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PURPOSE OF THIS PRESENTATION

This presentation is intended to provide a topical
review of the advances in plastics technology with an attempt
to demonstrate that old-line established polymers will continue
to reflect growth in production and consumption by virtue of
latent potentials in interelated 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 monomer types should play an important
role in growth by adjustments not only in macromolecular
configurations but also by blends and reinforcing compositions.
It 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.

.



I. TINTRODUCTION

Plastics materials and resins are derived from high
molecular weight polymers endowed with enormous variations
and possibilities in molecular weight distributions, narrow
and broad, and in spatial arrangements with molecular chain
modifications in crystallinity, orientation, and cross-linkage.
While these molecular features are not commonly ccnsidered
in the usual characterization or spc~ifications 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 chanages have been achieved often with little
or no major modifications or additions in captial investment
of existing polymer production facilities. Thus even old=-line
estahlished plastics, locked-in to existing monomer and
polymerization facilities, have an equal 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 distor*ion

temnerature, aradually acquired improved properties with high



impact resistance and increased heat distortion temperatures.
The innovations and advances with old-line, established
polymers take form in such ways as (a) fine structure modifica-
tions in the arrangement or orientation of the polymer repeat
units, (b) cross-linking with co-valent and ionic bonding, (c)
polymer blends or alloys, and (d) composites with fillers,
such as glass fibers and inorganic micro-fibers. In addition,
new resins are being developed for improved fabricability, im-
proved outdoor weathering resistance, decreased toxicity upon
incineration, and degradability after use and disposal. Speci-
fic examples are discussed to illustrate the trends and in-
creasing importance of modifying existing types of polymers
and plastics derivalbe from current petrochemical monomers

and existing production facilities.

1I. CONVENTIONAL, ESTABLISHED POLYMERS AND REGINS
The plastics industry as a whole comprises two dis-

tinct types of polymers or resins, the latter referring general-
ly to the form ready for fabrication or conversion into a formed
objects while the former as implied in this discussion relates
to the principal molecular features in the chemical and physi-
cal sense. These are (a) thermosetting polymers Or resins
that start from low molecular weight entities or mixtures and
depend upon consequent thermal reactions to gain high molecular
weight by the condensation reations, and (b) thermoplastics
that maintain their initial high molecular weight structure
throughout the consequent fabrication or shaping operations.

In more recent years the latter have been accorded special
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As a4 consequence of the ab

sve-mentioned three means of

resin modificatinns and improvements, the seemingly dormant

or slow growth of the thermoset
cade have experienced a pronoun
case of the five-year nroductio
for the plastics data reported

and shown in Table 1 (2). What

ting resins in the past de-

ced upsurge, considering the

n fiqures, from 1966 to 1972,
in the United States of America

was once considered as a re-

sin type in competition with the ever-growing usage of thermo-

plastic resins notably the acry

lonitrile—butadiene-styrene

(ARS) polymers, the old-line thermosetting resins continued

to maintain a gqrowth rate over

the span of years substantially

equivalent to, or €n par with the growth rate of thermoplastics

45 discussed in the ensuing comments. The U.S.A. production

atatistics for the plastics, used in this presentation as a

b¢1l-weather indicator or forecaster of what would could

transpire in other quarters or

significant 23 percent increase

regions of world, reflect a

over the past five year span

tabulated. Following a significant loss in 1969, the thermo=-

gsetting resins market regained much or almost all of the loss,

rejuvenated by the advances especially in the adaptation of

the condensation types, especia

11y the polyesters, into

fillor-extended or reinforced resins. The upsurge according

to statistics was impelled especially by the rconstruction

hoom for which the above-mentio
improvements and fabrication te

ant tectnical and economic role

ned three features of resin
chnology provided the import-
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Th2 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-
cal 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 resin 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




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 stock and (b) under-
standing 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 resins have
grown even faster than the phenolics, attaining a 33 percent
increase in the 1966 - 1972 period. Much of this rebound
from the seemingiy indeterminate growth is ascribable to
reinforcement with glass fibers, in which case the construc-
tion boom has played a major role in impelling the advance.,

The polyesters indicate an increasing level to that of the
melamine-urea resins also as a consequence largely due to
reinforcement with glass fibers, while the melamine-urea resins
continue their major role in the adhesives applications. The
epoxides, lowest members in theanmal volume and growth
etatistics, continue to serve primarily the protective applica-

tinons.

