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PURPOSE OF THIS PRESENTATION 

This Präsentation is intended to provide a topical 

review of the advances in plastics technology with an attempt 

* demonstrate that old-line established polars will continue 

to reflect growth in production and consumption by virtue of 

Utent potentials in interested areas of basic polymer struc- 

ture and fabrication technology. This interelationship and in 

fact an interdependence is providing expanded opportunities. At 

the same time, existing «oncer types should play an important 

role in growth by adjustments not only in macromolecular 

configurations but also by blends and reinforcing composition,, 

tt is thus intended to demonstrate that although new polymers 

may be forthcoming, the old-line established ones still have 

inherent unexplored merits to be exploited. 
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I.  INTRODUCTION 

Plastics materials and resins are derived from high 

molecular weight polymers endowed with enormous variations 

and possibilities in molecular weight distributions, narrow 

and broad, <md in spatial arrangements with molecular chain 

modifications in crystallinity, orientation, and cross-linkage. 

While these molecular features are not commonly considered 

in the usual characterization or specifications in plastics 

technology and commerce, they are constantly under develop- 

ment and fundamental scrutiny in the area of basic polymer 

science quite removed from the more practical considerations 

of fabrication and mechanical endurance.  Many advances and 

innovations in plastics stem from relatively minor changes 

or adjustments in the processes involved in the polymerization 

and blending operations leading to major effects (1).  In 

effect, these changes have been achieved often with little 

or no major modifications or additions in captial investment 

of existing polymer production facilities.  Thus even old-line 

established plastics, locked-in to existing monomer and 

polymerization facilities, have an egual and often unique 

opportunity for the marketplace as well as any new chemical 

tynes that are frequently more expensive than the old-line 

plastics.  For instance, the old-line polymers and copolymers 

of styrene, which in the early years were brittle with poor 

or inadequate impact resistance and inadequate heat distortion 

temoerature, gradually acquired improved properties with high 
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*nrf increased heat distortion temperatures, 
impact resistance and increased 

The innovations and advances with dd-line, established 

polymers ta*e torn  in such ways as <a» fine structure .educa- 

tions in the arrangent or orientation o, the polymer repeat 

units, (b) cross-linfcin, with co-valent and ionic bonding, <c) 

polymer blends or alloys, and (d) composites with fillers. 

such as glass fibers and inorganic micro-fibers, m addition, 

new resins are being developed for improved fabric.bility. im- 

.,h„,no resistance, decreased toxicity upon proved outdoor weathering resistane. 

incineration, and degr.d.bility after use and disposal. Speci- 

fic .-.»Pie. are discussed to illustrate the trend, .nd in- 

creasing importance of modifying exi.tin, type, of poXy-er. 

and Plastics derivalbe from current petrochemical mono-er. 

and existing production facilitie». 

II.  CONVENTIONAL, ESTABLISHED POLYMERS AND RESINS 

i-A***•  Afi a whole comprises two di.- The plastics industry as a mw« ""• r 

.   ,..i„. the latter referring general- 
tinct types of polymers or resins, tne 

ly to the form ready for fabrication or conversion into a formed 

objects while the former a. implied in this discu..ion relate, 

to the principal molecular feature, in the chemical and physi- 

cal sense. These »re (a) th.r»o.etting polymers or re.in. 

that start from low molecular weight entities or mixture, and 

depend upon consequent thermal reaction, to gain high molecular 

„eight by the condensation reation., and (b, thermoplastic, 

that ,aintain their initial high molecular weight structure 

throughout the consequent fabrication or shaping operations. 

,„ more recent years the latter have been accorded special 

•J 
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and   the   .'on;<!(iueut,   st -adv   qrowHi   of  r-oth   .ts    -^portant 

ials   in   broad   r:ow  of   applications. 

Thermos eft i_r in   Resins 

A«   ,i   1 onq-ostabi ished   class  oí   ^ondensit ion  nnlyof-r-    first 

develonee   in   1906  by  Dr.   Loo   H.   Baekeland   into   a  mapr   seqpiont 

of  the  plastics   industry,   the   thermojiett inq phenolic  ci ass of 

thermosettinq   resins  continue   to maintain a dominant   orowtmi 

position   in   olas, ics   technology  by   "utue  -*     U)   n-c...ii--   -i, 

imp: o ved   nroduct    fortlF    for    specif Ji    f ab'  ^'••t tnns,      • b • i i f j c>d 

and   improved   fabrication  machinery  am]  -^onlo»'^   .. -,-*>-.. ^ i --- . 

and   (c)   requlatory  devices   fc   the  control   ^f   'he-m,.-       *-i>  •- 

and  cunnq   conditions   for   efficient,   loiw-c  --1   n«in¡f        .e"   . 

