CHAPTER 2

THEORY AND LITERATURE REVIEW
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mnlecular weight, the method of manufacture, and differences in
structure. At one time these variations in structure were thought to
be minor, but they are actually of such importance that entire areas

of application are influenced.

The actual commercialization of polyvethylene came as a result



of the research in 1933 by Dr. E. Fawcett and Dr. R.O. Gibson of the
Imperial Chemical Industries (ICI) in England. Their discovery was a
result of investigating the reaction of benzaldehyde and ethylene
(obtained from coal) under high pressure and temperature. By 1954 two

new production processes were developed for the production of

polyethylene with densiti :,‘\ ] to 0.97. One process developed by
Karl Ziegler and assoei permitted polymerization of
ethylene at low 258 and tempegatures in the presence of
aluminum triethy hloride (catalysts). At about
the same time Company developed a
polymerization pg vith a chromium trioxide

promoted, silica-a

The two most grades of polyvethylene are low

density polyethy arafiched chains, and high
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density pclyet gbminantly linear. Low

density polyethsmene
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produced by 9la low pressure prncess w:th a metalhn: oxide catalyst of
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Because of the intensity of polymerization conditions, the

is produced by nmt‘rae radical initiated

high pressure process tends to form molecules with side chains. These
branches vary from one to five or more carbons in length and may be

one to three in number for every 100 carbons in the main chain.



Any changes in the amount of branching in a polvmer will
affect the tendency to form crystallites and spherulites. In general,
for a polymer which tends to crystallize, greater linearity (less
branching) will increase the ratio of crystalline to amorphous
regions. The percentage crystallinity will have a significant effect

, W causes higher density, so more

linear polymers are = zt,? polyethylene.

on proporties. Greater

produce polyethylene for
plastics by no e of possible products.

0ils and waxes modifications of these

polymerization pruoess_,_ £ molecular weight/crystallinity
relationships allow I {1dE€ range of properties in
both waxes and p ¥ "‘"'

0
ﬁﬁtwm w.mﬂ?rtie& of commercial

polyethylenes}] indicating performance m principal applmatmns are :
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(1) Density

The complete range of densities encountered in
polyethylene extends from 0.910 to 0.965. The tremendous change of

properties with density is reflected in the need to express densities



to three decimal places. A change of three in the third place
produces appreciable property changes. In general, as density
increases: (a) linearity increases, (b) stiffness increases, (c)
tensile strength increases, (d) tear strength increases, (e)

softening temperature increases (f) brittleness increases, (g) flex

d stress cracking increases.
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ﬁ
ercial “practice, polyethylene is often

life decreases, and (h) t

classified into o ued] \\\ density groups to aid in
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predicting its p v 0.925, medium extends

from 0.925 to 0.94 55 gm/cmo.

(2)

correlation relating

properties of paly Blohiar weight is the melt

index. The melt mldex is the weight of polmthylene extrudable in 10

minutes thrﬂm El ?ﬂ EW?WWTT? standard weight is

applied to ton uperat ing in an extrusmn chanher containing 3
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exacty, inversely proportional to the melt viscosity, wh:.ch in turn

increases with average molecular weight.

Thus, a high melt index indicates greater
fluidity at processing temperatures. Melt index was developed

originally to indicate flow properties as a measure of extrudability.
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In addition, as melt index increases, tensile strength decreases, and

toughness decreases.

(3) Molecular weight distribution

distribution affects the

properties of polyethyien 4 the My/M, ratio
S —— "

increases, tensile St aentthl
\\égﬁbua

softening temperdturgd dégteases, - \ toward stress cracking

brittleness increases,

increases, and toug

w‘\ operties that are intrinsic

for any particular}fgrade of Ssp]ye t.-' density related to
{"- ll -Jﬂ

linearity, erage molecular weight, and M /M,

proportional to. A Since all of these
variables af fec ‘ll" Anica properties, different
1

combinations will ‘generate a spectru:l of properties , as can be seen
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mrromve chemicals and solvents at room temperature. However, its
resistance to solvents changes rapidly with temperature and exposed
surface conditions, especially where elevated temperature may be

encountered.
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Polyethylene is subject to environmental stress-
cracking. Some formulations are much more resistant than others. In
addition to wvariations between polymer types; the resistance of any
polyethylene to stress-cracking increases rapidly as the melt index

of the material decreases below about 1. Whether or not a stress-

cracking hazard exists i lar situation involving contact

of a liquid with pol nds u the degree and
q po : _..,depe pon gre

tyvpe of stress or icular liquid involved, and

the particular fo

linorganic salts normally

do not exhibit ac agents, but water solution

of detergents a \ is regard. Some of the

concentrated mineral ids and concentrated aqueous

solutions of

Tl

i ess-cracking activity.

X

Most organic V pniditions, are stress-—

-
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cracking agents.
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Althdligh the mechamcal prnperues of pulyetlwlene vary
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average when compared to other plastics materials. The electrical
properties of polyethylene, on the other hand, are outstanding.
Polyethyvlene 1is free from taste, odor, and toxicity and, of course,
is very lightweight. It is perhaps the easiest of the thermoplastics
to process, being adapatable to all types of high-volume molding and
extrusion. It can be molded in a wide range of sizes, thickness, and

under a board range of molding conditions.



