CHAPTER IV
RESULT AND DISCUSSION

4.1 Characterization of Grafting Material, HDPE-g-MAH and PP-g-MAH

411 % Grafting

Table 4.1 shows content of grafting degree of four types of grafting
materials that prepared in the laboratory. All of the grafting materials had high of
grafting being approximately 2.0 %- 2.5 %, HDPE-g-MAH and PP-g-MAH were
produced from condition which added the fowest amount of dicumy!l peroxide (DCP)
during melt grafting processing step. In case of HDPE-g-MAH types produced from
4 phr MAH and 0.125 phr of DCP was degree of grafting approximately 2.41 %,
while PP-g-MAH types used the different amount of MAH and DCP from HDPE-g-
MAH at 5 phr and 0.6 phr respectively and result of grafting showed to be around
2.17 %. The difference amount of MAH and DCP used was due to the different
grafting mechanism between HDPE with MAH and pp with MAH.

Table 4.1 Grafting degree of four grafting materials

No  Grafting Material DCP MAH Graftin9 degree
(phr) (phr) (%)
1 L-HDPE-g-MAH 0.125 4 2.38
2 H-HDPE-g-MAH 0.125 4 2.44
3 L-PP-g-MAH 0.6 5 2.15
4 H-PP-g-MAH 0.6 5 2.0

All of these 4 grafting material were used as compatibilizer in HDPE/PP
blend in blending step.
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4.1.2 Fourier Transform Infrared Spectroscopy (FT-IR)

The confirmation of grafting was studied using Fourier Transform
Infrared Spectroscopy (FT-IR)
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Figure 4.1 FT-IR spectrum of (A) L-PP-g-MAH and (B) H-PP-g-MAH,
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Figure 4.2 FTIR spectrum of (A) L-HDPE-g-MAH and (B) H-HDPE-g-MAH.

Figure 4.1 and 4.2 show the FT-IR spectra of all 4 grafting materials
compared with neat polymer in order to confirm that the maleic anhydride functional
group was introduced into these polymers, characterized peak of cyclic anhydride at
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around 1725-1705 cm'Lon FTIR spectra of the grafted polymers indicated that the
grafting was achieved on the two grafted polymer.

4.1.3 Flow properties of Grafting Material : Melt Flow Index (MFI)

Melt flow index of pure materials obtained from the Supplier was
rechecked and compared with MFI of the grafted material using the same condition
as suggested by the supplier at the condition of 190 °c/2.16 Kg as shown in the
figure 4.3
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Figure 4.3 Melt flow index of pure material and grafting material.

In the case of HDPE types, MFI of grafting material H-HDPE-g-MAFI
and L-HDPE-g-MAH were decreased a little from the original. This could be due to
side effect called cross-linking reaction occurred during the melt grafting processing
step and result in the increasing of viscosity of outcome material and affected by
decreasing of MFI. PP-g-MAH types, the MFI of grafting materials were increase for
both low and high initial MFI indicated that chain scission occurred during grafting.
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4.2 Characterization and Testing Properties of HDPE/PP Blend with and
without Compatibilizer

4.2.1 Flow properties of the blends : Melt Flow Index (MFI)

The effect of compatibilizer content on the melt flow index of the
blend at fixed blend ratio of 75/25 and 25/75 HDPE/PP are shown in Figure 4.4 and
4.5 respectively. The results shown that MFI of all four sets of the blend were not
affected by adding compatibilizer which can be observed from constant of MFI when
compatibilizer content was increased, this was due to small amount of compatibilizer
added into the blend, so it could not interrupt the MFI of main polymer. Furthermore
the value of MFI was relatively similar with each other phases between minor and
major phase, however the MFI of the blend was still depended on type of major
phase.
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Figure 44 Melt flow index (MFI) vs content of compatibilizer of different system
of the blend at fixed hlend ratio 75/25 HDPE/PP.
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Figure 45 Melt flow index vs content of compatibilizer of different System of the
blend at fixed blend ratio 25/75 HDPE/PP.
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4.2.1 Mechanical Properties of the Blends