Raoh  of   thf»:--.*'   features   m   themgp!v«s  uf-n >•••<>'    ss-o; • •••?- 

advance;,   resultimi   frop   ,*f»ars   of   * i.-i   M-- IP •        •• •<     t   ^   *      ns 

on  condensation rvchini <vns   aci   t- -    i>    i ca       ' ' h   t^erm<il 

exposure,   ^nd  which  conMr.uo   to   :;er>-    ^   » ••••   •—?"-.• <- 

technionl   improvement::   t^r   t »-o -rmo--,(•+ • i nq     ••     .-ti 

iMrly,   !M'.)rc-!t uiq  «henoiic   resin-   ••'    o .   ¡  .      -« 

!1''P- v^ir^   He »;f* hot   *-;ur-'t• ; 

• I ypo ure 
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As „ consequence of the above-mentioned three means of 

„„In „ndiflc.tinn. and improvements, the seemingly dormant 

or slow qrowth of the thermosetting resins in the past de- 

cade have exper.enced a pronounced upsurge, considering the 

.as. of the ftve-,..r reduction figures, fro• 1966 to 1972, 

for the pl.sti« data reported in the united States of America 

and shown in Table 1 (2).  What was once considered as a re- 

petition with the ever-growinq usage of thermo- sin typ© in competition wim 
,.,„ ¥hfi  acrvlonitrile-butadiene-styrene plastic renins notably the acryj.onj.«-j. 

^    *h» old-line thermosetting resins continued 
(ABS) polymers, the oia ime 

«r«*frh rate over the span of years substantially to maintain a qrowth rate ove* *.«   i- 

equivalent to, or en par with the growth rate of thermoplastics 

„ discussed in the ensuing counts.  The U.S.A. production 

•  •   t„, n,„ „lastics, used In this presentation as a statistics for the plastics, 

„.„-weather indicator or forecaster of what would could 

trmsoire in other quarters or regions of world, reflect a 

, „ni fient 2, percent increase over the past five year span 

„bulated.  Following a significant loss in 1969, the thermo- 

sf.ttlnq resins marKet regained much or almost all of the loss, 

rejuvenated py the advances especially in the adaptation of 

i. „« ocnpriallv the polyesters, into the condensation types, especially tu» y 

, *        „infnrrpd resins. The upsurge according filii-r-extended or reinforced resina. 

to statistics was impelled especially by the construction 

,„„„„ fo, which the above-mentioned three features of resin 

,„rnt, ,nd fabrication technology provided the import- 
i itinro vomeri es ano i«"1-  " 

ant tfM-iMiical and economic roles. 
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The  noteworthy advances   in   the competetive,   dominant 

position of  the  thermosetting  resins  in comparision with 

that of   the  thermoplastics,   notable polyolefins,   is  due 

largely  to the constrution boom,   as illustrated by the data 

from the U.S.A.   statistics,   and the attendant increases 

in the  injection moulding technology of appliances,   electri- 

ca  insulation,  automotive components and myriad of other 

fabricated articles.    A review of the trade literature for 

thermosetting types and grades of resins discloses a marked 

trend by suppliers to furnish specific re3in grades  to 

specific fabrication and end-uses to assure the economic 

stance of the thermosetting market.    It is not unusual to 

find that a supplier will offer as many as 20 grades and 

variations of a thermosetting resin, designed or tailor-made, 

as is the common parlance,   to the moulding operation or the 

end-use article or combinations of the two.    Much of  this 

specificity is proprietary,  and more often defined in 

empirical specifications rather that in terms of physical 

or rheological constants.    Thus the know-how in this sense 

on the part of the resin producer is keyed to the unique 

formulation and control of the resin stage of condensations. 

The sustained dominance and growth of the thermosetting 

resins represent significant,  though obscure advances  in 

adjusting and modifying the resin ingredients  including 

extenders and fillers,  along with modifications in the 

condensation reactions and rheological characteristics 

taking place during moulding operations.     Empiricial  as 
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this may seem, there is still an appreciable amount of basic 

and fundamental investigations on the complex mechanisms in- 

volving (a) preparation of the resin stoc* and (b, under- 

handing the conversion of the various thermosetting struc- 

tures of the phenol-formadehyde, urea-melamine, polyesters 

and epoxide resins. 

