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CHAPTER IV

RESULTS AND DICUSSION
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Products R (%)
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Stationary +3,-3 > 65
Vacuum < +3,-3 > 67
#
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Table 4.1 shows mechanical and thermal properties of R-PVCOPS, which
were acceptable as commercial products that were used in box use, stationary and
vacuum grade product compared with those of R-PVCOPS having no filler. It was
found that R-PVCOPS in the absence of filler still yield the acceptable mechanical

and thermal properties, namely, tensile strength, tear strength, Izod impact

strength, HDT and % shrmkage.,\\k\ I///
This research smd&tfﬁat oﬁﬁn the mechanical properties of

R-PVCOPS. Since th

ction cost, its cost of

production should
fillers were used. T

optimum value for R: iction, ejﬂlg process.

o A Ry
_--f"rﬂ“l';;." 4

4.2.1 Tensile Properties. A _‘ {Q
1—_, _ :

When the majrial o-r— polynier was forced byirah(ternal force, there would

be internal strFT ﬁﬁ iﬂ trix of the material.
When the extemal force mcreas the vibrate molecu es would rearrange. The

e Y I

obtain the most stable state. Thus the dispersion was not good for the closed

particle sized fillers. It would be agglomerated. By following Tjong et al. [12]
observations, it was that the filler particles tend to link together to form larger

aggregrates when the CaCO, content was increased.
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On the other hand, the small particle sized filler would thoroughly and
evenly disperse into the polymer matrix so that the polymer was reinforced. In
contrast, the large particle sized filler would hardly disperse into the polymer
matrix resulting in voids or spaces in the polymer. Thus the mechanical properties
decreased. The dispersion of fillers into the polymer matrix depends on shape and

particle size of fillers if more than filler were mixed. One of these

fillers should have the smd'%gftlcle mz@perse between the interstitial

<4
space of the molecules M | art cle sized fillerand polymer.
Tables 4.2 — 4.

es 4‘1 ~ 4.3 show tensile strength of R-

PVCOPS. The results w ted th nsile strength increased when the

ofviy in Figuré 4,1 'and\Table 4.2. By following the
1l

; inﬁgrcqzqye ies, of filled PVC/EVA blends

f the filler strength of polymer-filler interface.

.r .r.._ i {:;P;yry J
Talcum gave the highest tenmfé—-s&cng

content of filler increased
work of Mishara et al.[13

depend on the concentratio

wed by kaolin and CaCO,. Both

ermolecular force than

1

that of the cubic CaCO,)

ijﬁ xﬁ ?ﬁ" ‘ﬂzjﬁaﬁ 3) tensile strength
increased comﬁ those of th containing only one filler.
e SRR TR ey s

increasediwhen the filler content increased. Very importantly, two-filler mixture
gave even higher tensile strength as follows: CaCO,/talcum, followed by CaCO,/
kaolin and talcum/kaolin. The particle size and shape of CaCO, and talc were

different, the particle size of CaCO, is less than 2 micrometer and that of talcum
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is larger than 10 micrometer. The larger the difference of particle size, the better

the dispersion of the mixed fillers. For the mixture of CaCO,/talcum, talcum could
disperse between the chains of R-PVCOPS. Then CaCO, with the smaller particle
size disperses in between the spaces of talcum and R-PVCOPS/talcum. The same
reason is applied for the mixture of kaolin/CaCO,.

Nonetheless, the mixture of I\ll

aolin yield the lower tensile strength,
because the shape and partic% &guers are similar. Therefore, the

placement of these two fillers.in the vg'd s f R-PVCOPS is dominated by

E— W ——

the filler packing den? _

Table 4.2 Tensile stren Q -}.'ﬁ}liﬁ ed
/ & . ~:!__

Sample ) Tensile strength
No. CaCO (Kg/em’)
S, 0 476
S, 10.0 482

'ﬂ
S, ZQ.O ¢ 'y, 20 533
s | PIIT AT TIER TS =
S as SS1
5. | T Ero
S, - - 5.0 5 512
Se - - 10.0 10 525
S, - - 20.0 20 565




