric 
eai••ioaa. fibre lubrica•t f r09 the c .. po•ite blend 
of tha aatrix and binder fibraa i• ~~hauated, vhile a 
uait boadina -trix fibre apraye.t or Hturated 1o1ith 
late• raaiA eaita a aubatantial port&oa of veter 
vapour, vhich aay contain for.aldahyd&. tour 
proceaaiaa advaata1aa of tharwoooad&na 11ver lat•• 
lloAJina i..clude lea• enaray ra.uirad, cleaaar 
operation procedure•, araater coatrol ovar apray aun 
aad nossla probla .. , and iacraaaed production rataa. 
'Die -at iaportant adwanta&• of thal90l>ondii:1 over 
l•t•• bondin1 ia product iaprov ... nt - lataz bondin& 
of a aonvoven ... ceri•l aeaar&lly produce• a rtifr 
aubatrata vith a harah hand. A char.ally bonded 
•ub•trat• haa no •~rfaca coatin,, ~ith DOnd ••t•» 
concenrr•t•d at tha fibre croaaovar poiata throuahout 
th• utri• arructura, raaultin& in a aoft and aupple 
hand. (Daily llewa, ZZ lapteabar 1983, p. ZO) 



'llaerwooplaatic reaiat• biJb t!mf!raturea 

Pr ..... cti- of polykat- pol:r-ra vill be&ia 
-at JA•r at a facility - ki .. coaatructn. 
report• Uei- Cllrt.ide O.rp. AC tbat ti-, tbe 
biab-t..,.rature ... i .. ari .. tbarwooplaatica vill be 
c-rcially iatroducn _..r tba laoial tn4-. 

1laa tac!ulolOaJ ia-1"4 i• ba•n °" Ca'('\.Uie"a 
polyaryletber pat-ta. Sipificaat product ... 
proce•• dewelop.tat• far tbeae DAV .. teriala alra.o4y 
ar:e covern by a r ... e of pat-ta .... pat-c 
appli.c:at i-•. 

Polyk•t-• bawe •• -•ually bl'OM perfo~• 
.,ectaa, ac:corii .. to tba c-pa•J· 1lley prowicl­
abort-tf!ra thermal reaiatanca to ower MIO°F, ... 
vill vi~halaad 1-a-teno e,....aure to t.....,raturea 
-11 aboYe 4CJOOF. Polyket- pol:r-ra are 
reeiataat to wirtually all oraaac ... ~cua 
c-.icala ... bawe escep<ioaal c_...tiao~e•i•lta9Ct 
pr<>rertiaa. lilay alao are deac:ribed aa especially 
t..,.b .... wear reai•t•at. O!Mawaatioaal 
-lt-proceaaiaa -tboda •r• uan to produce ti. DAV 
tbarwooplaatica, iacludi .. i.ajacti- ..... 1dia1. 
eatruai-, ...... 1t api-i ... 

1ha ca.biaui- of pnopertiea, aaya a c:_,..y 
apoke ... a, is expected to llAk• polylietoaea attractiwe 
ia a vide raaa• of d_...iaa applicati-•, iacl,..ia& 
wira .... cable ir•ulati-. electrical ~i,...t, 
aeroapaca/aircu it structural c...,oaeata. •• 
aatifrictioa dawicH. (Source; Bacbiaa llcaip, 
a Auau•t 19d5, p. •> 

Caaada; law plaatica ban beea Jewelopn by 
boallioa acryl .. ide reaiaa vitb hardwood pulps, 
accordi .. to acieatiata at tba U.iwaraity of ~·· 
fl.lp 6 Paper llaaean:h Cealn. 1laa aaw plaatica, tbe 
first to be producn fn-a bardvood iaatead of 
softwood pulp•, are reportedly •t~aar aod cheaper 
thaa coaweatioaal plastics. 'lite aev proce•• couiau 
.,f ~diq the pulp aad plastic wia • uathate 
araftiaa. (Paper Jour 15 October lill, p. 22) 

- Dawelof!!ut• ia Japaa 

l'ollutioa-free plaetic aaterial 

O.uo Kaaaku baa dewelop.td a aev-type plaetic 
.. terial "CT", vhicb has a bill' reai•taace to beat 
aad caa be produced at 1'1V coat. 1lae aata:ial cauae• 
no .. wirooaantal pollutioa ewao ...... it ia bur....t. 
'Iba produce vill be aarkatn early ia 1916. lt laa• 
beea dawaloped by • ...., tacbai•ue for aiaiq 
iaoraanic utter iato raaio. (Soun:a; a. .. ical 
lcoa0!7 6 ln1inaariy llawiav, Juae 1915, p. ") 

Croaa-liakable fOlrpropyl ... vicb functiOQa of 
aa1inaar1n1 plaatic 

Kitaubiahi Pctrocb.aical Co., Led., baa bapan 
aarkatina croH-linlllabla polypropylene that ha• the 
fuactiona of anaiaeeriaa plaetic. 

1he coawaotioaal croH-linkiq -thod• are 
liaitad to altbar chaaic4l ..... or radiatioo for the 
reason• relatad to aolacular etructura. 

·iha c_,.n, dawalopn a ::MW croaa-linkiaa 
t•Cll•i•ue called che ailaoa croaa-linltiaa -thcod that 
u••• vatar to croaa-link polyolafin vith an ecti,,. 
ailana radical. C:O.,.rn co coaweational 
croaa-linki•a .. choda, Chia ha• tlla follovina 
ad,,.11t•aau 

(l) It prowidaa the .... la,,.l of 90Uldina 
procaHibility H polyolafin, ... r.ha product can ba 
fo199d inco eny •h•pa by uaioa a aenerel·purpoa• 
eouloina .. chi ... 
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(2) hiq a aiapla .. tbooi IHL"S -17 -tar, it 
~uirea DO apaciel facilitiea eucb as a 
croaa-lillkiq tuba or radiattoca ... uipaeat. 

a.pated to --croaaliokad polyproPJlana, tbe 
pnoduct baa tba foHoviq iapro-ata: 

(1) lieat-raaistaace: lacreaaea by JO" ~OOC. 
(2) Craap-raaiateace: 1-pro-.I by 

l.000 ·" lC!0,000 t&-a. 
(l) T.,._ile atraa&tb: aici~itJ aod 

-..Clt-reaiatancea i.a!>rowaJ by l.~ - 5 ~••· 

Farther, it i• ..- superior to ayloa •icll is a 
t7pic:al aaaar•l-rul?O•• •aciaeerioa plastic ta •ucb 
properties •• fatipoa resiataoca, frictioa. aod 
c:laaaicala •• well •• eiaiq atability. 
(~rca; lite Japaa loilu.cnal 6 Tachm>lo1ical 
llullatia 0 July 1915, p. 20) 

llit....,iahi aapa Uapaa) ba• dewelopn cechaolou 
to ...,_. plaatice a ... cacaaice by ba.bardia& llaea with 
pl•- at 20.aoooc. 1lae reaultiq c-poaite 
.. rerial baa the hariaa•• ... beat reaia,anca of 
car-ica aad the li&ht veiabt ... iapact reaista...:a of 
plaatice. Kiteubiabi &ayoa coat• the eurface of the 
plastic vith apecial illOrpaic aatariala co keep it 
froa -ltina or daforai... Saweral plaatica caa be 
~ with caraaica, iacludiq &IS, polycarboaate, 
.. tb7l -tll«rylata •-' epoay-car- hbra c:-poaite• 
(S-rca: Japaa Eco!!O!f, 11 Jaauary 1986 P• 17) 

Japaa; Pno1ra•• in dewalopmeat of three nev 
type• of polyara 

Sopll:a Uoiweraity, Tokyo; laaaarcb .... ultraf iae 
pol:r-r• baa lad to eaper1 ... tal pro.tuct1oa ot ••11&1• 
polystyrene aolecule• vith di.-tera waryio1 froa )(!I) 

to 780 •acatr.,... 

Kitaubiilhi Cl\eaical loll.oh ... leaaarcb ~otre: 
Poly (oayethylena) derivatiwa adsorbeata are put 
iosida laollov aerylic pol:r-r aicr~•pharea. 1he 
acrylic pnl,..rii allov -tar aad urea to pan i11lto 
aic:roapllerea, where c-pouoda eca adsorbed by the 
poly 6ariwati•••· 1'01,_r ahowa pr-••• for kidaey 
dialyaia. 

lletauahite leeaarcb laatitute; laatitute h2• 
producn pol,..tacycl~;>llane that cGaaiata of 
.. tacyclopban• linkn vitb 4,4' - dihydroaybiphanyl 
aoiaty. Pol71'Ar abova proaiae ia alactroea1aetic 
abialdina. (latractad fr- O.eaical Week, 
27 •waabar 1985, p. !)) -----

lite Kiniatry of lataraatie>nal trade and laduatry 
(KlTI) ia Japaa vill carry out a ccapreneaa1we plan 
for cha .. iotaaanca aad pr-tion of data baaH. 
Soae of the itr.a. baina cooaidelad include; dav1•1na 
• plaa for the dawalor-nt of data baaea in 
acata-of-art fialda auch •• aav aateriela. Kill ie 
plaOAi .. to coaatrucc a data baaa ror tine 
aad ti.a Pvl:r-r lletarial Centrr. ia tOkyo. 
fr- Tokyo •1non lci&ai liihuibun, 2' Aupaat 

caraa1ca 
\£atr•ctcd 
l'Jll), p. )) 

Ki&h-perforwanca therwoopla•tic claatoaer 

•ippoa Zaoa Co., Ltd., haa developed and ecarccd 
•oufac:turina "IL&Sf&a", a h1ah-parforaancc 
cllaraoplaacic ~laat.,..r. 

'llt•~plaatic alaacoaera h••• the au,.rior 
propartiaa of rubber aad the hiah procaaaibility of 
plaacica, aad er• ewailabla baaed on atylana, olefin, 
urathaa •ad wiayl chl~'idc. llova•cr, aa the ua•• of 
chaaa .. tarial• eapancr, industry ia d ... n0in1 
iaprow .. cnaraccariatica, aapaciall~ •••&ar u•• •nd 
better parforaanca while r~tainin1 chair 1DOUldability. 



£1A~TAll is a result of combinina tbe c.....,.ny'• 
tec...,iq..ea for deaisnina bi&b .ol~cular .. teriala, 
i~clud•aa ruti..r aud plaatica, and tne proc:eaaina 
eapertiae of icon laaei Co., Led. 

£1-1.STA& ha~ i.,rovcd abape retenti...,. at hiah 
tcaperaturea, auperior reaiatanc:e to oil (eapacially 
fuel o•l•), excellent reaiatance to vcathcrina all'I 
ch-icala, and can be producc.i vlth warioua 
hardncarea, in warioua culoura and by warioua 
mouloina proceasea. 

fharacteriatica 

(l) lhe .. :eriala hawc the good pro<:eaaibilitJ of 
ordinary tbcr.oplaatica, allowina eatnaaion, 
injection, holl..., .....S :alendar .ouldina. 

(2) 

0) 

Yulcani&ina is uaaeceaaary arul tbia c.,..tributea 
to eneray-aawina aad possible acrap recyclina. 

Good elaati~ity and shape are .. intained at hiah 
t-peraturca. 

~4) Compreaaion :auaea little permanent deformation. 

CS) It has auperior resistance to oila (6acl oil, 
lubr•cant, etc.) 

(6) It ia n•shlJ rcaiatant to o&one, vcatberi""S and 
chemical producta. (Source: lhe Japan 
IAduatrial 6 Techaoloaical lulletin, 
Dec..tlcr 198S, p. 17) 

DncloP!!nt,; in Europe_~ 

A corna&ated noncycombed polycarbonate aheet 
called lhemonda ia tbe rcault of research by t­
Italiaa co.pania•, tbe proceaaor, PolJU an.t -chincry 
.. aufacturer Union, and r- a.terial supplier CE 
Plaat•ca. 

1he aheet ia aaid to have a K waluc lea• than 
half that of &laaa vitb 80 per cent tranaaiaaion of 
li&ht and aolar eneray. Licht weisht, 
aclf-cati~111iahin1 properties, aood rcaiatanc:c to llV 
rays, tcaperaturc fluctuation ~nd break•&• arc 
features claiacd for it. 

lhcraonda can be extruded at the rate of 
actrc/aio and the apccially built line: a 100 .. 

a inalc-.crev catr1ulcr vi th a aa .. acd flat head vhich 
provide• pncuaatic cloaina in line vith a 
atabiliaati3n unit; a take-up unit; a proara,,...blc 
ahear cutti"& unit; and a ataker for the extruded 
ahecta. (Source: Popular Plaatica, January 198S, 
p. 2CI) 

lhc lubber and Plaatica &a•ean:h Aaaociati!UI 
(fn&land1 baa developed a ocv device for blend1oa 
elaatica and rubber durin& eatnaaion. ""°"" a• a 
Cavity Transfer Kiser" (CTJI), the de~ice ia an 

e&tenaion to tne e&truaion •~rev and conaiata of • 
concca-.ric rotor and atator, both of vbicb have 
apnerical t.aviti•• aachine4 into their oppoaina 
aurfacca. lhcae cavitica cauae the plaatic or rubber 
aaterial to be efficiently aiacd aa the rotor turna. 
lcportadly, the C?K providaa auch better bleadin& 
than r.onventional ~crcv e&trudera. 'lhe crK ca~ alao 
be retrofitted to aaiatina cquipaent. (Source: 
Kanufacturin& Tachnolo&J llDriaona, l>cptcaber/Octobcr 
191), Vt>l. 2, io. S, P• 16J 

lhe lubbar anJ Plaati=• l••••rch Aaaociction 
(IAPIAI in lritain ia alao conduct1n1 reaean:h into 
fo-d nylon llK. 

- u. -

The project ia ai~ at findina a atrunccr, 
atiffer and more fire retardant aaterial thAn 
polyur•tnane lllll for uae ln •..ch applicati .... a as 
buaincaa aachincs and sound repn>ductioa e~uipacnt. 

Blov•ua aaents have been idcnt1ticd Daaed un luv 
boilin& oraanic liquids, and IAPllA bas aonc •• far as 
-ldina t .. at pieces on • .od1tlc<1 Kill aachu•"· 

The aajor rcaainiaa probl- ia uncwcn espansion 
in the .ould vhich ha• resulted in foaa aradients and 
irrcr:ula1 cell atnacture. The neat ataae of the 
project is to tackle thia problca vith the 
identification ?f aurfactanta and nucleati~& a1ents 
capable of allovina helter cootrol ot tnc 1n-.ould 
foaaina proc•••· The possibility of enaineeriaa the 
collapse of r.i•C foa., at the -1.a vall to 1ivc an 
intecral skin vill also be evaluated. 

Ucspite the vork still 
believes that this study ia 
.:-parable -rk in Europe. 
Plaatica, January l98S, p. 

to be done, llAPllA 
further advanced t .. an 
(So.arce: l'\>pular 

26) 

any 

.tarko>n EQainccrina ia havina its rcwiaed range 
of 2.5 kW alternators pro<l,.ced vita fr-• •ad 
ter.inal cover~ aade fr- class rcinforceo plastic 
(Cltl'). lbcse c-poncnts arc Dein& supplied under 
contract by the W.H. Allen Plastics Civiaion of 
Bedford, NEI-APE's apccialist dcai1ner and producer 
of reinforced coapoaitc C019poncnta. 

lbe reinforced plaar ica coapont:nt• tc ... 
W.H. Allen have the aa- acchanic•l st1en&th •• rhe 
earlier aluainiua alloy fraacs but shov a vei&ht 
.. vina of soac 40% over the latter and have received 
full UL (USA) stan4arda approv4l. 

1hc order from llarkoo, vhich includes production 
by W.H. Allen of the aould and prototypes, vas 
obtained on technical coapctitivcncas considerations. 

llarkon claiaa to be t:ic aarkct leader for unita 
of this output, and the 2.5 kW ,..chine is believed to 
be tbe firat industrial alternator in t!\c vorld to 
have a CllP fraac. Flaae-rctar.aant ClP ia u•~d 
becauac of it• low density, attractive appearance and 
heavy-duty cap•bilit1cs. 

The decision to chanac to CIP alternator tra.acs 
vas taken aiter aar.y thousand• of hour• of aucceaaful 
field tria~a vith hire fleets and accclcrated-lif~ 
teat in& carried .-·•t in the laboratorica of the 
Production Encinccrina lllcaearch Aaaociation at Kelton 
"°"bray. (Source: r;n&inecdna, February 19116, p. 
169' 

Kainz Poll!!r leacarch Inatitute 

A nev lr.atitute for Polyacr leaeerch at the 
Ka11-Pla11ck Society haa bHn in c&iatence aince the 
bcainnina of 198~ in Kain&, FllC. As a neutral 
reaearch site, it ia to prepare the baaea for nav 
aencrationa of aynthetica, froa vhich ind~atry in 
particular vill profit. Of particular i•porlancc i• 
the dravinc up of nev acchanical propartiea, auch as 
aatri11 aaterials or thoa• vith a "built-in" 
reinforcina effect. Also iaporr.ant arc aynthctic• 
vith liant-concluctin& properr.iea or with usable 
electrical and aaanetic propertiaa. llcv aynthet1ca 
of thia type can be achieved, if aore data abt>ut 
cryatalline atructurea and how to control th•• can be 
aatharad. ln th• viav of polyaer scientiata, it ia 
no lon&i'r enouah to inve,tiaat• only chca1cal 



properties aaJ reaction• to realize these aoals. 
Ooly close co-operatioa between pllyaici•t• alMI 
ch-i•t• can help. the nltv ln•tit•te i• laeaded by 
three renovned acienti•t•: Prof. Erllard Fi•cher, 
Prof. !;.orbarJ Wasner an4 Prof • ._ v. Spieas. 11ev 
conatna.:tioa of a aeparate re•earck iaatit•te in 
Mainz vill •tart th&• rear. (Eatracted f...,. ... rn 
Tecbaiacbe ~dscbau llo. 19, in Ce•._., 7 llay t9&S, 
p. 7} 

lbCH'e-Pauleac concentrates &ta laboratorie~ 

The CLYPT ia born: lbe re ... rcll aDll develop.eat 
centre for lbone-Poulenc'a pl•atica re•earcb ha• juat 
opened near Lyon• (France}, vith 4,0C!O ••aare .. trea 
of laboratories and vorltshopc and lS eaaineera. 

'Die centre ia e•uipped with ti.e l'roc:op •r•tea 
(developed by Ciaisrapb ja collaboratioa vith 
lhoae-Poulenc and other induatrial i;oartaers) for the 
the.......chaaical calculation of atnoct•re• aad the 
calculation of the flov in the .... 1 ... 

llezt, tne colour-formulatioa •tase ia concented 
vith de.,,.,lopins the foraala needed for tbe 
application oa the l>aaia of poly .. ide 66 (of vbich 
lhoae-Pouleac is the leadin& European -facturer 
eud second in the vorld after Du Foat) aa.! other 
plaatica of its type (thermoplastic polyeatera, 
bl'>Ck-.. ide poly.er•, polyi•idea). 