As is indicated in Table 1, the polyester «sin. have 

grown even faster than the phenolics, attaining . 33 percent 

increase in the 1966 - 1972 period. Much of this rebound 

from the seemingly indeterminate growth is ascribable to 

reinforcement with glass fibers, in which case the construc- 

tion boom ha. played a major role in impelling th. advance. 

The polyester, indicate «n increasing level to that of th. 

melamine-urea resins also as a con.equence largely due to 

reinforcement with glass fibers, while the melamine-urea resins 

continue their major role in the adhesive, applications. The 

epoxides, lowest members in th«annual volume and growth 

Ptatistics, continue to serve primarily the protective applica- 

tions. 

«Ph^rtwfiplaatic Polymers 

As another established class of addition polymers, differ- 

entiated from the foregoing thermosetting condensation class, 

the thermoplastics continue to show annual production in- 

creases.  Based on the annual U.S.A. statistics (3) shown 

in Table 2, the figures indicate a balance of supply and de- 

mand and can be viewed as the bell-weather indicator of the 



qoal or expected balance proportions of (ho various plastics 

in other regions of the world economy.  The balance of supply 

and demand as well as the product mixture provide-- one mea- 

sure of planned investment in the broad ranqe of plait ics as 

well as advances in each area of" the polymer structural types 

as an interplay of monomer production, fabrication technology, 

and aggresive market i no and product design, 

According to the U.S.A. statistical summary in Table 3, 

production of low and high-density polyethylene has netted 18 

and 25 percent gain in the first-half 1972.  Approximately 

the same level of growth apparently is experienced with the 

older polystyrene and polyvinyl chloride.  The most prominent 

increase is reflected with polypropylene with an increase of 

24 percent for the equivalent period.. Purvey of the published 

and patent literature indicate an ever-increasing awareness 

of the role of molecular weight and molecular weight dis- 

tributions and the branched structure or linearity of the 

macromolecular chains, a feature to a large measure regulated 

and controlled by the polymerization processes at the point 

of manufacture.  Still another area of molecular innovations 

is related to the orientation of the macromolecular chains 

after the fabrication process, the example being the case of 

orientation with polypropylene leading to a variety of such 

extruded and fabricated items as monofilaments, films, and 

strapping with a new range of tensile characteristics that 

have served to extend the market outlets for this polymer to 

the exceptionally high surge of 37 percent as indicated in 

Table 3. 
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,n retrospect, it is important to examine the trends 

as indicated by the statistics for the U.S.A. plastics 

production figures as a planning exercise from the stand- 

point of future requirements coordinating the petrochemical 

capacity for specific monomers in relation to polymer modi- 

fications in the old-line established plasties so that a sound 

economic balance can be devised for  given national or re- 

gional expansion plans. It is evident that no one type or 

class of plastics will sustain the balanced proportions of 

the various types of polymers. Both expansions and polymer 

• TI „„„um.« +n  affect this balance from year modifications will continue to arrect una 

to year.  This will require ever increasing research and 

development in new directions that include the combined 

areas of polymer reactivity as part of the fabrication 

technology along with innovations and new engineering of 

fabrication equipment, moulding, extrusion and their newer 

adaptations. 

Reactive Polymers and Fabrication Engineering 

What has just been stated to this point is that the 

growth of the plastics industry to a large degree hai re- 

sulted from technology exploiting the reactivity of the poly»»* 

during fabrication into modified »acromolecular structurai 

notably cross-linked, stronger types of plastics. Thus re- 

active polymers compounded with cross-linking ingredients are 

emerging as an important class of novel polymers in their 

own right. This applies to both tha conventional thermosetting 
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as  well   as   the  thormoplast i.c  categoric1«.     The   fabrication 

engineering   features   involve new designs  of equiprnnt.     A 

noteworthy   case   in point   are  two  innovations,   such as  depicted 

in Figure   1:     namely, 

(a) injection-mixing   (IKM)  and 

(b) injection moulding under ultra-high pressures. 

Key to the   'matures of these two processes is  the regulated 

control and  transient   adjustment of the  critical  thermal dwell 

time within  the narrow rangt that sustains flow similtaneously 

with the necessary wintering by coalescence   (4).    The concept 

ia applicable not only to conventional  thermosetting resins 

but alto to  the more   recently  developed  cross-linking thermo- 

plastics,   notably those derived fro« polyolefin macromolecules. 

