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1. INURODUCT LGN

M ————.

1. In derived natural ani synthetic fornms, rubber as a class of
elnstomer materlals is basically a polymer hevirg molecular
characteristics much in common with struetural thermoplastic
materlals. These two classes of materials provide a broad
speoctrum of useful mechanical properties, often overlapping,
ranging from elastic to rigid in nature, each with a varying
degree of elasticity and energy-absorbing attributes when
subjected to certain statie and dynamic stresses, a feature often
lucking with brittle plasties, Thus rubbers can serve to provide
& toughening quality to brittle polymers which otherwise fall
under stresses of rapid, high rate impact, Consequently, the
extonsion of rubber to thermoplasties can serve & useful
technological role in the ever-expanding needs for building
materials, large conduits ang pipiny, and myriads of utilit: ~ian
artioles replacing, and in many instances being less oxpensive

than, fabricated wood and metal products,

2, With the inereasing tochnological prominence of rubber-
plastios blends in view of the attractive econonic merits made
possidble by the high production rates, an increasiig investigative
Interest is developing toward understanding and defining the role
the rubber compoent in rubber-plastics blends, "These interests
invoive efforts in applylng thooretical, analytical mecnanics of

strength and fallure, too long nerlected, physics of the macro-

| moleculay structure, and detailed view by means of high, threc-




dimensional magnirication techniquesz,

3. it 1s therefore the purpos«e of this presentation to high-
“ight some of the salient features in understanding the role of
rubberextended as a component into plastics, presaged by an
analysis of the production statistics comnparing the competitive
positions for natural rutber and synthetic rubber for rlastics
blends with the ¢xpectation that the basjie understaﬁdms of the
role of rubber extension into plastics will proffer somuv new
approaches and insight for the oXpandcd, or at least austain«l*
utilization of rubber with plastics,

11, _ TRENDS IN CONF:T Y1V: AUBBE:

k. Wnile the trends in the utilization of rubber have boen
expertly recounted by other participants in this current Export
Group liseting in a more comprehensive manner, it is nevertheless
of Anterest at this point to ascertain, or dlagnose so to spoak,
the comparative trends for natural rubber Vis-a-vis its synthetiec
counterpart based on annual world-wlde statistios (1) and a
solocted instance of statistics derived for a special case of one
highly Andustrialized national, namely, the United States of
America (2), The latter is presented with deference, and acknow=
ledgement of equal importance, to all other nationals solely for
the purpose of analytical methodology ; morevver, misconceptions

Or errors ensuing from this kind of an approach may be readily

rectifioed with the detatleq U, 5. A, data (2) row available,
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In partioular, the assessment or evaluation of the annual figures
is presented here in a Spscial, restrictive manner to provide a
scale or fiau® of reference which is termed as the Proportional
Index (P1). This Index is intended to sorve as a measure of the
production, and obviously its utilization, in relation to the
Over-expanding plastics technology and espucially as a measure of
the competitive ratios, considered individually, for natural
rubber and synthetic rubber. It is oxpocted that such an Index,
applied as one criterion of assessing the trends for short
periods, for instance five years, serving to predict the declines

and advances for the two competing forms of rudbver as adjuncts
to plastics technology.

5. 3Based on the abbroviated statistioal summation presented in
Tadble I, Pigure 1 presents graphically the general case of the
annual Proportional Index as a rat'o of the world production of
total rubdber, including both the natural and synthetic forms, to
the world produstion of total Plastics. The yearly trends of the

Index are presented for a short increment of recent years for the

(8) world-wide figures and (b) for the special case of the U.8.A.
data. 7The marked decline of the Proportional Index for the former

B e

Sas¢ is quite aprarent, whereas that for the U. 5. A. may appoar
less doclining, 4 further assessment of the Proportisnal Index
for the total nmatural rubber to the total rubbers, both natural
and synthetic, is presented in Figure 2, which now illustrates