On the aver•&•. • vork•h~p coosistiaa of siz 
eztru•ion 1raaulation lines produc:.ea oae or tvo 
for.:..la• per day. lhoae-Paulenc liat• .. re tuc. 500 
p.>ly ... ide for.ala• in ir• catalo..-. Additionally, 
the ~olour-fo...,laLioa laboratory, vbicb is -.uipped 
with the coaputerized Proco!<>r •Y•tea, can produce 
colour fo.-.ulatioaa &a record time. 

'Die traa•formation •t•&c te•ts tlaese nev 
for...lati~n•, .. AUfacture• the •tacdardized test 
piece• for the product evaluatioa laboratory and 
en•ure• the •uality of the te•t moulda. Siz 
iaject&oa pre••e• of 2S to 2~ tOD8 lockin& force are 
provided. lb.,.e .. chine• are reatad oat to e•uipmeat 
.. nufacturer•, vhich i• a &ood vay to di•pose of t:ue 
~est performias moc1el• at any aiwea .ament. li.>ma are 
••uip~d vith in•tr,...nts to evaluate the uaterial's 
aptitude for cunae throu&h •pacific test• (a.oa& 
ot~era, a te•t of pla•t~ficatioa llhich mea•ure• the 
.. cunical ener&J ab•orbed by the .. teed .. terial, 
and a te•t of the apeed of recaptari11& beadina 
ri&iditJ which indicate• the aptitade of a .. c•rial 
to be quicklJ re90ved f roa a .ould). 

A apccial ataae ia devoted to polyi•ide• CKinel 
and lltareaid), of which llhone-Pouleac ia the lead in& 
vorld producer. lbeae are .. terial• ""icb can be 
found in autoaobile ciaarette lialltera, •• vell •• in 
Cfll-S6 reactora. Polyi•ide• alao baae ... y other 
applicat&ona, ran1ia1 froe &••~• to .. ttil•y•r 
circuit• for electronica. C~tracted froe Pari• 
L'U•ina llouvelle, 2 Jauu•r-y 1916, p. 22, ••~ bJ 
P&erre Liperro.a•••> 

At a 1.iioutory of the ln•titute Gf 
l'llJ•ical-TeCllnicd Probl ... of the morels, Yauuk 
lraac11, Sibenan ilepart .. nt USlll Acad.., ot kiaace•, 
packin1 &••keta •nd rin1• .. de of pol,..ra vere 
introduced. Wh•t i• there ao - •Mot it? "'lhey 
don't faar froat," ••plai~ed tlla 0.paty Director of 
the lnat&tute. TI\a cold veatller litarally "deYOUrs" 
the lifetia.•• of vehicl•• and .. claani.... At fifty 
or 1i•tJ de,re•• balOll zero, the&r ueaful l&fea,.a ia 
reduc~d bJ tvo or thra• 
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tiee• ... their prodqctivity i• lovered tvo-fold. 
llydraulic, fuel and lubricatioa •yst ... e•peciall7 
euffer areatly. With this kiad of frost, rubu" r 
packin& riaa• become brittle aad crumble readily. 

Dae DeV .. terial, a nev desip for the parts and 
technolo11 for production, is .,...,,.-tree and nas .. ny 
advantase•: li&ht-i&ht, •troac a...a unl>•••k•nle. 
IEaperUOCDtal •aaples of the fro•t·resistant p.>ly .. •&c 
iaaulatoc• are beiD& te•ted on operatiD& electric 
power lines. Plaatic cbaaaela can •l•o carrJ hut 
... ter to in:pply iaduetrial aad re•ideatial 
buildi11&•· Frost-re•i•t•ct pipes vill alao ~elp t~ 
preveat a .. .:i enta ia ••-re cold, r..& .. ciaa to .a 
•iai .... the •i•k formerly associated v&tb the use of 
..tat ate .. liaea. lbtracted from .... cov Sov .. tskaya 
ltoa•iY• ia llllssian, ll February 1984, p. 4, article 
by A. Orlov, Yakut•k ASS&) 

Pacb&iaa 

Ideal for evecyda~ c~itiea, tbe aev 
techniqae utilize• paperboard and thin plastic 
sbeetin& but vitlwut Use need for Mat-sealing. 
lnatead tbe fil•-like •beetina ia atretched and ,lu•4 
ti&ht to the •ide• of tbe pac&s. l:iource~ 
International Licensinz, !larch 1986, p. 111) 

A nev nylon barrier resin for packa&in& 

DuPont ue added Selar PA, a °'"" .-rphous nylo11 
re•ia, to ita Selar product line tor b•rr&er 
packa&iaa. 'Dae coaP"1ny ezpectit Selar PA to 
accelerate tb• di•plac-at of 11. .... s •"" -cal •n4 
even otb.?r plastic• in a vide variety of packa0 ing 
application•· 'r.1e resio combine• &l•sslike clarity 
vith streaath, thermal •t•bility and oa11en barrier 
charac:teriatica. lhe comp;aar ha• h&&h hope• tor 
Selar PA in food packacin&, particularly for pr...iucts 
that are hot-tilled. lllitiallJ, however, ~elar PA 
vill be ueed in nonfood packaaiaa, incl.udin& ... u 
bottle• for co...,tic•, a• vell as container• for 
bouaehold cbeeicale,. iadu•trial chesicah and 
autu..ti,,. flu&de. (Eztracted froe a.e.ical week, l~ 
February 1')116, p. 42} 

Co-eztruded pla•tics bottle froia Plysu 

Plyau Container• baa introduced a .. lti-layer 
~ l pl••tic• bottle int,ncled to enable the co.p .. ny tu 
snpplJ attractive, hi&h-pcrformance bottle• for 
.. rketin& and di1tribution of ,r~ducts that 
previouely could -t be packed ii· plaetica. A 
veraioa of its cs.a. bottle - • container vh&ch, tu 
date, ha• been blov-lded froa hip-clcnaity 
polJ•thyleae - the co-eatruded bottle ia aov bein1 
produced in aa.ple quantitiea which are available to 
cu•to.ara for teatina. 

lbe co-eat r...ted bott lea •re eapec te4 t:> open up 
totallJ nev .. rk•t• for pack•&i-. of ·~ro-cn .. 1cala, 
induetri•l chemical•, decoratiae •nd .. iatenan~e 
product• and other• which nave previou•ly baen 
supplied ia traditional .. teriala •uch •• al••• and 
tiapiata, ••Y• Pl1au. When the bottle llOYe• i~•o 
lull-•cale production, &t val& be av•ilabl• ..,uldcd 
in the cciepanJ'• ataadard ~•ns• of coluara. :>cr•en 
pr&ntina vith cu•t01Mra' uvn brand dcaian• in up to 
four colour•, and pre-printad pla•ric• 'leev•• and 
lal>ellina vill alto be available. n.e co-eatrudc4 
llOttle i• daaisned to be •~•eked end rranaported in 
9Ulti-uait corruaated libraboerd tr•n•it ca•••· 
(Ply•u Container•, Woburn Saad•, Milton leynea 
MIU 7 Is&, UI) (Source: llanulac lYun15 Ch••iat, 
October 191S, p. 17) 



llev b!ab-P!rfor.aoce plaatic coataiacra 

Al-iai- Co. of ..._rica (ALCO&) •neol to fona 
• 50-SO joiat ,,..tura witb .. tel loa ..,._rica to 
dewe1op ...ct produce aew hi&fa-c•rfor.aace pl .. tic 
cocataiaera for the food i ..... try. PropoHd p~ta 
icaclude a...ipac retortable coataiacr• tbat caa ... 
uHd ia .&c~Ye oweu. coataiacra ..... of 
polyetbyleac terepbtbalate. orieatet pol:JPrapylemie 
bot-fill barrier bottle• ... jara .... aaeptic 
pacta&t•· (htracted froa a..ical Week. 
29 Jaauary. 1986, P• 5) 

•~••tic and c!!!PO•ite c\oaure• were bei .. .....,. 
by aenral cloa•n c-paaiea. Ale- Deutac:b ..... 
eabibit~~ tbe Taloa compoaite clo .. n. llllicb coaaiata 
of •ca •l-i•i- roll -- top to •icb is attac._. -
acati-pilfer plaatic baad. 1be aaaie coacept lies 
belaiad the Top Cap Safe ..._by Val &1-iai-. It 
cH be applied with ••J H•liaa aac:biac oa tbe 
.. rket. ao ad<litioaal attac .... t or .... ificatioa 
beiq aec:eaaary. c.-- Cork 6 Seal allowe4 t:loe .. r-iat 
plHtic pilferproof do .. n. •icb ia lleia& -rketed 
tbro.oab it• •ubaidiary Crcr.1a Ubriat. 
Product• wen diaplayed oa .iaicb a.riat clo .. rea are 
beiaa ueed. iacludiaa Coca-Cola. hpei-Cola. Coates 
S-raet Cider• beer ia P&T bottles ... lltlCb food 
pcoducu H twto Huce. (:ioun:e: Food !!aaiaceric 
lateraatioaal, SeptGlber 1915. p. 21) 

Ketortable plaetic caa aoe• to .. rket 

Aaotber •il••toae ica plaatic• pac: ... &iD& ... 
re•cbed by Aaericaa Caa Co •• eore-icb. '-T· • US&. by 
produciaa plaetic caaa for et...-retortad food•. 'Dae 
neo1 caa ba• • double-ae-4 -t•l .... 11-tab lid tbat 
i• H•J to opea. Aad beca .. e of it• t--piece 
conetructioa tbe car ie •••J to etack. America• C.. 
u••• a proprietary ..,ltilayer co-iajectioa blow 
aouldin1 proce••· A fiYe-layer pari•on. ~onaiatiaa of 
two polyolefin etructurel layer•. t- adbeeiYe tie 
layer• incorporatiaa a deeiccant. aad an EVWI barrier 
layer, ie ia.iection -Idd and tbea bl- iato a 
conteiner. 'Ihe deeicca~t ia the tie laye~ preweate 
che EVOll layer from loeiaa iu O&Jlen barrie• 
propertie• duriaa et• .. retortina- Dai• teclulolOIJ 
producee a contaiaer tbat pneenea flayour aad 
nutritional Yalu• tbrou&hout the ehelf life of up to 
2 J••r•. {!atracted froa Plaatics World • ....,._t 
l98S, p. I) 

Alfaatar (Tuaba
1 

Sweden) baa deweloped a ..., 
technique for packa11aa aolid and liquid fooda. lloll­
fed aheetia& i• folded into a trou&b-like abape for 
receiYin1 preheated food. Troup edpa are tlleu 
Haled toaetnar uacl"r Yacu-, foraiaa • food ,...., 
that, after adYancin1 thr-&b a tu-1-type .., .. , ie 
quick heated in water to 260°P' by •icrowaY••· llesl 
tloe pc;.lyaar food tube ia cooled by water aa4 ,. ..... 
into • ,..,..cb-forain& aectioa. Dae pouchea eliai .. te 
rhe need for refriaeration while retaiaina freela 
taete and nutritioaal Yalu• ia foode. (ltacbiae D, 
8 Ausuac itas, p. n> -

_!uildin1 con•tru~tion 

lecenr. deYelo,..ate ia the uee of pol,..r coacret! 

Serioua r«Harcb on tbe uH of pol,_re (or 
plaatica) to aodify tbe naiaaariaa ci.aracteriatica 
of conYentional cmu:rece acarted in tllc early 1950.. 

le i• c-ly "- that l'Grtlaad c-•t acu 
•• • aap-filliaa adharent in coacrece •M tut tlHra 
i• llO e•uallJ •Conoaic altarnatiwe, fol,..re ...... Yer, 
uHd with or vi.chout c-at are kins developed et • 
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incnHin& rate. •Dd ti- ba• already proYed tbat 
pol:r-r concrete• can be uaed vitb a t.....,.doue 
MYaatap oftr connntional concrete•, both 
ec:>eoai~•lly a..e •tructu~ally. 

Dle folloviaa table • ..... rizea aoae of the 
reaean:r. •- on polyaer concretes in recent year•, 
aDd ••rvea to illuatrate the adYant•I• of th••• 
-teriala. 

cCiiPAitb TO COllVEllTIOllAL 
noPDrf IDl:lt:TE 

Coapreeaift •treastb 
Teaaile atr91D&tb 
llodul .. of elaaticity 
llodulua of rupture 
Fleatural -.lulu• 

ol elaaticity 
Creep clefor.at &on 
llenac•• iapact 

Yal .. a (L ..._.r) 
Water perDCabi\ity 
Yater abaorptioa 
lleeietaace to 

bydroci.Gloric acid 
lleaiataace to 

aodi- aulpllate 

lac re••"• 
lacnaaH 
lacn•••• 
lacrea••• 

4 
4 
2 
4 

ti..M• 
time• ,;... 
r.i ... 

lacnaHa l 1/2 ti-• 
Ue.:reaaee &U t& .. a 
1Acnas1:e aore tban 

1.7 tiae• 
lecoae• ne1li1ible 
Greatly red .. ced 
lnc re•••• aorc tban 

12 ti-• 
lac :eaaH aore than 

1 times 

i'ol,.er concrete•: 

l'Glyaer coacnte ia • concrete in which the 
aoraal c.-atiti-• ~iadcr is auppl ... ated or 
replaced witb a pol,-ric -i.ion (l.atea) or ia 
wbicb after hanenia& of the concr•te, • --r ia 
ial'n&aated aad aubaequeiltly polyaeri&ed. loth of 
tb••• proce•••• cauae an 1ntricate pol,..r chain to 
fora vbich fill• the Yoida aad ucro-fract .. rH in 
the concrete to aucb an eateat that it •erve• as a 
•icro-reinforcin& aystea. lbi• 1reat\y increases 
atrea1th and durability, and aisnficantly reduces 
perDCability. 

Type• of polyaer concretes 

PDlJIO!r-l!pn&nated-Concrete (PIC; 

PIC ie umafactured by iapre1natin1 hardened 
conYentioaal l'Grtlaad c...,nt ~oncrete with a liquid 
-r tobich ia then p:>lyaeri&ed. Polyaer­
iapre1aat-.d concrete i• very .....:h li•• coaYeatio.._l 
concrete ia appeara11ee. Upon clo~e inepection, Pl~ 
.. , be diatinsuiahed by the preaance oi polyaer in 
air woida of tha c~ncre~e. PlC ude froa 
coawentioaal coacrete usually contain' 6 to 
1 per C".eat po\,_r DJ -iaht. ftethyl wthacryl•t• 
ia widely u•ed •• a .....,..r becauae of ita lov 
Yi•coaity, !ov coat and aood propertie• in Pit;, 
while • c~lJ ueed catalyet to i~duce 
polyaeriaat ion i• Asoait rile. l11e bu ic steps 
required to produce palyaer-i•precnated concrete are 
•• followe; 

l. Dry concreta at lSO"C for 24 hour• to reaove 
f,ae aoi•:ure. 

2. Allow concrace to cool to ,rooa t .. iw.rature. 

3. 

4. 

Place concrete in iaprearultion vee•el and apply 
• Yacu- for 30 aiuut••· , 

lntroduca the catAlJ&•d ...Ina.er uoder • vacu ... 
to completely aubaera« the apec1 .. n, then aoak 
uadar • coapreaaed air pr~••ura at between 
170-340 kP• for 2 houre. 



). Draill asceH --r •H i-4iatal,. backfill 
tbe vaHal vith -ra vater - tllia ia to 
aiaiaisa aoaoaar evaporation lo.a•••· 

6. Appl,. beat (aoraa11,. ataaa) uatil 
pol:paari&atioa ia coaplatecl - aoraall,. 4 b011ra 
at 7D°C. 

Dae above procedure all- for full 
iapreanatioa of tba coacret• vbicb i• ollvioual,. aa 
aspaaaiva proc•••· A aiailar aad la•• coatl,. 
procaaa caa be uaa4 to obo::a1a a partiall,.·· 
iapre...-ted or aurface-iapreaaatad coacrate. litre a 
vacuua aad preHure aoaltiaa ia DPt required vbicb 
coaaaquelltl,. eliaiaetea the aeecl for a pireHure 
veaael aa required for tba full,. i.aprepated 
coacrete. 'lbe proceH coaaiata of dryilll tloe 
coucrete, aoaltiq it vith tbe -r. aad iDll..ciaa 
polyaeriuti0t1 b,. immraiia& the coacreta ill vara 
vater or by other appropriate applicatioas of beat. 
It baa baea reported that parcially-iaprq111ated 
coacr>!ta• bava aood structural properties, escalle&t 
reaiataace to freeza-tbav detarioratioaa. vater 
;lelletratioa, -ar alld abraaioa. aad llave aood air.id 
reaiataace. 

PlC ia uaad ill pipes. tuaaal liaara ........ 
undervater habitats, brid&e deck paael•. preato:eaaed 
pile•, bars••• alld a variety of bi&lava,. atructurea. 

Poly•r-Concrete (PC) 

Polyaer-coacrete ia produced b,. aisilll a 
aoaoaar vith a11re1ataa aad polyaeriaiaa the 
aaterial after placeaeiat. 'lbe ..,...,..r or reaill 
therefore replace• the c.,..atitioua biadar 
c-pletaly. Ia coatraat to PIC. PC caa be ude vith 
a vide ranaa of --ra alld tbe uterial ia auitabla 
for both pracaat alld ill aitu applica~ioaa. It ia 
c- ltaovled&a tbat the atreqth of ordiur,. 
coacrata depeada uialy oa the boad atraqth IK.tveaa 
the c-at allll the a11npta particles. aad aa 
polyaera vith treaaadoual,. hi&b adhesive propertiaa 
are available, it ia found tllat cleavap allll brealta&e 
of pol,_r c"acretaa occur tbroush tba aprepta 
bodies allll aot ia the c-atitioua biadiaa plaaaa. 
lacauaa of ita ascallaat durability aDll &?Gd 
structural properties, PCa ara used affectively aDll 
aco-ically ia aituatiODa where aild cbaaicala, au 
vatcr, aulpbata-coataiaias eoila, polluted air, 
corrosive affluaata or aavap prevaata ti.e ••• of 
or•iaar,. coacrata. 