This concept,  which in effect borrows  from the classical re- 

activity during fabrication in the case of the  thermosetting 

resins,  is  expectad to develop a significant segment of the 

plastics market.    Technical developments along this line are 

already illustrated by the work with cross-linkable polyethy- 

lene of varying molecular weights  (5)   such as is depicted by 

the selected tensile data in Table 4.     In this instance,  it 

is citar that molacular weight ia an important  factor in 

developing the tensile) constants and will require further 

study in relation to  the desired balano« between the physical 

properties and the sensitivity to chaiaicalt such as rated 

by the solubility in   toluene shown in the Table 4,    The 

lattar empitasi ai tes the profound affect on chemical properties. 

Thus the solubility in toluene is reduced significantly,  a 
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feature  that  would be   indicative  of   resistance   to edible  and 

mineral oils  when used   as containers  for  such  diverse  applica- 

tions  as vegetable  and mineral oils.    While  the  illustrative 

data   in Table  4  at the  present  stage of  development  appear 

marginal  in enhancing the stressing properties,   this approach 

to the growth of established polyolefin polymers and their 

copolymer analogs will  bear close watching for plastic- 

modifications that should continue to penetrate container 

and other applications. 

Simultaneously with the advances in the macromolecular 

édifications during fabrication are the engineering innovations 

in processing,  fabrication equipment.    Plastics fabrication 

wtih screw type and plunger type injection moulding machines 

proffer both parts engineering and economic merits.    A parti- 

culares in point is  adaptation of polyethylene,  purposely 

prepared as  a high density cross-linking moulding compound, 

for  rotational moulding   (6).    The combined innovation of pnlymer 

with fabrication offers impact strength,  environmental stress- 

cracking resistance and overall general toughness previously 

unavailable  from the parent type of polyethylene.     Some of the 

current applications which have utilized the overall general 

toughness of cross-linkable high density polyethylene include 

fuel tanks,  agricultural chemical tanks,  and large trash con- 

tainers,   in sizes from 50 to 500 gallons.     Cross-linkable 

high density polyethylene containers are claimed to have been 

in use over a year in  rigorous trash collection service.     It 



..•an be expected that the snmc concept nt" cross- 1 i nk i n ! «ìatiiì:: 

rotation-.il moulding, with .appropriate polymer varia! i ns am! 

desiqn of the engineering components of the rotational mould- 

ing equipment      will be extended to other polymers.  On 

a fundamental basis, the theoretical features of rotational 

moulding in relation to sinter melting (7) are already being 

investigated to regulate polymer ractivity in the confines of 

the moulding conditions. 

Degradable Plastics 

With the world-wide concern over litter of discarded 

artifacts that include plastics items, the need for degrad- 

able plastics is gaining increasing emphasis in the innovation 

and modifications of old-line established polymers. Prin- 

cipal effort is being directed along two lines, hydrolytic 

degradation and photodegradation, the latter having displayed 

more immediate extensive commercialization.  Polymer suppliers 

are providing new compositions of polyolefins modi fed with 

specific additives that enhance photodegradtion using photo- 

sensitive structures. Photodegradable packaging fims and 

bottles are emerging on the market based on proprietary photo- 

sensitizers and also polymer structures that deteriorate into 

embrittled and products. 

The degradation period under exposure to sunlight of 

plastics ranges from two weeks to six months depending upon 

the amount of the photosensitive agent incorporated into the 

plastic (8). Some of the photosensitizing agents have already 
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been ri eared in some countries for uso in fond packaging and 

containers.  The price increment according to some sources is 

not higher than 20 percent above that of the equivalent grade 

of parent polymer.  There are several methods of incorporating 

the photoscnzitizing agents.  The next few months will wit- 

ness numerous technical variations such as (a) addine? the 

photosensitizing ingredient during the forming of the fabricated 

article and (b) adding the photosensitizing agent during the 

polymerization or polymer finishing operations at the source 

of manufacture.  A new era is being opened up along several 

fronts for innovations and advances, such as developing macro- 

molecular points of sensitization withcomonomers in the poly- 

merization and synthesis of new organic structures that are 

purposely made to be labile until exposure to sunlight. 