Tensile

Strength

(Kg/cmz)

550 -

450

350

Figure 4.1

R-PVCOPS.
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Talcum (Kg/cm®)
S 575
S ._}. 609
S 611
L' ™)
S,/ 1R 8P’
X I | | =3
s, | 5.0 5.0 10 564
S, 10.0 . 10.0 20 577
S, - 2.5 2.5 5 517
S, . 5.0 5.0 10 520
S - 10.0 10.0 20 527




650

550 - =
Tensile e e —A
Strength 0 =
(Kg/em) 450 -
400
350
caolin —&— Talc/kaolin

Figure 4.2 get otf : ‘conc n on tensile strength of

R- PVCOPS.

When three-filler us ratios and contents (Figure 4.3
and Table 4.4), tensile strengt’bwihﬁ higher than that of the two-
filler filled R-PV(,V il ntratlon the mixture of
CaCO,/ talcum/kaolirgt the ratio 1vin& total filler concentration

of 5 phr gave the lowerdensile strength. However, the mixture of CaCO, /talcum

/kaolin at theﬁjatu(ijl ’3 y:]lgj ﬂ(ﬁpﬂﬂqﬂ jest tensile strength,
followed by the mlxture of CaCO ﬁalcum/kaolut-’ht the ratio of 2:5:1.5:1

RN AR AL LD E DAL i

propertxes. Because of their different shapes and sizes the filler placement in the

voids or spaces among the polymer chains is the control factor. It does not need to
have a high total filler concentration, such as 20 phr, the tensile strength, for
example, at 20 phr, is significantly lower than those at 10 phr. As described

above, the samples S,;, S,, and S,, containing 2, 3 and 5 phr of kaolin,
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respectively (large particle size), have more free spaces after filler occupation,

contributing to the higher tensile strength.

Table 4.4 Tensile strength of three-filler filled R-PVCOPS.

Sample Tensile strength
No. (Kg/cm’)
Sy 352
Si 3
S, 565
Sy 598
Sy 643
S,, 611
S,s 542
S 539
S, 528

ﬂ‘lJEJ\’WIEWl‘iWEJ’]ﬂ‘i
QW’]ﬂ\ﬂﬂ‘JﬂJ UAIINYAY
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650 ./\
600 -
Tensile 550 - t’/‘_“

Strength 500 - e
2
il 450 -
4m —
350 —
5 ’, //é: 20
_J
—&— CaCO3/Talcl —walc/kaolin(l 2.5:1.5)
—A— CaCO3/Talc/ks
Figure 4.3 XM\.\_ on tensile strength of
R-PVCOPS. vy /) =
4.2.2 Tear Properties =~
; T
The filler with the small | can thoroughly disperse into
interchain free volume the p olymer, """m“'"-h\ ‘ be more reinforced. If

the particle size of ﬁﬁ iS ermd into the free space of

chains. The mechanical Prgertles are ther%fj)re decreased.

Tableﬂéuﬁ ’xgi %ﬂﬁ%&}v}ﬁ@ngm of R-PVOPS.

The results show that at 10 phr, the/tear strength.increased whengthe filler content
increasa wgl a ﬁr‘n tﬁ m umhrlgemhﬂda‘naegller content
increased‘.I These results indicate that the excess amount of the fillers cannot be
filled in the free space of the polymer chain, but they reside outside the space.

Thus the intermolecular force of the polymer decreased so that tear strength of the
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polymer could then be decreased. Figure 4.4 shows that tear strength of

R-PVCOPS incorporating talcum and CaCO, as fillers were silmilar but those
containing kaolin was much lower, since the particle size of kaolin was larger

than that of talcum and CaCO,.