Table 2.1 Intrinsic Properties that Affect Polyethylene Resins.(3)
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Physical If Density If Melt Index If MWD
properties Increases Increases Broadens
Melt viscosity Lower L
Vicat softening po “ Lower Lower
Surface hardness igher ; lishtlr lmr Lower
Tensile strength' i
Yield b b Slightly lower Lower
Break Lower
Elongation Higher
Creep resistance Slightly lower Higher
Flexural stiffness Slightly lower -
Flexibility '~ -
Toughness E'.E— ‘, Lower
Low temperature
brittleness Lower Y, Lower Higher
e U UNINEIN3
resistm Lower 'y Higher
ammn‘sm Wﬂ NNYIAY
I properties
Transparency Higher* Higher =
Freedom from haze . Higher* Higher -
Gloss Higher* Higher -




!

13

Table 2.1 Intrinsic Properties that Affect LPolynthylm m;sing_

{continued)

FPhysical Properties If Density If Melt Index

Increases

If MwD

Barrier properties
MVT rate -
Gas and liquid
Transmission
Grease Erouf 25

Electrical propertiés No effect

A S

% ¢
*Not true in the .-:;h-.._. T

¥ i¥
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2.1.2 Processing and production

Today, it 1is possible to produce polyethylene with
branched chains or linear chains by ethier the high pressure (ICI) or

low pressure (Ziegler, Phillips, Standard Oil) methods.

OCess requires ultrahigh-
purity ethylene ¥lene, 05, and moisture).
Oxygen and peroX] ‘thylene is compressed to
1360 kg/cm® and It is fed to a bank of
autoclaves where the ion takes place. Because catalyst
concentration directly a.era,ge molecular weight, it is
added at care! ontrobl The reaction is highly
exothermic; thu * {87 is required to prevent

runaway react ions.

ﬂ‘lJEl’J‘VIEWlﬁWEI'm‘i

From thf reactmn stages, tlﬁ polymer/monomer
@ T HO T B3 M A 1R 8 s
re::ycied back to the compressors, and the overall system pressure is
reduced to below atmospheric. The polyethylene is extruded into a
continuous rod which is chopped to size for blending, compounding,

and bagging.
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(2) Low-Pressure Polyethylenes

In the early 1950s, considerable interest
in low-pressure (under 34 kg/cm3) process was stimulated by the

development of the Ziegler catalysts in Germany. The lower-pressure

methods, pioneered by Phil ” Du Pont in the U.S., are called

Ziegler or "linear" p }‘ rast to the high-pressure, or

conventional, "-'_, QJIFEHZMMH produces a

polvethylene i ] 7 A properties, due to the
\\\ |

es in molecular weight

greater linearity

distribution.

low-pressure processes: the
Ziegler (suspension) Phillips (solution) method. In

the former process e reaction of titanium tri-

or tetrachlorid f- bged. The monomer is added

to a well-stirr% dispers a alr@ in a liquid hydrocarbon.

Reaction conditions gzare less than 1 00°c atms. As the
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series of filtrations, extractions, and washings, after which it is

dried, extruded, choppeded, compounded, and bagged.

In the solution process, a solvent such as

cyclohexane is added to a reactor. Then monomer and catalyst are

018114
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added. The reaction condition range from 130 to 160°C and 13.6 to
34 kg/cm3. A typical catalyst is a composition of chromium oxides
on an activated silica-alumina base. The reactor is a two-zone
continuous unit which has a well agitated reaction zone and a

talyst settling. The polymer solution
3 & refore, the solution is passed

cles monomer ), centrifuge

quiescent separation zone fo

still has some remai
through a flash d
(removes catalyst o /preeipi tator (removes polymer). The
polymer 1is then

in the other proces

uire exceptionally efficient

catalyst removal, polymer is to be used in
electrical applic:ations.m;, =
s

"h

U Waa-phaae process for the

manufacture of 10w—§pnszty polyethﬁe:ne was announced. The process is

s R RIVERH AR, o omcr o

energy, IU% of the plant space neededs to produce equal

aneund W FRATNHUBIINIALL e

In this new process, gaseous ethylene, comonomer
(when required), and catalyst are continuously fed to a fluidized-bed
reactor. The reaction pressure is 6.8-20.4 l:.gfcm:", which is about
one-hundredth of the pressure used in high-pressure production. The

reaction temperature is controlled at less than 100°C, which is
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roughly a third of that used in high-pressure operation.

Because of the low-pressure reaction zone, energy
use is cut by 75%. Less and much thinner piping is required. The first

reactor, a 110,000 ton/year unit, consists of a single 14-foot-

diameter tank. The equired to produce an equivalent
amount of polymer in . Nt requires one mile of heavy

wallpipe. The new _Die = jates. or sharply reduces complex

e
NS
LN

pumping and recc lene streams, and heat-

and noise-produc ng equipment. Simplified
instrumentation vicing without reactor

shutdowns.

o

ocessed by every method

devised for themaplast ics. Probably thﬂ largest use is in the

manufactureﬂ‘ ﬂrgwjﬂﬂg ﬂﬁmd’]ﬂ packaging industry.

Film thickng$s vary from un-::ter 0. ns mil to 8 n:ls, and may run as

o AR RANEAIANAT RN o =im

trans ency being desired for display wrapping.

Flat-die extrusion into water baths or onto chilled rolls
produces higher clarity in the film and, coupled with variations in
the polymers and copolymers, make polyethylene competitive with

traditional cellophane as well as many newer films. The principal
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uses for film are food, soft goods (sheets, shirts, etc.) and
hardware packing, garment bags, drum liners, temporary building
closures for protection during construction, moisture barriers under
concrete slabs and on foundations, soil mulching, green houses,

automobile seat covers, tarpaulins, and tempory decoration displays.

Electrical insulation was”4n€ first, and to this day, still
is a major use of power factor and dielectric
constant at high irticularly valuable for
communication ause of its excellent
electrical resis \ inertness, it finds prime

use as buried powe

f‘r 4-.1"' 3 - % .