The general mechanism for photodegradability is depicted 

in Figure 2, following the generalized mechanismst 

(1) ultraviolet light energizes the photosensitive agent 

or component of the polymer chain, 

(2) the enerigized agent captures a hydrogen, or proton, 

from the polymer chain, 

(3) the polymer radical now captures an oxygen molecule 

from the air, or water producing a peroxy radical, 

(4) the peroxy radical captures a hydrogen atom or proton 

from another polymer becoming a hydroperoxide, while the second 

polymer becomes a radical, and finally, 

(5) the perhydroxide breaks down into shorter chains 

and water. 
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A typical polymer chain in the case of polystyrene of about 

1400 units breaks down to chains averaging 200 to 300 units 

in length. 

Other photodegradable polymers are being developed with- 

out the use of photosensitizing agents, a feature so special 

merit for food packaging and possibly to avoid toxic polutants. 

The particularly noteworthy case is that in which polymers on 

aging with or without exposure to light gradually acquire in- 

creasing level of crystalinity to the point of becoming extreme- 

ly fragile and sensitive to impact or crushing stress. This 

feature can be achieved by the control of the molecular weight 

and by the incorporation of comonomers that are interspersed 

in the macromolecular chain. The latter is typified by the re- 

cent introduction of 1, 2-butadiene as a new type of polymer 

source for developing fragmentable plastics after photodegrada- 

tion. In retrospect, it is evident that a new areas of polymer 

modifications in the existent petrochemical technology is 

beging launched in consonance with the inevitable demand for 

disposal plastics that meet the ever-impending restrictions 

against litter and pollution. 

HI.  POLYMER BLSUPS (POLYMER ALLOYS) 

Polymer blends or alloys, as the term is gradually be- 

coming popular, are gaining significant, incremental applications 

with improvements and innovations in properties that favor their 

use in many articles for construction and appliance. The 

principal base polymers are the aeryIonitrile-butadiene-styrene 
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(ARS) types which are available in an extensive variation of 

qrades and characteristics.  Endowed with the oolar nature of 

the -CN configuration of the aeryIonitri le component and the 

relatively low viscosity of the styrene-acrylonitrile (SAN) 

rigid glass phase, the ABS polymers can be alloyed with various 

other polymers to create new resins that extend the broad range 

of engineering properties (9). As indicated in Table 5, these 

include alloys with polyvinyl chloride (ABS/PVC), polycarbonate 

(ABS/PC), and Polyurethane (ABS/PU), as well as others that may 

be expected in time to gain equal prominance. 

ABS/PC Alloys. ABS ia an effective impact modifier for 

rigid PVC, which in turn provides self-extinguishing character- 

istics. Both rigid and flexible ABS/PVC alloys are available for 

various moulding opérations and sheet calendering (10). 

Clear bottle compounds »re made from special types of ABS 

modifier that impart high degree of clarity in addition to im- 

proving the process ability and impact properties. In flexible 

compounds, ABS as an alloying component improves formability, 

shrinkage, and retention of the embossed grain patterns. 

ABS/PC Alloys. These alloys provide a balance of rigidity, 

impact strength, and heat resistance at a price intermediate 

to that at low priced ABS and the high priced polycarbonates. 

They are useful in thermoformed sheets and injection moulding 

articles that require dimensional stability at temperatures 

above 110 to 115°C. and high impact at temperatures as low as 

-50°c. Typical and most popular applications are for protective 
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produces   nróiiui't-   .v i t ¡i   high   innari    stff-rujth.      'i':,o   o,-¡*    ' '   <        * 
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ABS   parent   polymoj,   a::d   is   par t ' cu 1 ,ir 1 y   su ¡led   for    tin'   t t < uhi« -t i. >n 

of   thin  wall   parts. 

Many   ABS   formulations   are   specially   «les igned   and   dovi'a'd 

for  a  variety  of   fabrication   techniques   and   adaptations   t ii.it 

include   cold   formina,   expansion  easting,   and   particularly 

electroplating   to   impart   a metal-like   finish  or  appear .inn-. 

Cold  Forming.   Standard metal   forging  equipment   with minor 

mechanical   and  heating  appurtenances  can  he  adapted   to cold 

forminq  ABS sheet  stocks   and  billets   in making  articles   ranging 

from  food  packaginq,   to  automotivo   and  other   industrial   and 

engineering componets.     Sepcially  formulated  grades  of   ABS 

containing  lubricants are  gradually  beino   adapted   to   forging 

operations using  heated drawpads  and punches. 

Expandable.   Numerous  proprietary grades of  expandable, 

low density  forms  of ABS  resins  are  becoming  available   for   in- 

jection moulding  and expansion  casting  into structural  rigid 

foam materials. 