'°l,...r-coacrata caa ba pr...__ .. ••i• ata ... inl 
coac11Wta aiains plaata aad coavaati-1 placi ... 
ta~lll.i .... a. alld ia ti.erafora r ... ily ... ptabla to 
aaiati• -nta pro<luctioa tac._.lo.,. ,... 
praparatioa of .oat PC. ara dOlla vitb liqaid ...... r 
ia tba proportioa of 10:1 to 1:1 a11ra .. ta/raai.a 
aiaaa. 1ba -r ia pnmiud vitb a caul,.at ... 
.. ..,. to ti.e dry 11ia. ,... •atti., t* caa ba 
raplatd 9y ti.e ...... -t of cat.alya.. or lllJ 
taaparatura. Pull atr&'l&th ia obtaiaad ....._ 
pol,...riaatioa ia ca.plat .... 

lecact taata on PlC pipa• pl•c.. i• araaa 
cootai•i• •ulpbataa at coacaatratint up to 7-S ,.r 
c••t i• tba 11oi.1 alld S-9 par caat u tba wear, •• 
wll aa taaca ff PlC •-r pipea, allara clle ltydr .... 
aulpbi .. coac .. craci" va• alllout 10 ,.ru par lien 
i• cba vi•C•r, ind aaYara.' bu .. r .. parte par lien 
._ri• clle .--r baH at.ow • .. idatlca of _, 
dater iorec ioa. 
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eo.rnaaiGD raiafon:.,...t 

Witb the ...... t of pol:.-r U..reaaat i,... 
techai•..e• for concrete. it ia ...., feasible to aake 
bi&b ccmpreaaiwe stnll~th a.crete vith ea:ellerlt 
corroaiGD rasisteace. 'Dlia fact lei to •- research 
doae 11,. C....saltaran ot 1:be llest i.-...e lleaearch 
~ratories ia tbe USA oa tba - of PlC for 
coacn.te rods vhich can be _... iuteacl of steel 
raiafon: .... t. Ia additi°" to poaaeasias eacellent 
corroaioa resiataace, tha ......_ -re f__. to have a 
vei&ht adYaDta&e o-r ateal raiafon:-llt eiace the 
'1aaaity of the concrete is oal,. ..,_t -e-tbird that 
of the steel reiafon:..-at. &fplications for theae 
rocla are foand ill •-r-• atnoctural -.bera suet, 
as col-. doubly reinfon:eol i.e-. ia wich, due 
to aiu liaitatioaa, it ia aecaaaary to 'e•isn the 
ateel reiafon:eaent to ~arr,. caapreasioo ia bridae 
piera vbere corro .. ioo aiabt lte a seriooa problea, 
etc. 

&fphcati- of PC iaclade rolld aad bridsc 
overlays, pothole repairs ia roada aad ruava,.a, 
coacrete pipe•. twuiel aupport 11-ra, pa-ts. 
kc=bstc:4a, aad a varietJ of a,..c-ialty producrs like 
iloor aDll naofU. tile1 0 vi...., silla aad inflatioa 
fo,_.. d- str..ctures. 

Polymr-ce.ent-Concreta (PCC) 

1he proceaa tecb-loa,. of PCC is vary eiailar to 
that of c,...veational Portl ... c .... t coacrete, and it 
coaaiata lbtuicall,. of addi• eitbar a -r (vith 
aubae.ueat poat-.iaiq poly•Hi&atiGD) or a pol,-r 
to the ataadard concrete •i•. kcauae 80at pol,-rs 
..... their ....-re are iacaapatible vitb a •i•ture 
of Portland c .. at, -te.r0 aad aprqate 0 ..,., 

research oa PCCa baYe coaceatratd oa -erc09&A& 
these baaic iacaapatibilitiea. lecauae of tbia 
problea the propertiea of l'CC ara saaarally oaly 
80cleratal,. iaproved. 'Iba -ia beaefita ot the"e 
uteriala are &ood boadias propertiaa vitb Portland 
cement con.:rat••• &oocl durallility 0 aad a biab dearee 
of abraaiGD raaistaaiee. Streastb U.,rov .. au are 
ralativel,. •iaor. PCC ia also calletl latex aodified 
coacrate (UC) vith the three -at c-ll c-rcial 
LllC proclucta beia& atyr- butadieaa, 11er,.lic and 
epo.,. -iaioaa. lloraall,.Jba coacnte aiua are 
d5•i&Jl&d vitb over 211 k&~ PortlaDll ca.at per 
a of concrete, aa tbe lat ... • ara aora af ractive 
ia tile richer aiua. 

1h• •io appl icatioaa of pol,_r ca.at 
coacrataa ara ovarlaya for coacrete bridsa daclts, 
par1ti111 prasaa, iaduacrial floor• aad as patchina 
c09f0Ulld•· 

1ac-t '8velof!!!!t• ia tba uaa of pler coacratu 

hl,...r cacbaolo&,. ia _..rsoiq rapid 
advaac-c. allll aav aad -.n asotic uaa• ara bcina 
diaco.,.r .. or developed alllOOC .. ia,.. 

Twl liaia1a 

1braa full,cala taat• wra c....,.cted t y 
C.rpaatec, C..-a aad lpaac•r •• PlC tuanal linina 
alld •llPfOrl ..... nta enc It .. to fo,. a 2 .4 a 
di ... tra lllJ 2.4 • loac tu ... 1. Dta load-carryin& 
capallilitiaa. daflaccioaa, 80claa of failure. aad 
effect• of lltackCill •t•rial vara 4atarainad. nia 
toalt re .. lta iadicaca•~ 

a. 'Dl• PIC ay•C- ia vi ab la allll, coaparad vit~. • 
coavnti-1 coacroce •y•t-, caa pro•1ida 
iticna ... loa4 c:apaciey or aa ••ual capacicy 
vicb a tbianar aactio•· 



I 
\ 

2. 

l. 

4. 

With coacrete backfill the PIC •J•tem 
carried l. 6 tma sreater load thaa the 
conftntioaal c .ncrete •J•t- of equal aepent 
thiclmeH. 

~IC provide• for superior joint atren&tb. 

Eco...,.ic advantase• of a PIC •J•t- can oalJ be 
determined froa a apeci~l applicatioa; 
however. a preliainar, ar>al7aia aboved 
advantase• for PIC in lons tuDDela. t.l • or 
larger in diaaetre. 

PIC bridge deck •f•t-

lleaean:h ia preaentlf bein& undertaken bf the 
Fe~eral Hi&hvaJ Adainiatration (Flftll), Bureau of 
lecl-tion. and the Preatreaaed Ooncrete Institute 
(PC.I) in the United States oo tbe uae of pnatreaaed 
PIC bridse deck a7ateaa. 'lhi• •fatea ia deaisned to 
utilize the 11tractural properties of the pnatreaaed 
paoela. the potential of a precaat a7atea foe rapid 
cooatruction. and the protection of reinfon:in& hua 
de-icins aalts provided bf the pol,_er. 1he concept 
eoviaagea precaatin& of deck-vidtb aiaed panels, 
rapid erection and placeaent of paaela at tw aite. 
and conoectin& of panda bJ poat teoaiooins. 

lecauae of ita atrensth. durabilitJ and lov 
pe .. eabilitJ. PIC ia beina evaluated for undersea 
applicatioaa. Teat result• ahov that PIC •pberea 
reapoad elaaticallJ to bydroatatic lOlldins. and that 
Lhe i•ploaion presaurea are 40 per cent areater than 
thoae of cou•entional concrete. lhe -•&­
operatin& depth of buoyant apberical PIC bulla in 
the ocean baa been eat~ted at 1,220 •· 

PIC pluabinr fiature• 

A South African fira baa built • pilot plant 
for production of concrete vaah baaina, ainka and 
bathtuba, which are aub11equently i.apregaated vitb 
atr.,.ne aad pol,.eriaed. 'lhe final product bu a 
very aaooth, slo••J ourface and ia called "•irror 
cone rete". 

Kiacellaneoua applirationa 

In Japan, puap beda -d• of PIC have been in 
1ervice for 2 7eara vitbout corrodin&, in contrail 
to a .. xiaua ••rvice life of one 7aar for coated 
1tainla11 1taal. Ocaan~ins bars•• coaatructad of 
Pie pre1t•••aed concrete have bean built vitb the 
purpo1e of trauaportina liquid aat~ral &••· 
Cylinder pile• uaed aa foundation atructuraa for 
.. jor over-vates bridp1 have been •de -t of PlC. 
lecauae of it• hi&her atrensth •ad durabilitJ the 
vall thickncaa can be reduced vith the affect of 
decrea1in1 wei&ht and thua reducins handlias 
probl-a. lhe hi&l·.er aodulua aho tacilitataa 
better drivi.... 'Iha uae of fender piliaa .. de of 
PIC hat conaiderable potential for vharvea aad 
ject••• apinat vhich ahipa auat dock. 'Ille hi&her 
enersy abaorption and abraaion reaiatance, coupled 
vith ita hi&her atreasth, -k•• P?C an eacellent 
.. terial for thia uae if coat• can be kept within 
170 per ceat of the coaveatio1U1l praatreaaad 
cone rate pi l iaa. 

Surfa~.-i!pr•1nated ~oncrete 

A sreat deel of intaraat haa been directed 
to~arda aurface-iaprasnated concretea. 'Iha 
develop11Aat of a field aurface-i.,resnation pro<••• 
led to field triah and d-Mtratiot1a oa 20 bridpa 
in the USA. 1he techni~u• ha• alao been uaed on 
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bJdraulic atructures to protect the concrete acainst 
cawitatioa. abraaion aad fneze-tbav d ... ae. 
Exaaplea of auch struclurea are apillvaya, f loora 
for atillins baaiaa, and outlet vall•. 

A rather intereatins uae of surf•c• 
iapreanation vaa aucceaafully us...t for seotecbnicsl 
iavestiaations of the foundation of the Auburn Da• 
in California. Die proceaa vaa applied to 
consolidate soft aaterial in a fault zone and to 
allov for the takin& of undiaturbed ... plea f~r 
anslysea. 

Fol,_er concrete - applications 

In FIG alone. seven factoriea are .... 
producio& pol,..r concrete units. Local authorities 
in tl:ia countr, are apecif7in& pol,..r concrete for 
all MV water and aev•&'"- treal..,nt planta. In a 
seotberaal poolCr in•tallation in Texaa where PC 
maits are uaed under operatins conditiooa of 21)()"C, 
to ailitar, application• in the Soviet Union where 
teaperaturea drop to •inua 1a"c, PC baa proved it• 
abilitJ to resist variation• in t .. peratures und~r 
bi&blJ corrosi,,.. conditions. 

A recent developaent ia a "aaadvich" concrete 
pipe vit~ a reain-concrete liniaa reinforced vith 
alasa fibrea. In another reaearch project done by 
aroclteabur&b and Patteraon. ateel and alas• f ibrea 
were uaed to atrensthen ttethacrylate PC. The steel 
fibres resulted in si1aiticant improvement of all 
test result• vhile the &las• fibres decreased the 
coapreaaive atrensth but increased the tensile aocl 
flexunl strensths. 

PC uaed in auperconducting turbogeneratora 

A pol,.er concrete aade vith epoxide reain aa 
tbe aole binder vith a coapreasive atreqth of 
150 ... , and a atiffneaa of 40 GPa at 70°C h•• been 
uaed to fabricate the atater atructure of super­
conduction turboseneratora. The .. oufacturins 
tecbaique involved vacuum iapreanation of a 
prepacked aould tilled vith asaresatea of a ... i..,. 
aiae of 5 ea. Thia process vaa developed by the 
Civil En&ineerin1 Departaent at arishton Polytechnic 
in reaponae to a challense fron the desi1nera of the 
aupert:oaductins turboseneratora. Further research 
ia bein& conducted to uae these concrete• for pipea, 
puap and valve caain&• aubject to corroaive 
conditions. 

Polr...,r concrete• are nov fully competitive 
vith conventional .. tarial• in Europe. Aa compared 
to normal P-.1rtland cement concrete, it allo~s (in 
addition to its auperior physical properties) 
vai&bt-aavins• of at leaat 50 per cent. 'lbia factor 
ia of .. jor aianificance •• tranaport co~t• for 
concrete producta continue to riae. 1~ addition to 
tbe abov~ applications, PC pr.>ducta are also provins 
to be of tr,,..ndouj value in 1lau1hter hou•e~, 
reatauraata, fe,;d preparation 11lant a, and service 
atationa where oil and &r•••• aeparatiun ia 
eaacatial. 

A iujor cr.~·l.1cation for PCC i1 found in the 
sn:hitao:tural Held. PCC ia <1Hd to p1efabricar.e 
relativelJ lars~ () • c 4 l/l •> p•<'4'l• of .. aonry 
curtaiovall vhich .·~ than ~rscted nn the job •ire. 
~b an approac'I ·.:.·~it<• the incor•.oration of 
unuaual erchitwr.'"'al feature•, lh• su•r~ntee of 
7ear-round dali-•11ry, hi&n quality control and 
reduced constr11etion ti... PCC ia alao uaed to 
pro'fide tou&h durable floor• for varioua 
appiicationa. 



Pul,_er-.oclified ahotcrete 

Conventio:ial -•• concreee baa been founcl to 
be unauitable to aupport excavation• in hard rock 
at depth while pneumatically •prayed concrete lack• 
fleaibility and ductility. PolJller-.oclified 
ahotcrete vaa dcvel~ped •• an elteroative to the 
above, and it vaa found by Qrtlepp and WooJ of land 
Kinea in South Africa that vith a polyaer content 
of l per cent (dry veiaht), aianificant cbanae• in 
the properties of ahntcrete can be achieved. U•ed 
t~aether vith auitable ateel ... h, aucb ahotcrete 
ca~ fora a touah, coapliant layer vhich would 
provide very effective aupport for tunnel valla 
even after appreciabl• diatortion. 
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(EatracteJ frna ~teriala and Sociely, Vol. 9, 
llo. l, pp. 171-lBU (1985). Written lly Deon ~ruser, 
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1he follovins tvo articles were obtsined frna 
Aaia-Pacific Tech ltonitor: 

In 1985 an Austrian lira aet up four p!astic 
vindov factoriea in Olina and trained 1ta 
Daineae partner'• personn~l in various 
aspecta oi plaatic production; 

Strong liaht EPS 

Inaulfo .. , a nev eapanded polyatyrene (t:PS) 
-terial i• -nufactured by lnaulpaCk industries 
Pte. Ltd. of Sinaapore, a ...-ber of the Jebson and 
Jebaon Group of Coapanies, s~~th t.ast Asia. 

11ae aain application of insulfoaa is in the 
construction induatry but it is •lso popularly used 
in aany other areas. llanufacturers use it for 
packa&ift¥. Exporter• use it for its strength and 
li&htneas. .:Old-room experts Ull<! its hi&h-1nsulat in& 
propertiea. ~rt buffs use it all the time to 
achieve artistic finesae. 

One of the .. in characteristic• ~f insulfoam is 
ita hiah in3ulating capability. U.us it is also 
uaed in roofing in1ulation. 

lnaulfo .. is e&tenaively used in vuid fon11ing­
whencver a votd i.n con•truction is neceoary. 
inaulfoaa i1 cut to the exact shape of the de.ired 
void. The cut insulfoa~ is placed at the required 
poaition. Ceaent i• then poured over th~ 
insu•foaa. When the cement ~•• nardencd, the 
inaulio .. i• removed, i.f nece.sary. ~re~lded 
inaulfoaa in variou• aiaea are alao readily 
available vhicn can be used ior cr&atin& voida fur 
aeverase, vater and &•• piping. 

Plaatic decorative •urface• 

A s-11 fira froa :VllC whir.h hH .:arried out 
conaiderabl• res•arch vork in developin& gl•a• fibre 
rainforced plaatic •heat -teriala for decorative purpo••• for floora, vall1, etc., ia prepared tu 
arant a licer.ce to an 1ri1h coepany to handle 
&naliah apeakin& -rket1. The pac~•&• of technulo&y 
include• apecial pr••• tool• tor producin& apecial 
aurfac• fini•h•• vhich aiaulate copper, 1tone, etc. 
(Source: Technoloar Ireland, Noveaber 198), p. 12) 

Glaain1 aheet 

A double-vallad, iapact-r,.•iattnt pla1tic 1heet 
offara up co 40 per cent en•ray ••vin1• in pra•ary 
1la1in1 over ain1le-pane &l••• or 810nolithic plaatic 
•heat. Made fro• polycarbonata, it i1 auitable fur 
,.,,~fittins ori&inal 1l1&in1 in indu1trial 
bu>ldina•• Licht tr1na•ia1ion and a~aul1Lio1 
capabilitie• •r~ better than al•••• or acrylic. l.4n 
i.e uHcl •• akyli.1ht roohn1 on factor&••· lw.neul 
llectric:, Pluti'• Croup, Cne Pla1tic1 Ave., 
Pitt1fiald, Maa1achu••tt1 01201 U~A) (Source: 
lndu1trial World, Au1u1t 198), p. 26) 

I 



Hi&her the~l and noiae iaaulation and areater 
•chaaical atreqth are claimed for a D- PVC door 
and vind- fr- syste11 c-pare<I with exiatin& 
boll- aectioa PVC orofil••· 

1he lhe .... uiv •J•t-, developecl in FIC, ha• a 
aolid core of polyester roda, .eaauriaa typically 
1/4 in di..etre aad each cooaiatia& of buadle• of 
fibrea. lhe rods a~e spaced tbrouab tbe profile• in 
a .. trix of boll- ala•• apberes •n an UIMliscloaed 
thel'llOaett1ns plaatic. 