& less severe decline in the yearly trends, a feature evident with




both the world and the U, S. A, cata, The indices of course are
Just another manifestation of what is already apparent from the
statistical data recounted in the straight, summary manner, A
8t1ll further assessment is provided in Figures 3 and & doaling
8pecifically with the Proportional Index for natural rubber to
Plastics and synthetic rubber to plastics, respectively. The
higher Index ror the case of synthetie rubber, as shown in Pisurof
4, compared to that for the case of natural rudbber, as shown in
Pigure 3, shows and perhaps predists that the synthetic rubbérA
Index will undergo much le¢ss of a decline than that of natural
rubber. It should be apparent by now that the Index, as a feature
of analysis, is assessing the competition botween rubber and
plastics, on the one hand, and natural rubber with synthetic
rubber on the other, It iz now of interest to probe into a
ROre spocific caso where rubber modification, and hence extennion.
of plastios is indeed an actuality,

6. An appropriate case to consider thenm 1s the Proportional
Index for the yearly trend derivable for the case of styrene
type of plastics cuch as that 1isteq in Tables II and 111 from
the readily accessable U. . A. production figures (2). Por
this’ case, Figure § provides the Index based on rubber-modified
polystyrene/polystyrene statistical data, In this case, the
declining trend is not altorether firm despite the drop from
0.40 in 1964 to 0.33 in 1968 with a narked recovery from the

low Index in 1967, The contributing factors are cpon to

spéculation, One rationale may relate to the imrrovements in




blending and fornulating rubber-plastics polydblends prompted by

basic, investigative efforts toward w.derstanding the role of
rubber in correcting some of the shortcomings of Plastics with
regard to durability, as

well as providing broadensd sompesitional
range for a variety of blended candidates,

7. Blends or mixtures of rubber and Plastics for more than a
eentury have been made and produced as forms of hard ruvber with

early dependence upon thermosetting technology involving phenolie

resins. In early 1930 polymer chemistry was just emerging as a

technological venture involving organic synthesis of monomers

and their polymerization, including such diolefins as butadiene

and chloroprene, one of the procursors to modern elastomers,

At the same time some of the understanding of high molecular

weight or macromolecular sclence along lines of physical chemistry

was yot to be formulated, During this period the empirical efforts

began to provide inprovements in both the processing of rubbers

and to up-grade the mechanical properties, notadbly hardness,
tensile strongth, tear strength, and abrasion. In effect, the
Plastic polymer components were blended into rubber materials for

the purpose of ¢enhancing certain ranges of durability for rubdbber

matorials.

8. Commencing in early 1940, polystyrene began to energe as a

Plastics material along with several other high molecular weight
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polymners having hich stiffness and mechanical strength aleng with
low cost processability by extrusion and injection-nolding that
started a new era in plastics manufacturing technology with high
volume productivity énd low materials costs, However, the
principal shortcoming of polystyrene and its consequent copoimarl
Was their oxtreme brittleness op lack of toughness, a feature also
shared by anothor emerging polymer, namely polyvinyl chloride,
By virtue or their basically low costs of starting monomers and
soononic processing into a broad range of applications gonerslly
replacing those conventionally served by rubber, the technology

°f plastics manufacture and fabrication soon began to ocmpete and
in scme instances displace, with rubdber, The transition was one
in uhieh the existing technologies in rudbber, notably compounding,
extrusion, sheoting, and so on, were applicadble to plastios often
with iury little change in the equipment, indeed, the plastics
polymer science developed its own prestigious position and
pursuits on the understanding of macroriclecular chemistry, physies,
and mechanics on par with that of the elastomer scionce. Thus in
du oourse the early polymers acorued widespread acceptance
despit.e their shorteomings with respect to to ampact resistanco,

& deficiency gradually corrected alonc two linea of endeavors,

The rirst of theso was by blending polymers or copolymers with
olastonmer components as shown in Figure 6, while the second was

by utruéturing polymer semmonts within the molecular chain or

to the molecular chain as depicted in Figure 6, Zventually, the .

once brittle, single component polymers, polystyrene and poly-

vinyl chloride gradually were provided with a range of toughness
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and other propertics designed to specific arti.les and applications,
In effect, the enorgy-absorbing attributes for which the elastomer
structure 1s uniqucly constituted was zdivantageously combined to

oxtend the utility of plastics in numerous ways,

9 The most prominent rubber-plastics blends that have acquired
tochnological prominence are listed as illustrative categories in
Table IV with a solected trade specifications pertinent to each
oategory, in this case the well-established procedural designations
of the Amerlcan Society for Testing and Haterials which have
numerous counterparts among standards specified by other nationals,