Figure 4.5 shows the tear strength of two-filler filled R-PVCOPS. It
shows that the tear strength was higher than that of one-filler filled sheets. Two-
filler filled systems, whic w t tear strength was found in
CaCO,/talcum followed @a(&n aohn Similarly, we found

that at the total concen OPS one-filler filled sheet

of 10 phr, the tear stren

Table 4.5 Tear strengthiof

Sample Type of Tear strength
No. CaCO, | Talcum (Kg/cmz)
S, 5042 40.5
S, 0 i-ﬂ 43.3
S, Y OV 37.2
S, ~ EJS’-] i I ‘j 50.8

S, 10 @ 57.5
S\ HlE'l |ﬁ 85.1
s, - . 5.0 5 47.8
S, - - 10.0 10 55.4
S, - - 20.0 20 56.5
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Figure 4.4
R-PVCOPS.
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on tear strength of

—
o

Sample Tear strength

No. (Kg/em’)
v

S1o 63.5

S, 67.3

S, lf* 64l
LB L")

S - L 583

e

S # 6

S, | 100 . 10.0 20 60.5

S, - 2.5 2.5 5 51.5

S,, - 5.0 5.0 10 542

S - 10.0 10.0 20 50.5




Tear

Strength
(Kg/cm) ]

-—
=

Talc/kaolin

Figure 4.5 tion on tear strength of

R-PVCOPS.

Table 4.7 shows tear s iller filled R-PVCOPS. The tear

—_—

IO
28 8-393 By
e e

strength of this system wa er than those of two-filler filled

--E— ptal filler concentration

system (Figure .i;" vei, we siill |
OWS: -';‘\!; (57.5 kg/em) < s,(65.5

of 10 phr, the order f tea
kg/cm) <'s,, (68.7 kg/cm),. The tear results are in good agreement with those of

eosenand] 1 TN ETIINEINT
RINNIUUNIINIAY
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Table 4.7 Tear strength of three-filler filled R-PVCOPS.

Sample Type of filler (phr) Total Tear strength
No. CaCO, | Talcum Kaolin (phr) (Kg/cmz)
Sy 2.5 1.3 1.0 3 60.1
Sun 5.0 3.0 10 65.5
S, 10.0 : 0 56.9
S,, 1.0 . K} 63.9
S 2.0 5. 0 : 68.7
B 4.0 ¢ 6.0 60.0
S, 1.5 - 533
S, 3.0 . ﬂc:- \ 57.5
S,, 6.0 J 71510004 51.2

P70

Tear

Strength

= AU INENINeINg

10

ARSI TR Y

q Filler Contents (PHR)

1

—@— CaCO3/Talc/kaolin (2.5 :1.5 :1) —H— CaCO3/Talc/kaolin (1 :2.5 :1.5) —sh— CaCO3/Talc/kaolin (1.5 :1 :2.5)

Figure 4.6 Effect of three-filler concentration on tear strength of
R-PVCOPS.
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4.2.3 Impact Properties

Impact strength is one of the mechanical property which reports the
ability of energy absorption before breaking. If the polymer absorbs high energy,
it is highly flexible, behaving like a rubber[25]. The rubber has much higher
impact strength than plastic. Nevw if a plastic in reinforced properly, the

impact strength will, of cour.

Tables 4.8- 4. I(Mes,’ 7 -m Izod impact strength of R-

PVCOPS. When the corite ac strength increases until 10

phr. Impact strength dec

Sample Impact strength
No. (Kg/cm)
S, ']‘i 3.7
S, 10.0 - - 10 4.1
A ST O I A0 B
2 - 5.0 - 5 3.5
S, . 10.0 - 10 43
S, - 20.0 - 20 2.9
S, - - 5.0 5 1.5
S - - 10.0 10 2.6
Sy - = 20.0 20 3.6
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4 -
Impact 37
Strength
2 -
(Kg/cm)
1 -
0
20
Figure 4.7 ne-fil e ior on impact strength of
R-PVCOPS.
Similarly, when ‘}?:yﬁ added into the R-PVCOPS,

impact strength of two-filler ﬁk{ JCOPS wa higher than that of one-filler

I 4 S
filled sheets (Table 39 and Figure 4.8)
A .

phr filled sheets. Anysecond filler (talounrorkaolin : ‘;-- with CaCO, at 10 phr

impact strength is found at 10

could better disperseBto olecule aains of R-PVCOPS than

those at 20 phr.