Thermoplastic 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



goal or expected balance proportions of the varicus vplastics
in other regions of the world economy. The balance of supply
and demand as well as the product mixture provides one mea-
sure of planned invectment in the broad range of plastics as
well as advances in cach area of the polymer structural types
as an interplay of monomer production, fabrication technology,
and aggresive marketina and product design,

According to the U,S.A. statistical summary in Table 3,
production of low and high~density polvethylene has netted 18
and 25 percent gain in the first-half 1972. Approximately
the same level of growth apparently is experienced with the
older poly-styrene and polyvinyl chloride. The most prominent
increase is reflected with polypropylene with an increase of
24 percent for the eguivalent period.. Survey 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.




In retrospect, it 1S important to examine the trends

as indicated by the statistics for the U.S.A. plastics
production figures as a planning axercise from the stand-
point of future requirenments coordinating the petrochemical
capacity for specific monomers in relation to polymer modi-
fications in the old-1line established plastics 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
modi fications will continue to affect this balance from year
to year. Tiis 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 newver

adaptations.

Reactive Polymers and Fgariqation Enginaering

what has just been stated to this point is that the
growth of the plastics industry to a large degree has re-
sulted from technoloyy exploiting the reactivity of the polymer
during fabrication into modified macromoiecular structures
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 the conventional thermosetting
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as well as the thermoplastic categories,. The fabrication
engineering features involve new designs of equiprent, A
nnteworthy 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 “zatures of these two processes is the regulated
control and transient adjustment of the critical thermal dwell
time within the narrow range that sustains flow similtaneously
with the necessary sintering by coalescence (4). The concept
is applicable not only to conventional thermosetting resins
but also to the more recently developed cross-linking thermo-
plastics, notably those derived from pclyolefir'n macromolecules.
This concept, which in effect borrows from the classical re-
activity during fabrication in the case of the thermosetting
resins, is expected to develop a significant segment of the
plastics market. Technical developments along this line are
already illustrated by the vork with cross-linkable polyethy-
lane of varying molecular weights (5) such as is depicted by
the selected tensile data in Table 4. In this instance, it
is clear that molecular weight is an important factor in
developing the tensile constants and will require further
study in relation to the desired balance between the physical
properties and the sensitivity to chemicals such as rated
by the solubility in toluene shown in the Table 4, The
latter emphasisizes the profound effect 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 plasticc
modifications that should continue to penetrate container

and other applications.

Simultaneously with the advances in the macromolecular
modifications 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-
cularcage 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 same concept of cross-linkong durin:
rotationil moulding, with appropriate polymer variat. ns and
design 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 requlate 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 nroviding new compositions of polyolefins modifed 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




been cleared in some countries for use in food packaging and

containers. The price increment according to some sources is
not higher than 20 percent above that nf the equivalent grade
nf parent polymer. There are several methods of incorporating
the photosenzitizing agents. The next few months will wit-
ness numerous technical variations such as (a) addinag 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 developlng 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 mechanisms:

(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,

I1I, POLYMER BLENDS (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 acrylonitrile-butadiene-styrene
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(ABS) types which are available in an extensive variation of
grades and characteristics. Fndowed with the opolar nature of
the -CN confiquration of the acrylonitrile 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 polvvinyl 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 is an effective impact modifier for

rigid PVC, which in turn provides self-extinguishing character-
istiecs. Both rigid and flexible ABS/PVC alloys are available for
various moulding operations and sheet calendering (10).