A number of these rubber-extended categories have 1n’addition other

derived tests for durability as well as dimensional spocifications
specific to sheeting, pipes and conduits, and so on, along with
grados épesiric to flame resistance, outdcor weatherability, and
chemical resistance, that continue to require modifications in

the oompositions of the rubber-plastics blends,

SPTS _OF RUBBER-TCUGHENIN

10 The brittleness of polystyrene (PS),acrylonitrile-butadiene-
styrene polymer (ABS), and polyvinyl chloride (PVC) in their

un-modified form 18 most commonly explained in terms of energy-
abzorption mechanisms and kinetics involving 1initatiation and

propagation of cracks and internal stresses, Numerous

investigators have investigated and followed in diverse ways
the phenomenon of the onset of fracturc and ultimate failure

under impact. These diverse means included detailed examination




-examination under high magnification, on the one handi, and by
eonceptual derivation of stress conditions using various models
of a digpersed rubber phase in a plastic matrix on the other hand
As a result nuterous concepts or theories have been proposed,
sommencing with the general concept of the Griffith fracture

oriterion (6) expressod by the equationt

whore = tonsile strength,

T

E = Young's modulus,

¥ = onorgy required to produce a unit area of
¢ = eoritiocal orack length. (now orack
By applying known tonsile and other constants in tho above
expression for the cage of brittle plastios, where as a general
rule the ductile absorbing energy is limited to the surface layer
in the order of one micron, the equation provides a oritical
erack length in the order of 100 microns, 4 characteristie
feature observed in the manifestation of the fractures of the
brittle polymers has been the Presence of craze pattorns. The
observations prompted several concepts as equations of state
derived to account for the mechanism of failure and its
alleviation by the prescnce of the disperse rubber phase, Some

of these are recounted as follows,

11, Eporgy Absorvtion by Rubber Farticles. 'The energy absorp-

tlon induced by rubber on impact with attending stretching across

the fracture of the brittlc matrix, as depicted schematically in




Figure 8, does not fully account for the profound v.riations in
actual, measured values of Impact strength or resistance as the
size and shape of the rubber particles are varied. A gase in
point 18 the effect of particl® size und shape shown in Table V
for a blend of polybutadiene-acrylonitrile rubber styrene-
acrylonitrile polymerj the variations in particle geometry were

obtained quite sinply by appropriate mixing and blending

eonditions and by variation of applied shear during blending (7 ),
The conditions were adjusted to producc dispersed rubber particle
s8lzes below and above the 0.5 - 0.6 micron level in the initial
rubboer stock., The data in Table V indicate that significant
toughening at the constant rubber level (20 percent) develops as
the particle dimensionc exceed 0.6 micron. Thus the goneral

concept of energy absorption while substantiated in a qualitative

i
i

way i8 seriously lacking for accounting for the quantitative
variations evident in such cases as illustrated by the data
presented in lable V, |

12, Hydrostatic ionsion (Dilation) Concept, In view of the

apparent inadequacy of the direct energy absorption theory, a
concept was proposed (8 ) on the proposition that the rubber
particles gemerate hydrostatic tensile stress in the ad jacent
polymer matrix, Despite the elaborate development of a matrix
(nathematical) solution involving shear moduli of the component
spherical rubber and .the polyrer matrix, experimental tests

of the concept rfailed to resolve the experinental inconsistencies

noted in some cases (7)., As was the case with the general energy
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absorption concept the hydrostatie tension concept did not
reconcile the calculated date with that obtainable by experiment
w¥ith variations that could be effected by geometrical features,
1t might be properly surmised that the concept of hydrostatic
toension could be adjusted with furrher elaborations that should
include interfacial adhesion and its yielding ecriteria, This

could be an appropriate oxploitation with natural polyisoprene

elastomers,

13, Sxaze Nucleation Concept, Another concept is that proposing

the role of rubber particles as stress concentrators (9 ) by virtue

of their multiplicity thereby dividing or redistributing the stress

into a large number of small cracks, presumably restorable so long
a8 the strain is within elastic limits, Thus more energy is needed
to propagate a large number of cracks or near cracks with stress
flelds or vectors dispersed among each other neguting part of the
applied stress, Elaborations of this concept regard the rubber
particles as serving to piovide s8iles for craze formation (10) or
the forma.ion of tiny ecracks ahead of the main crack producing a
statistical bronching offect such as depicted in Figure 9.