42.  The Blend ofSystem L L-HDPE/L-PP/L-HDPE-g-MAH/
L-PP-g-MAH

4.2.1.1a) Tensile Properties

Tensile properties of the system 1 blend which
was the blend of L-HDPE/L-PP/L-HDPE-g-MAH/L-PP-g-MAH, Figure 4.6 show
the tensile strength at yield of the blend. Increasing of compatibilizer content did not
significant change the tensile strength of compatibilized blend compared with
uncompatibilized blend. In case of 25/75 L-HDPE/L-PP base blend, shown higher
value of tensile strength than that of 75/25 L-HDPE/L-PP base blend indicated that
increasing content of L-PP could increase the tensile strength of the blend. Figure 4.7
shows the % strain at break of the blend system 1, the unchange % strain at break
revealed at 75/25 L-HDPE/L-PP base blend, but the increasing of % strain at break
could be observed at 25/75 L-HDPE/L-PP hase blend as compatibilizer was added
into the blend around 5 times of uncompatibilized blend. The optimum content of
vompatibilizer was at 5 phr of L-HDPE-g-MAH/L-PP-g-MAH compatibilizer.
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Figure 4.6. Tensile strength of the blend system L L-HDPE/L-PP/L-HDPE-g-
MAH/L-PP-g-MAH at varied compatibilizer content.
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Figure 4.7 % Strain at break of the blend system 1.L-HDPE/L-PP/L-HDPE-g-
MAH/L-PP-g-MAH at varied compatibilizer content,

4.2.1.1 b) Impact Properties

The impact properties of the system 1 blend was
shown in Figure 4.8 which indicated that no remarkably change of impact strength at
every content of the compatibilizer in both of two blend ratio of 75/25 and 25/75 L-
HDPE-L-PP hase blend, due to close impact strength of the neat L-HDPE and neat
L-PP.
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Figure 4.8 Impact strength of the blend system L1 L-HDPE/L-PP/L-HDPE-g-
MAH/L-PP-g-MAH at varied compatibilizer content.
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4.2.1.2 The Blend ofSystem 2. L-HDPE/L-PP/H-HDPE-g-MAH/
H-PP-g-MAH

4.2.1.2 a) Tensile Properties

Tensile strength of the system 2 blend was
presented in Figure 4.9, the same result shown as in the blend system 1 because
using the L-HDPE/L-PP as hase material same as system 1, but used different type of
compatibilizer. Thus the result of tensile strength could indicate that using PI-HDPE-
0-MAH/H-PP-g-MAH as the compatibilizer in this blend was not different from
using L-HDPE-g-MAH/L-PP-g-MAH. Figure 4.10, at 25/75 L-HDPE/L-PP base
blend, the % strain at break of the blend system 2 was increased when the
compatibilizer content increased and the effective content began at 3 phr and the
optimum at 5 phr, however the % strain of the blend system 2 was lower than the
value in system 1at every compatibilizer content,
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Figure 4.9 Tensile strength of the blend system 2. L-HDPE/L-PP/H-HDPE-g-MAH/
H-PP-g-MAH at varied compatibilizer content,
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4.2.1.2 b) Impact Properties

The impact strength of the blend system 2 was
determined as function of compatibilizer content and shown in Figure 4.11. There
were no significant different of impact strength between uncompatibilized and
compatibilized hlend when compatibilizer content increased in both of the two blend
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Figure 4.11 Impact strength of the blend system 2. L-HDPE/L-PP/H-HDPE-g-
MAH/H-PP-g-MAH at varied compatibilizer content
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4.2.1.3 The Blend 0System 3. H-HDPE/H-PP/L-HDPE-g-MAH/
L-PP-g-MAH

4.2.1.3 aj Tensile Properties

Tensile strength of the blend system 3 which was the
blend of H-HDPE/H-PP/L-HDPE-g-MAH/L-PP-g-MAH. The continuous stable of
tensile strength between uncompatibilized and compatibilized blend were observed.
While the % strain at break of the blend at 25/75 H-HDPE/H-PP hase hlend which
had the H-PP as major phase was higher than that at 75/25 EI-HDPE/H-PP base
blend. Elowever adding compatibilizer L-HDPE-g-MAH/L-PP-g-MAH did not
effected to the % strain of this system of blending.
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Figure 4.12 Tensile strength of the blend system 3. H-HDPE/H-PP/L-HDPE-g-
MAH/ L-PP-g-MAH at varied compatibilizer content.
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Figure 4.13 % Strain at break of the blend system 3. H-HDPE/H-PP/L-HDPE-g-
MAH/L-PP-g-MAH at varied compatihilizer content.