Clear bottle compounds are made from special types of ABS
modifier that impart high degree of clarity in addition to im-
proving the process ability and impact properties. 1In 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,
Yo

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

-509C. Typical and most popular applications are for protective
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Many ABS formulations are specially designed and devi-od
for a variety of fabrication techniques and adaptat:ons that
include cold forming, expansion casting, and particularly
electroplating to impart a metal-like finish or appearance,

Cold Forming. Standard metal foraing equipment with minory

mechanical and heating appurtenances can be adapted to cold
forming ABS sheet stocks and billets in making articles ranaging
from food packagina, to automotive and other industrial and
engineering componets. Sepcially formulated grades of ABS
containing lubricants are gradually beina adlapted to forging
overations using heated drawpads and punches,

Expandable. Numerous proprietary grades of expandable,

low density forms of ABS resins are bhecoming available for in-
jection moulding and expansion casting into structural rigid
foam materials.

Electroplating. ABS grades of polymers 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 particylar




automoetive grills, Although there is some competition from

polyproylene, the ABS polymers maintain a preferred position

by virtue of d -mensional stability recently enhanced with
acicular titanate filler (l1), moulding ease into exceptionally
smooth topical finish and appearance, and overall cost advantage
of the final plat=2d 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 volymer 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
silver,

In general, the ABS polymers and especially their alloys
can he 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 hase 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-extiaguishing charac-
teristics that is assuming ever-increasing importance especially
with the increasing penetration of plastics into housing and

construction.
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IV, REINFORCED, FILLED COMPOSTTONS

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 ranqge

of reinforcement from the standpoint of mechanical endurance

and especially stiffening the plastics artifact. 1In 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 now expanding glass
fiber ar ° “ilament 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 significantsegment of the plastics
applications, across practically all of the principal types of
chemical polymers including the specialty, high-temperature
nolymers.

The advance in the annual development and utilization of
reinforced thermoplastics (12), from an emerging technoloqy
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




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, indicatina that the largest segment would reside in

the polyolefin reinforcement and that this is where the
technological emphasis should be placed for developing economy.

Tt is however recognized that reinforced polyesters are expected

to display a significantgrowth 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 dJdevelopment of some unique
combination of two or more properties resulting from the in-
corporation of the filler. Typical of these reinforcement is
listed in Tabhle 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 thecorollary development

of continuous processes for making strong, uniform carbon yarn,

notably from rayon and polyacrylonitrile, the usage of these

fibers has been directed toward fiber-plastics composites in




the aerospace industry primarily because of the weight advancce

of these composites. Spin-off applications from the aerospace
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
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 haas bheen recently
inaugurated with titanates (13) that proffer some interesting
opportunities to enhance the properties of the well-established
oldline plastics,iprimarily 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 ‘ncreased
tensile properties but also in reducing the thermal efficient

of expansion to that of the light metals,




V. CONCLUSTONS AND RECOMMENDATIONS

From the foregoinag discussion of the advances in nlastics
technnlogy and commerce, it is indicated that technical advances
in both the polymer innovations and fabrication engineering to
nrovide 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 closer
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 nhow 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. GHOWTH CF THERMOSET PLASTICS PHCIUCT ICN

(U.3.4, - 1972)

PLASTICs PRODUCTICN ANNUAL GKOWTH
TYPES 1000 METRIC TONS PERCENT *
1966 1971 196671 1972 (a)
Phenolics 475,8 sh2,6 3 22
Urea-melamine 36,5 365,0 2 18
Polyester 213.7 332,0 9 33
Epoxy 63.6 75.0 3 9
TOTAL 1079.6 1314.6 4 23

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

source: U, 3, Tariff Commission; Society of Plastics Indus-

trys Chem, and Eng, News, Sept. 11, 1972, page 11,
W
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TABLE 2. GROWTH OF THERMOPLASTICS PRODUCTICN - U.S.A.