As with the case for the hydrostatic tension concept, an elaborate
tquation of state is reouirced, as indicated in the Appendix, to
account for the siross distribuvtion and itg diminution based on tho 7
Goodier analysis (11) of stresses in a system conposed of elastic %
spheres embedded in a solid matrix, The Cnodier equation predicts

that hard particles and volds provide hisher stress concentrations,

thereby providing stronger eraze nucleation than rubber, and thus
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hard particies and volds should toughen the plastics matrix to a
groater degree than rubber. This hac not been ovident in some of
the deliberate tests of the concpt ( 7) and hence can be accorded
& limited postulate stature. As with the hydrostatic tension
ooncapt. there 1s prosumed to be some merit in augnenting the
eraze nucleation applying rubber particles cured to a renge of
hardness or cross-linking in which some optimal crack rosistance
range could be established by fairly simple experimountal
exploration,

14,  Dynamig Crapik Propacation, While this is phenomenologioally

rohtod to the craze nucleation concept, this concept is an
extension of the Griffith criterion. Once inititiated by the
eriterion, the ocrack then accelerates to a linmiting velocity,
approximately half the shear wave volocity, accompanied by
branching of the orack and surface roughening., Caloulations of
the stresses ahead of a moving crack, made by ¥offe (12), indicated
thatthe maxinum stress swings out of the planc of the orack at
high speeds as indicated graphically in Figure 9 . Tm@aile stress
maxima oxist in two planes ahead of the rapidly moving orack
thereby diresting the crack into either o. both of the planes.

In an isotropic solid, the cracks do not move faster than half the
shear wave velocity (Vt) and hence the implications of the 0,8 and
0.9 Vt curves has yet to Be resolved. In the case of the rubber-
plastic system for the ABS compond, it ls presumed chat eracks
pPropagate rapllily in the plastics matrix (‘Jt 0.5 being approx-

imately 620 meters/second) and then into the rubber particle
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(Vt 0.5 being approxirately 29 neters/second) whore branching
would thus proliferate,

is., In retrospect, the concepts und premises involved provide

no specific restrictions as to the chemical type of the disnersed

rubber phase for modifying or toughening
of brittle polymers.

the impact resistance
While the combinative concept of the

Griffith eriterion ard the Yoffe concept of strecses developing

out of the plane of the crack provi les
is

& working rationale, there
no suggestion here how the branching would mitigate against

the uso of natural rutber for the toughening phonomena. In this

frame of reforence it would seen that
rubber in bdlends

the oxploitation of natural

with synthetic plastics under certain conditions

of planned integration of petro-monomer polymerization for

proximal resources of natural rubber may proffer a aignifioant
outlet,

Y. BLENDING AND_COMPOUNDIYG

16, The blending of two phases of any two dissinilar materials,

such as i8 the case with rubbers and pPlastics, has a long history

of empirical practises often continued or sustained in existing

technology by virtue of committed cquipment or committed procedures,

BRubbour and plastics technologies have much in comnon with regard

to compounding and blending with similar considerations of

offectiveness and econonles, Witk the advent of rubber extended

compositions,

newer appraches to sfficient blending are becoming
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increasingly evident, Combining the established and the the new,
the following desocriptive mechods are avallable for producing
rubber-plastiocs blends,
() mechanical mixing on conventional devices such as
| kneading (Banbury), milling, and extrusion,
! (b) coagulation of mixtures of the rubber latex and
the polymer dispersion or latex, and