'Jherwial e~!"n•ion of the aolid core .. terial ia 
uid to be ODlJ 25 per cent of that of boll­
secrion rvt:. In addition tbe extra at~tb eaablea 
wia"-8 to be deaiaoed with slimier profiles. 'lbe 
outer akin ~s ~rotected with acrylic. (Source: 
Popular Plaatica, Ja:uaary 1935, ~· 28) 

lteintenance work on coocrete ofteu arinda to 
a halt in cold -•tber. Intearated l'Ol,.er 
lndustriea (IPI) ~f Santa Ana, Calif., US&, ai.mm to 
chana• that with ita Arctic Barrier coatiaa for 
co:acrece. 'lhe product can cure witbia oue bour at 
te.aperaturea bel- fnesiq. In -ra weather the 
coatin& curea vitbia 15 •iautea ao oae caa do 
i.-.li.ate repaira. (Eatracted from aa-ical ....... 
12 March 1986, p. 18} 

l.h<!mical-reaiataat polymer CODcrete 

Poly.er coacretea are a nev &•neratioo of 
corroaioa reaiatant .. teriala usiaa the lateat 
techaolo1y af aucb reaia ayat ... aa furaa, acrylic, 
epoxy, polyeater, and vinyl eater. 1heae ayatema 
offer reaistance to .. ay acida, alkalies, aalta, and 
aolventa in a multitude of proceaa induatries. 

l'oly .. r concrerea are a recent development 
e11erain1 from the technoloCJ of r..ortara and 
90DOhthic•. The •ixinc of poly.er concrete• uses 
conventional Portland c-•nt concrete equil'll8nt. 
'Iha p\acin& and fiaiahin& uaea tools co..on to the 
induatry for ca.pactina, vibratina, acreedina, and 
f1nianin1. Poly.er coucrets i• equally appropriate 
for pourina into foriaa •• acreedin& on floor areas. 
Advant•&•• of hi&b early etrenath, low abaoirption, 
aood i•pact reaiatt~ce, hi&h flexural properties, 
and excellent che11ical reeietance are S0911 

attributes of polyaer concrete. (Atlas Minerals and 
t::he•icala, Inc., Farainaton l~ad, llert&tovn, 
PA 19539) (Extracted froa ASTN Standardization 
!!!?!!.• February 1985, p. 20) 

lbenioplaetica used in plastic auraery 

O.loriuted p>lyethylf.ne thenioplutic .. , be 
uasful •• an artificial .. terial to replace da .. aed 
portions of the face and jaw. Lavrenca Gettl ... n, a 
dental acientiet at Culf South ... earch lnatituta, 
Nev Orleans, UliA, described tha advant•&•• of tnie 
thermoplastic to colleapaea at an Internatiooal 
Aaeociation for Dental lle•••n:h .. etini 1 

Laa V.aaa. :lhen •ind vith aoftenera acid colorina 
•1a11u, the .. ceri.al can De coloured ,.s.aaently to 
.. tch a person's facial c-plexion. It ia also 
atabla: and 1SOra durabla than other substance• 
currently in use, such •• ailicoae ruboer, wilicb can 
fray and tear at th• ad&••· ltudiee with patieata 
ara under way to teat tn• c-fort, aff•ctivnneaa, 
and durability of facial nplac-nta -'• of the 
.. tarial, C.ttla .. n ••Y•· (laprinted with 
paraiuion f:-oe Ol•ical and lsinearin1 lava, 
(c} 191S, A.arican o. .. ical laci•ty) 
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lCL Scientific lUS) bas introdaced oev plastic 
laboratory uriulysis slides, branded £• the Glastic 
Slide, which vill be added to the ~va system pro.!uct 
line, the US laraeat aellins disposable urinalysis 
ayat-. the nev slide ~•• lU ch<llabers, •i11&lc tocal 
plane readahili~y and superior optic•, vs conventioaal 
alidea. lCL Scientific ia a 100% subsidiary of 
Hybridoma Science• (US). (Clinica, 10 January l9d~, 
p. 22} 

Mitaubiabi develop• porel••• polymer 

Artificial akin aad blood vessels are ..ona the 
proposed applications for a .- copol:r-r of poly-ino 
acia and urethane. 'Dae n- polr-r allows moiature to 
pau tbrouab even thou1h it baa no pores. loatead, 
the acid and polyurethane• hydrophilic radicals 
facilitate t~e paaaaae of veter. 

tlore >•portantly, tbe polymer prevents bacteria 
and viruses froa pe~atiaa tbe -'>r•ne lo 
addition, tlaa poly .. ino acid radicda •i•ic n .... n 
cell• thus alloviaa tbe polJ9ir to be compatible virb 
bumaa oraans. (Extracted fr- IWrnpean U.-ical N...,s, 
25 Kove.ber 1985, p. 16) 

Aaabi Glass (Japan) baa developed a fluoroplaaci~ 
that eli•inatea tbe need for •nticoaaulanta in •edical 
application• auch aa artificial hearts and blood 
veaaels. 1he product is • fluorine-containina 
aea-ented polyurethane. lta fluorine-containin1 part 
ia hydrophobic, vbile tne polyetoer section ia 
hydrophilic. lbe prepolymer vaa developed by reactina 
diisocya.tate (containin& fluorine) vith 
polytetrAMtbylene 1lycol, tben treatin1 the produ~• 
vitb di .. ine. n.e plaatic .. terial'• atranath is 
rated at 630 ta/c•2, or l.S-2X bi&her than that of 
ailicoae-b11ed producta. In teats with doaa and ao•t• 
it prevented blood fr011 coaaulatin5 fur S0-90 min. 
(Japanese Economic ~. 22 llov.eiober 1983, p. 16) 

Concept l'oly.er Tecbnolo&iea baa di.veloped a 
thal'llOplaatic elastomer with excellent li1nt 
trana•iaaion, identical appearance and lover price 
theraoeettina ailiconee. Clear C-FL~X atyrene­
ethylene/butylene-etyrene (SS) liOdified polr-r• are 
intended pri .. rily for medical applications auch •• 
intravenou• and cbat10therapy catheters, and blood and 
solution bags that vould beat capitalise on their 
bioc011patibility, and aterili&ability. 'Die C-FL£X 
elaatOMra have typical propert1ee ol ~0 ~nore A 
hardneaa, 1,340 psi tenaile atran&th, 800% elon1ation 
at break and 300 lb/in. unaotched tear atrenath. 
(Material E1Wineerin1, October 1985, p. 15) 

Pr .... ture infanta .. Y benefit f.- baina vrapped 
up in a plaatic Da& to ai.,lata th• voab, 1ccord1n1 to 
a. Chandler of Plantation General IDapital 
(Fort Lauderdale, FL, U:.AJ. A 11rl oorn at ll veeka 
aeatation vei&hina SlO a vaa kept on • 
sheepskin-covered vaterbed under radiant heata1a, all 
within a pl•atic container .. da fr- a blood as• kit. 
lba inf ant vaa aurrouQded except vhar• the 
endotrachaal tuba entered. IVs vara uead instead of 
placental feedin&• 1ba child vaa diachar1ad from the 
hoapital •t 38 vaeks a•atational •as in 'perfect 
physical condition', and ia apparently th• youn&••t 
premature infant to aurviva. (....Sical World, 
11 llovellbar 1985, p. 119) 

Flaecica in th• automobile induatry 

Flaatica in IJtoa use •••n 1rovin1 

'nla .. rk•t for plastics in all type• of interior, 
ext•rior and functional car p•rra ia due for renav•d 
arovth, &ccordina to a study by luain••• 
C:0-.11ication1 Company, au.ford, Conn. 
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the atudy, by BO:'a plaatica diviaioo, coocludea 
tbat tbe role of plaatica and plaatic car part 
auppliea will chAnae dr ... ticaliy over the next five 
to ten yeara. 

In tbe •id-l910a, tbe uaap of plaatica ir. 
llortb .Aiaeri~ao cara bad been predicted to iocreaae 
to 250-300 pound• or more per vehicle by 1985. ICC 
eatiutea thAt: actual 1985 uaap vill be cloaer to 
186 pouoda per webicle. llbat happened to the 
earlier beaVJ prediction• of almoat all ioduatry 
obaerverat Accordin& to BO:, three key factora led 
to leaa-cbao-expected arovtb in rlaatica uaaae. 

1be real price of aaaolioe baa declined 
abarply aiace 1980 reducins the uqeocy behind car 
vei1bt reduction. 

1be ability of the US car compaoiea to 
coepete qaioat foreip c-paniea ia tbe ... u car 
.. rket baa alway• been veak. 'lheae ... 11 car• have 
1ained an increaaed abare of overall car aalea and 
alao ellbody a diaproportiooately bi&h percentaae of 
plaatice part• for vei&bt-aavins and aticker price 
reduction. Hence, lover US production of plaatica 
for the domeatic car induatcy. 

1be plaatica induatry h•• been unable to 
provide coat-effective plaatic part• thAt could lll!et 
the increaainaly atrioaent performance atanJarda 
eatabliahed by the car c-paoiea and reaulatory 
•&enciea. 

Accordina to the new atudy, the tll!teriala 
preference• of automotive ensioeera are chAngin1 •• 
reain and p~oceaaina option• have i11proved and that 
ia ef fectina the d ... nd for plaatic parta. 
Automotive deaian enaineer• ~re iotereated in 
.. teriala that are li&htvei&ht for 1ood fuel 
economy, yet can provide .. inLenance-free 
performance. En&ineera are alao lookin& for parta 
that are reproducible in hi&h vollllll! and can ••et 
••acting functional and aaatbetic atandarda for 
improved aerodyna•ica. In addition, the new 
pla•tica application• will be eapecially uaeful in 
the coat competition with foreian csr aupplier• auch 
aa Japan. 

'lbe report indicate• that the averaae volu .. of 
production of individual US car model• i1 comini 
down to the point where both l•r&e and ... 11 plaatic 
part• are coat-effective alternative• to part• 
conventionally .. de of ateel, aluainiL• and oth~r 
non-pisatic .. teriala. 

Further, the report indicate• that the reain 
.. nufacturara, in cloae co-operation with the US car 
coapaniea, have been apendina heavily on R6D into 
n•~ plaatic .. ceriala and proc••••• aince 1979. 
'Dleae outlaya are juat beainnina to bear fruit. 
Plaatic equipment N1nufacturera and procaaaora have 
oov developed technique• for uainc axiatina and new 
plaatic .. teriala in vaya that aave on total part 
coaca, in tenaa of reduced cycls ci .. , reduced 
labour coat• in fabricating deliverin1 and 
inatallina parta, reducad vaate, an.I aohanced acopa 
far part• con1olidation, 

Alao, plaatic part 1uppliera are 1ra.!•1ally 
adaptina "ju1c-in-ci .. " delivery ayac ... tbat n1duce 
the inventory cOQta borne by the car companiea. 

'lbe 1tudy predicta that by 1990 the .v1ra11 
amount of plaatica in a llortb American .. nufactur1d 
cir will attain •nd poaaibly exceed th• JOO-pound­
per-.:1r 11v1l that moat induacry ob1ervar• had 
thou&!it vould be raached by 1915 - dHpitl the 
continued lov r11l price of aa•oline and d1apire rhe 
continued dovnai1ina af care 1old in Chia country. 
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the atudy -tee, however, that wbile plaatica uaa1e 
per car vill arav by over 50 per cent fr- leu tba" 
290 pounde per vehicle in 1985 ta 300 pound• per 
vehicle in 1990, the total amou"t of plaatica 
caoaumed by US car c-paniea vill grow by lesa than 
lO per cent to 2.1 billion lb•. by 1990 - due to 
further penetration by car and car part i•porta. 

'Iha otber potential aource of 1ravtb for llorth 
.a.ericao eutomoti, .. plaatica cooaumption is the 
grovi111 car .. oufacturing aperationa in thia country 
and in Canada on a wholly farei10-avoed or joint 
venture forei&o-clameatic ba1ia. ln this ... rl<et 
ae.,.eot, the US plaatic automotive part auppliera 
will have ta c-pete vitb fareiao._..ed part 
aupplien operatina eitbl!r from tbeir b..e baae ar 
from plant• in tbia country. {Source: a. .. i~al 
llarketiy leporter, 6 January 1986, i'· 4) 

General llatara' Buick-Olds.abile-C.dillac Croup 
ia cooaiderina a line of hi&h volume plaatic-bodied 
car• for introduction in the early 1990a. Around 
l mil cara/yr would be involved in the plaatic car 
project. 1he Gii Buick-<>ldamobile-Cadillac Group ia 
laakin& at improved aheet .aldina compound•, 
conveotiaaal injection molded urethane .. teriala, 
reaction iojecti~n molded .. teriala and acme new 
polyurea, nylon and other poly .. r-blend .. teriala 
with hi&h heat-resiatance feature• anJ fast iaGlding 
ti .. a a1 potential body .. teriala far the J-N cars. 
(ilm Mtl Mitt, 4 Noveaber 1985, pp. l, 37) 

Polzurea RIM aeen wave af the future for the auto 
induatry 

Automotive enaineera .. y find that the an•ver 
to .. kin& large plastic body panels a caat-eifective 
reality liea in polyurea-b1aed reaction injection 
molding. 

At leaat that is what I.law Dle•ical \;a•pany ia 
hopiug. the company introduced lta "fourth 
aeoeration" al~ technala1y polyurea-baaed reaction 
injection moldable poly .. ra at a preaa conference 
durina 1 technical conference af the polyurethane 
diviaian of aociety of the Plaat ica lnduat ry in 
Kena, llev., in Oc~ober 1985. 

Dov belie~e• that the develapaaental polymer 
ayat ... can he~p brin& about ... , production af 
plaatic door, fender, hood and trunk panel1. 

Currently, automotive de1i1ners and enaineers 
are av1luatina t~e replacement af .. jar steel body 
panel• with v•1iou1 pla1tic1. While there have been 
aome 1ucca•••• - notably the Pontiac Fiero - moat 
indualry aaurce1 project that 11r1e-acale uaea of 
plaatic in automotive body p1n1la are at le1•t five 
ye1ra evay. 

Q;arrent prable .. : t1a1t currently available KlK 
ur•tha!U! aad 1n1ineerin& th1rmoplaatica cannot 
vith1tand the JbS° Fahrenheit pri .. r av1n cycle or 
325° tap coat bake required for an-lin• p1intin&• 
Also, Iara• pan1l1 of th•~• 111t1rials typically are 
produced with a tvo-•inute cycle ti•e - yieldin& low 
productivity and poor .. ,. production 1conomica. 

lut Dav 1poku•1n clai• the new "Spact ru•" HT 
polyur1a-b11ed prototype product• will av•rcome 
tho•• probla,.., iivin& RIM th• opportunity to 
challon1e current RIM urethane ur••• and en1ineerin1 
th1r110pla1tic1 a• cand1d1ta1 for future l1r11 aut~ 
body panela. 

One of chi new poly .. rs, reinforced with 20 par 
cent ala•• flake, exhibit• phyaical prapertiea 
c-par1ble to hi1h performance en1in11rad 
th1r110pla1tic alloy• end blendt, Dov a1ya, addin& 



that bi.ab teapl'rature atability of part• produced 
hoe the poly.er ia outatandinc. (Source: Cbeaical 
Marketing Reporter, 28 <ktober l985, p. 4) 

Toyota Motor (Japan) has jointly developed a 
co.abination ateel aheet and plaatic for uae in 
buildina autoeobilea vith Nippon Steel and Ube 
lnduatriea (both Japan). 'lha oev •terial, vbicb 
vill reduce car -iabta by 51, vaa deweloped by 
;iuttina polypropylene or nylon between t­
hi&h-tenaile ateel aheeta. It can be uaed in auto 
body panel&, roofa and .. ny other interior and 
exterior parta. (Auto Neva, 2 Septetlber 1985, p. 14) 

Kitsubiahi Gae Cbcaical (Tokyo, Japan) baa 
developl'd a atron1er elaatic plaatic that can 
aubatitute for aetal in auto part• production. Reny 
feature• hi&h .. cbanical atrenath and moclulua in a 
vide teaperature ranae, hi&b heat diatortion 
teaperature, nearly •• lov therul espanaion rate aa 
.. tal alloy•, lov water abaorption rate and hi&h 
di-naional and .. chanical atability, and the 
capability of precision aoldin& aad bakina finiah. 
Application& include electric and electronic 
appliance&, nail• and other buildin& •teriala. 
(Auto Neva, 2 September 1985, p. 17) 

Niaaan Motor vill introduce a car vith an 
all-plaatic body in aprina 1986, for doaeatic and 
export aalea. The body is reportedly 10-20% li&hter 
than conventional steel aheeL auto bodifta. Niaaan 
vill uae plastica froa aeveral .. jor producera, 
includina Toray Induatriea (Japan) and DuPont (US). 
(Jpn Econ J, 1 September 1985, p. 12) 

Paaaenaer car ~•• of bulk aoldina coapound (811:) 
vilkl avera1e 41 lb/car in 1995, vitb exterior body 
part• accountinc for 731, va 15 lb/car vith 31' for 
exterior parts in 1985, accordint to Market S..rcb. 
The CM-80, alated for 1990 introduction, is an .ll­
plaatic-body car that could uae 50 ail lb/yr of abeet 
aoldin& coapound (Sii:), •inly for hooda and rear-end 
panela. By 1990, SllC •Y reach the prod~ction trial 
phaae for floor pana, altbou1h Market Search expect• 
only 1.61 SMC penetration of tbe floor pan .. rut 
for a 3.6 ail lb .. rket. Bayer (fm;) hae introduced 
plaetic bubcapa on eoae European aodela, and llobay 
is workinr to introduce th .. in the US. J. C. Cruat 
of Saloaon lroa. ia concerned that c .. n•-ra •Y 
perceive tha ahift froa etael and iron to plaatica 
aa raducin& product quality, altbou~ a recent CM 
.. rket aurvey found that tba -rd• nylon' and 
'fibre &l•••' racaivad favourable raepon•••· ca. ... 
~. 23 October 1985, pp. 6-8) --

lloneanto ha• developed tharaoplaatic alaetoaar• 
tt.at act Hu nitrila rubber. Th• n- •tariala have 
oil raaiatance equivalent to aoet nitrile rubber•, 
w1tb a eli&htly hi&her dry haat aarvica t .. paratura. 
'Iha .. tarial ia ideal for application• raquiri111 
profile• and ehapaa, eucb •• aaale, a••kete, control 
cablaa, hoaae, tubae, fuel line• and diaphra19a. 
'Iha .. tarial vill reduce par-part coet up to 30%, a• 
wall •• provide cloea tolerance• and flaeh-fraa 
part•. (llatrl Ina, Saptellbar 1915, p. 13) 

Coaeoeita drive •haft 

ford Motor Co. (•llA) will •oon ba inetalliftl 
1rephita end 11111 f i~ra-rainfor~ad plaetic drive 
ehafte in it• 1tanda~d-.iaa lconoliaa v•DI - under 
1,500 pound1. Th• rainforcina fibraa ara arranaad 
in layer• around the 1haft. 'Iha .. in advant•aa• of 
tha coapoaita over 1taal are i.,rovad 1tiffna11 and 
an iaprov ... nt in noiaa, vibration and harthn•••· 
1hara i• allO a 1isabla vai1ht •avina• of 9.S lb ovar 
conventional two•piaca 1taal 1hafc1. (lllcractad 
froa Hi&h-Tach llatarial1 Alert, May 1914, P• I) 
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Nylon crapoaite snubs -ar 

llarria Hi.ab TechnololJ Poly.en, Savannah, CA, 
USA, has developed a nylon 6/6-polyi•ide fi~re-PTFE 
C-pGSite cbain aaubber for froat vbael drive 
trauaiaaiooa tbat pnwenta the drive cb.ain fr.,. 
bittiq the tranaaiaaion bouaiq, -arias both parta 
and poaaibly cauaiua cataatrophic ciama&•· 'Dle 
coapoaite vichatand• constant contact vitb the 
chain, ..tiich aovea at an averaae l,500 ft./ain. Six 
.,nth teats abovecl no siaoificant wear. 

The nylon coapound retain• its tou&hn••• in 
-lOOF -•ther and l00°F operatina teaperaturea. 
(Extracted fr- !'l•atica W..rld, Kay 1985, p. 20)) 

'lhe US aut_..i.ile industry ia increasina it• 
uae of plaatic body panels. General llotora vill use 
plaatic body pane la on ita ltYll9 fvd Caaaro/Firebi rd, 
its KY89 front-drive ainivan and certain KY87 
Bukka. Ford'• Aerostar ainivan bas a plHtic hood 
and lifcaate and the curvaceous noae pieces of the 
nev S8ble and T .. rua are plastic. flaatica offer 
li1htvei1bt, corroaion-resiataace and lov toolinc 
~oats for relatively lov-voluae productioa. lt ia 
also leaa expenaive to.cbanae tb~ abape of a plastic 
body panel froa year to year. However, it take• 
lonaer to aold plastic than to ataap •teal, which ia 
iaportant in the .. nufacturina proceaa. An:! aoae 
plaacica ~•quire furthe~ preparation before they can 
be placed oo a car after the aoldina process. llut .. 
Neva, JO Decellber 1985, p. 14) --

General llotors, eatendin& the uae of plaatica 
and plaatic c.,.po&rte• in paaaen1er cara, ia nov 
lookiq at underbody and cbauia area•. Soae 
believe tba .. teriala ultiaately vill be uaecl in 
floorpana, vheelhou1in1•, aide rails, rear raila, 
the wheel• theaaelve• and perhapa even axles of GK'a 
cara. (Extracted froa Aa ~tl Kkt, 2 llf:ceaber 1985, 
P• 24) 

Uf(; The Atoaic Eneru Authority ha• 
developed a fiber-reinforced plaetic en1ine 
block. Th~ orieinal patent vaa ... ndecl, aayin1 
that the plaatic en&ine block auat have a cylinder 
liner of auff ici~nt atrenath co resiat burat1n1. 
'I1aia indicate• that the firat prototype pl~atic 
enain• blew up. ("- S<;iontiac, 28 March 1985, 
P• 28) 

PE&lt arade launched for baas in&• 

lCl hH launched a nav &rad• of ita hi1h 
parforuaca polyaar YictrH P"&lt apacially deai1ned 
for baarin& application&. lt ha• bean apecially 
foraulatad ;o opciai•e tba a11antial .. chanical 
propartiaa, particularly friction and vear, toaethar 
with eaae of proceaain&• Daaiaaad for uaa in 
bu1haa 1 baarina caaaa, c ... and rina•. ''"" ltX3 i• 
alao baina av•luatad for under DOnaat applicac•ona, 
auch •• pi1ton scraper rina• and 1kirte. 