Polyethylene pipé-—:is ag °r major application for this
LTWIN T, e

polymer. Drums and um” [iners sgfor chemicals, labwares,

and tubings are j'ﬂ"r—__—mu" - H‘ ications.
Iﬂ

thermoplastic and

thermoset ﬂms o mprmrev mspmpertms of the matrix resin.
" R T IGN TN A Y s
pdlystyrenes, a slight improvement in flow and apparent
improvement in processing smoothness is achieved. However, impact

strength and clarity decrease.
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2.2 lers

2.2.1 Type and properties

Fillers are defined as additives in a solid form

that differ from the plast o ' in respect to their composition
and structure. Fille&s assified according to their
chemical and physd paiacterist M‘

into organic & | pot gl gn-:Q:ﬁb:h“** of these two groups may

be subdivided in WBTOYS! ~ang c ‘a us types; in addition,

protein fillers afe

mentioned may be {further
subdivided within any one group: anding on differences in physical

characteristics | 8 siribution, particle size,

Y
i

ﬂ ‘HW e ﬂﬁ’ﬂ‘ﬂﬂﬂ‘jﬂ few silicate types

contain air 1&3 to reduie effentlve filler ﬂens . Inert fillers

oo AN T VR RHFAY e i

fxllers produce specific improvements in certain mechanical or

\ 7
particle shape, DK

physical properties and are thus also known as reinforcing fillers.
The term reinforcement is not specifically defined, since
reinforcements is wunderstoed to mean, for example, both an increase

in tensile strength and an increase in flexural modulus.
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Table 2.2 General classification of fillers (4,5.,6).

organic Inorganic

Fibrous Non-fibrous

Cottonseed hulls Silica

Sisal Tale
Wood flour Calcium silicate
Cotton flock Mica

Cotton linters Clays

Purified wood Slate
Kieselguhr

Antimony trioxide

cellulose

AX J Barium sulphate

Calcium carbonate

ﬂ‘lJEI’WIEWIﬁWEI’m‘i
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fullnw1ng changes in the properties of thermoplastics (4):

- increase in density,

- increase in modulus of elasticity , as well as in
compressive and flexural strength (stiffening),

- lower shinkage,
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- increase in hardness and improvement in surface
quality,

- increase in heat deflection temperature and lowering
of the temperature dependence of the mechanical properties, there

being generally no improvement in mechanical and physical properties

the composite material, . ln_heat deflection temperature and

e

lowering of the [tén Jmechanical values,

pruvement in creep behavior and bend-creep modulus,

i PTG FH AN Gor oo 0o

partial impr oVement in 1mpact‘$trength.
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(1) Disadvantages of the reinforcing fillers

are mainly attributable to the generally anisotropic (directional)

effect of the reinforcement.

Two discrete phases are always present in reinforced

plastics. The discontinuous filler phase should exhibit higher
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tensile strength and a higher modulus of elasticity than the polymer
matrix, whereas the continuous plastics phase should possess higher
elongation at break than the filler. For this reason, fibers are
particularly suitable as reinforcing agents. When fiber rziﬁfnrced

material is subject to tensile load, local tensile stresses are

a specific length, since

*\\ ﬂ“‘-" . The higher the modulus

otherwise it slipss®0C ST x\\\
of elasticity of - Jf&h \:i‘~!E:\ e the minimum length of

¥ rl.-
4“*&* .

fiber. Adhesion d by coupling mechanisms

between filler and

2.2.2 ens and reinforcements

action of active figﬂers can be attributed to

| three cause u)tf?ﬂ mfwhgjms with the material

to be re1n d, carbon ack, for example, pruduces cross-linking

% “‘“ﬂ“‘lﬂﬂ”ﬁ“ﬁ‘ﬂ‘mﬂ AATINYNY

Other fillers act mainly through the volume that
they lie up. In the presence of the filler particles, the chain
molecules of the material to be reinforced cannot assume all the
conformational positions that are basically possible. Moreover, there

are a number of basic reasons for assuming that in a certain zone
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around the filler particles the polymer material differs in structure
and properties from the polymer matrix on its own. The polymer
segments attached to the filler surface by secondary or primary
valence bonds in turn cause a certain immobilization of adjacent

segments and a possible orientation of the polymer matrix.

)éhilizatim lies in the high
3 ll - l, .

filler particles. The

The
degree of dime
increases in t ‘ature observed in filled
pol}mar - resultin on mobility in the boundary
zone of the po --\fed as confirmation of the

theoretical concept

the filler surface, whose

structure would. dp Auges a stiffening of the

X |

fa-anﬂ higher strength are
!

material as a w
also due to this Cﬁﬁ?ﬂﬂlt& nature.

ﬂ‘lJEl’J'i’lWlﬁWEﬂﬂ‘i

A hnmngenenu%rdxstnbut n of flller n the matrix is
hamcaﬂ}r‘ww \&ﬂﬁcgurw q gnmm as possible
can be bound to the free filler surface. The free surface energy and
the polarity of the bond between filler and matrix are also important

factors in this regard.