Electroplating.  ABS grades of polymer» have been developed 

especially for high adhesion and surface  appearance of the 

deposited metal  plate.    These  are designed purposely  to withstand 

the endurance  requirements and specifications  involving thermal 

and cold  cycling  for exterior  applications,   in particular 
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automotive Lì r ¡ lis.  Although there is some competition from 

polyproy! one, the ABS polymers maintain a preferred position 

by virtue of d'mensional stability recently enhanced with 

acicular ritanate filler (11), moulding ease into exceptionally 

smooth topical finish and appearance, and overall cost advantage 

of the final platad products compared to die casting of 

metal.  Plating onto the plastic surface replicates the per- 

fections or imperfections of the plastic underlay. Hence, much 

proprietary technology exists in the selection of the grade of 

the ABS base polymer most suited to the high finish smoothness. 

A wide variety of decorative effects are produced ranging from 

embossed surfaces to mirror-like finish with a variety of 

electiodeposited metals such as chromium, copper, nickel, and 

silv«r. 

In general, the ABS polymers and especially their alloys 

can be expected to develop significant penetration into the 

myriads of fabricated articles in competition with light metals. 

Much of the molecular technology with ABS base copolymers and 

its alloys is highly empirical with specialized grades and 

forms for specific articles.  It can be expected that innovations 

or advances in base polymers and alloy formulations will display 

significant growth in the next deacade.  Particularly significant, 

it can prodently be predicted, is the promising future of the 

ABS/PVC alloys by virtue of the self-extinguishing charac- 

teristics that is assuming ever-increasing importance especially 

with the increasing penetration of plastics into housing and 

construction. 

mmm 
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IV.  REINFORCED, FILLED rOMPQSTTQNP 

From the outset of plastics technology, such as that   « 

initiated bv the thermosets, the use of fillers of various 

sources and types has been useful in providing a broad range 

of reinforcement from the standpoint of mechanical endurance 

and especially stiffening the plastics artifact.  In more recent 

times, the fillers have been accorded special study with regard 

to the interface to the polymer substrate, a case in point be- 

ing that of the use of treated glass fibers to enhance the 

bonding between the filler and the plastics matrix, a feature 

made subject of much experimental and theorethical studies (11). 

The conventional use of fillers as extenders, which often served 

to reduce the deformation under compressive load as is the case 

of vinyl flooring, has been extended by the noi* expanding glass 

fiber ar ^ eMarnent reinforcing with theromoset resins on the 

one hand and by the incorporation of chopped fibers and filaments 

into moulding stock for extrustion and especially injection 

moulding technology. Composites of plastics with inorganic 

fibers are now taking on a significant segment of the plastics 

applications, across practically all of the principal types of 

chemical polymers including the specialty, high-temperature 

polymers. 

The advance in the annual development and utilization of 

reinforced thermoplastics (12), from an emerging technology 

in 1955, attained a level of 5 million pounds (2.28 million 

kilos) by 1965 and by 1971 surged to a level of 74 million 
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pounds (3.37 million kilos).  First introduced as a specialty 

plastic, the glass fiber filled plastics attained its present 

level by virtue of increased penetration into the automotive and 

appliance industries.  The distribution of the usage using the 

U.S.A. data as a bell-weather of the trends is depicted in 

Table 6, indicati na that the largest segment would reside in 

the polyolefin reinforcement and that this is where the 

technoloqical emphasis should be placed for developing economy. 

Tt is however recognized that reinforced polyesters are expected 

to display a significant growth and that reinforced structural foams 

will also develop a significant volume level in the next few years. 

As was predicated by the past historical development of the 

reinforced plastics, the progress in the expanded utilization re- 

sulted to a large measure from  development of some unique 

combination of two or more properties resulting from the in- 

corporation of the filler.  Typical of these reinforcement is 

listed in Table 7 for a selected variety of mechanical pro- 

perties and with representative polymers, based on the more or 

less conventional, standard glass fibers. 

Apart from the well-established glass fiber type of 

reinforcement, a marked trend is appearing in the adoption of 

other fibrous reinforcing fillers notably carbon and graphite 

fibers, metal and ceramic whiskers, and synthetic fiber yarns. 