All baarin& .. carial1 auet have a 1uicable 
coabiaation of properti•• ralatina to friction, vaar 
and lillitin& PY (applied praa1ura x eurfaca 
velocity). A lov coefficient of friction i• 
raquirad, vbich variea with applied l..ad, velocity 
and c .. paratura. reu DJ ha• a 1-r coefficient 
of friction than porou1 bronaa with araphita, re1in­
iapra1aatad carbo11 alld pol1iaida vich 1raphita. 

ln plastic baarinaa, cha pri .. ry nair .. chania• 
ii adhaaiva vaar, characteri1ad by fiM parcir.la1 of 
polyMr bain& r-vad froa cha 1urfaca. PUlt ltXl 
h•• 111 axcr ... 11 low vaar factor and aatr ... 11 hi1h 
va luH of 1 iaic ins PY. (lourca: llataria11 • 
De1i&'!1 Vol. S, Oct ./lov. 1914, P• 202) 



•ippoca OH Saal ..... 1t17 Ot. • Lt•., ..... 
•ucceeded ia t.ltricaitU.. a altaltor • a con c-poaetat 
of tiae aut-tic tc i•iaa. c_,oa .. of plaa1tic. 

'Iba a1ta1tor0 a ~ iaaitall .. beltWeell tlae pump 
aad haalar of - ~ltic: t-&••i-, nnrM• 
tba oil u- f~ ~ hdoiM Ito tbe pump to 
iacraaaa to~. lt ~llJ taraa at l,000 rpa 
duriaa oparatioa. 

'Iba tunU.. ,.Uit ia ...,.10,...t -• tba uea of 
.,.tar-raaiataalt ..... lie ... U..riaa plaatic iaatead 
of al-i•i- - ~~l ~n. Ito achieft 
bi&bar parf o11911ace. 

'Iba ....-ue --~Us p!astic -.1oy" ia 
tba - r..-r ..,_•-..Cit nai•taac• 20 to l01 
bi&b•r tbaa ndiaaq' ..... lie naiaa aad beat 
raaiataaca ., lta J9911C. 

'Iba practical~ of tba pl.aatic ata1to1 
iacluda iu liphai.plt ,....rtJ <-1a lipter t ..... 
al-iai-) ... _,.rm ,._.ilitJ to -tal, •icb 
all-• tba atat9r lta .. t.ltricat .. iato tba iata&r&l 
coaatructioe. 'lllia. ia 1t11ra0 lead• tG a f..-r 
....-.rof~u. 

Siaca plastic offara laia"'"r moldia& accuraCJ, 
tbe -iabt of tlla ci-'anatial portioa i• 
appraciablJ .. &to .. ia ~iaoa to it• al-iai­
countarparta. 'Die mt _. ti.a moat attractive 
ad•aataaa i• tlaa atalola price of plaatic. (Source: 
'lb• Japaa Io.lilatrial • Tacll.oloaical lullatia. 
April 191S. p. JD) 

c:. llUDr nDDS 

World plaatica ~- roaa ia 1984 

CoHumptioa of pmtica i• oa tba riH ia most 
of the induatriali ... aac~. accordiaa to a racaat 
report fr- tlla Jataraalt&-1 Plaatica AHociatioa 
Diractor• (lPADi. 'Illa fi.-r••• coveriaa 19840 

ah<IVa.! the laqHt -.,cioa iacreHH ia C.uda 
(16.S par caat) • .sa,.. (14.2 par cant) and tba u~ 
(11. 7 par cent). 

Witb tba -~- of fraace aad Spaio. 
coaa-ptioa •• .. ia all lllropau c-trin. 'Iha 
laraa•~ aaia - ia ~k, -re coaa•ptioa roaa 
bJ 7. S par caac. l' ... ral ~lie of GeruDJ 
coHumptioa ... 6.54 aiUioa toaa for the J•ar, 
placiq it MceM ia -w C-p after the US 
(17.8 aillioa touJ. 

lb• federal .. ,..lie d C:.11911•J alao l•• tbe 
luropaaaa ia pn6M:tiaa, witla 7.41 aillit.o ton• and 
iaporta of 2.Jtllilliaa caa.. ni. bia•••t European 
parcent•a• iac. ..... ia i4ftt• vaa reported io 
ltalJ, 19.6 ,.r ~. •u, iao..,,er, vaa far below 
cha US incnaH af SS.I ,... cnt. 

lsporu wn .., for all luropua couatri•• 
Heape llnmd, witll ...... a11Gwia1 • Z6.4 par cent 
iacr ....... IUlJ acldwbs. zz.z .. I:' CHC ri ... 

All luro,._ c...Ciriea, •'"•PC Prance aad rhe 
•tberlell41, n,...C ,..._.,._ i11eraa1H. 'Iha 
hiaJ.•.t vera ill cM 1'8'nal lapu•Uc of GeraaDJ 
(S.J par caac), ..._, (6.1 ,., caac) aad cha UK 
(4.S par enc). <la91U1 ....... PlHtica Jae., 
Dlcaaber ltlS, •· 1) 

lba ldafa'"' Pffftiu~po1iCH la1thute of 
the lociaCJ af Clle ft•Cka ICl'J prHaDC•cl an 
Hti•Ca DC ita -l -'ial aad cr .. a lhov ia 
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klaata. c:a. :.., Ja-rJ ••· la ti.a estW.tc it is 
atetad llaet proihocitra of niaforced plealtica b•vc 
-tlaar rec .. rd :rear i• ti.e .akaaa. vi.tia l 'lrll6 
abi,...ta ...,.ctad to riae et allout tlae aa.e rate •• 
tlaaJ •i.• lut pas. elialatlJ -re tlaa:i ) per cen~. 
to U-t 2.2t lllilli- 1111. (IElltract .. f..-
a.-icel V..lt. 12 ,._,...rJ 1"16. pp. U aad 211) 

Aaia 

Aaabi O.e.ical ladiaetry Co. Ila• tie-loped a 
apacielitJ -..:erial deaia_. to replace al-iai- in 
cllaHu ia office -t-ti- prodacta. lba aav 
.. tari•l. a cc.po.1ite plaatic of .... tured 
pol,,....J'l&ae .. , ... , (n1u. ala•• fillln• and carlh>n 
fihu, will c.t claaaai• vaipc lllJ' 70 per cent 
c_,. .... to c-....ci_.l al-iai- caaaai.a, •Ad 
reiloac• ,.,.._eo. coat• .., 20 par caat. Dae •-
.. tarial -• Aulti •a atir--anftad PPE a1 tba 
baac naia. 1be nai• -• 1111.,.... vitla bet-•• 10 
aad JO per c-t ot•r .. ceriala. 1lae c-po•i.ta 
plaatic proobacel Ila• riaitlitir c-..rable to tnat of 
-t•la - at leut '°•ODO 1tilo1..- per aquare 
ceati.8atar. It c- alao vit111at.DM laaat of up to 
IOOC. (Eatract .. fnm TokJO .laf!! ac--ic 
~. 12 October UIS. p.2U 

O.iae•• polJ!•t•r plaat 

Z~r M:., •••rd lepublic of ear.a.,. baa 
c_.iaaioaa.I .. ,, of ..._t is .. acri.,... •• tba 
-rl•'• larpat polJ .. t•r pol,_r plaot. aear 
._jiaa. hopl•" • le ... lic of Claiaa. Wbaa the 
eatir• facilitJ ia c..,larad. it vill baYD • Jei.lJ 
capacitJ of 1,600 -tric t-. (lserpt fr­
Oaeaical .. rlteti!I lleporter. ll Jawq l9a•, P• ll 

1be ...._aiaa •JDtbatic fillre producer tT 
S..ailia ladala ~-tic fillr•• ......._tria• (Djakarta; 
ha• aan .. vitil z;-r ""'· l'•eral lepublic of 
Gemaaf, to kil4 • polJ!llt•r plat ua tbe 
aeiabbourllood of Djakarta. 

1ba plaat ia pl.....a to coma iato operation in 
aid-1917. 

lbare vi 11 .. tlaraa )Arita to t .. - plant: a 
cooti-• polJcoMetuatioa plaat, a atapla fiore 
plaat (direct api .. iD1 _t .... ) aad • repid apinni~& 
plaac. (latraccad f~ Teatil• •riaooa, 
.. rch ltl6. p. 6) 

A - ..._....._.. 1111 .... froe .._it-

Ja,..'• s..it- Olaaical ..,.cu to produce 
aad •l'kct 100 -cri.c t- duri.D1 t .. Aellt 12 -•th• 
of • 110/k& •1• .. of ,ctlJYiDJl c-lorida aacl the 
c-..•J'• hi&ltlir Vlltar-altaorlleat reaia. 'It.a ncv 
lllead ia .1 .... lllJ' ••truli-, iajectioo or 
coapreHioa _ ..... - liu COll-tioaal PVC. lta 
applicacioaa i11elllde aaaliDI for arcbicectur• ••• 
paclLa&ia& •• .. 11 •• fil., for aariculcural use. 
1be c_,.., ••iaapa 1.000 atffaar production at 
iu Oaaka -n• ia tlar•• J••u. lutract .. tr­
Cll•ical .._k, 2' Juoe ltlS, p. ll) 

........_ ... project for rlaatica to ba1ia vith 
Ja,.. .. u .. 
A ll.• •illi .. projecl Lo •roduc• olefia, 

re1cballul8' ''"' ir•ar• •II» for f iaaac&al rea10111, 
will c0taci .... llaia iraar throu&lt a joiat VeDlure vith 
• J.pa ..... c..,..,. 

111• Ki.aialar of ladu•Cl'J, llartarto, aaicl afcer 
a ••tioa viCll Preaideal lil•arco caat llla Alahi 
GlHI Group vill JOi• tlle ,rojacc co produce the 
ba1i.c .. ceria11 for plaatic.._.i ... 



' \ 
; 

lie Hid tlw project ia lkralt. llut Jawa. tile 
uco>D<I pbaH of tbe project kpa ia kB. mortla 
s .... tra, i• eapected to prolooce lOS.ooo t ... of 
cblor alkali. 150,000 t- of wia:rl claHri• -r 
and 70,000 tooa of polJ wiarl claloci.de ..... 11,. 
Olefin. prod-..aced froa -t•ral pa. ia ltM caw 
-urial ..... to -"« tlM tlaiwe prolm:ta. (S-rce: 
u.-. kooi.y 6 ~· lawiew0 Uct.._r lHS, 
1o1- 11 .... ur• . .,z>. •· nJ 

U::iA 

Perforaaace plHtiu .._.. - &~i.!& at a 
rap1d r-ce 

o.-ad for perforaaKe plaatic• will arow at -
awerqe ..... 1 rate of 14.1 per c-t tllnaP tile .­
of tbe decade. c_,.red to a 6.6 per -t &~la 
rate for tbe plaatica -rut aa a ... le. accodi.aa 
to !larplia llarltetiaa 6 leaearcla a..,..,. 
Perfoawaace plaatic• vill acc-t for 2.J per cnt 
of ~otal US pla•tica aale• ia ltlS .... viii 
c-rriae J.S per ceat of tile -mt "1 1"8. 11aae 
-terial• an "abapiaa t• htun of tile plutiu 
induatry,• llarsolia adda. 

EuDiaiq the Hie• -tlook for i.Miwi.Alual _. 
..... prowidH additi._l ew~deoce of &n.tit 
;ioteatial for perforaaaca plaatica. •qolia 
aaticipate• a ri•e ia US ............ for ,.clla&iea .... 
fr- the 1915 lewd of 660 llilli- ...... to 
1.150 billi-,........ per par "1 t• _.of tile 
decade. 

Aut-tive oaaea abould ~- 7SG llilli­
pounda by 1990, a 300 aillioa ...... riae _.r i:lle 
anticipated 1915 total of 450 aillioa ......... 
Electronic• oaae• abould iacreaae c......,rioo froa a 
prad1ctad 1915 total of lJS aillioo ,..... to 
2SO aillioa pooaada by tlle ad of tM ..... . 
eo •• _,tioa for ...Si.cal ... e •• deacri ....... a -11 
but hi&hly actiwa .. r1tet, abl:luld iacrea•• ~ 
15 aillioa pooaada froa JS ailli- to SO ailliOD 
pound• aanuaUy duriaa the •- ,.riod. (Extracted 
froa a.-ic&I Marltetiy lep0ri:er, 9 Sept_..r 1915, 
I'· H 

Orpaic f&brea opea up - c-eitH Mrket 

.. v or .. nic fibre reiaforc .... ta are aapected 
to expand Che •rlr.et• for botla tlae..oplutic ... 
tharaoHt c:ODpuaius. li&ller i.,.ct ... i:easi.la 
at ran1tha are tvo raaaoaa ,., • 

.. v typH of tkraoplaatic fibna ara joi•i• 
the raau of c-po•ita reiaforc .... ta 0 p.-idioa 
aora optioaa thaa ewer for coapo•ita .. tariala. 

Allied Corp., llorriat-, U 0 UM0 .... bee- a 
suppljer of tvo t .. iliee of raiaforci11& fibre•. vitll 
aora in the vorka. It• firat fioirw. a.pet PIT 
(polyechyleaa teraplltbalat•) iac~ ..,,.ral 
yeara aao, ia fiucliaa uH ae .. a.,.cc improwsr to 
replace 11••• ia thera.oeat •Jara-. 

eo.,.c rrr i• claiaed to llaw• lai&Mr i.,.ct 
""n1ch 11ad produce ktc•r .. rfacee t .... 1laH. 

la ona iataraoti .. proar•, tba fibr• i• IHli• 
ufad H a rdaforc-•t io iojacti• -ldad ftf; 
1rill openin& ,. ..... DeMp aool Uipoec rui•taaca 
au pri• incentiorH to rMuca lrraallap ... ,i., 
ah ppin& •a4 inatallatioo. llora rec .. clr. Allied 
incroduc•d S,.ctra 1000, • Uoe of oltr•-taip­
•tran~th KDPI fibre•· 
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Spectr .. 1000 bas a 60 per c .. t lliper t .. ai.le 
aodulua aad a 20 per ce•t lai&Mr tea9ile •treoatb 
tbaa Spectra 900, vbicll ia liatac ar. 17 ailhca psi 
teaaile aodulua end 175,000 ,.i tea9ile •treoatb. 

Spectra caa be ••ei to raioforce practicallJ 
any reaia froceaaed _.er 2SU"I'; ii:• -lli• 
poiat is JO}')F. TJPical .. trice• iocl ... apoay, 
pol,..ter, vinyl eater, aool .,,_ polJCtlliJl•- and 
polypropyle.... Scruct•n• llawe ..._ .... u•iaa 
fil-t viadiq, pultru•i-. -t l•J ... ... 
c-pnasioa .. ldin& vitll .. toclawe curi... Special 
1-i-t•• _,, of 100 par c-t N ..,,_ al- Meo 
fabricated bJ coaprae•i11& fibre. fila0 or naia 
toptber. 

lacaoaaa both Mteriala a.&-e c..,.rature limits, 
Allied i• developiaa other fibre• vitla llialaer 
t_,arature capabilitiea. 

lbeae future fibre• iocl ... ultra-llip 
aolecular veisht aad oaltra-ori-tetl polr-r• baaed 
oa polyetbyleae, polJPropyl- ... "' (polyorinyl 
•lcohol), •• well •• riai• rod ... flaai•le coil 
polyaera. a.iquid crystal pol:r-ra vill alao 
ewaatuallJ be available io fi•re fora. 

PIT: the ultiaate fibre? 

leina deweloped as par!: of tlle Air Force 
Ordered Polyaera le•earcla Preer•, '?III" 
(poly-paraphenyleae bea&Olti•tlaiasola 0 llOl 

polybutylene terepbthalate) fibre• po9•••• eatr .. a 
aawiroaaeAtal •tability ... ra•i•taoce to lliah 
tnperaturH •ad oaidatioo. 1MJ alao laawe 
atiffDesa comparable to biah aooiulu• araplaite fibres 
al\d atreqth aad teuile propartiaa aimilar to 
araoida. Oa a apec:ific aoolul•• aod apecific 
streqth basis, PIT ha• tlae be•t coolli-tioo of 
propertiea ~f aay orsaaic fibre. 

Dae polyaer :loea aot -lt, NI: vill dee-pose 
in ditroaen or a aonoaidatiwa aowir ..... c at 
teaperatur•• a~ove llOOol'. Cooaequeatly, the 
fibres are aui".able for cooti11UOD• ... at 
teoparature• of at l•••t 65001' .... io hi&h 
t-per•ture theraoplaatic .. tria .. carialo. 

PIT fibre• have teaaila atr ... Llaa of 
600,000 psi and tea•i.le aoduli of 4) to SO oillion 
psi. Oaa liaitatioa, bovaYCr. i• ita coapra•siwe 
•tranath: it'• about the .... •• ar .. id'• and 
50-75 per cant lus tnaa t ... t of 9raplaita. 
(Extracted fr- Plastic• World, iktobar i'•~. 
pp. 60-62. Article vrittn bJ lob Wabraober9) 

Polyur b~anda 

Dae Society of Plaatic• lasinaer• (IP£) and the 
lational lureau of Staadanl• (BIS) laawa aaread to 
dawelop a d•ta proar .. oo pol,..r bla~• for the 
plaetics iadu•try. 

Uader a three-year a1~•t. tltfl lvo 
oraanisatioa• vill deYClop plaa•• diaar_. ••• 
ioportant inforaatioa for caotrolli .. blaodin1 
proc••••• •114 ••l•ctiaa .. cari•l• for ... products. 
111 vill be respoasibl• for OYerall taclloic•l 
pidance, auuriaa tha rdiabilitJ of uca 
collectioa, and co-onliaeti .. v~th otller 4ata 
c:entrH. lnforaatioa en pol,_r bl ... • vill be 
publialw·d ancl diu•iaeted tlarouah tlle .. tiooal 
Standard laference O.ta .,•t• ... bp sn. ..clonal 
hrea11 of ltanclarda, Material• hildi"'I. a- 11011, 
Vuhiaccon, UC 202l4, Ulo\. (11.atracr• fr­
llanufacturinf Tachnolop llDriaoaa, Ywl. 2, •· 4, 
July/Liau•t 913) 
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Plaatica .. ta ..._.. 