The third mode of action of active fillers results

from the fact that when the polymer molecules are subject to stress



24

with absorption of energy, they can slide off the filler surface. The
impact energy can thus be more uniformly distributed and impact
strength increased as in the unplasticized PVC/chalk system. In some
cases, microcraze formation that destroys the impact energy at the

filler/polymer interface is also facilitated.

llar nonmetallic minerals
fillers for plasti bination of low cost, high
brightness, and "abj high filler loadings. They
generally are calegdrified@s eNterc sifce they are used for cost

reduction and provide te’ reinfSreemer {4,5,5}.

efl in five forms: water-

\ 7 :
ground,  dry-grotnd “ipitated, and surface-
J

treated carbnnates Naturally nﬂcurxng calcium carbonates are

sedimentary ﬁﬂm ﬁ'Wﬁgw E"}ﬁﬂj distinction is made

between:
Q“m&Nﬂ‘iﬁlJ URIAINYIAY
chalk: loosely coherent, consisting of fine calcite
crystals and fragments, originating from shells and skeletons of

nanofossiles.

limestone: more highly coherent consisting of

macrofossils of sea shells.
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marble: formed by metamorphosis of a sedimentary rock,
i.e. recrystallization in the earth’'s interior at high pressures and
temperature of 600°C. The resultant rock is relatively hard with

dense, coarse-grained structure.

mainly calcite, a
rhombohedral crystdl (@pder iz 2, W e s 80 par i
10). Commercial depogits ‘”:’E‘; 53 than 3 % magnesium carbonate
and traces of other impEritiesySuch as iron and sulfur. Naturally
occuring calciumi Ates o of ciia k, limestone or marble

for use in thermd ‘_'%'--- 4} Properties in Table 2.3

i¥
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Table 2.3 Typical properties of natural calcium carbonates (4).

Description Unit

CaC05 98.5 to 99.5%

MgCO4 up to 0.5%

Fe;05 up to 0.2%

Al-silicatef up to 1.0%

Loss on i 43.3 to 43.8%

Moisture up to 0.2%

(DIN 53198

Density up to 2.7 gfcmz

Mohs hardness 3

Degree of ¥t 85 to 95%

(Elrepho \f_ 0 Filte :

pH (DIN 5 u, 1S0/DIS ?3?;9-19?91 ) 9.0 to 9.5

o SN NN, oo s~

poP nflhber (ASTM D 23‘;-31} 9 to 33 g;mu g powder
Pusiaiell’ 31917 nea § 8Jee

(2) Use of Natural Calcium Carbonates in Thermoplastics

In terms of weight, ground calcium carbonate is

the most important filler used in plastics. Ultrafine ground chalks
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are frequently employed. The inert filler calcium carbonate plays an
important role in the search for a balance between a low price and
the retention of physicomechanical values. High-quality carbonate

fillers are distinguished by the following properties:

rity, no heavy metal ions that

ﬁbQ:HR::HH:_Iunerates,

\\ Exxlth relative low specific

surface, without \. fect on plasticizers and

other additives,
of wh \-ﬂ-~s, hence the possibility

:\ e pigments,

aste]l shades is possible, also at

high filler conteits, _
1y

IF‘ machine parts (Mohs

|

Hardness ™~ 3),

ﬂ 18 A BRTHE TR Froery o

grades)with ly slight igfluence the nechan 1 and electrical
e} ‘Mt&iﬂ-ﬂl‘iﬁd w'rmma 1
increase in stiffness and modulus of elasticity,
- reduced shrinkage, higher color fastness,
- improvement in the surface of the article,
- lower plate-out (deposition of mixture
ingredients}),

- increased impact strength, in particular through
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coated grades,

- improvement in atihilit:,r and aging resistance,
particularly when using coated grades,

- nmnon-toxic, odorless, tasteless, heat-resistant

up to 600°C,

r than precipitated calcium

carbonate, hence benefsesald i ase-ameweight and volume.

A\ .
\'\ know as CCP (calcium

JWing propertiesin Table 2.4:

\

carbonicum praecipit

Table 2.4 ;,"""_I:* ed calcium carbonates (4).

AUEANININGINT.
PRS0 WAL, ..o

Degree of whiteness 95 to 96 %

U

(Elrepho green filter, MgO = 100%)
0il absorption 35 to 40 g/100 g powder

Specific surface 32 to 40 m?/g
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The special properties of precipitated, surface-
treated calcium carbonates result from their small partical size,
their high degree of purity, their aragonite structure. As a
consequence of the surface treatment in question, good dispersibility

in the polymer matrix is th

ates, precipitated calcium

carbonates are i the thermoplastics and make

e finished products,

break, tear propagation

)

sts ": .

AUSSHINITNGADT s e
miﬁﬂﬂﬁyﬁﬁiﬂgﬁﬂﬁﬂﬂ i1

= More expensive than ground chalk,

- due to the larger surface, the shearing forces
during processing are appreciably higher; high filler additions are
thus not possible,

— greater absorptive effect on plasticizers,

stabilizers, lubricants etc.
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(4) Use of Calcium Carbonate in HDPE

Because of the high degree of crystallization of
HDPE, the strength of the material at low temperatures is more

strongly influenced by fillers than is the case with LDPE (4). As

with all non-polar ritical factor is the adhesion

hetter adhesion and markedly

‘-:\ ity, impact strength) can

between filler and
higher mechanica

be achieved simp

The use “of ¢ ', : untll recently confined to
8 are now also produced with
calcium carbonate asf fif¥€:. " HEfe \ > advantages lie in higher
stiffness and higher p; itputs, resulting from the lower

specific heat am [ hermal conductivy ¢ (more rapid cooling).
—_— Y]

i

Moreover, all ' [,, ith calcium carbonate in

LDPE, e.g. better prmtahlht:.r, are alsn ach:e\red in HDPE.

ﬂ‘lJEl’J‘VIEWlﬁWEﬂﬂ‘i

ed with most o other f11 ers, the us f surface-coated

,_-almq wa,aeq a8 mqu’m ﬁnﬁ Bbact ‘strength.