4.2.1.3 b) Impact Properties

The result of impact strength of the blend system 3 was
illustrated in Figure 4.14 adding the compatibilizer L-HDPE-g-MAH/L-PP-g-MAH
into the blend of H-HDPE/H-PP caused the decreased of impact strength compared
with the uncompatibilized blend because of the large different of MFI between L-
HDPE-g-MAH/L-PP-g-MAH compatibilizer and H-HDPE/H-PP base material, so
the added compatibilizer acted as the stress concentration point of the blend.
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Figure 4.14 Impact strength of the blend system 3. H-HDPE/H-PP/L-HDPE-g-
MAH/L-PP-g-MAH at varied compatibilizer content.
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4.2.1.4 The Blend System 4. H-HDPE/H-PP/H-HDPE-g-MAH/H-PP-

g-MAH
4.2.14 a) Tensile Properties

The tensile properties of the blend system 4 was not

different from I?stem 3 which used the same base material H-HDPE/H-PP indicated
DPE- -MAH/H-PP-g—MAH as_compatibilizer did not affect the
575 H-HDPE/H-PP base blend shown higher

tensile strength and % strain in both case of uncompatibilized and compatibilized
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Figure 4.15 Tensile strength of the blend system 4. H-HDPE/H-PP/H-HDPE-g-

MAH/H-PP-g-MAH at varied compatibilizer content,
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Figure 4.16 % Strain at break of the blend system 4. H-HDPE/H-PP/H-HDPE-g-
MAH/H-PP-g-MAH at varied compatibilizer content.



3

4.2.1.4 h) Impact Properties

Figure 4.17 shows the impact strength of the blend system 4
H-HDPE/H-PP/H-HDPE-g-MAH/H-PP-g-MAH as function of compatibilizer
content. The decreased impact strength of these blends was still observed when the
compatibilizer H-HDPE-g-MAH/H-PP-g-MAH was added into the blends. The key
reason of decreasing in impact strength in this blend was the compatibilizer acting as
stress concentration point in the system of high MFI.
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Figure 4.17 Impact strength of the blend system 4. H-HDPE/H-PP/H-HDPE-g-
MAH/H-PP-g-MAH at varied compatibilizer content.



34

4.2.15 Effect of Type ofHDPE/PP hase and Type of Compatibilizer
on the Impact Strength

Figure 4.18 shows the impact strength of each system of the
uncompatibilized blend. Litle change was observed from using L-FIDPE/L-PP as
base material in system 1, system 2 and using H-HDPE/H-PP base material. The
different result occurred in the 5 phr compatibilized blend was illustrated in Figure
4.19, impact strength of the blend having L-FIDPE/L-PP as base material in system 1
and system 2 was higher than the impact strength of the blend system 3 and system 4
which having H-HDPE/H-PP hase material in the blend. These result indicated that
adding 5 phr compatibilizer was more effective in the L-HDPE/L-PP blend, but poor
in case ofhigh MFI base material H-HDPE/H-PP because it flow easily.
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Figure 4.18 Impact strength of 4 different Systems of uncompatibilized blend.
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Figure 4.19 Impact strength of 4 different Systems of HDPE/PP blend at 5 phr
compatibilizer.
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4.2.2 Thermal Properties of the Blend ('Differential Scanning Calorimeter)

4.2.2.1 The Pure Material and Grafting Material

The thermal properties and crystalinity of the pure and grafted
materials were characterized by DSC technique and the result shown in Table 4.2
,DSC result of four grafting materials, used as the compatibilizer in the blend, were
not changed from pure material. The enthalpy of melting of HDPE was higher than
that of pp. The difference was related with the 60 % Crystalinity of HDPE higher
than that of pp. In addition the crystallization temperature (Tc) and melting
temperature (Tm) of grafting material were also not much difference from pure
material.

Table 4.2 DSC results of pure and grafted material

Svsern 1 . Enthalpy of melting CT(r:n Cryst;linity
stem c
g R R
ase ase phase
L-HDPE 119.% p180.3 i plBZ.B " %1.54 P
H-HDPE 1193 1814 - 17 - 6191 -
L-PP 1154 - 86.4 - 1612 - 4174
H-PP 114.0 - 828 - 156 - 40.00
L-HDPE-g-MAH ~ 1205 1879 - By - 6413 -
H-HDPE-;-MAH 1195 1803 - 1294 - 61M4 -
L-PP-g-MAH 1192 - 90.2 - 16L5 - 4357
H-PP-g-MAH 1204 - 86.6 - 1712 - 44

A0



42.2.1 The BlendofSystem 1 L-HDPE/L-PP/L-HDPE-g-MAH/

L-PP-g-MAH
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From DSC thermogram of the blend system L The observed
melting peak of HDPE phase was found at 130 °c and melting peak of pp was at
162 °c . The separation of 2 melting peak indicated that these blend were not
compatible or phase separated. The crystalinity of these blend were not different
from pure material and added compatibilizer did not affect the crystalinity of the

blends as shown in table 4.3

Table 4.3 DSC result of the blend System 1

Enthalpy of

melting

system, TC - 1(Jlg) -
y {4 9 o
(phr) i pLEe  phase
System U1 0 200 139 213
System 12 1 1201 1389 194
System 13 3 1204 1338 205
System U4 5 1204 1375 216
System 15 0 1192 582 564
System 16 1 1200 502 611
System U7 3 1201 504 609
System 18 5 1204 500 607

a . Com = Compatibilizer content
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4.2.2.2 The Blend ofSystem 2. L-HDPE/L-PP/H-HDPE-g-MAH/
H- PP-g-MAH