AU A NS I U S vt i

becaus p‘u ., e si ﬁ: 1 e_simil | Therefore, the
probabi %fﬂi:’aﬁﬁ:g m:jnﬁ‘ﬁlﬂ :lﬁ:fvlhspace of R-
PVCOPS would be less than that of talcum/CaCO, or kaolin/CaCO, The particle
size of CaCO, is smaller than that of kaolin or talcum. Thus, the polymer chains
would absorb a large amount of energy to deform or break down, when it is

loaded. So, the impact strength of R-PVCOPS filling with CaCO, as a filler is

higher than of containing kaolin or talcum as the filler.



Table 4.9

Izod impact strength of two-filler filled R-PVCOPS.

Sample Type of filler (phr) Total Impact strength
No. CaCO, | Talcum Kaolin (phr) (Kg/cm)
Sio 25 2.5 - 5 4.1
S 5.0 5.0 10 7.6
S, 10.0 10.0° 0 2.8
Sy 2.5 E S = 4.4
B 5.0 o . 7.5
Sis 10.0 z - 0 3.4
Sy6 - =7\ 19
S, . sg [1 .50 4.1
S,g - 8 £ 1.5

A

(=) ~ oo o
1 1

Impact

W
1

Strength
(Kg/cm)

N W A

—
1

TSNS UNETINT A Y

Filler Contents (PHR)

o2
<S-

—®— CaCO3/Talc —#— CaCO3/kaolin —&— Talc/kaolin

Figure 4.8 Effect of two-filler concentration on impact strength of
R-PVCOPS.
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When three fillers were mixed with R-PVCOPS at various ratios, the resulting
impact strength of R-PVCOPS was slightly lower than that of two-filler filled
sheets (Table 4.10 and Figure 4.9). The mixture of CaCO,/talcum/kaolin at the
ratio of 1 :2.5 :1.5 gave the highest impact strength followed by the ratio of 2.5
:1.5 :1 and 1.5 :1 :2.5. The dispersion of the two fillers into the intermolecular
chains of R-PVCOPS, which act as the Lté%,depends on the shape and particle

size of the filler. One of the two fillers, shot d-have a smaller particle size so that

it could thoroughly “disperseinto | the interchains of polymer. Following
/m

Yanagase et al.[16] and et/ al.[17] work who studied tensile and impact

behavior of the CaCO, 4 rbp;ilé‘he in the eomposition range 0-60 wt%

filler. The impact strengthiincreased \j/hils tensile strength decreased.
b0 i

&l

s ) 4
Table 4.10 Izod impact str gthﬂét: fhréégr ﬁl‘eci R-PVCOPS.
JESS P ]
Sample Tygé& of ﬁlle; --(l(phr).qu p To_tal:i: |, Impact strength
s i

No CaCo, i Talcum Kaolin (phr)‘ (Kg/cm)
S,, 25 | . 15 1.0 5 33
Sy 5.0 3.0 2.0 10 5.3
S,, 10.0 60 | 40 20 23
S, 1.0 2.9 bld NI 5 ARS K
S, 2.0 5.0 3.0 10 5.7
S,, 4.0 10.0 6.0 20 2.0
S,. 1.5 1.0 2.5 5 1.7
S, 3.0 2.0 5.0 10 2.8
S, 6.0 4.0 10.0 20 1.8
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6
5 -
4

Impact

Strength 37

(Kg/cm) 2 -
l —
0 T

20
Flller
—®— CaCO3/Talc/kaolin : m i\\{ Bing .2 .. —&— CaCO3/Talc/kaolin (1.5 :1 :2.5)
e

Figure 4.9 on impact strength of

R-PVCOPS.
4.3 Effect of Filler Conte

fies of R-PVCOPS

4.3.1 HeatDeflection-TFempers
vl,

o

i
HDT is the primary temperature that material or polymer begins to
gt wiie o b o A/ Bral oh il or plymer,So

the temperature hmlt in applications can be kfiown b HDTI-D4[ It can be

determib ) hdoha o ko il

dlﬁ'erentlal scanning calorimetry (DSC) and thermal mechanical analysis (DMA).

sis (DTA),

HDT can be compared with glass transition temperature (Tg) of the polymer.



