CHAPTER 4

RESULTS AND DISCUSSION

The effects of ium carbonate and carbon black,

on some mechanical denaitr polvethylene were

Klyethylene and high density
"\\\\

u-.u or carbon black were

studied. The sam
polvethylene fil
prepared by a sion molding. The filled
polyethylene co Te (itek for\ the following properties,
tensile strength, dness and Izod impact
strength. The microst > fracture were observed by

means of a scanning electron—= ...---:
= J#..r’

"

- ﬂrﬁﬁﬁﬂﬂﬂ ﬁ;wmﬂﬁ polymer properties

are summari%kd in Tabie 4.1. Fxgure 4.1 shuws the particle
d1$tr1atwr]:mr}%m wq% %Jﬁls.]la %} the scanning
electrm‘? micrographs of calcium carbonate 1939 and calcium carbonate
039, respectively, Figure 4.2 c is the scanning electron micrograph

of carbonblack.
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Table 4.1 Some physical properties of fillers.
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Figure 4.2 Electron micrographs of fillers
(a) calcium carbonate 039,
270x magnification.
(b) calcium carbonate 1939,

270x magnification.
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Figure 4.2

[ﬂ:un black, 45,000x m’ification.
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4.2 e ties

4.2.1 Stress-strain curves at different percents of CaC0,.

Fr

of stress-strain curves
at various pe ' [Cat0,4 039, "k ‘the same. The stress
increases and r ; (vield strength) in the
range of 25-35 this range, the stress
gradually decreases terns can be observed. For
the filler Ilcading the stress is constant beyond,
approximately, the ) “percerit .- For 2, 10, 20 and 30
percent of fil ef loading, 4{'1 percentage of CaCO4y
loading, the Iuwﬁ the elongation. Not -Jrlu difference in maximum

: o e & : -
stress is ﬁﬂﬁwﬂm Hﬁmmgs, but the yield

strength decr@hses with mcreasmg in percent 1um:lmg of CaC0; 039.
TR0 B9 T PO e o oo
1939—f1ﬂled HOPE are very similar to those in Figure 4.4 .But in
contrast with the CaCO3 039 system, the maximum strength increases
with increasing the percent loading of CaCO3 1939,
It should be noted that at 2 percent filler loading for both
types of carbonate, the elongation at break reaches approximatly 525

percent.
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4.2.2 Stress - strain curves at different percents of carbon

black.

Stress-strain curves of carbon black-filled HDFE

system are shown in Figure ich the stress-strain behavior is
similar to the aCORm, 1936 _,,;.-J; system. The higher the

percent loading, ress values but the lower

the elongation m, the maximum possible

quantity of car gh density polyethylene

is 30 percent. ent carbon black loading
cannot successful

by itself after ope
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4.2.3 Stress - strain curves at different percent of

glass fiber.

To compare fibrous reinforcement filler with particle

filler, the mechanicle
also studied. The data of of glass, size of fiber,
surface treatment - re not available since the
compound is suppli t. Figure 4.7 shows the
stress-strain cus ed™HDPE at 10 % and 20%
loading. To compe t¥the same percent loading
in high density p#d ent), the tensile stress
and elongation of £ are higher than those of
particle-filled HDPE. 'ﬁ’“»f"i ress-strain behavior is similar

to other systems,
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4.3.1 Tensile strength

a& illustrate the effect of

\\\\\\ filler loadings. For all
\\\\\

Figure
filler type on tm‘-’

types of filler, ate 039 tensile strength

increases with . The glass fiber filled

HOPE shows the nice it shows the highest

slope in this s ovement changes with the
type of filler. Fo ar et "" filler, the properties of filled
HDPE changes moderately.ﬁ properties of CaCO5 filled HDPE
changes very lit;f. B
‘ -EJ found in the effect of

strength on the nthﬂr literature and theory. Some

show the ﬁdﬁnﬁﬂ’aoﬂ Heﬁ?rﬂﬂq (P516) but some reduced

(8,14,15). T se may be, g,ue to, there have mminmns that

e YRFEOE T MBS HAH s

their packmg characteristics, size, and interfacial bonding. The

filler on tensile

max imum volumetric packing fraction of a filler, P
reflects the size distribution and the shapes of the particles. At
Pr, the filler particles of a composite are separated by at
least the thickness of matrix sufficient to uniformly coat them. The

spaces between particles are assumed to be filled with matrix and no
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voids or air bubbles are present. Under these conditions, for a given
system, the matrix volume is at a minimum and acts as individual
segments or pockets to support a tensile load. When a tensile load is
applied, these matrix segments stretch and pull away from the