(o) polymerization of one monomer in the presence of

& polymer, with variations in.the combinations

of the constitutive components,
There 18 & paucity of data on the blend strusture or disporsion
ovaluating the morits of each of the above blending methods, As
& sonsoquenco, nevw oxplorations for unique merits of rubber
oxtension would require some detailed comparisions comprising

both property enhancement and the economic incentives,

T S b Bt

17, Millinz overations, Blending rubber with thormoplastics
by mill-rolling ic a common, large-scale production operation. As

the two components are milled forning a smooth band, the bdlend 1is
regardod as compatible, whereas a spongy, nervy or crentaod band
or mill stook 1s an indication of incompatibility, Frequently,
at this stage of processing the qualitative indication of homo-
. ;' goenous dispersion 1s a practical assessment of the optimal ratios
4 of the two materials if any does prevaile. In this step much of
the toughening effect can be maximized and sanmplings aro taken
for mechanical tests,as are generally cspecified in the trade,

and definitve investigation of the fracture mechanisms.
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A characteristic mechariieal

attribute of elastomers and polymers is their respoctive moduli
over a span temperatures. The modt 1i can be determined thrcughoub
the droad temperature range by torsional oscillationsin g pendulum
arrangement to provide dariping constants to calculate each
tomporature-designated modulus (13). The method provides a useful,
dofinitive and analytical tool not only for obtaining a tomporatur-
depondent profile of the medulus but also in the characterization
of the compatibility or homogeneity of blends of dissimilar
materials (14), The temperature~dependent torsional sonstants

ocan be used, for instance, to ascertain the manner in which the
damping maximum of ¢ach of the two blend components can give Trise
to a different maximg frequently desired to vacate an undesiraeble
maximum of an otherwise useful polymer ingredient,

19. ﬂ1nznsgnnln_gnaxgg;gzlznxign. The visual assossment of the

rubber component in the plastic as well as the nature of adhesion
and failure is indeed a valuable augmentation of the cisessmont in
terms of practical milling and measured mechanical constants “he
recent developnent of scanmning electron microscopy in an oxtended
range of magnification provides a highly sophisticated tool for
studying the discrote disposition of the rubber components in the
optimal fabricated form as well as for ascertaining the nature of
the failure eriterion. it can be Presumed that while current
rubber/plastics toechnology has attained well established perform-

ance and endurance standards, the suitabllity of natural extension

to polymer or plastics materials with the aid of detailed scanning
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| electron microscopy should enable its development into competitive

blends for much-needel, world-wide items of construction,

v ERSP 2w 1] VS

20, From the statistlce of the trends in the oxtension of
rubber into plastics, it is evident that the elastomerioe
ettributes of natural and synthetic rubbers have acquirod
increasing merit and econometric irportance, It is also evident
that the synthetic form of the elastomer is outpacing the natural
rubber as the compositional preference, This preference doubte
lessly is oocasioned by the well-integrated synthesis, polymer-
ization, and formulating and blending technology, notably in
countries that do not have indigenous sources of natural rubber
and depend upon synthetic sources. The competiitive displacement
of the synthetic variety by the natural rubber form obv;ously
presents probloms of ready avallability, shelf-1ife stability and
uniformity, and numerous product standards yet to be defined, any
one of which could impose economic disadvantages, besides ocosts
of latex shipment or transfer with its non-renumerative agqueoous
phase., Despite these concerns, it 17 seen that the concepts of
rubber modificaticn or toughening of plastics as indica‘ed in
this presentation doos not indeed proeclude the utility of natural

rubber for the same role,

21, It would thus appear that a major developmental effort is

well justified for up-grading the proportionate share for natural

3 Trubber involving diligent study cof indigcnous technology expanded
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with tandem synthetic, monomer technology pefhaps even in some
moans of regionalization. As an cconometric developmental effort
this could entai) ovaluating the efficlencies and economics of
such ventures as (a) latex modificatior for compounding with
polyolefins and their related chemical analogs notably ABS and
PVC polymers, (b) indigenous installation of balanced production
capacity to provide independent source of nonomers, and (¢)
development of integrated fabrication or conversion of the
indigenous, stock rubber-plastics blends for indigenous needs

of constructionforms for irrigation, flood control, sanitation,
transportation, shelters, and myriads of utilitarian articles
for minimal domostic usage. This in effcet means a cont inued
dispersal of monomer and polymer technology from high industrial
complexes toward regional areas proximal to most economie

transport or conveyance of rubber lateox and its bulk stooks.