Tables 4.11-4.13 and Figures 4.10 — 4.12 show the HDT of R-PVCOPS,
in which different filler types and contents are added. The results show that the
talc gave the highest HDT, followed by CaCO,, and kaolin. (Table 4.11 and
Figure 4.10). These results were different from the hardness measurement, which

was measured in Mohr's scale of har

The hardness of talcum is om\\%:

surface. When it was @-NPOE@;PVCOPS sheets would be

soften and have high % /)

Talcum is used as a standard mineral.

Icum has low hardness at its

Table 4.11 Heat deflecti

Sample |  Type of fillér < (phr) 44 | To HDT
No. | CaCO C)
s, 5.0 69.2
s, 10.0' - 69.4
S, 200 | 20 69.3
S, - |ed& | e ] S 713
o [ USRS BT
S, - 200 |, o220 | w7

s AN TN SRR I TR EL
S, - . 10.0 10 68.6
S . - 20.0 20 ~ 68.0
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75

70 M

65

iy

HDT

() 60

55

50

20

Figure 4.10 ion on Heat deflection

temperature of RsP S ey |
| *‘*?:' f;

When two-fillers wer ﬁfédn z .‘ and Figure 4.11), HDT of
R-PVCOPS containing CaCQ B lin had a lower HDT than
those containing “&?:W’fi aolin is two, which is
higher than that of % ' 'ol ‘was dispersed into the
intermolecular chains of «R:=PVCOPS, more spaces could result in; the molecules
of PV coudivaldnd ibilchiis i a ldabe o e dition of e
particle sized olin. When the“polymer was. loaded, the amolecular chain
movematI m{q\ﬁaﬂﬂ;&muamﬂanm;lﬁﬂﬂlm changed

much faster than those of R-PVCOPS having CaCO,/talcum as filler. Therefore,
the HDT of R-PVCOPS would then decrease.



Table 4.12 Heat deflection temperature of two-filler filled R-PVCOPS.

S8

Sample | Type of filler  (phr) Total HDT
No. | CaCO, | Talcum | Kaolin | (phr) CC)
S 2.5 2.5 - 5 72.0
S, 5.0 50 nbld),0 10 727
S, 10.0 16 QW 20 72.5
S, 2.5 ;‘Ef 69.8
R0 T0s
S,s 10.0 /Aﬁ!\\:\ N2 \ 70.9
o | - A E
. ||/ 1 v O
s | - =T\ >

Figure 4.11 Effect of two-filler concentration on heat deflection temperature of

R-PVCOPS

10

Filler Contents (PHR)

20

—®— CaCO3/Talc —#— CaCO3/kaolin —&— Talc/kaolin
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When three fillers were mixed as shown in Table 4.13, the results show
that the mixture of CaCO,/talcum/kaolin at 2.5:1.5:1 gave the highest HDT,
followed by the ratio of 1 :2.5 :1.5 and 1.5 :1.5 :2.5, respectively. If the content of
kaolin was excess, the HDT would decrease. The mixture of CaCO,/talcum/kaolin
at 2.5 :1.5 :1 gave higher HDT than k‘ ftlo of 1:2.5:1.5. Since Mohr's scale of

hardness of CaCO, was threc&whlzh higher than kaolin and talcum,

resulting in the highest hai'ﬂm,-ss-at tthV ace. Additionally, CaCO, in

the PVCOPS could beuEF'""' e i

than talc and kaolin beca

0 the @ular chains of R-PVCOPS
al p%ucle size (CaCO ). Therefore, the ratio
of CaCO /talcum/kaolin 2 Lgaxfé & Hightst HDT. The HDT of the R-
PVCOPS therefore incre 1 Cac if iXture was increased.

1 . o
3 i
d— dolk 4 #

5 o !
Table 4.13 Heat deflectio emﬁ{'ghu‘e”‘ ee-filler filled R-PVCOPS.