Melt 1ndex, elongation, tear propagation strength, shrinkage, stress

cracking and cold flow are reduced by the filler.
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2.2.4 Carbon black

Essentially, carbon black depends for its properties
on its fine state of subdivision, the particles ranging from 50 to
5000 A. The diffrences in properties shown by different types of

ﬁ/ims in average particle size.
e —

r the partial combustion or

ageous  Of “Mguid hydrocarbons, and the
Moz

carbon black is due lacgel¥®

thermal decompositd
method of prepa pal method of classification

(1,4).
(1

or gas blacks, are obtained

by the impinggnien 5 on cool metal-channel

—_— Y]
surfaces. The caftbe taped from the channels and

] U

separated from Impurities by the use of high-velocity air streams.

Channel blﬂﬁfw;j ﬁ% %ﬂﬁ’?ﬂ f§ a maximum of 350 A.
T G A RAHA 187 6 8

Furnace-combustion blacks are produced by the
partial combustion of essentially gaseous hydrocarbons in closed
furnaces. The process is essentially the same as the channel black
process, but instead of using a large number of tiny impinging flames,

a large volume of gas and air undergoes combustion and cracking in
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furnaces. The carbon black, which is suspended in the spent reaction
gases, is collected by electrostatic precipitation and centrifugal
force. The furnace blacks are larger in size than the channel blacks,

a typical range being 500-800 A.

(3)
128 the is produced by thermal
decomposition ra A art it \.\‘. of hydrocarbons. There
are two types o ; Aliack¥in this eategory, one produced from

natural gas by " a rocessy, and one produced from

acetylene by an his process air and gas

A

insulated furnance 900-1400°C. The furnance is

then charged with gas Tfone, ermal decomposition in the gas
phase occurs. .______ “by. this method are of the
d an _ 'he most intense blacks

i U

are the channel Dblacks, which also have the highest oil-absorption,

e 0 o S8 R SR G e
R RIAERI UM TN

Natural graphite is a mineral form of carbon

coarsest type &

crystallised in a regular hexagonal system with rhombic geometry.
Because of its diverse properties graphite is an extremely versatile
material. It marks easily, burns slowly, it is almost inert

chemically, operates satisfactorily over a wide temperature range,
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and is a good conductor of heat and electricity.

In industry, graphite is classified as
disseminated flake, vein graphite, and amorphous graphite. The main

sources of natural graphite occur in Canada (flake), Mexico

(amorphous), Ceylon (vein graph Madagascar (flake). In these

and other smaller iques vary from a selection

AT e e i 3 1

of the ore by hand phistieated operations such as drilling
and blasting. GriadiT “r\ by flotation (liquid or

air) is used to c

graphite is used in those

applications where stability, lubricity, and

TS
electrical conductivity “are
el

application gensra " “indus’ sties such as nylon or

In consequence it finds

polytetraf luoroe th¥l (PTFE), 5 plastics where good

electrical candumvit}r is required, amﬂ as in electroplating

mmmmﬂusqwﬂmswaﬂﬂi
q Wr] a wqwﬂmn&mtut here,

mention 9should be made of the graphite fibres and whiskers obtained
by the pyrolysis of existing synthetic fibres such as
polyacrylonitrile. Such fibres have high strength, e.g., tensile
strength up to 400,000 psi, and are capable of operating in air
without a binding resin at up to 450°C and, in the absence of air,

up to 2,000°C or even higher. Resistance to oxidation can be
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improved by coating with silicon carbide. These graphite fibres are

still extremely expensive and will only be used for very specific

requirements.
(5) Use of carbon black in thermoplastics
He ﬁ e in plastics, carbon blacks
are classified acco ,,rn- e i 4?1,_ size and color intensity.

Carbon blacks witlw®ns ticle siZe areusually more difficult to

disperse than coarsé!

sed to achieve volume

conductivity and ion temperature. In the
7 .

record industry, hlack s as a filler, in foams, use is

also made of hollay

=

\7
ﬂ:a_r v ently utilized as a
protection ﬁﬁ;ﬁl ﬁ'{w ETﬂ %q ET,]T.I ﬁ black pigment in

thermoplasti 8

ammnimum'swmaa



35

2.2.5 Fiber glass

The engineering trend towards lightweight
constructions calls for the use of materials with high strength,

combined at the same time with low weight and corrosion resistance.

Although plastics as suchk many adventages, their strength

properties and especially ss are often inadequate. In

order, in such cas joe a -—ata:m a solution that is
acceptable both 7 gechn; -4-'.-'1 and“weconomic aspects, it is
necessary to swi icorporate materials such
as reinforcing ; iw. the astics., Glass fibers have thus

attained major im or thermoplastics (1,4).

4,_4 applications consist
and silicon, mron or aluminum oxide as

skeleton “F'Tﬁﬂ ?Eﬂ' ﬂj] 5% g/]tﬂsinaturany occurring

minerals, teggrile glass mainl 1r 10 to Zﬂ,un in diameter are

o) Y Y SO TN TR i

filamenfl glass fiber and the rod or blast drawing processes for

of oxidic netwmw formers

staple fiber. The fibrous products include:

- Strands : Approximately aligned continuous
strands of 100 to 400 single filaments without twist. They are

gathered together into rovings of 30 to 60 strands.

11536986
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- Filament yarns : Spun from contimuous filament
with twist.

- Staple fibers : They consist of randomly
oriented, comparatively short monofilaments (textile fibers) with a

fleecy handle.