Carbon and Graphite Fibers. With the corollary development 

of continuous processes for making strong, uniform carbon yarn, 

notably from rayon and polyacrylonitrile, the usage of these 

fibers has been directed toward +"iber-plastics composites in 
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the   aerosoace   industry  primarily  because   of   the   weight   advan ce 

i   of   these   composites.     Spin-off  applications   from   the  aerospace 
J 

applications  are  finding   some   interest in  special  high-temperature 

frictional and  sealing applications. 

| Metal and Ceramic Whiskers.   Endowed with exceptionally 

|   high stiffness  atributes,   this  groups  of  reinforcing   fillers  are 

i   for economic reasons  relegated  to extremely specialized applica- 

tions especially where thermal  endurance in combination with re- 

tained stiffness over prolonged periods of exposure have to be 

specified.    Expensive by virtue of the costly methods of obtaining 

the single crystal or whisker structure,   this class of fillers 

has    produced a wealth of  information in regard  to alignment and 

bonding of the filler to the plastic matrix.      An early ven- 

ture into less expensive acicular fillers  haa been recently 

inaugurated with titanates   (13)   that proffer some interesting 

opportunities to enhance  the properties of the well-established 

oldline plastics,  primarily on the basis of   (a)   extension of 

the glass  fiber dimensions  to that more nearly proximal to the 

fine structure of crystalline and semicrystalline polymers,   (b) 

controlled alignment of the properties of the reinforced com- 

position by virtue of the directed acicularity of the fibers,  and 

(c)   providing lower order of moisture absorption than that of 

the glass or silicate type  fillers.     More  importantly,  the 

inorganic  fillers show distinct merits not only  in increased 

tensile properties but also in reducing the thermal efficient 

of expansion to that of the  light metals. 



y.      CONCLUSIONS   AND   RECOMMENDATIONS 

From   the   foregoing  discussion of   the   advances  in plastics 

technology   and   commerce,   it   is   indicated  that   technical   advances 

in both  the  polymer  innovations  and  fabrication engineering   to 

próvido   increasing  range  of   plastics  articles   can be expected   to 

accord old-line  established  polymers with  a   significant growth 

potential.     It   is  prudent  and  necessary  to  view the polymer 

structure  even with established monomers  as  one  that is  not 

only  fixed  in the usual  sense as a manufactured resin going 

directly to  the   fabrication machinery,  but also labile and 

reactive  in the  fabrication operation to produce new molecular 

variations even though the basic chemical units of the monomers 

are substantially the same.     It is now evident that a much  clouer 

coordination of  specified construct -  fabrication technology  - 

polymer variations as a continum in the chain of development 

through adjustments  in molecular archetecture  is proving quite 

fruitful,   judging  from one  segment of a national production 

and consumption of plastics.     The definition of what how con- 

stitutes a new polymer takes on a new meaning that considers  not 

only the molecular archetecture but also  the adjuvants that 

become  important to fulfill  such diverse needs as making   large 

constructs  such as tanks,  on the one hand,   and degradable polymers 

to obviate ecological problems on the other. 
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TABLE  1.     GROWTH  CF THERKQSET  PLASTICS  PRODUCI ICN 

(U.S.A.   -   I972 ) 

PLASTICO PRODUCTION ANNUAL GkOWTH 

TYPEò 1000 METRIC TONS PKRCENT 
• 

I960 1971 1966-71 1972  (a) 

PhenolIca ^75.P 5*2.6 3 22 

Urea-mela»lne 3*6.5 365.O 2 18 

Polyester 213.7 332.0 9 33 

Ipoxy 63.6 75.0 3 9 

TOfAL 1079.6 131^.6 k 23 

(a)    Comparison between first-half 1972 and first-half 1971 

¿ouroei U. 3, Tariff Commissioni Society of Plasties Indus- 

try! Cham, and Ëng. News, Sept.   11, 1972« page 11. 
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TABLE 2.     GROWTH OF THERMOPLASTICS PRODUCTION  - U.S.A. 

POLYMER 
FIRST-HALF  1972 

TYPE PRODUCTION GAIN OVER 

1000 METRIC TONS FIRST HALF 1971 

POLYETHYLENE 

LOW DENSITY 1.159 18 % 

HIGH DENSITY *95 25 

POLYPROPYLENE 36* 37 

POLYSTYRENE  (a) 686 27 

POLYVINYL CHLORIDE 92? 2* 

TOTAL 3.631 2* 

(a)  STRAIGHT    AND RUBBER-MODIFIED 

SOURCE»    society of Plasties Industry (U.S.A. )» Cham, 

and Eng. Naws, Aug.  28, 1972. paga 8. 