J'.l_, S

Sample HDT
No. CaCds -I' Taleum (C)
Sy, 2.5 ¢ 15 o, | 5 73.0
e | B THTRR TR s
s, | 10.0 60 [ 40 |20 . T33
sﬂﬁ W 1[@“” Eﬁmﬂil | J TN Gy
s, | 20 5.0 3.0 10 73.0
S, 4.0 10.0 6.0 20 71.8
S, 1.5 1.0 2.5 5 70.6
S 3.0 2.0 5.0 10 69.7
S,, 6.0 4.0 10.0 20 69.2
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15 =

I

HDT 65 -

B
0

20
Fl“

M l
—®— CaCO3/Talc/kaolin (2.5 ” E ii \ + CaCO3/Talc/kaolin (1.5 :1 :2.5)

J‘\l_-f

il
Figure 4.12 Effect of thrée filler concenira

t deflection temperature of

e

R- PVCOPS. e
F A
4.3.2 Shrinkage Propertie _\-‘

J

age is tlé rcentage medsurement of the plastic when it was

st el ) 9 simmm s i
material o s _he ttﬂ stimulated
and rm ) tﬁﬂﬁ ﬂlﬁ\tj iﬂmﬁ at ambient

temperature, the specific volume of the polymer would be lower than the volume

at processing temperature. The shrink would then take place. After processing,
density of the polymer also decreased, resulting in internal stress or residual
stress[25]. The polymer would be bent or twisted after a calendering process. Thus

surface of the product would not be smooth.



61

Tables 4.14 — 4.16 and Figures 4.13 — 4.15 show % shrinkage of R-

PVCOPS when the filler was added by varying both the content and ratio of
fillers. When the content of filler decreased, % shrinkage of PVCOPS also
increased. Therefore, % shrinkage de ed on the content of filler. From Figure
4.13, kaolin had the highest ‘&U}W&d by CaCO, and talcum, When
two fillers were mixed arid"added intosR-PYEOPSL.% shrinkage of R-PVCOPS

decreased compared v( ‘_‘or»-\CUPs having only one filler

(Table 4.15 and Figure 4

ts of the two fillers reduced
the spaces between the

Figure 4.14 shows that

Table 4.14 % Shrinkage of one-fille:

Sample T f_m, er phr, ‘ j Shrinkage
- i
No Ca¢03 ! "I;z::um Kaoli:; (phr) (%)
s | fUBININTUBING o®
S, 10.0 - 10 ., 085
s 4 WAGINTI 3 AT H 1A Bxe
S, 1 - 5.0 - 5 0.81
S, - 10.0 - 10 0.76
S, - 20.0 - 20 0.70
S, - - 5.0 5 1.00
8, - - 10.0 10 0.95
S, - - 20.0 20 0.90




1.4
12
1.0 A—
Shrinkage *—
0.8 —
(%) =
0.6

i

04 -

0.2 +

0.0

20

Figure 4.13
R-PVCOPS.

Sample Shrinkage
No. (%)
S 0.80
S, 0.80
Ss a 'Iq ﬁ%

S q 2.5

P 5.0 o 5.0 10 0.70
Sis 10.0 - 10.0 20 0.65
S = 29 25 5 0.95
Siq = 5.0 5.0 10 0.90
Si - 10.0 10.0 20 0.85
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1.2

1.0 foe

Shrinkage —A— —a
0.8 - — ———

(%) \ .

0.6 -
0.4 -
0.2 -
0.0 -

/ \
.
m .».; :‘:1:;\‘ \\ ale/kaolin

Figure 4.14 E ration on % shrinkage of

R-PVCOPS.

1 contents (Table 4.16

and Figure 4.15), the ; u

. ﬁman that those using two
types of fillers. The muiture of CaCO /tal&g;n/kaolm at the ratio of 1.5:1: 2.5

v e il o Y0 Y b e e

other fillers and mere was a much higher kaolin centent than the eother ratios. Thus

the rearagweq ﬂﬁﬂlﬁsﬂlﬂ%’lﬁl nfghle,]langll:cule chains

after processmg, resulting in a higher % shrinkage.



Table 4.16 % Shrinkage of three-filler filled R-PVCOPS.