CO...ral llectric Plaalica llaa iatraduced a aev 
data i...k a,.t .. oa ... U...rimc plaaticE. Kill$ (for 
Eaai•-rU. ... u.. lafo-tioa ~·t-) vill ;;nowide 
deaia-r• ... ••a-n 11itll ..-to-date c...,aratift 
iafomatioa oa new p~ llJ CO-ral Electric 
aad otller -f.ctmren0 '*icla vill facili.ta~e 
applicati.oa -..10,_.t ... -t•rial aelecti.oa for 
data llaS ••ra. 'n.e a,.t .. c:aa alao perfono coal. 
aaal,.i.a ... ~c feaa~ilitr at...ai.ea. 
(Source: a.-ical Week. JO .. , lMS, p. 17) 

A lu4i-a prot.cer of .cqloaitrile-IMa-cadieae­
atrnae (..S) teqool,_r naiaa plau to build a -
tlaenoplutica caPP"l< .. iila t.cilitJ. l'rodoacta vi.ll 
H uaed i.a tale,...._a, camp1ter ... lluaiaeH -claiae 
llou&iqa, kite._. appl&a.cu. nfriprator. auto 
parts, tal-icata- ..,.i,_.t, 1- aad 1anlea 
products ... pi.pi.me. (latrac:u~ frae aa..&cal ..... 
2l Oct ... r ltlS, p. S) 

Polaroid <-...-. :a., USA). baa iatrodtac .. a 
...., fleaible plaatic u:a •terial tbat ia lllO tba 
11ei&bt ... 1/10 tile tlaic118aaa of aquiwaleat 1laaa 
diaplara. 1lle l~i~ O.OIS-cbick •tarial caa 
ba cuata.-p~ .. to H-ia vi.tie aatl ia wirtuallr 
ualiait .. l-a1:u for comp.tar diaplar•. readout 
paaela .... otlaar alectroaic ... i,...t. 'Dae •tarial 
ia also .Utter-is~- •ia aad fleaible, tba 
-urial caa ba Hat to a 2-ia rdiua vitboat 
affectiq op.rati-a clauactariatica for c•n .. 
diaplara ia apecialiaatl ..,1icatiooa. Lo.oar paver 
rcquir-ta - .._t .... 1 to tbat of 1lHa U:Da -
aake tba ...., plaatic LCDa Hitabla for battery­
povared aq•i .... t. (l!!sa ...... 11 April 191S, p. l9) 

Salas of poll!!r allop aad bl-ti• to double 

5alaa of apecialtJ ,.1,_r bleada •Ad allor• 
11-Bl double naclai• anuad StoO •illi- bJ 1911. 
1he raa- ia tile i.acraaaia& raalisatioa tbal aev 
pol:JDer allopa for bi .. ,.rfomaaca uaa• ara cheaper 
to ••••lop tllaa aav raaiaa. llaw allor• aucb aa 
pol,carbollate/fOlJIMatJl ... tera,iacbalataa aad 
polretbrleaa/arloaa are eapectatl to pica up al>out 
17 par cat of ._ ... -n.t abara - bald by tba four 
aajor blead• - ,.1,,....ylaae ositla/polratrreaa; 
polpproPJlaae/atllJl--.in>PJl--tli- tar?Ol,..r; 
acrylooitrila .... tatliaaa~trr ... /polrwiarl cbloritla; 
aad ...ti.fi .. arl-. ..... acc-t for about 
14 per cat of pra-t -r11at '-••· (C. II. ttliaa 
' Co., lac •• llO faaHic ...._, Fairfield, 
llJ 07006, UI&) (latractatl fra• llicla-Tacb Malarial• 
!.!!!!, ...... 1'14. •· 7) 

ca foracaau ... i ... rU., plastic• 1rGoVCh 

&aaiaaar raaU.. ....... 11ill riaa to 2.S billioa 
lb ia ltto fsoa l.S llillioa 111 ia 1914 (l-10 per ceat 
rear>, accortli• co fi&'a Plaatica Croup. Aut-tiwa 
uaH vill 1 ... tlaa wr, amnaa 10-U p.ir c .. c/raar, 
foll-• llJ t:OmfUlara ...... , .... equi.,..at (9 pn 
caat) ... aleccrical/ alecc:r911ic (1-10 par caat). 
law procaHilS •tllotle trill .,_.. - protlucta, -11 
ae larp, -1tt-1.,.r -"~ tlruma, llarrah aad 
coacaiaara; aatl 111 .. _...._. funitura, buai .. aa 
aqui,..ai: lloui111• _. •t-Cift paru. (General 
llaccric CD., rlaatica C:.-,0 llMtuiiry lllatllilll 
llanrica, Pl ID.154 .. S. a.. ftaatica ""-, 
Pictafiald, II& 01201 0 na&> ( .. cractad fr .. 
lltp-fecll .. cuiah Alert, October lM:i., p. 9) 
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""-area• 11etala acc ... ted for al.oat 
SO per ceat of tile US •tcri.ala iad .. atry lS rears 
aao • .., tllie t•ra of tllie ceatury tbeJ -y a.:couat for 
le•• tu• 40 per ccat. ro1,_r., - tba otber ........ 
likelJ vill j_, frae lS per cut ia 1'70 to •re 
tbaa 2S per c .. t bJ tbe :rear 2UUU, • aaya 
baoaltl C. Sliwta 0 a reaearcaer at lattcll•'• 
Col..-... OiY. ~ tbe Ii!.- -t•n•h V&tb tile 
larapat pot_t,al -rlr.•ta tbat ba- beeG atu41e.t bJ 
lattelle _.,.. aialoaa. li••id cryatsl pol,.en aod 
-rpM.a -tale. Acconliaa to .. ttelle, Japaa -
leads tba -rl4 i• c-rcial adwaaced ccr-10 ai\11 
-n afficieatlJ tarpra tMir baited l&6D fulMla i" 
t- anaa of deftlOpaellt: adwaaced -tcriala, suc:b 
aa ataoctural cer-ica aad optical fibres, aad fiftb 
1-rati- compucers. (Sones: llDtlera Caatiaa, 
October IMS. p. 10) 

Europe 

lletal los ia-•t• 

llatal los ia to ianat - U.S aillioo in a 
_., f.Ktorp lft aake plastic• packaaiaa at Southf')rt, 
lleneyaitla. 'Iba factory vill ba rua bJ iu VG<!'ata 
aubaitliary ..... icb ia alreadJ eatabliabed ia plaatic 
t.bea. 

To ba o,.... bJ tba eD4 of 1916, tbs ,_.,.., 
aara tbe Veaaata plaot vill bawe Cbe -•t up-to-dace 
•"1'i,_.t ... coaditiooa to aatiafr tile quality 
ataadanla ..__. .. bJ tbe toiletries, 
pbaraacearicala aad coa .. tica aarkeu. 'Iha product 
raqe of tbe plact v1ll include decorated -oo- alMI 
-lti-l•r•r plastics tubes; laaioaLc tut.ea; alltl 
iojectioa mouldetl coapoacata, a..cb aa cloaurea aod 
•JriD&••· (Source: llaaufacturiy a. .. iat, 
Ja"uary 19&6, p. 7) 

C:.akat ,..terisl raaiata corroaioa aad crackioa 

llortoo r.rfomaDCa Plastics of llellc:aatle, 
Staffortlallira. Ult, baa denloped a aev tbar911plaatic 
plaatomer abaat -tarial for aa•k•t• aatl liai"I 
applicatioaa, tbat co.Iliac• pbraical properuiu a...t 
cllcaical raaiataace aot DOnallr touoo io a aiaale 
aaakettiDI -teri.al, t:allacl 91orpraae, it aholla RO 

aia• of .,.altaaioa ~r cracki111 after tile equiwalcnt 
r•ara of aa,.aura to beat and oaocaa ia a1i.aa teat• 
aad bold• to ti1bt diaaaai.oaal tolerance•. 'ihcaa 
tlapeocl oo cba tbickac•• aod ra•1• fr- ·~o .. oa 
O.I .. -tari•l up to •200 ua oo 6.4 .. -tbi.ck 
abaet. "- Sbora A ba;dacH 1radu ara uda: Ill 
anti 73. 

Otbar atlYaataa•• clai_.. for i.t i.nclutla: 

- IPlaacbabilitJ for faat •a•J aa•kat 
fallricatioo; 

- Claaaliaeaa - AO talc aacded; 

Osoae raaiataaca for lo•a•ir Ii.fa i.n 
electrical aawi.rooeent•; and, 

- A aarwire t .. peracuira ranp fr .. -SO° to 
t l4°c. 

It ia beat •••labia aad heat boadable for quick 
aa•ket repairs, laraa aaakat fallricati.oa, aiacl tank 
aad nHal liai•a•· 'hiclllla•H• ••rr fro. l co 6 aa 
(l/lZ ro 1/4 ia.). ('lllia article vaa firtt 
publiabed ia l!wiaaerina !l!,lasina, Loadon) 



Tue Frem:b Plaatic 0-i- &ra.fl ia ;:o IMai.ld ir.a 
fourth plaatica c--r.i- plad - at Sr.ay-eo-Artota 
in the lllorth of Fra.ce. 1be phaC will -PP~J' 
produc~• auch aa car ......... .laaWloana. typewriter 
parra etc. l:>ource: llaatfact•riaa a.-iat. 
Jama.ary 1916. p. 13) 

Yinavil. Ital,. .... llorrepan. •rvaJ'. ban 
Jointly developed a ..., pol,..r ... 1aioa for uae in 
paper •Del canlltoan coatiaf. a. prollvct. called 
llvrvicote UC 94. llaa ..,_ rr-i•illC reaulta ia 

piint-acale aDd full-scale trial• 111111 ia DOV beiaa 
iatr...iucell c-rcially. (S-rce: Plalp aDd Paper 
Int., February 1986. p. 59) 

The •tberlalllla" 11611 lllaa atarted production of 
•t• new apecialit:r polper, 9l--4lt/•. ia a 
150-...tnc t-/:rear pilot plaat. 'Dae -terial. 
called STAllYI.. baa a laip -ltia& poiat allll hip 
cr1atallinit:r. factor• r.lllat coiaerilMate to ita 
durability and reaiataace to ... t aDd c..._icala. 
llSll baa set its si&hr.a - .,.licatioaa ia iAduar.rial 
yarn ..... eaai-ri11& plaatica. .. 1975. llSll c- up 
vith the process ia llbicla r.lle ayl--4/6 ia prepared 
by pol,-rh:iaa tet-tb:Jl .... iaai- ... adi.,ic 
acid. (Extracted fr- a..ical Week. 
11 fe~ruary 1916. p. J4 

Aines 

Plaatica tecbaolOJ7 

lncorporatell in 1919. lael<r (Veal Africa) 
Liaited ia a privatel:r .......,. ca.paoy providin& 
en1ineerina aervicea to plaatica companies in 
Enalish-apeakinc Vest Africaa C01111tciea. 'lbe parent 
C~ap•ny, ltaeler, is ao iater11&tioa.al Or&ADL&atioo 
with the African headquarters ia llairobi. lenya 
vntle ltaeler &nciaeering aod Projects Limited 
(incorpo;ated ia l982) i.a i.aoa. lii&eria. Hrvea the 
fco.lomLC 1:-.nity of Vear. Africaa State• (V.OW.S) 
meaber countries. 

Tioe Ni&eriaa coapaay is tbe oaly truly 
indi,~noua plastics, .. chia&ry service• coapany in 
Ni1er•• and tods:r bolda acrvice c-tracta and 
acreeaents vi.th ... , ccmpaaiaa ... ialy .tuatrian and 
~raan. 1beae services iocludc ... uippiq brand nev 
factories vi.th .. cbincry; auppl:rina and inaLallin& 
neo1 uchinery; aerviciq of ..claiMry aod 
rectificatioo oi brealr.dOOfll&; etockiA& of •pare 
part• for sale• and acrvicra/repaira. (latr.cted 
froa African Tec ... ical a.wi .. , Ja-ry 1916, p. S7) 

H. PUILICATlOIS 

llodern Plastic• lac:yclo,..aia 1915-16. la ooa aiaal• 
voluae thera ara 150 pas-a of .... ful infonoation, 
•rranaed in four ea•:r-refereoce aectione; 

Teatoook vi.tit bullllre4e of article•. tabl••• 
chertl aDd ec ..... Cic drariqe - your 
hov-to-do-it of plaetica. 

Deai&n &Uide tbalt belpa JOU obtain opti .... 
reault• tbr-p poetical daaip techoi.uas. 

tn1inaeri111 data llaall to pide :rour 
1electioa of .. cariale ... aqui,..at. 

DiractorJ of m ••ppliare of product• end 
1ervicea. 

(Modern Plastic• l•t•raati-1. 14, Avenue D'Ouchy, 
1006 Lauunna, lviturls .. J 
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EDl:ydopetlia of ro1,..r S.:iuoce ... r..i•eeriQJ. 
Vol. ), 2ad editt-. -- F. _. et al. aaiv + 
120 paces- .lobo WileJ' • ~ i.e •• 
W5 'lhird live•- • ._ Todt, ft UIOlo. ...... l9U. 

.!!!_.Plutica llorld Plaatica •irecr..9 lteS publisbeca 
by Plaat.ics 111.Jrld Plaetica 9iKeet•ry. Jack ..... c-., 
Editor. 275 llasbi11&1t- lltreet• lleot-. M 021'.>e, USA. 

lhe American .. tioaal Sl:alllla~ l:latit•te, lllev Yor~, 
•Y, be• pubh•be<I a t---1-. aa.leaeil .... ...altook of 
all the lutica ata .... Na ef die Iateraatioaal 
Oraaaiii:ati- for Sta ... Niaati- lSD • Coverina 
ter.iaolo&y. •aaf'liac. allll tlae det:e~tioa of 
pruperties, tbc first -1- c-1tai .. •- llO i:::.u 
standards. The terai-lou aec1ti- list• the 
principal terms used ia lite plaa1ti.ce iallluatry i& 
French, Enclisb, aod .... i- .- 4cfiees thca in 
Frencla and fn&liab. 1lae aecollll -•- covers 
ataodan&a oa plastics .. teri•l•. iacl .. iD& .et~.>4s 
of aaalJaia aod teati ... 

loydea, J., 1916. A •l!!lz of the a-ation process 
in tbe plastic• e4clitine a....-1:!'.I.. Ullpubliaiaed, 
Sii. lheeia, Sloaa Sclaool of .... ___.,. KIT, 
Caabrid&e. llA, USA. 

Applied hlper Scieoce. 2-d .. iti-. ACS Syaposiu."> 
Serie1 215. loJ' W. Cesa. C:.ry II. Poebleui, 
editors. a + 1341 pases. Alaiericaa llleaic•I 
Society, ll)S-l61tb St •• •.w., Waabi~too. 
&>.C. 20036, USA. l91S. 

~r Stabilizati- _. Dr:&radati-. ACS 

Syaposi.,. Ser••• 2•U. Pet•• P. &l..clauk, e.t•t~r. 
ai + 446 ~sea. Americaa 0..-i.cal So.:iety, 
llSS-~IKn ~t., N.11., W.a••11&1t .... O.C. 2UUJo. u:.A. 
191SS. 

Ccoapton. 1hoaas lloy. 1he wlrai• of plastics. 
1111': Percaaer.. ~9114. "S p. (hrs-a Senn •n 
Aoalytical O.eai•try; Yol- •> 14-1060. 
lSlltl 0--08-0262Sl-l. (Provides eacellealt covcr•a• .,t 
the analy•i• of plastic• ••Uoa c..._ical and physacal 
cethoda cf analysis) 

T~~hnoaic l'llbliah~n& Co •• ~aster. PA, USA, has 
pvblished & book that provide• tile fall teats at ol 
t"chnical reporta pr••eat .. at the liociety .,f 
Pla1tics Ln&inecra' llatio...l Tec .. ic~l Contcrencc, 
Septeaber 196), in Detroit. Ml. 1lac !look, called 
llATEC '13, 1uppleaent1 tbe rc,orlt• vitla t•Ole•, 
1rapha, flov-chert1, di.air-. aad ,._tosraphs. Iile 
book cover• .. ny recent advaacca ia plaatic• 
tecilnolocy, includin& .. terial• c11&recter1zation •n4 
tcstir.c. 

Joint Iulian-ro~iah S..i .. r oo Hialricoaponent 
Polyaeric Syet ... (1912: &.oois. Polaad). i'<>lraer 
b\enda; proce11in1 1 .. r,bolOEY, ... rropertie•. 
Vol- 2. tChted J' Ilana• Li•-b. 
Alldnej GllHlti and &sio llartaacalli. llY: Planua, 
1914. 281 P• lSA O-JOo-419U2_, l•.21-

A Pl&1tica AdditiYH lllodllook lllJ' Qlcllecr and lliiller 
include• aectiona on atabi&i8cra. pirocaetin& ••d•, 
pl•-tici••r1, fillera, raiafon: .... te, and 
colourants for thacwoplaatica. It .... Ileen 
puDli1hc4 br Carl HaoHr hrlaa, ro loa 16 u.. lO, 
11-1000 Kunich, faderal ..,..lie •f C:.198ny. 19ell. 

!!!I!!!t: The Ori.sin• aad Cr-la ol s Science by 
11er11«rt Moravcts, w,1.,. ifJS. ,, JOI. 

lle\:hanical ta1tin1 ofn51aetice, aec ... edition by 
S. Tvrner (Pla1tica a iUliiler laalituta, 11 Hooart 
Pl1c1, London SVI WOllL, laalallll}, 1914, pp 240. 
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lhi• i• a c-plLtd1 nwiae<I accood e4itioo. lt 
iac: lu<lea -cb _., -t..-ial to _.t tllie ,_ .... 
reaultiag fro. tbe inewitable 4ewelo,...ta ia 
plaatica tecbaolo11 4urine the interYieviac :re•r• 
ai-.c:e tbe fint e<litioo -• published in l97l. .., 
cupt.,ra cower: aaiaotnn; fnctan t-ctm••• • 
..... eftecta of .... 1. •t•te ..... •t1ow ae-.t..,•. 