particles, resulting in the very low strength and elongations of

highly filled composite r extreme, a specimen of matrix
and to support a load and
therefore would er strength. Now, if two
fillers having \\ Py  values are
compared well \ same filler wvolume in
the same matriff, i€ §foone | héving 'the" higher Pf will have
larger spaces betwée ents of matrix to support
the load, and =fg | f ide® a higher value of tensile
strength. Large part icle iler stress concentrations in the
matrix than o | igns being equal, smaller

average particl LY. #efigths. Under conditions

s

]
ve been treated with bofiding or coupling agents,

= o AU g =

strength is 1nﬂmved

’%Pﬁ VARG HIAGR BEFAGEE 5 e

than theé CaCOj 1939. This may answer why the strength of CaCO4

where the particles :

039 cannot compete with CaCOj 1939.
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Table 4.2 Effect of fillers on tensile strength at various percents

of fillers.

% filler

glass fiber

14.51
0.5
1.0
2.0
5.0

10.0 18.77

15.0

20.0 24.03

40.0 12.92 ¢ 16.64 i v
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4.3.2 Elongation

The effect of filler on elongation is illustrated in
Figure 4.9 and Table 4.3. Figure 4.9 shows the rapid reduction in

from 0 to 10 percent and all filler

elongation for a range of fille

filled systems. Both =s and carbon black filler have

a similar pattern of"de . The glass fiber shows a

higher elongation the same filler fraction

because of the beth f!ber interface than the

particle filler. ix of glass fiber filled

HDPE can then prod #th improvement and greater

tenacity, resulting ongation. For the particle

system, the interfaci the matrix strength, the

matrix has fewer ,{.:gf'l”f: pund the particles, and a lower

elongation. Congelsely, wvery weak interfac _4' bonding causes almost
\r N,

immediate separatw rticies and cavitation

il
i¥

begins at a low elcmi.ﬂ.tmn
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Table 4.3 Effect of fillers on elongation at various percents

of fillers.

84

% filler

0.5

1.0

2.0

5.0

10.0

15.0

20.0

glass fiber

592.0
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4.3.3 Modulus

The most pronounced effect on mechanical properties of
adding a rigid filler to a polymer system is the modulus.
Incorporating calcium carbonate or carbon black into high density

polyethylene sinificantly . ine Wgtansile modulus while reducing

elongation. From Fig .4, carbon black gives the
' —

T edl x\ tion in ductility. These
NN

most stiffening

properties change al effect of the higher

surface area of more polymer-filler

interface than tHE

E at a small percentage
of carbon black loAdige = higher loading for the
other filler. Both  ty carbonate give the same
pattern of improvement, gher modulus in the CaC05 1939-
filled HDPE; the - e
§ erp— X
improvement pattexg in modulus 15 the sm@as

to that the ﬁdu Eiréa w me ﬁﬁr adhesion and then

the campnmt can re—nr:en& when it expnses to stress. At the same

sses QTR STHFRAHH A DY RS i

vields 3 higher elongation which results in lower modulus than carbon

as the improvement of

tensile strengt e glass fiber, the

the carbon black, due

black.
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Table 4.4

Effect of fillers on modulus at various percents

of fillers.

87

% filler

o
0.5
1.0
2.0
5.0

10.0
15.0
20.0
25.0

30.0

40.0

ﬂnw

glass fiber

58.3% & 62.79 o

- FUEINERINYTNT

64.10 64.26

AN JUHANINY

40.32

32.36

63.24

d




88

4.3.4 Notched Izod impact strength

The effects of filler on Izod impact strength are
summarized in Figure 4.11 and Table 4.5. Both calcium carbonate

fillers give the same pattern of reduction in Izod impact strength.

The impact values decra:gxf \ﬁ'ﬁ;f'- the filler ranging from O to 5
percent and gradual vond this range. The impact
strength of car zlining curve continuocusly
with increasing i

Fundament proportional to the area

beneath the stres$ high testing speeds. It

has been establis n a matrix act as stress

concentrators. Such Clusuons s liffer substantially from the

matrix in ductility. ‘ites, voids, particles, fibers,

notches, and '!F: | act as st pifators. Considering only
1l
modifiers are generally of

this class. ﬂﬁ”%ﬂﬂ?ﬁmﬂ? very high modulus

materials with wvitually no, elongatton, tharefnre embrittle the

coeo G ARG HAIATTH R o s

if a ?111er contributes improved cohesive strength to a composite

the case of parel t that the matrix will

tend to improve ‘mpact strength Impact

compared to that of the matrix, and if the filler particles
distribute the impact stress over a larger area perpendicular to the
force of impact, then an improvement in impact strength will result.