22, Finally, one important coniideration that warrants study
and appralsal and that relates to the possible consorving of
fossil fuels, or oven its oxcessive transhipment, as is neoded

to produce the tonnage of synthetie elastomers and polymers, both
&8 a factor in the conservation of energy dissipated into oxides
of carbon as well as as well as converting to condensd carbon
form in a rmanner ofspeaking. This 1in itselr could be considered
& deserving endcavor for continued probing und study under the
purview of the deliberations such aszae now being exporienced in

the present Expert Group lecting of the United Nations Industrial

Developrent Crganization,
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APPENDIX
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23, In a homogunous system, a fracture of orack dovelops slowly
ua%i; it attains a eritical length postulated on the basis of
measurable olastic constants, Rapid mcceloration then ensues with
the crmok attaining a 1imiting velooity of approximately one half
of the transverso wave velocity (15), at which point tho tetal
oerack surface acquires an irregular fracture because of branching

(16). Por the oritical crack length, Griffith (6) provides the
expressions =

2 BY

r - e

no

= tensile streongth,
Young's modulur (under temsion),

= energy required to produco unit ares of now orack,
= gritical orack length,

0 w W

Roarranged for the purpose of computation, this oxpression takes
the form for the oritical length:
2EY

¢ = ’
7 2

which immodiately discloses the interplay of the modulus (E) with
the tensile strength to the square power (Tz). a seemingly dominant
contributor toward deiminishing the theoretical crack length.
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24, For the case of brittle polystyrene (7) with the approximate
values of:

8 dynes/cm2.

T~ 5% 10

E~nr 3 x 1010 dynes/cm?‘. and

¥~ 2 x105 ergs/omz.
& eritical length of 50 or 100 microns is attained, Since duotile
layors are limited to layersof approximately 1 mioron, the Griffith
relationship interms of the elastic or mechanical conctants does
pertain, In an actual breaking test with a molded sample of a
styrene/scrylonitrile copolymer, it has been oxporimentally
obsorved that crack roughening etarts when ¢ reaches 250 nmrma.

which 15 oompatible with the above calculated Griffith value,

258, Commencing with the concept that the rubber particles
generate a state of hydrostatic tensile stress with dilation and
leading in turn to an inorease in free volume which facilitates
yielding instead of brittle fructure, one applies the Goodier
mlysis of stresses (11) in a system composed of an elastic
sphere embedded in an elastic matrix., A simplification of tl.e

Goodier analysis is provided for ithe matrix stiresscs oxpressed

by the equution (17)

___‘[ 5a (1 + 6’1) (1 + 3 coz 29”“1' 32_).

2 p? (7-50‘1)u1+(8-10 6y Ju,)
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where = hydrostutic tensile stress,

= 8imple tensile siress applied at radius r= ,

H
T
r = dlstance [rom center of shphere,
a = sphere radius,

e

= angle betweon railius veetor r and direction of T,

[
%y
]

ghear modulus of ratrix,

shear moduluc of rubber sphere,

mﬂ
i

61 = Polsson rabic of matrix, and

O, = Poisson ratio of sphere (not included).
8ince the Poisson ratlo of the sphore 18 not included in the
expression, the generated value of HT becomos independent of 0‘2.
For a homogenous plastics matrix then, HT = 0.33T« Thus the
magnitude of the hydrostutic teonsile stress, NT, deponds upon
the relationship betweon u, and U, and the angle 6, Typical
caloulated values for the hydrostatic tension are summarized in
Table VI, which provides the following assessmentss

(a) inclusion of elastie component increases the hydro=-
static tension above the 0.33T value of a homogenous natrix,

(b) a void as an artifact of softness increases the
hydrostatic tension morc than a rubber particle oxr sphere, and

(c) a hard inelusion increases the hydrostatic tension
moie than a volc, The equation and calewlated values make no
provision for ainc.ion. The role of the chemical structure, such
&3 the polyisoprons elastemers vis-n-v1ie synthetic honologs, may

yet become quite s.ionificant in subsid lary dilational interaction,




- 26 -
== s S S
TABLE 1. RUBBER AND PLASTICS WOHLD PRODUCTION (ABBREVIATED SUMMARY)
Unitss Hetric tons Reference (1)
Year

Category 1964 1965 1966 1967 1968 1969 1970
~ RUBBER
Natural (NR) 2270 2380 2435 2490  26M5
8ynthetic (SR) 3000 3235 3580 3695 4210