Sample Type of filler (phr) Total Shrinkage
No. CaCO, | Talcum Kaolin (phr) (%)
Sy 25 15 5 0.80
S 5.0 10 0.75
B 10.0 4.0 0.70
S,, 1.0 N 0.75
S, 2.0 7 0.75
Sy 4.0 N 0.65
S, 1.5 f: 1.24
Sy 3.0 iz \ 120
Sy 6.0 4,045 0 1.00

2757
1.4 : =
1.2, ¥
1.0 A
Shrinkage ‘o v/
08 - ﬂ ug ~ &

(%)

0.6 - =
di&ﬁaﬂnﬁmumwmé’a

5 10
Filler Contents (PHR)

20

—®@— CaCO3/Talc/kaolin (2.5 :1.5 :1) —— CaCO3/Talc/kaolin (1 :2.5 :1.5) —#— CaCO3/Talc/kaolin (1.5 :1:2.5)

Figure 4.15 Effect of three-filler concentration on % shrinkage of

R-PVCOPS
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4.4 Effect of Fiiler Content on Morphological Characteristics of

R-PVCOPS
4.4.1 Scanning Electron Micrescopy (SEM)

The morphological properti k \ ing_the filler into R-PVCOPS by
varying the content andm of the thsﬁrs were be studied by two-
f

¢/ vh sg_\endfaﬁis,&rsed phase were shown in
1 k"-\

phased dispersion theory:
Figures 4.16 — 4.43.

Figure 4.16 s

alJf- NN
c;@?}; th@rsi n of CaCO, in the polymer
matrix was better than those of talour m md@as shown in Figures 4.20 — 4.22

dispersed into the @aces of the in cular jhams resulting in the

rearrangement of the filler gto the proper @ctlon The SEM micrographs of R-

rvcors i A4 A D e et i

than CaCO, when two of these ¢fillers weresmixed. Thus ithe mixture of
o WV FEHH A VN B Lo
CaCO3/k:olin. The taleum/CaCO, which acts as a disperse phase would disperse
into R-PVCOPS which acts as a matrix phase. We found that the content of
talcum/CaCO, at 10 phr was an optimum, They would disperse better than the
content of the mixture of 20 phr CaCO,/talcum/kaolin at 1 :2.5 :1;5, but the
dispersion of dispersed phase into the matrix phase would not be much better at

20 phr. The phase in the SEM micrographs agreed with the results obtained from
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tensile strength testing (Tables 4.2 — 4.4). Figures 4.35 — 4.43 show the SEM

micrographs of R-PVCOPS containing the mixture of three fillers. It was found
that at 10 phr the fillers would disperse better than those at 5 phr and 20 phr.
The ©best dispersion is the PVCOPS containing the mixture of

CaCO,/talcum/kaolin at 1 :2.5 :1.5, followed by the ratios of 2.5 :1.5 :1 and

’% to the R-PVCOPS depends

e small particle sized filler

1.5:1:2.5, respectively.

The dispersion of

disperse better into ( Other bigger filler and

e \}\\

CaCO, was the smallest.
0 phr, the mixed filler can
better disperse with R-P an d 20 phr. These results are
in good agreement with these obtais ed fro ¢ temsile strength testing as shown

in Tables 4.8 — 4.10 and Figlire 43+
Pt
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Figure 4.16" SEM icfograph of \R=PVIEOPS Virgin (no-filler)

at 1,000X magniﬁca{ion / ‘
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Figure 4.17 SEM micrograph of R-PVCOPS with CaCO,

5 phr at 1,000X magnification
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Figure 4.18 #SBM/ microgtaph of R-PVCOPS with CaCO,
.__,f = —
10 phr at 1 000X magniﬁésitit)n

dd

Figure 4.19 SEM micrograph of R-PVCOPS with CaCO,

20 phr at 1,000X magnification
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Figure 4.20° SEM miciograph of R-PVCOPS with talc

5 phr at 1,000X miagnification
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Figure 4.21 SEM micrograph of R-PVCOPS with talc

10 phr at 1,000X magnification
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Figure 4.22,8EM ficrograph of R-PVCOPS with talc
20 phr 4t 1,900X fagrification
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Figure 4.23 SEM micrograph of R-PVCOPS with kaolin