Improvement is usually limited to low filler concentrations and very
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fine particle size fillers. Again, the packing fraction of the
fillers is an important determinant. Poorly packing fillers occupy
larger volumes, and therefore, contribute greater number of stress
concentrators; or to view the composite as a whole, they more

effectively reduce the continuity of the matrix. Since the matrix

must absorb the shock c ' pacgt 4 those filler having high packing

fractions will tend ‘be.reduce ififa€iestrength much less at the same

filler volume.

LT

9
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Table 4.5 Effect of fillers on Izod impact strength at various

percents of fillers.

% filler

o
D.5
1.0
2.0
5.0

10.0
15.0
20.0
25.0
30.0
35.0

40.0

ARNANN" ARRNYA

38.§0

27.67

PER IR E

¢ 26.00

glass fiber

aﬂﬁﬁ

636.00

42.77

38.73
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4.3.5 Hardness

Figure 4.12 and Table 4.6 illustrate the effect of
filler on hardness of high density polyethylene. The calcium

carbonate system can improve the hardness of HDPE. At the same

loading, the hardness of zldss | illed HDPE is higher than those

of carbon black-fillgg illed HDPE. From this study,
the filler which composites generally will
increase the hardn€s Also, hardness is a
function of the he filler and its true
modulus. Other faet s of filled systems are
degree of dispersit “shear degradation of the
polymer by the filferjd distribution of filler due
to sample preparation, da uption - Or improvement in crystallite

bonding, filler % ei};essing aids or other

Y )
i
m"ﬁﬂﬁfﬂﬂmﬁw e

QW%’&’F} ﬁm gﬂ ﬁ’qu ﬁ&]’%ﬂﬂ filled with

calcium carbcnate, carbon balck and glass fiber at 10%, 20%, and 30%

additives, and probab

loading are summarized in Table 4.7
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Table 4.6 Effect of fillers on hardness at various p&rcants

of fillers.
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% filler

glass fiber

0.5
1.0
2.0
5.0
10.0

15.0

20.0

25.0

Ny J
'II o
Wi y

30.0

= @y NS NN

40.0

AWIANT 418

55.00
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4.5 Scanning electron micrographs

After testing the tensile properties, the fracture surface of
the samples was subject to a Scanning Electron Microscope. Figures
4,13 to 4.18 are the electron micrographs of HDPE filled with calcium
JFgom these figures, it shows the
éiller. Both types of calcium

er—filler-interface bonding.

carbonate at various percef '
difference in particl®

carbonate do not
The particles. [ calcium carbonate 039,

have no '"wettin e figures also show the

\\\

holes which have®C qh' 7

r and it represents the

-ﬂ’ g \ \
of the mattix than do the

ease in losing e ; i
7

smaller ones. So the ate 11" exhibits the lower tensile

strength than calcium ; and at a higher percentage of
loading, the canf " D3I9-Fill sygtem will illustrate a
lowering in tensi 'V-' h Hf age of loading.

Figure 4 E illustrates the r:arbon b ack-filled HDPE system.

The figure ﬁ WE] e.noﬁloadmg because the
particles o carbon black are too small to nbserve:i with the same
“g‘"f‘iﬁ“ﬁ‘ﬂ N ﬂ?‘ﬂﬂ’ﬂﬂ"fﬁ‘ﬂ BTy e

of loading gives the same pattern with the lower one. Because of the
extreme small particle size of carbon blacks and its properties, it
will readilv and easily disperse in the polymer, and will give the

higher mechanical properties than the calcium carbonate.
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Figure +.14 Scanning electron micrograph of the fracture
surface of HDPE filled with 30% CaCo3 1939,

270x magnification.
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Figure 4.15 Sg n"j'-{eéiﬁﬁy mictograph of the fracture
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Scanning electron micrograph of the fracture

surface of HDPE filled with 40% CaCOj 1939,

270x magnification.
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Figure 4.20 to 4.21 represent the electron micrographs of the
glass fiber-filled HDPE. It shows more coatings on the fibre with
polymer than the particle system and this is the answer for the

higher mechanical properties of glass fiber-filled HDPE than the

other particulate systems.

AULINENINYINg
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Figure 4.20 &Canflige ,lec:rcs': micrograph of the fracture
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Figure 4.21 Scanning electron micrograph of the fracture
surface of HDPE filled with 20% glass fiber,

35x magnification.
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These figures show the uniform distribution of the fillers.
However, it looks like wvery little or even no adhesion between the
filler and the polymer except those of glass fiber, in which much

more polymer coating on fiber surface is evidenced.
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