*•—- •MB 
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TABLE  3.    THERMOPLASTICS OUTPUT - U.S.A.   1972 vs  1971 

(1000 METRIC TONS PER ANNUM) 

PRODUCTION CAPACITY UTILIZATION 

1971 1972 1971 1972 1971 1972 

POLYETHYLENE 

LOW DENSITY 20*5 2328 2228 2500 91* 93* 

HIGH DENSITY 882 1051 955 1113 92 95 

POLYPROPYLENE 573 7*6 750 800 76 93 

POLYSTYRENE (a) 1160 1*1 1*55 I636 80 86 

POLYVINYL CHLORIDE 1564 1878 1818 1909 86 98 

TOTAL 6221» 81** 720* 7958 86 93 

(a)    Straight and rubber-modified polystyrene 

Source 1    Society of Plasties Induitryi Chemical ana Eng- 

lnoerlng Newt, August 28, 1972, page 8. 
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TABLE U.    PROPERTIES   OF CROSSLINKED  POLYETHYLENE  (PE)  TYPES 

PE TYPE   (MOL.WT.)*. MEDIUM HIGH LOW 

NON- X-LINKED«  •*• « • • 

TBNSILE YIELD 110 95 300 190 165 

(kp/cra  ) 250 (200) (180) 

TENSILE STRENGTH 150 250 390 170 150 

2 (kp/cm  ) (180) (iW 

ELONGATION 500 ?00 800 ISO 105 

( percent ) (150) (95) 

MODULUS II5OO 35OO 
2 

(kp/cra  ) 1 [3500) 

SOLUBILITY (*) 106 6 too 1 100 6 

(Tolwne) (2) (7) 

SWELLING  (*) 300 200 250 

(T oluone) [(300) (300) 

mmÊmmÊÊÊmm mM 



TABLE  5.      SELECTED PROPERTIES   OF ABS  MOULDING  ALLOY:; 

PROPERTIES UNITS ABS/PVC    ABd/PVC      ABó/PU   áBü/PU 

Rigid      Flexible      Rigid     HI«Id 

TENSILE STRENGTH      kp/sq.em. 

TENSILI MODULUS   10** kp/sq.cra. 

IZOD IMPACT.   NOTCHED (Ft.lb/In) 

HARDNESS,   ROCKWELL 

HEAT DISTORTION °U. 

SPECIFIC GRAVIT* 

383 219 236 576 

22,5 7.0 15.5 25.9 

12.5 15.0 8.0 10.3 

1021 55R 82R 118R 

71.5 90.5 97.0 127.© 

1.21 1.13 1 «O** 1.2* 



-30- 

T.BLE 6 .    USAGE OF FIBER GLASS REINFORCED THERMOPLASTICS 

(U.S.A.   1971  ESTIMATES) 

POWiTHïUBil     ) 

POLYPROPYLENE   ) 

POLYSTYRENE  (*) 

ICY LOH 

fOIACABBONtfi   ) 

OTHERS 

TOfâL 

1000 METRIC TONS 

13.^ 

41.1 

5.1 

i3.é 

>) Stimlgitfc *ná *ubb«r-moátfi«A. 

PERCENT 

ko 

33 

12 

15 

100 
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TABLE 7.    TYPICAL MECHANICAL PROPERTIES OP REINFORCED 

THERMOPLASTICS   (30* GLASS FIBERS) 

PROPERTY POLY- POLY- NYLON POLY- 
PROPYLENE 3TYRSNS CARBONATE 

TENSILE STRENGTH 

(Kp/ea2) 

(281) (281) (633) (633) 
562 1025 1758 1334 

PLEXURAL'   MODULUS 

(Kp/oB2) 

(14060) (28120) (21090) (21090) 
1*2180 0*360 70300 147630 

IMPACT STB1K0TH (V.GOOD) (POOR) (V.GOOD) (V.GOOD) 
(Qualitativ«) GOOD PAIR V.GOOD V.GOOD 

TEMPERATURE (54,5) (82.0) <n.5) (132.0) 
DISTORTION (CC.) 132,8 104,5 146.0 143.0 

«<      )    Valu.. „f.r t0 „„tu.« 0<m1trolii ftnat pU,tUi> 
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FIGURE 1.     INJECTION MOULDING SYSTEMS 

(A) MIXING FOH CROSS-UNKING AGENTS 

(B) MOULDING WITH ULTRA HIGH PR1SSU1SS 
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