Total (TR) 5270 5615 6015 6185 6855
T pLasTICS T

Total (1F) 124R0 14360 16782 1P225 21787

PROPORT10NAL INDICES
NR/IR (Figure 1) | 0.43 o042  0.40 0,40 0.39
TR/TP (Figure 2) 0.42 0,39 0,36 0.3 0,32
NB/TP (Figure 3) 0,18  0.16  0.15 0.14 0,13
SR/TP (Figure 4) | 0.26 0,25 0,21 0,20 0.19

e b
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Units: Metriec ton:

TABLE Il RUBBER AND PLASTICS U. S. A. PRODUCTION (ABBREVIATED)

Reference (1,2)

e SR s

| Year
Category 1964 1965 1966 1967 1968 1969 1970
RUBBER
Natural (NR) 222 237 252 225 268
S8ynthetic (SR) 669 710 768 750 874
‘Total (TR) 891 947 1020 975 1142
PLASTICS | | ) B
Thermosetting 1362 1492 1682 1621 1647 1728
Thermoplast ic 3295 3894 4581 4738 5895 6882
Total (TP) b657 5386 6263 6359 7542 B610
PROPORT1ONAL INDICES _
NR/TR (Pigure 1) 0.249 0,250 0.247 0,231 0,235
TR/TP (Figure 2) 0,191 0,176 0,163 0.153 0,181
NB/TP (Figure 3) 0,048 0,044 0,040 0,035 0,036
8R/TP (Figure 4) 0.143 0,132 0,123 0.118 0,115
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TABLE XII. ANALYSIS OF TREND OF RUBBER EXTENSION - U. 8, A,
POLYSTYRENE PRODUCT ION

Units: Metric tons Reforence: (2)
Yoar
Product Type 1964 1965 1966 1967 1968 1969 1970
Styrenc Types (73) | 784 922 1068 1293 1314 1517
(ABS and SAN) - - 164 168 ' 231 265
(S8tyrene) . - - 918 972 1083 1282

Bubber-modified (WIS) 310 291 389 338 koo ' '$07
PROPORTIONAL INDICES

T8 /TP

RMS/TS (Pigure §)

0.2 0,26 0.23 0,27 0,22 0,22
0032 Ocjl 6.26 ,"03“’ ' 0033

S8 5ot g A APEeT B i, 1 o e
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TABLE IV, PLASTICs TYPES EXTENDED WITH RUBBER
A. SO T. Ml
Descriptive Category (Grade)
8pocifications

A, Impact polystyrene (D=-703 )+
(1) . Medium impact
(2) High inmpact
(3) Very high impact
(4) Heat-resistant impact
B, ABS (Acrylonitrile-butadiene-styrone] D - 1788
(1) Medium impact gradc
(2) High impact
{3) Very high impaot

(4) Low temperature impoot
(5) Beat-resistantimpact

C. Impact polyvinyl chloride (PVC) D - 1784
(1) Kedium impaot

(2) Very high inpact

*This test standard applies primarily to polystyrene
un-modified but is generally applied to the impact grades,

S e ———— e ST =

e
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TABLE V. EFFECT OF RUBBZHY PARTICLE SIZE AND SiIAPE

ON IMPACT PROPZIRTIES OF S8TYRSHE~-ACRYLONIVTRILE POLY#ER :IODIFIED
WITH POLYBULADIZNZ-ACRYLONITRILE RUBBER (*)

"y

Particle Features L Izod Impact - rc.lb/;E‘
7 | ‘ﬂgkverago Value Range .
Spheroidal, 0.5 = 3,0 3,0 {1 2.8 - 3,5
Spheroidal, 0,3 « 0.5 | 0.5 |
8phoroidal, 0.5 0.8
Elongated, 0.2 x 1,0 ‘ 0.9 | 2.0- 0.4
Blongated, 1,0 x 3.0 + 3.3 1.5 = 5.3
Elongated, 0,3 x 1,0 2,2 0.6 - 4,8
Blongated, 0.1 x 1,0 1.1 0.6 - 2,2

[T : -

(*) 20 Welght percent, (7)
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FROM GOODIZH AYALYSIS (7))

Value of iydrostatic Tension at Interfase

Angle U, =0 u, = t).flu1 u, = o
(void) (“rubber") |hard inolusion
—— |
0° - 0,45 T - 0,327

+1,27
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Figure 10. Effect of craze/crack speed on
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