Plutica controls. Dieeat Cataloa l'f 4e11eribe• 
plaatic product• for coatrolliac corroa\.,e or bi&h 
purit1 li.uida. 'lbe r-r pas• cataloa i1luatrate•. 
describe• aaol citca available ai&ea oa check walwea. 
f-t walvea, ••c- breaker• ....a pnaa•n relief 
.,elves. l>ther proolucta iach .. e<l are pnaaure 
replatora. pup parlla. flow ....a lewel iaclicaton. 
basket atraincra, -t•riac ....... air aaol aoleaoi4 
abut-off walvea. <liwarter walwea. flow coatnl 
walwea aaol ball walwea. Plaat-o-tletic Yalwe• lac •• 
Totowa. aJ. USA. 

l'Vlyeater proceaaiaa- lulletia JlA e ... inea 
properties aaol pzoceHias of PaT the~plaatic 
polyeatera. 'Dae fl-pc --1 uaias chart• aaol 
4iae .... a4wiaea oa .. terial •election. 
troublesb-tias. part airl -1• 4eai1n. •Hembly aaol 
finiahins. aa<l injecti~a .,1•iac aa<I furnish•• 
abort- aad loas-tarm properties. ratiasa .... aeeacy 
appprowala. Celaaeae £aciaeeriac lleaina 0 Qaathaa 0 

aJ. USA. 

A brochun (8 pp. color) fn.m the Uaite4 States 
Teatia,c Co., Jae •• •bokr.:a. ai •• 4eacribea the 
fire'• <liwera1fie4 aerwicea aacl products for 
teatiac. iaapectioa. research. eaciacerine ..... 
product 4ewelopment. Dae !ira0 aov calebratins ita 
104th aaaiweraary, ia actiwe in inch.atria• that 
include power 1eneration 0 coaatnacti~n. cona.,..r 
products, foo4 0 haaltb care. bouain1 0 .. tal 0 paper, 
plaatica 0 chcaicala. testilea 0 aaol transportation. 
A aecon<l brochure (4 pp, color) focuaaea on the 
fira'a .. tallur1ical aerwicea. whicb inclu<le IDE 
(IT, UT. KI, and PT). 

lubber and polf!!r• Sis-p1 •uarterly n~aletter 
c.°itlad "Poly.er Profiles" auPl'liH polymer and 
rubber profeaaion•l• virh infor.ation about 
.. teriala teatin1, evaluation, and characteriatica. 
1he applicat•on oriented nevaletter ia available 
free of char1e. ...,.~e lucbler lnatr-nta, Inc.• 
:.addle lrook, IU. USA. 

lcp)ace .. nt of tletala vith Plaatica ia baaed on data 
C09~iled by the Production En1ineerin1 Research 
Auociation (PKllA). In iu inveuiption, the 
•••ociation .... rned as es .. plaa of plaatica 
c09ponenta formerly made in .. tal. Ditta.led 
information on 14 of the••, fr.,. a vide ranee of 
induatriaa haa been included in the report. Copies 
of the report aeplace .. nt of lletala vith Plastic• 
arc available froe: MEDO looke 0 KUlbank r-r, 
Killbank, London, SWlP 4QX, United lined09. 

Plastic forain,. Arrov Plaatica' recant 
intrOduction o a 1iant vacu ... -forain1 aachine will 
enable d••ian•r• to cre•t• l•rse one piece 
coaponenca in pl••tic u•in1 aheeta ~p to 
10 & 6 l/2 ft. 'lba aachine 0 C01111iaaioned fro. 
ilarvoocl-Kooae l•ineuin1 0 ia capable of foawin1 
aheeta in all .. tarial• includin1 pol1c•rbonace. 
r111r a brochure "vacu ... -foawin1, eatr~•ion and 
preaaute foawin1" contect /wrov Pla1tic1 in 
Kin1aton-..pon-'lh-•, United lin1do.. 

Ple•tic honercOllb truck bodi••· llllca bulletin 
de1cribe1 cha u•• of •orcore plastic honayco.b, • 
li1htvei1hc core .. terial u1ed in aanufactur1n1 door 
p1nala for truck bodie1. Propertie• euch aa 
re1ietence to warpin1 and atao1pheric chan1•• ~· 
well a1 d;..en1ion1 and V\li&hC ere provided. 
llortield Corp.• Oanbury, er, UM. 

- ll -

Miab t!!f!r•ture ther.opleatic• da~. Hieh 
t-pent•re the..oplaatica are iacreaaincl1 used ia 
4-Ddi115 •aai-riac applicati.>n for .,..iclt 
deais-n re.,.ire detailed luaovledee of pertonoance 
ower eateacled period•. Useful data of tbls type _, 
M f08M ia a - llAPIA \the !lubber anol Plaec.ca 
lleaearcb Association. UltJ putolicauua - 11.e 
Dlarability of •i1b r .. per•ture 1he~plaatica. 

'lhe report contains the result• of a three-year 
•tud1 0 vllich c....,riae.1 tbree el-nta: tllie 
detesaiaatioa of l0111-tera dure)ility at elewated 
t_,.rablftS 0 tlae e,._inatioa Ol ~banical 
pnpertiee aacl the obao?rYatioa of response• to cnep 
aa.1 fatisue 1oa4iaa. 

Propertiea of polrelllfoae. Tvdwe-pa1e pro.tact 4ata 
•beet P-42072.1 .teacribes Udel polyaulfoae 
the.-plaatic resins. Mnata1ea aacl 
characteristics are ~iated aa<I diacuaaed briefly. 
Table• of pnperticc ere accompaaie<i by charu 
aitovi:ls performance characteriatica. Forains 
processes are de.c!"ibed 0 end repreaentar:iwe part• 
are illustrated. Eaciceerias Pol,.era. Uaioa 
Cadia <lorp •• Uld &id&ebury lload. uanbury. 
CT 06811 0 USA. 

£asi....,rina reaiaa. Literature packec t .. iliariaea 
uaera with thi• c-..ny'• lihe of enaineerin1 
plastics. Fold-out prowidea application •a11eatioaa 
aad phyaical properties of Ertal1te ther.opla•tac 
polyester. Fact sheet revieva caat ayl<-n witb 
internal lubricant•. looki~t preaenta baaic nylon. 
polyester. pol1acetal and polyethylene ahape• 
offere<l for ~hinins. Technical .. nual 1iwes 
in-depth cowera1e on the epplir.ationa of lhe ebowe 
reaiaa. Erta lac.• Malvern, PA, USA. 

Easiaeeriy thermoplutica. Si .. -PI brochure 
4eacribea the product•. services and facilities of 
the c-pany•a tber.opleatice operation•. 1he 
c..,any produce• filled and reinforced coapounda, 
color end edditiwe c~ncentrate1, and elaatomers. It 
alao furniahea co.poundin1, pul,19er ayntheaia an~ 
formulation aerwice•. ferro Cr.rp., Cleveland, UH. 
Uli& • 

1he~pla1tic rubber. ,..terial1 ind deai1n handbook 
aurwcya the phyaical properties of Sentoprene rubber 
under warioua teat co.ad it iona end prowidea reaulta 
in tabular and 1raphic for.at. 'Iha co.pound vaa 
deweloped to aerve •• an alternative to ,.;at 
conventioaal theraoaet elaatomers uaed in 
.. chanical, aut~tive, and electrical ~r.>duct 
application•. llonaanco Pol,..r Products Co., 
St. Louia, llO, USA. 

llac:Dcraott, 0.arlea P. Selecting ther.opla1tica for 
•nginaerin1 applicationa. · Nev York: llarcel Uekker, 
1984. 171 p. 84-7048. ISllM O-d247-709~-.lt. 
Prowid•• • proce~ur• for aelectin1 the proper 
•n1iaaerin1 plastic for • 1iven application but ic 
ia not written for the plastic ensineer ••pert in 
deai1n, but for anyone witb an appreciation for 
1i.,l• technical and .. chanical conaiderationa. Of 
particula1 incereet ia the chapter on the rankin1 of 
re1iaa, with 14 rankin1 ceceeoriea provided (via, 
teaeile 1tren1th, fl••ural atren1th, arc r~aiatance, 
and the like). Author: vith KcO.raott £n1ineerin1 
Plaeti~• C:O.peny, Wilain1ton 01 0 USA. 

Lincoln. Brayton, Kenneth J. Goaas and 
Jw" P • lraden. Mechanical faatenill& of plaar lCSj 
an engineering handbook. NY: llarcel Dekker, 1984. 
217 p. (tlechanical l•i.nHri.na; l6) ll-19013. la>IN 
0 ... 247-7071-l. 'nli• ... ch-needed tool provides the 
backJrouncl on current develop.ant• in 
planic-to-plaet ic, non-pe...anant uaeabliee end hov 
faatenin1 .. chod1 wall -· affected by 1witche1 to 
aucoeetic ••••ably. l•cellent lllu1cracive aalter. 



Included ia a uaaful trade..-• aad _,..fact.anr• 
appao41x a• ... 11 aa oea Oil faataaar 
rec-a4atiOlla. For nfenace collectiOlla ..... b7 
product 4aaia-r•. -•facturiaa -ai-n. a..a 
buyera of faateaiaa producta. l'irat .. ti.or ia a 
-rttetiaa cooaultaat .... tllle atber two ara vitla 
Coatiaeatal/•idl .... Park Fonat. lllU...ia. USA. 

Waddell • .Joapela J. C..tnctiOll -t•riah 
reHi-rafanacc -1. llT: llcCr--llill. 1914 
(c l 15). l95 p. ISi• 0-07-G67649-6. 'llaia ia a 
laalldy field -1 prowidiq buic iAfor.ati001 Oil 

the priiacipal -teriala of c-truc:ti-. Eacla of 
tlaa claaptera cower• oaa .. jor buildiea .. terial 
(e.1 •• c001cnte; plaatica). 

PVC planical cOlltiya. DeacriptiOll ot ArMeol. a 
plaatac protecti,,. cOlltilla. iatroducaa a 16-pap. 
pocut-.isa baoli.l•t Oil the -t•rial. 'Dia broclaun 
coaaiata -ialy of tabla• iadicatiaa naiataace of 
£be c-tiq to warioua c.._icala. ApplicatiOll anaa 
ara diacuaaed briefly. ArbOllita Corp •• loa .... 
Dorleat-. PA 11901. USA. 

rl .. tic tubi!!I· Literature packaae cowcra plaatic 
c.,.biaa for a vide wariety of applicatiw. ...... 
product• co,,.red are: Fleaibraid. a clear 
reiiaforcad PVC tubiq for air toola; l'leaitlaaaa. a 
bip-preHure polyuretlaaaa tubiq for fuel aDd 
cbe9ical tr.,..far; aDd Flexit..W. • traa11par-t PVC 
tubi~1 for saaoli.ae cad aolwaata. Plaatic laoaea for 
food aiad bewera1• baodliaa, waatilatioa. aDd other 
a pee ia l purpo•e• are • lao cowered. Preaaurc aDd 
teaperaturc ratiq•. applicatiOD aafoi:aatioa. aDd 
price• arc ~rowided. 20 ra1••· Flexitubc 
IDtcmatioaal Corp •• loa 292. Will- ero,,.. 
PA 19090, USA. 

Plaatic .,ldiy. Tvclwe-pa1c brochure dcacribea tlac 
COllpa•r'• pla•tic .oldi11& oparatiOll iacludiq ll'Old 
dcaiaa aad fabricatioa, productiOD •D1iDCCria1, 
.,ldiq operatioaa, aDd quality coatrol. Alao 
cowered are auch •ccoad'ry operatioaa •• coaducti,,. 
aad dccoratiwe illk traaafar priatiaa, laot ataapiaa. 
decala, ultraaoaic ... 1dia1, drilliaa. aad tappi~. 
l'botoa illuaeratc typical .olded product• •• well •• 
productioa equipment. Taxaa laatrumeata. 
PO loa lOSOI. K/S Sll4, Lubbock, TX 79401. 
U:i4. 

Di~ldcd plaatic parta. Sis-paac fold-out 
brocurc daacribea aa4 illuatratca 
poly•iayl-calorid• parta .... by the di,....ldiq 
proc•••· lellova, cad cap•, aleeYC•, aad fleaible 
du(tin1 ...,..era are abova. Datail• an 1i•co OD tbc 
proccH, prototype planaiaa, tooliaa, •terial 
propertie• aod characteriatic•. aad d4ai1a 
recom!ICodatioaa. Plaatic Dip lloldiaa•. a di~iaiOD 
of Arbonite Corp., loa 949, DoylHtova, PA 11901, 
USA. 

'lllermoplHtic rolyHter elan-r. Pour-paac 
.. llctia 2lOl-OS4 preacnta data OD C:.f lca, a 
thel'llOplaacic polreater ala•c-r that offer• the 
adwaacaae• both of a bilJl-quality ela•t-r aad Clle 
proce•aibility of a co••••tioaal tllesuopleaci: 
.. cerial. lenefit• of tbc .. cerial •r• liated, aa4 
a c1111pariaoa of it• charact•ai•tica vicb Ciao•• of 
COllpetiq .. ceriala i• pro•ided. A full-pap teble 
liat• propercie•· GAP Corp., 140 v.Sl•t le., llev 
York, llY 100:?0, USA. 

Laeinated-ola•clc Cul>••· roda. Di•cuaaMHI• of 
trpical ahepea, aisea, leaath•, ead fi•i•be• ar• 
included ia an a-,.,. booklet OD l .. iaated·pl••tic 
rod• •Ad tubH, Prod>1ctiOD of the •bepaJ ia 
illu•trated, end tebl•• li•t .. cerial pro,.rtiea ... 
cbarecceriacica. twrfor.eace cllereccer!•cic•, •ucll 
•• collAP••!ll prca•ur• •ad IHlr•t •Creaarh, •r~ 
&inn, S,otllenrT•Jlor Corp., •• Alco lu~rd Co., 
lo1 O, Oek•, PA l94S6, UIA, 

- l2 -

'llaarmoplaatic polf!•t•r•. 'llarec brochure• dcacribc 
tbcrmoplaatic polyeatcr .,ldiaa c-rouad•· :ii.s-paac 
lu~letia 2308-001115 cover• Caf1te coepouada. 
Pro~rtiaa «'f aiac ataodard 1rad-r• arc ubuleted, 
aad tfpical •pplicatioaa an liated. lullwtia 
2308-0l). 4 118&••• proYidca •iailar iafor.etioo Oil 

f-r 1ndc• of C.ftuf biab-i.apact PIT compouada. 
lullctia :lOl-OlaM. 6 paace, co,,.re Cefitc UI 
(l--verp) PIT c_,.......a. 0...ical Group. 
t:aciaceriaa Plaacic•. GAF Corp., 140 V.Slat Sc •• 
..., 'lork, llY 10020, USA. 

lhe!'llOJ!la•cic• for viri• board. lroclNre deacribca 
tbcrmoplHtica for iajectiOll .,lded priated viriaa 
lllOllrd•. 'Dae brochure laaa iafor.atioa oa .,ld 
dcaiaa, claaaical naiaU.cc. plaaticity -a•u,_.t• 
a .. a c-pariaOD of tbe propert1ca of aajectioa 
.,ldad polyetberaulfoaa (PIS) .... polyct•rU.idc 
(Kl) ... cpoay l .. i .. ce -t•riala for priatad 
viriaa ltoana. ll'IP. va-. •· USA. 

'lla•C!!Oflaeti~• •elector. 1\oo-paac aelactor chart 
lieca m1elaaaical, pbyaical, thermal, aod clacrrical 
propertic• of 2l reiaforccd a..a uarciaforced 
tbcrmoplaatic .,ldia& re•i.ae and c:............ Alao 
uacluded are aeaeral data Oil neiacaace to acida aad 
alkali•, optical claara.:teriatica, .,1d-sbri,..•1• 
waluc•, aad trade-• of tba utcriela. UF£ lac., 
lox 7, Still-tar. 1111 SSOl2, U::iA. 

leinforcad tbcrmoplHtica. £a&iaccriaa -aual 
auppHca tccbDical data OD c-..•r' • liac of 
reiaforccd tbermoplaatic:a. 'Dla Sit-pa c1111pilatioa 
report• Oil re•ia cbaracccriatic• ao<t li•t• techaical 
aad property data, iajectiOll .,ldiaa 
rec-.daci-•, aad daai1a aad aurfaca fiaian 
coo•ideraciw. 'lhcrmofil lac., 1ri1bcoa, •l, U:iA. 

'lbermoplactic extruaiOMa. 1-pAI• capabi1it1ea 
brochure daacribca .,ldiaa facilitic• iacludin& 
estruaioa acc1w1c1ca. S..11 ,.,,. vitb c1111ple1 
coafiprac ione are pboco1raplacd. llolaea lac., 
"'li.t .... C"", USA. 

All-plaatic blovera. Corroeioa reaiataat, 
all-plaatic blovcra ia •ariou• vlacel/bouaiaa 
c1111biaatioa• arc featur .. ia tbi• 12-pa&• po::lict 
brochure. Diacuaaion coftra perfor.aace adwanta1e•, 
•ia1-l •inc .... ace, blower type• aad operation, 
apecificaci-•, choice of tisea, uteri.al• 
aelectioa, aad .,re ... lac DiY., iybroa Corp., 
- l6S, locbHter, llY 14602, U:iA. 

'llaermopla•~ic a>Ctni.aioaa. Color br..cbura aaplaia• 
thareopleatic aacru•ioa capabilitie• of c1111p&n1'• 
e&truaiOD diYiaiOD, a protucer of cloac-coleraaca 
ab•at, atrip and profiles. 'Jllcrmoplaacic produc:u 
include a1loa, acatal, AIS, acrylic, polrcarllloaate, 
polrecbrleae, aad polr••ter. lloldaa lac., Park 
Street, tvcaaa, CT 06260, USA. 

OaatOll rubbar/plaatic product•. A 16-paac brochure 
deacribe• ccollGl9ical beGefit• oi cuatoe pla•tic 
iajectioa, blov .,ldi.aa, ... eacruaion, aDd detail• 
rubber 110ldia1/axtru•i011, iacludin1 rultber-to-.ecal 
boadiq. ~lity productiOll ... co•C-.awl., acep• 
are diacu•aed, •ucb aa daaia• •••iacance for 
iacr•••ed perfo,....ace, prococrpina d••ian id•••· and 
aecoadary/fi•iahina operation•. Cerli•l• Geau .. 
Co., 401 loutb le., Qienoa, Ull 44024, USA. 

'lltermopla•tic "alb1111", "C......rcial Pl•eCica 6 
Supply Corp. 1a Craateac Kit•" ia a circular •lidc 
chart for tfta ••lectiOD of 21 tbermopla•tic •Dd 
eiahc thereoHt plaatic•, i• aa LP alb.- foi:aat. 
'Ille "alltula~ proYide• date Oii el!Chaaic•l, thermal, 
electrical, aad phyeical properti••· le alao liaca 
crad• ..... a-4 ac .. ri' cace .. ri••· Alb1111 cower 
d•t•ila ~...,.•y'• ••l•• ... varehouae location•. 
C:O...rciel Pl•atic• • lupply Corp., 1'20 VoodhaYen 
Drift, Cor-11• llei911u, .. 19020, UM. 



lhe...,rlaatic elaat.,..r. Ceolaat brocboace explaiaa 
how th1a tbermop!aatic elaat .... r reaiata oil for 
part-to-part coaaiataacy aad faat proc:aaaiaa ia aev 
applicatioa areaa aucb aa auto.otiwe, inchaatrial, 
aa4 oilfield oparat1-. Pre-co.pouncle41 .U.up, 
coat~l of dU.....ioaal tolaraacaa, ci.oica of 
procaaa, aa41 C06t aayi•• are Dli!piuiai&H. 
Propart iaa aa41 parformaaca c-pari•- are 
illuatratff. lloaaaato ro1,..r Pro.aucu Co •• 
260 !pria1aida Pr., .U.roa, QI 44313, USA. 