- 5 \ w/ Yarns produced with low-twist
fibers. /"’

=

ﬁr‘-\.-

/ g..\ ctures are subdivided
into fiber fleeces) mag# \ les, felts and sheets.
‘;'_ 1

(2

1Bali-containing, with and
without additions of soluble in alkalis, used

in articles not &r exposed neither to the

action of weatherihe feering apparatus etc.
. i

D glass : Dielectric grade, limited to

ey ‘F?‘H‘E‘l RN INYINT

- E glafs : Most 1]" use rade, aluminum-

o 0 RT) SN VIV TR ot 0o

highly snluhle in acids, moderately soluble in alkalis, used in the
electrical industry etc.

- M glass : High modulus glass for products

subject to extremely high stress.

- R glass : S§i0y/Al;03/Mg0  system with
high strength and good thermal stablility.
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- S5 glass : High strength for aircraft and

rocket construction.

Glass fibers differ according to density,

refractive index and chemical resistance. E glass possesses the

lowest dielectric constant X A 9.107% the lowest dissipation

factor. The most importan different types of glass

fiber are compiled i

Table 2.5 Properti i dif ferent types| of glass fibers (4 ).
"

Property E A B . glas R glass | S glass | M galss

Density 2.49 2.89
Strength of
monofilament iNIun’ 4750 4900 3500

=~ A -
RIANT SUTATINERE




33

Glass fibers are rot-resistant, resonably
resistant to aggressive chemicals, heat-resistnat up to 650°C,
possess high tensile strength and good elasticity. The greatest
drawnback to the wuse of glass fibers as reinforcement lies in their

very high brittleness.
@ 4/4»

the first process, glass

thermoplastics are

manufactured by

fiber strands of a thermoplastics and

after solidifyin ‘into rodlike granules. The
T
fibers are, therefdre  of sthe sai
I -
the latter’s 10ng1tuﬂ1n ,::«;-nr 0. In the second process, the
AT,

the rods and oriented in

thermoplastics | ‘with the ready-cut short

—_—— Y
fiber glass, vﬁiﬂ A -

j) - 0

slass-reinforced plastics “are sold as granules in a

o 5 TR P I o o e

plastic brofight together 12 the feed hupper of the machine and mixed

e QRS PG BIAATY1 216

The material mainly used for the reinforcement of

n Europe, the major

proportions of

thermoplastics and thermosetting plastics is the alkali-free E glass,
which in comparison with the alkali A glass is noted for its good
electrical properties also in damp surroundings. The lower

brittleness of E glass additionally contributes to the fact that the
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original length of the fibers is retained during manufacture of the

granules.

Short fibers are more readily dispersible. The

spures can be more easily removed during injection molding. This is

adventages of - Ord  flibe -.----- by a number of

disadventages. Imp# L gt hy ¢} ixample, does not match the
values of the lofiz-{ ection temperature is 5

to 69C lower. modulus are also lower

than with the prod inforced wi ng fibers.
- . \
s 12
The réinforcingaction of glass fibers is so

o o N

great that an agdd ults in a doubling of

([—— Y
tensile strengt t £ 4 ebled, coefficient of

linear thermal exﬂnsinn and shrinkage are ﬂuced to a third. At the

s I NG s o

a somewhat Mdre pronounced ¢ direct icr'tg.-! dependenc‘e‘r of shrinkage in
i“*“ﬁ’ﬂ"ﬂﬁﬁ‘ﬂ“ﬁfu ANR1INEIa e

(4) Reinforcing action of fiber glass

The reinforcing action of fiber glass is

decisively influenced by the following properties:
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- The length/diameter ratio of the reinforcing
fibers should be large,

- the fiber should, where possible, be oriented
in the direction of the force profile,

- optimum adhesion between fiber and matrix is

wﬁggggi=-nf the fiber surface can be

ope +}i: »»however, this may have an

desirable (size, couplin

achieved by inte

unfavorable infl Tibers become shorter and

assume the charac

increase to a maximum

\

level as the glass ‘ =S then Tall again. This maximum is
reached when the plastigji?ff:i 0. longer suffices to transfer the
o= L% o
A .' J‘_
forces between  the! fibers and to fill Gawities. This influence is

e LY
W :?Fa; than with compressive
J

i
cinforcement additionally

i in B 005 A AT B Ge s o rm

the glass cofitent, glass d1s}r1hut1on has a de¢131vﬁt}nfluen¢e on the

s QT AR YT B B R Eentrcne.

Bas1calf} speaking it can be stated that the longer the fibers, the

much greater w

stress. In thermgglastics, shnrt—f:bered

higher are the mechanical values.

Glass fiber-reinforced thermoplastics combine the
good properties of the plastics with those of the inorganic glass and

in their property values approach the level of metals. Glass fibers
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metallized with aluminum are also supplied for the purpose of

increasing electrical conductivity.

(5) Property improvement through glass fiber

reinforcements (20 to 40% fiber glass)

strength, as well as

modulus; this pFopeft; ’i.'*-_ Jor, “importance, especially for
technical applicatdons

ess at break in the case

of brittle based

50 1 #me ;w';u., Otched impact strength at low

temperatures, which sharply in non-reinforced

thermoplastics, L
(7 i e

f Cient of linear thermal
I

J
ability is considerably

e ﬂ‘lJEl’JT’IEWIﬁWEI’]ﬂ‘i

- res:stance to nald flow is 1ncreaaed and creep

‘“‘"““QW”YW‘?M% NANYAY

- improvement in heat deflection temperature,

expansion and inlﬂshrinkage, diﬁenﬁional

- less noise development, also in the case of
vibration,

- flexibility in design,

- material savings are possible, since as a

result of the improved mechanical properties, many parts can be
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reduced in size or made thinner.
(6) Disadvantages of fiber glass reinforcement