5 phr at 1,000X magnification
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Flgure4 24 SSEM mlcrograp'h of R-PVCOPS with kaolin

10 phr at 1,000X magmﬁc%tlcm
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Figure 4.25 SEM micrograph of R-PVCOPS with kaolin

20 phr at 1,000X magnification
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Figure 4.26 SEM /micrograph of R-PVCOPS with CaCO,/talc
5 phr at'1,000% ma’gniﬁcatjon'
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Figure 4.27 SEM micrograph of R-PVCOPS with CaCO,/talc

10 phr at 1,000X magnification
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Figure 4.28 SEM mié:r‘c’)gr@ph of R-PVCOPS with CaCO,/talc
J 1
20 phr at 000X Jmagnifieation
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Figure 4.29 SEM micrograph of R-PVCOPS with CaCO,/kaolin

5 phr at 1,000X magnification
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Figure 4.30 SEM mictograph of R-PVCOPS with CaCO,/kaolin
10 phr 4 1,000X magﬁiﬁca‘ation
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Figure 4.31 SEM micrograph of R-PVCOPS with CaCO,/kaolin
20 phr at 1,000X magnification
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Figure 432 SEM micrograph of R-PVCOPS with talc/kaolin
5 phr at'1,000X lllagn{ﬁcai}oq
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Figure 4.33 SEM micrograph of R-PVCOPS with talc/kaolin

10 phr at 1,000X magnification
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Figure 4.34/SEM. micrograph of R-PVCOPS with talc/kaolin

20 phrat 1,000X magniﬁc;gtion

Figure 4.35 SEM micrograph of R-PVCOPS with CaCO,/talc

/kaolin (2.5: 1.5: 1) 5 phr at 1,000X magnification



77

Figure 4.36,SEM /nicrograph of R-PVCOPS with CaCO, /talc
’ —
/kaolin (2.5 4.581) 10 phl“_\j at1,000X magnification
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Figure 4.37 SEM micrograph of R-PVCOPS with CaCO, /talc

/kaolin (2.5: 1.5: 1) 20 phr at 1,000X magnification
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Figure 4.38 SEM micrograph of R-PVCOPS with CaCO, /talc
/kaolin (17 28" W5)'5 phr z;;t 1,000X magnification
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Figure 4.39 SEM micrograph of R-PVCOPS with CaCO, /talc

/kaolin (1:2.5: 1.5) 10 phr at 1,000X magnification
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200 X 1,000

Figure 4. 40 SEM mlcrograp‘h of R-PVCOPS with CaCO, /talc
/kaolin (I 2 §° US) 20 phr'xatl 000X magnification
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Figure 4.41 SEM micrograph of R-PVCOPS with CaCo, /talc
/kaolin (1.5: 1:2.5) 5 phr at 1,000X magnification
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Figure 4.42 SEM micrograph of R-PVCOPS with CaCo, /talc
/kaolin (1.5:4% 205) 10 phr";,at‘.l,OOOX magnification
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Figure 4.43 SEM micrograph of R-PVCOPS with CaCO, /talc
/kaolin (1.5: 1: 2.5) 20 phr at 1,000X magnification



4.5 Comparison of Properties of New Products with Commercial

Available Materials

Table A.2 in Appendix 1 shows the result of the mechanical properties

and thermal properties of R-PV Wer the effect of fillers. The highest

tensile strength, tear strengt contributed by the R-PVCOPS

containing the filler ra /ﬂcu@ 1:2.5:1.5 to make a total

filler content of 10 W - ‘-‘-ﬁfm at 1:1 at 10 phr gave the

highest impact strengt mi ted filler of CaCO,/talcum at
10 phr is the best rat \&cost and gave the proper
property for the applic . Following Robert et al. [14]

I |
Table 4. lp;hows the cost companson between the PVC new product

1ncorporat1nﬂ ﬂ:ﬂ '%din(&j:ﬂ 31“ EtJ tﬁrﬂﬁ of 1:1 to a total

concentrationof 10 phr based on ‘,1 00 phr of PVC and the commerc1al product

o TR T P b

lower t%an the commercial one.
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