!laatica for !lactroaica. Kartia T. Cooaay, editor. 
Lil • llO paaea. ElaDYiar Sciaac• Pllbliabiq Co., 
S2 Vaa4lerbitt Aire., lie"" York, ft 10017, USA. l91S. 

Coa .. ctiwe tllermoflaatice. 20-n booklet p~filH 
11aa of alactr1ca ly coa41..ctiwe the .... plaatica. 
'Ibey offer Yaryin& ••are•• of ~ctiYity aad aolYD 
probl ... of electroatatic diachar&• aDOI 
electromaa .. tic aDOI ra4lio fre.,..cy iaterfareace. 
Wilaoa-Fibarfil lataraatioaal, &waaaYilla, 18, USA. 

aiaa=Op!iaa folJ8!riutioa - ltiaetiu, tlacuai-, 
alM Splhe.ia. Jwa E. llcCrath, Uitor, Yiraiaia 
folytacaoic l.aatituta aDd State UaiYDraity. 
bamiaea t..., i,......trial oa• of pol,_ra obtaian by 
rio1-opea1q polJ'lll!riutioca. Explore• application• 
raaa1aa fnim vater-aoluble .. teriala to 
bi&h-parfor.aaca alaatoaer9. lacluclea diacuaaioaa 
of catalyaia Yia aot oaly tbe traditi0ttal aaioaic, 
catioa1c, •"" co-oriiaator .. tbocla, but alao related 
UV iairiated re&ctioaa a..S aoYDl free radical 
-chaai-. .AC:> Syapo•i- S.nea llo. 216. 
316 pqea. UIS. Clotbbouad. LC IS-ll:JSZ. lHll 
0-1412-G926. (American aa-ical Society, 
Distribution 0.pt. &It, llSS Siataeath Streat, .,, 
Waahiaatoa, DC 20036, USA) 

Hi&h-t-peratura coapo•it••· Brochure oa 
hi&h-t4911Drature raiaforcel ther.oplaatic .. tarial• 
diacu•••• .. tariala ia fiye reaia f .. iliea: 
polyaulfoaa, polyphaaylaae aulfida, 
polyatheraulfooe, polyathariaide, and 
polyecheretharketoiae. O.art1 &ad 1rapb• C011pare the 
differences ia 8ll!Orpboua aad cryatalliae .. teriala 
and proYida coaplate data oa phyai~al propertiea of 
the•• .. tariala. 6 paa••· ITP Co., loll 439, 
Winona, 1111, UliA. 

lh•raoplaatlc polY••tara. looillct coaparaa 
phyaical, tber.al, aad fl .... bioity charactariatica 
of coaapetitiva thcnooplaatic polyaatara froa varioua 
auppliara. llleaia typaa iaclucla unreinforced, 
aeneral -purpoH, bi&t>-iapact. clan -reinforced, 
fla .. -ratardaat, a..O a1naral filled. Voluaetric 
ce~t-aaalyaia oa a year-co-year baaia froa 1977 
c;>.aplat•• tha p!ICUI•· Mobay a. .. ical Corp., 
Pittabur&b, PA, USA. 

Pravax atructural fo... Pour-color brochure 
diacu•••• •tructur•l foaa arad•• of rr ..... polyaer• 
•ad their properti••· laclucl•• texL and color 
pllotoa and • chart liati .. thickaa••, tanaila 
atrancth, tenaila aoclulua, flexural yield atraa&th, 
flaxur•l aoclulua, dyaatup iapact, fl ... cl••• 
retina, and aold abrink•aa· lora-Waraar O.aaical• 
Inc., Parkarabura, W, UM. 

Pi1~ S.faCJ 'lhrou&h u .. of Pl ... latardad folJ!!ra, 
t'achn-ic l'Ublialli• Co., lac., ISl llsv Holland 
Aye., loa '.lSJS, WDCHtar, PA 17604, USA. 
717-291-S.09. 191S. 200 PP• f\a~licatioa cona1aca 
of 13 report• ori1i .. lly praaaatad •t •!larch i91S 
coafaranca oe ~ira-ra1iatant pol,..ric .. tariala. 

- )) -

Plaatica fiaiahiaa· lrochure eat~tlff "M.aa 
Fiaiabi-a of Plaalica• all~laiaa dry-proca•• .. s• 
fiaiahia& tec"'"'1loay. lhe tecbaolasy allova Larae 
lota of part• ...ie f~ a vida Yari~ty of plaatica 
.. ceriala to be fia1ahe4 ecoaoa1cally aa.t uairoraly 
vitb Yarioua aur(ace effacta. f'e&co Pro.::••• 
wboratoriea, Bartlett, Ill, USA. 

l. FU1UU llUTIBCS - PAST EYEJrrS 

'Iha UaiYDrailr of Tec11Dolo11 1 Lou1hborou1h, 
U.lt. oraaai&e4 ia 1915 aa ~cation :>.nice of lhe 
Plaalica la.Juatry (£SPI) for tbe beaefit ot people 
.... o are ialareale4 ia a career ia plaat1ca. 

'Iba State of Ubio, USA, ia 191S, pNYided -•y 
lo aatabliab aia Advanced Tachaolaay Application 
C:.atrea. T- of the c-trea vill be coacaraed vit.b 
.. leriala tecbaola&y, particularly a ,..,1,..r aad 
veldiaa iastiture. 

llealit!aa oa plaatica ia 1916 aad 1917 

8-9 •oiffuaioa in i>.:lyaera: llachaaia .. and 
Applicatioaa• (City l:oaferci..cc \A:utre, 
Londoa) 

13-16 •eoaferaaca oa Yiacoelaaticity of polyaeric 
liquida• (laatitut de Kfc:anique de ~renobla, 
Fraac:e) 

22-21 "Polyaer 0.aractari&atioa by lhcraal 
Aaalyaia• (Seaiuar aiw vorkaaop, lruael 
UaiYeraity, Uxbrid1e, Kiddle••~. U.lt.) 

26-30 "Plaatica • Plaatica llachiaery Exhibition" 
Ueddab, :>aud1 Arabia) 

Z7-3l "World of CO.poait.ea" l4lat Aaa ... l 
&einforced Plaatics/C-pontaa 1.ontereace, 
.ltlanta Hilton, Atlanta, CA, USA) 

28-30 "Kixin1 in the llanufacrura aad Proceaaiac ~t 
Plaatica" (lon1reaahaua, ladea-la4••· l'ILJ 

18-20 "PoodPlaa Conferen.:a" (Orlando, Fl:u ida, USAI 

26-28 "Adyanced llatariala - llcv Opportun1tie• for 
O...icala" (Pittabur1, PA, U:iA) - Advanced 
c-po•itaa, ape.:iality .. tal alloy•, 
hi&h-perforaaace poly .. n acw car-ica ... re 
4iaCUHH 

S-9 "PlHtica, Printina •ad hcu1in1 
£xhibiti.on" (laa1kok, 11\ailaad) 

U·-lS "lubbarplaa '86" (World Trade Centre, 
Sinaapora) 

17-21 ·"Plaatax" (lr.raraat ioaa l Plut ic• and lubber 
Pair, Z.areb, Yuaoalavia> 

20-21 "'nla Plaatic• lnduatry - Poaitionina fo: 
:;rovth" ( .. v York, USA) 

20-21 "Joint Conference of th• Pira letardant 
a. .. ical• Aaaociacaoa and cha Society ol cha 
Plaatica lncluatry" (Waahiaatoa, D.C., USA) 



Kuala Luapur, llal•J•i• bdd ia 11.arcb •• 
"latenaatioaal IEabibitioo of O.eaical aad Plaatica 
Tacb-loo. 

1-lO 

"llorltalllop oo l'l--Dafoc.atioo a.C lloleaala1< 
teoraaaiaatioa ia l'Vl,..ra vitb c:r,aralliaa 
•ad Li .. i• Crfatalli.ae• Clloatr.al, Cauda) 

"Iatenaatioul O.feremica oo Fib1<a 
laiaforcn Coapoaitea• (l.i-qool, U.L) 

21-26 "Europlani.- '•" (Paria, Fraeca) 

l2-ll "Coati•• for Planica" (Paiat laaaarcb 
Aaeociatioo, llarropta, Torkalaira, u.s:.) 

13-lS "Proc.._ '16" (Trade ... C:O.fanaca Fair, 
Iona~. •tlaarlaada) 

:!!!!. 

17-19 -.1aa-Tac '16" (lxbillitioa aad 0.faraoca 
da4icated Ito hip-tacbaoloSY applicati- ia 
tba plaatic iadualtq. Atlaatic City 
Coofttatioo Ceatre, Atlaatic City, •..J., USA) 

..llllJ 

7-ll -..1,..r aupportd ructioa ia oqaaic 
c .... iatrJ• Uaruaal•, tar .. l) 

21-23 "Qnafareaea oo lioloaical Eaai~rc• 
lbl,..n" (Cburcllill Collap, Cubri•a•. 
u.s:.> 

2l-2S "2a4 IDUnaatioul SJ-fo•i- oo Acouatic 
laiHi- from laiaforced Qmpo•itaa" -
lloatttal (Societ7 v£ tlM PlHtica llukutry, 
llev York, •.T. • USA) 

11-21 "2Dd SPSJ Ja1tanati••D8l r.1,_r Confaraaca• 
(Tokyo, Jap•) 

Sept.-.r 

23-2S "Alull71tical "''bod• ia Quality Coatrol of 
Plaatica Katarial• aocl llouldd Parca• 
(»emiiaar, V...rabur1. Fii:) 

24-2S "11le lloulcl - Caatral Part of tba l'D1J98r 
ProcHaiaa SJ.Ca•• (Zqrall, Yuaoda•ia> 

~ 

27-29 "6cll llltarutioul Coafareaca oo 
laat~aratioa 6 Aut-tioa ia t!M Paper, 
lu.._r, Plaar.ica 6 r.1,..risatioa 
lllcluatriH" (Allroo, Obio, UIA) 

4-S 

• 
"Nodan Plaatica Jatanatioul Kaf8&iaa, 
a.uaaaaa, lviturlaad, praanta a uai•ua 
1'16 Pra-lllow r.,afaraaca, i• Ouea1al .. rf, 
rs, vllicb la tollow4 llJ 
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1>-U "l~I; latec,..lt(oaal Flaatlca ...a !lubber 
Trade Fair" (Duaaaaldorf, f'llG) 

ll-lS "LidPE, widP£ aacl flolar flolyatbyl ... llarll.eta 
aad Ecoaoaica• (Zur~cb, Svit::cclaacl) 

21-26 "japaaplaa •.,• (11th P&aatita a...C lubber 
Fair, Tokyo, Japaa) 

Zl-2' "i.3tll liaaaial l'Dly.-r SJ8P08i-· (Florida, 
US,\) 

26-21 "llRat Traufanaca ia Plaatic c:o.pou.iiaa" 
(...._-la.tea, FIG) 

So far ,.. are •-re of l ... ti.qa - plaatica 
to be bald ia 1917: 

Ja .... ry: "aeiaforcd Plaatica/Compoaitaa, 4lat 
...._, CoafeRGCa". Atlanta, Ga.. US4 

.. rcb: "Olalf Plaatica '17" (Dubai laterutiooal 
1'U3i' C-tn) 

Sart.-..r: 'Illa Jaatito&t• of fbyaica, r.-doa, U.lt. 
ia pla-iaa a coafanaca ... exllillitioo oa all 
MTUULS MD AHUCATIOU. 

lleeti!I• oo plaatica bald ia 1984 aad 191S 

Ju .. 1914: "£iectrical ro.cluctioa ia r..1,..ra" 
(._._, U.lt.) 

Sapt.-.r 1914: 'Iha Plaatica aad lubll.ar IAatitute, 
U.lt. a,_ord tbe JatarD8tioaal Adbaai- Coafereacc 
at tba U.iYaraity of lottiaabaaa. 

Sapt.-.r l91S: "Saadi laai lllduatriH Corp. 
-• ita brmal Europaa• clallut at tba Jaterutioul 
Plaatica aacl ... lttrr bhillit i- ia lirmiqbam, 
U.lt." 

"c:oafaraace - 1111 .. facturiaa TacbnololJ for 
Dllaipi• Plaatic Parta" (Jlicbip•. USA) 

Octoltar lffS: -..1,_r IJ8PO•i-" (Paaa State, 
Uai.,.raity Park, PA, USA) 

"Joiat Japaa/US '91ymr SJ8PO•i-" 

"Pir•t lra&ilia~ Jatarutioaal Pla•tic• s11ov• in 
aio •• Ja .. iro, lra&il 

~..., Katari•l• E.ahillitioo 'IS" (Sua•biae City, 
lkebukuro, TokJO, Japaa} 

11o..-.r IMS: "SpacialitJ 'laatica Coaferaaca" 
(Zuricb, lvitsarlaacl) 

"2u Ar•ll Culf htroc .... i.cal•, CJu·aical•. Plaati.ca 
a..S Procaa1iaa IAdu•triaa &apo alMI Coaweatioa" 
Ul-lbollar, laucli Arabia) 

"llouY•au• pol,..rea • -••11•• comlliaaiaoo•, 
DOUYallaa propriata•" (lociaca rraacaiaa ••• 
IAr,aiaura FlHti.ci.u1, Parh, Prance) 

"Jrd lladical Pla•tic1 Coafaraaca" (lllin~i•, 
UIA) 

"latanatloul Plaatic1 Cotlfaraac• aad &alhi~itioo" 
(Col118bla, lri Laake) 
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Table 1: c1 .. aification of the materials constitutioa fibre reiaforced plastic 

Materials 
cooatitutioa liocl ot 
tbe plastic -terial Material& utilised 

Matri11: 'llleEmC>aettioa thaaturated pol,eater reaia. epollJ' ceai.o. 
reaia.• resin obenol resia. 1 wiayl -lter reai.n. etc. 

'lllePM>pl .. tic Poly-ide (DJl->. polr:arboaate. ABS 
naia.a nain 

Ile ia.forc iac Inorganic Glass fibre (CF). ca~ fibre (CFJ 1 

-teriala fibre aabeatoa fibn 

Onanic fibre VinYloa. fibre. acnlic fibre. nolw-ide 

Otber kinda of 
ninforc ing 
uterials ll<!tal fibre. wlaiallers. CO.DO&it• fibre 

Other kioda Filler. setting 
of uteriala •cent. pro.otional 

qent 1 parting 
aaent 

TaUe 2: law nM ia. the production of heat·-reaiating fibre-reiaforced thenui 
pl .. tic 

~:-· Tea..ile Elongatioa rate 
Oaaracter- strength be tore teas ile T-perature of heat 

.... iatica (lur:f/ca2) orealt (%) traaafo19ation (OC) 

f'oly-ide-i.aiAle 2000 S.4 271 
Polyether ether llatone 2150 3 lOO 
Poly-ide/bia-.ariaide 

reaiu 1000 320 
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Table l: linds of glass fibre reinforced plastic 

I 
I 

fona of glass as Coateats of 
a .-einforcing glaH (-ight 

Materials -terial Re;; ins per ceat) 

Hand lay-up chopped polyester l0-4U 
mold aat, cloth polyester 45-55 

Spray up molding roving polyester 10-40 

Perform, -t, -tched { roving, polyester l0-50 
die moldiag chC>pped -t 

Pr-ix molding, f roving, chopped { polyester 
including llHC strand epoxy, mela11 ine • 10-45 

phenol, silicone 

' 
Prepreg molding cloth 50-65 ; 

I SHC aaldiag { roving, polyester 29-'.'6 
chopped mat 

Drawing molding roving polyester ~~ epoxy 

Filament winding aolding roving polyester 60-90 
epoxv 

("l"echnoloa for Holding and Processing ,..,f Fibre Reinforced Plastic• by 
Hiroshi ituray.-, ltogyo 0.osa Kai, p. 106) 

Table 4: Application fields of carbon fibre reinforced plastic (CPIP) C011po1ite 
aaterial 

Features lpplic;;.c:~ielda _ 

Light weight !:pace and ait'cra!t, au toaaob ilea, textile industry 
High elHticity rate !!'.achin!!!ry, fly-vneels, centrifugal 5aparators, 
High aechani~al strength I sports and leisure articles (go a clabs ,. angling 

rods, tennis rackets), .~.and equi-at -
Diaension stability Space indu.;try appt:.catio1• {tran•~er antenna, 

>?tC •) "llic roaaeter ti~ I\& belt. ruler -
Vi~ration absorber AuJio equipment, muak11l inst~nts, driYing ,. 

~ 
1hatt1 in auto,..ob1L:a, le.ai springs, leuure 

____ ,_.!.'l:•iPtUnt and faciliti_"--•-------------t 

!1'.-:tn.:.:Ji ch.iracteriatica orevb~ tank, plastic 80lding facility, static 
(heat aenei:-ation, prev1tn- electricity pr1»•ent ion •aterial, aotor bra.ah, 
t Jon of s~.L ic clectridt l!ler. t rode 

Corcoaion resi,tina 
ca abHit 

O.e111ical planr.: ..:ollector electrode 

Wear-ru iat in ab~!itt..... ____ B!!arinf, brush 111,_t"'e"'r"'i"'11"'l;.... ______ -------1 
X-ray pen~-rabilitJ 

Heat-resistina ~apability 

JC-ray pnc~.>araphic plare cau•tte, aedic:al 
X-ray 1>11d 

kocket parts, t .. rbine engine paru, bcake disc. for 
41 rcraf;; 

("Material Technology-17, Co11po1,1ce Hateriall" 1 y J<t .. uo Lluyaiaa, ~e UniYf'rtity 
e 
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UNITED NATIONS lNUU~'TRIAL DEVELOl'HENT OiiGANlZATION 
Vienna International Centre, P.O. Box 300, 

A-1400 Vienna, Austria 

Advan~es in Materials Technology: Monitor 
ReadE"r Survey 

Tiie Advances 10 Materials Technology: Monitor has now been published since 1983. 
Although its a.ailing 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, UNIOO 
Technology Pro~ra..e at the above address. 

Computer access number of mailing list (see address label): 

Name: 

Position/title: 

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 included? 

Would you like to see any sections deleted? 

Have you access to soee/most of the journals from which the information containP.d 
in the Monitor is drawn? 

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

Please aaake any other ca.aents or suggestion• for improving the quality and 
usefulness of this newsletter. 
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Reader:.' COl'..i!i•,nt s --------·--
We ahould appreciata it if readers could ta~ :he ttae to tell ua In thia 

&p.1::~ what they thi.Dli. of the 6. issue of Advcncei; 111 Material& TechnCtlon: 
l'lr·nitor. C09ellta OD tbe uaefulne11 of :he information and the i.;ay it ha& :,een 
c-q;o:.1:.cc! will help u& in preparing futurt: 1a1ue6 of che Monitor. We than~. y'1u 
Lt yo:..r co-operulvn an~ look fonurd to hearing from you. 
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