- A slight reduction in impact strength can be

iwthe finished part is usually
somewhat rougher thaiithe Jd non-r inforee molding compounds,

re cessing machinery.

g%

LTETIA

=%
] J

AULINENINYINT
PRI TUUMINYAE
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2.3 LITERATURE REVIEW

In the field of polymer compounding, many investigators
studied the compounding in different ways. The polymer is compounded

with additive such as flame retarding agent, modifiers, fillers and

le iterature survey, the work of
4:&mnts are summarized as

e

In 1989, 3) used notched Izod and

falling-weight i effect on toughness of
adding 30 percen n compounding of untreated 3-
talc to general purpose
polypropylene lmmupol:.rme- E ehi=impact polypropylene copolymer, and

high molecular gested that extrusion

 ere— "

compounding CaCC

. increased pul}rulefin

rigidity while rﬂucing tensile elongation to break (Table 2.6) and

£ et ,
oersine. QB YYP PG rer 7o e

concluded thit mmaral—hllsd pul:,rolefms could te with ABS and

ooee EAGIAFRI HHAT B ARY mo o

reswtan:!:e at low temperatures were required.



Table 2.6 Tensile properties for PP, HDPE filled and unfilled, and

for ABS polymer (8)

%elongation
Compound nodulusSepsi [ streagth, psi Yield | Break
PP homopolymer -// 1960, 10 319
30% Caco; £100, 8 60
30% talc ‘ 7 10
PP copolymer 12 396
30% CaCO4 7 392
30% talc 6 43
HDBE O 'l 12 162
30% Cac05 W ff 10 102
30% talc 9 58
ABS _ 5 9
okl

o

MR TUUMINYIAE
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In 1989, A. Adur, R. Constable and J. Humenik (9) had
reported that untreated fillers could be competed with treated
fillers by using the coupling agent. To test the polypropylene
compound with treated and untreated mica and an acrylic-acid-modified

‘polypropylene as the coupling agent, the properties, tensile strength,

flexural modulus, heat deflec rature and Izod impact were
measured. Melt compowading 5 éﬂ in Banbury and powder

(for the resin in flake

blending was perf

form). The test piece jection molding machine.

After tested al v had concluded that the

addition of wolypropylene to mica-filled

W\
polypropylene composifesy : ompdsites with higher physical and

thermal properties. able 2.7). The acid-modified

polypropylene acted as 2 ent for micas. Optimum level was

-

el

10 to 15 percemt eight of pound. At a mica loading of 40
percent. The in - . .'. S was observed with both
0

(Figures 2.2 and 2.3) but the

s o RSB e s

if the com ndmg breaks ‘dnwn the aspect ratio f the mica flake,

over R YRE] R} RERRA 1120 ﬂ e

large and small—partmie-sxze mcas,



Table 2.7 Heat deflection temperature values of mica-filled

polypropylene system (9).

HDT HDT at HDT

Mica Type of optional level increase

muplin_g at 1820

type blending 3 eg | “wagent, deg C kPa, %
—

Mica 12 25
Mica 28 34
Mica 18 12
Mica 22 22
Mica 38 16
Mica 42 28
Mica 5P 17
Mica 6° 28

P]‘IJEI MENI W

“"“‘ﬁ‘mﬁﬁﬂ‘imﬂﬁﬂﬂmﬁﬂ

.'I.tﬂ mica.
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£ Mica 4untreated)

E3Q mica3reatea)

Tensile strength, MPa

ogopite Micas 3

Figure 2.1 a/ ice| treafment and coupling agent

- |Micatype

7 Micat,
29 pm

Mica3,

% - n’i“"ﬁ
VBN FINYIAY

Figure 2.2 Effect of particle size and coupling agent level

Ealtn slrength, MPa

on tensile strength; Micas 1 and 3.



Flexural modulus, GPa

Figure 2.3 d coupling agent level

and 3.

s
L

N
5 f
W

M
1

Actylic-acid-maodified PB %

Figure 2.4 Effect of mixing procedure and coupling agent

level on tensile strength; Micas 1.

48
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V.E. Malpass, J.T. Kempthorn and A.F. dean (10) had reported
about thermoforming behavior of mineral-filled polypropylene, using
10% and 30% by weight of small-particle-size CaCO5 as filler. They

used "hot" tensile properties to evaluate the thermoforming behavior.

The specimens were mixed by
to form the 60 milwmi g sheée ﬁl compression molded (196°C)
then cut to strips nch wide for tensile test.

The tensile testimg wiS< dons or Rﬁ tro ensile tester with strain
rate approximatel d concluded that the hot
tensile property of fids o affected by the addition of CaC04
was elongation (3 oading gave a significant
reduction in total ongat );_‘31 ility of the homopolymer (Figure
2.5) but the presence “of iller profoundly affected cycle
time for thsrni“a : by inére ':_ and cooling rates. The
reasons were }“:_"_ E G Bk < decreased; second,
thermal conduct ivﬂy was increased. So, ul:ma 30% by weight of CaC04

could be Wgﬁ weghrrrqﬁmer with relatively

minor effectq on hot tensﬂe prnpertxes. This nlneral filler could

) P00 BT O HTA FAPRITE Bees o

po lypru lene.
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J. Kubat and H.E. Stromvell (11) studied about the natural
filler, lignosulphonates, for polystyrene and polyethylene. Three
grades of lignosulphonates were used as fillers. The maximum filler
content was 70% (by weight). The thermoplastic and the filler were

blended in a tumble mixer prior to homoginization in a mixing

extruder. The tensile tes ens were produced by injection

moulding and test wa tensile tester. The other
mechanical property ?:- mnotched wimpact resistance (Charpy). The
result could be lus of these thermoplastic
were increased .strength, elongation at
break, impact str ..:»;r. vy ases (Figures 2.6 and 2.7).
In general, the tgl With an increasing amount
of filler. Some is report was this filler-
polymer system applications but it was water-
degradable matesgi ‘Whic¢h m itgble for some special

application. Y R

U

AULINENINYINS
PRIAATUAMINYAE
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ngth, MPa