Table 4.4 and Figure 4.21 show DSC thermogram of the blend
system 2. The crystalinity of the compatibilized blends were not significance
difference from uncompatibilized blend because of phase separation of HOPE and

pp with confirm to occurrence of 2 melting peak in DSC thermogram.

Table 4.4 DSC results of the blend system 2

fmsM 1  Enthalpy of .
T — meJl/tmg (Tcm) Cryst;hmty
stem 2.
y O
[ ase ase  phase phase ase
T L < S v L A
System22 1 1201 186 207 1314 1612 6307  40.00
System23 3 1202 1364 213 1314 1613 6207 4116
System2/4 5 1203 1363 215 1312 1609 6157 4155
System25 0 1192 582 %64 1309 1615 7945 3633
System2/6 1 1194 505 606 1310 1619 6894 3903
System2/7 3 197 1 578 1310 1620 7249 I A
System2/8 5 1204 507 619 1305 1615 6922 3987
a: Com = Compatibilizer content
T ’f"‘”“Jj  —
o g '!\,,A_k,_“ -
& e . =d
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3 6 A

Figure 421 DSC thermogram 2nd heating Melting peak of the blend System 2.



4.2.2.3 The Blend ofSystem 3. H-HDPE/H-PP/L-HDPE-g-MAH/

L-PP-g-MAH

38

The crystalinity of the blends system 3 were reported in table
45, no significant change from uncompatibilized and compatibilized blend at every
content of compatibilizer and 2 individual peak of melting temperature were
confirmed that this blend system was phase separated.

Table 45 DSC results of the blend system 3

a . Com = Compatibilizer content

Endo —>

. Enthalpy of -

I k. m ? m

" Com ,CT-S%U

stem 3.,
4;--}/--0/5%/* L PE  J pp e )PP

S (phr) phase p?{)ase phase  phase
System3l 0 1190 1283 197 1294 1546
System32 1 1194 1349 183 1295 1565
System33 3 1198 1H4 192 195 1578
System3/4 5 1195 1289 183 1301 1572
System3h 0 1173 501 K1 1291 1565
System3fe 1 185 497 571 1291 1563
System 37 3 1186 534 563 1291 1574
System3B 5 1185 525  B56 1293 1571

Crystalinity

%
ghase

8.38
61.39
61,61
h8.66
68.40
67.85

1290
1167

Temperature (C)

Figure 4.22 DSC thermogram 2nd heating: Melting peak of the blend system 3,

PP
ghase

8.07
35.36
3710
35.36
35,49
36.78
36.26
3581
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4.2.2.4 The Blend ofSystem 4. H-HDPE/H-PP/H-HDPE-g-MAH/
H- PP-g-MAH

Table 4.6 shows the DSC result of the blend system 4 Sthe
crystalinity of compatibilized blend were not significant different from
uncompatibilized blend. Furthermore the crystalinity were still depended on pun-
material of each phase. At the same time the DSC thermogram  confirmed that the
phase separated blend of system 4 were also produced because of clearly occurrence
of 2 melting peak which still base on the melting temperature of pure material.

Table 4.6 DSC result ofthe blend system 4

W Enthilpy of 1 cy 1t
£';”é It '-mawpy m Crys(alimty

sl 3 I if co %
| | pES pp  PE PP PE PP

hr) (° hase phase  phase  phase  phase  phase
(po)(gp p D D P )

System 4/1 1190 1288 197 1294 1546 3861 3807
System4f2 1 1195 1382 165 193 152 6289 3l 83
System4/3 3 1197 1366 179 193 156 6216 3456
System4/d 5 1197 1366 185 1295 1%2 6216 3575
Systemdfs5 0 1173 501 %51 1291 1565 6840 3549
Systemdfe 1 1176 483 569 181 1559 6594 3665
Systemd/7 3 U8 05 M7 191 162 6894 3523
Sysem4/8 5 1184 386 436 1291 1565 5270 2808

Endo —

||||||

Temperature (<)

Figure 4.23 DSC thermogram 2nd heating: Melting peak of the blend system 4,
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