POLYMER FIRST-HALF 1972
TYPE PRODUCT ION GAIN OVER
1000 METRIC TONS|FIRST HALF 1971
POLYETHYLENE
LOW DENSITY 1,159 18 %
HIGH DENSITY 495 25
POLYPROPYLENE 364 37
POLYSTYRENE (a) 686 27
POLYVINYL CHLORIDE 927 24
TOTAL 3,631 24 ;

(a) STRAIGHT AND RUBBER-MODIFIED
SOURCE: Society of Plastlcs Industry (U.S.A.)s Chenm.

and Engo N“s. A“s. 28. 1972. ”s‘ 80
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TABLE 3. THERMOPLASTICS OUTPUT - U.S.A. 1972 vs 1971
(1000 METRIC TONS PER ANNUM)

PRODUCT ION CAPACITY UTILIZATION
1971 1972 1971 1972 1971 1972

POLYETHYLENE
LOW DENSITY 2045 2328 2228 2500 91% 93%
HIGH DENSITY 882 1051 95§ 1113 92 95
POLYPROPYLENE 573 746 750 800 76 93
POLYSTYRENE (a) 1160 141 1455 1636 80 86
POLYVINYL CHLORIDE 1564 1878 1818 1909 86 98
TOTAL 6224 814k 7204 7958 86 93

(a) Strailght and rubber-modified polystyrene
Source: Soclety of Plastiocs Industry; Chemical and Bng-
inoering News, August 28, 1972, page 8.
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TABLE 4. PROPERTIES OF CROSSLINKED POLYETHYLENE (PE) TYPES
PE TYPE (MOL.WT.)w| MEDIUM HIGH % ZOW
NON=- lX-LINKED" - * . *
TENSILE YIELD 110 | 95 300 | 190 # 165

(kp/en?) 250 (200) (180)
TENSILE STRENGTH | 150 |250 190 | 170 150
(kp/cn?) (180) (140)
ELONGAT ION s00 |700 | 800 | 150 105
( percent) (150) (95)
MODULUS
(kp/on?)
SOLUBILITY (%) 100 6 100 6
(Toluene) (7)
SWELLING (%) 300 250
(Toluene)

AT
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TABLE 5. SELECT7D PROPERTI1ES OF ABS MOULDING ALLOYG

"5 —

PROPERT1ES UNITS ABS/PVC ABs/PVC  ABL/PU ABS/PU

Rigid Flexible Rigid Rigid

TENSILE STRENGTH kp/sq.cm, 383 219 236 576
TENSILE MODULUS 1ot kp/e8q.cm, 22,5 7.0 15.5 2549
1Z0D 1MPACT, NOTCHED (Ft.1b/in) 12, % 15,0 8.0 1043
HARDNESS, ROCKWELL 102R 55R 82R 118R
HEAT DISTORTICN . 71.5 90.5 97.0 127.0

SPECIFIC GRAVITY 1.21

1.13 1.04 1,24
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TABLE 6 . USAGE OF FIBER GLASS REINFORCED THERMOPLASTICS
(U.S.A. 1971 ESTIMATES)

1000 METRIC TONS PERCENT

POLYETHYLENE ) 13,4 10
POLYPROPYLENE ;

POLYSTYRENE (a) 11.1 33
NYLON 4,0 12
POLYCARBONATE ) 5.1 15

TOTAL 3346 100

(a) Straight and rubber-modified.

et ST et A
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i TABLE 7. TYPICAL MECHANICAL PROPERTIES OF REINFORCED

THERMOPLASTICS (30% GLASS FIBERS)

PROPERTY POLY - POLY-  NYLON POLY-
PROPYLENE  STYRENE CARBONATE
TENSILE STRENGTH (281) (281) (633) (633)
(Kp/on?) 562 1025 1758 1334
FLEXUBAL' MODULUS  (14060)  (28120)  (21090) (21090)
(Kp/on?) 42180 84360 70300 147630
IMPACT STRENGTH  (V,GOOD) (POOR)  (V.GOOD)  (V.GooD)
(Qualitative) GooD PAIR  V.GoOD V.GOOD
 TEMPERATURE (54.5) (82,0) (71.8)  (132,0)
| DISTORTION (%c.) 132,8 104, 5 146, 0 143,0
*(

) Values refer to unfilled controls, parent plasties,
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FIGURE 1. INJECTION MOULDING SYSTEMS
(A) MIXING FOR CROSS-LINKING AGENTS
(B) MOULDING WITH ULTRA HIGH PRBSSURES
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