AN
\
o

10 10 30 50
Lignin ca ~ Lignin contant, =%
Figure 2.6 strength versus filler

& 'iller content
\i reak versus

N\gut angnin \~
ARNN TR BNETREL |

Figure 2.7 Elongation at break and impact resistance Versus
filler content for PS base materials.
(a) Elongation at break versus filler content
(b) Impact resistance versus filler content

*, Wanin S; ©, Wanin SR; ™, Indulin AT.
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C. Busigin, R. Lahtinen, G.M. Martinez, G. Thomas and R.T.
Woodhams (12,13) had reported about the properties of mica-filled
polypropylene, using two types (Phlogopite, Suzoritic) of mica, 40%
by weight, as a filler with and without using the dispersing agents

or coupling agents. The polypropylene powders were mixed with the
filler by several differes L methof a laboratory-scale Banbury, a
Brabender twin scres — er-Blade mixer, a one-litre

Gelimat and - a ion-scale Gelimat. The

and formed by an injection

compounded mixes
molding machine. Toperties, we e:nszle strength, flexural
strength, and ndtc Zod i ~:' ngth. Some specimens were
reground and repe 1 properties to assess the
influence of recyeli of properties. The results
were, the more aspect rease in modulus, both tensile
and flexural. The< mixing ditions have o -important influence on
the tensile and 1 coupling agent reduces
the Izod impact values approxmately 10% and the Izod values were

B A Y T ARG s

the ncentratmn ‘Mlca-hil thampl could be

repmcw FRANFAUIAVIN HAN e i

properti I'ES



54

L.C.B. Davies, K.A. Hodd and G.R. Sothern, Department of Non-
metallic materials, (14) had studied about the use of pulvarized fuel
ash (PFA) as a filler for polyolefins. PFA is a mineral filler which
comprises fine aluminosilicate glass beads. The compounds of PFA and

polypropylene ranging from O to 60 percent by weight were prepared by

heated two roll milling V ed by granulation. The test

specimens of compoun mJectmn molding. The melt

flow index, terns:le were measured. Talc and

limestone-filled pe J/
PFA filled polyps®py

but in compare#wi ' ypropylene, the mechanical

in the same manner with
erties were not so good
properties were the same weight percent
loading of filler.

E.E. dner (15), investigated

X

about the sphe 'V_- pinous fly ash, talce,

calcium carbcnateﬂnd glass sphere as f@liers for polypropylene,

. = P YT SN e o

0, 40 % byweight, cumpuundm,g in a Braberﬂer twm screw extruder
AR O PG e o
granulation in a Wiley mill. The test specimens were formed by
injection molding and the Izod impact, flexural modulus, tensile
properties were measured. It was found that the flexural modulus was
the most pronounced effect, which the larger-particle size fillers
were more effective in increasing the flexural modulus than the finer

fractions, especially at the higher loading. The impact and tensile
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strength wusually decreased with introduction of fillers. The same as
elongation, all of the fillers reduced elongation in each resin, with
no definite indication of an effect associated with particle size of
filler type. In «conclusion, the ash filler behaved as a

nonreinforcing filler, with mechanical properties similar to those of

calcium carbonate, b8 3 ed )] d mechanical properties when

In 1985, a and Hitishi Kawasaki,

(16), studied a s of polypropylene filled

with calcium carbong \g‘ ects of filler content,

filler size, surfacefu ;;-:TT.~ g:\ Iler and strain rate. They
used unmodified and mo -1--- f . (with a phosphate coupling
agent), mixed in a twa::w; ”';; ith CaCO3 in 1.6, 3.2, 6.4, 9.0,
14.5, and 21.0 vok ___ s pressed to a molded

el

plate by a conp pecimens were drawn by a

I

tensile test machme w1th varmus strain rates. The results showed

that the ﬂﬁu ﬁnﬂBlﬂﬂ ﬁnﬂ ﬁnweﬂf}ﬂ ‘stresa of unmodified

systems were Yincreased w1th‘an anrease of filler tent and strain
rate, qwr‘]aéa ﬁci%u Hﬁr‘q %Hr ld strain was
decreased with an increase of filler content and with a decrease of
filler size, but did not depend on the strain rate. By using the
phosphate coupling agent as a mcdifier, the dependence of elastic
modulus on the filler size was maintained, but the dependence on
strain rate and filler were lowered. The yield stress was decreased

by the surlace modified fillers.
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Ashok M. Adur and Stephen R. Flynn, BP Performance Polymers,
Inc. (17), studied about the coupling agent for talc filled
polypropylene. Small particle size (average 1.5 ym), both treated
and untreated, large particle size (average 9.0 gm), and an amino-

silane surface treated talc with particle size between 1.5 to 1.8 um

were used as fillers.

unmodified polymer. flexural modulus, heat

L] : t . ] : —
deflection temperaturs amdic H\\ 't strength were measured.
The results showed // avement in Adhesion between polymer and
filler and the #incgfage _ : ibove mechanical properties but no

effect on notchs The application uf these

\
\ ulate more cost-efftive

\‘\

systems Egaves

composites.

ﬂ‘lJEl’J'VIEWIﬁWEI']ﬂ‘i
ammnimumawmaa
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