CHAPTER 1V
RESULTS AND DISCUSSION

Reclaimed tire rubber and thermoplastics were mixed at ratio 30/70-70/30
(RTR/thermoplastic) by using a two-roll mill. In the two-roll mill, blends were cut
diagonally from time to time and folded over several times during milling to ensure

good mixing. Dynamic vulcanization ofghblands were performed by using three

crosslinking systems, i.e., sulphur.s stem and mixed system. In

addition a compatibilizer ipes used for dynamic
vulcanization and compatib 1R : in '---n-g____ The notch-Izod impact

strength and tensile strengt ed in accordance with

’ "'-..,
ASTM D 256 and ASTM D4, e .// Iy \\\ i, Solvent swelling study

indicates filler-matrix inf€rac® , I ‘Q ds" at the interface to

withstand the shear force cfphdsal struvty \ oplastic blends at

various compositions was asgessg herfit '- \ R sis (TGA), differential
I

scanning calorimetry (DSC) and e mimieroseopy (SEM). Rheological

behavior was also studied tc undersia Wb oHiadfi shear rate on the flow behavior
of materials. i«
4.1 RTR and HDP F':—u
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4.1.1 Impact Tes# g

tis obserﬂ U ANUNSNYADT 0 i

RTR loadmg up t 50 pbw due to impact energy ag)rptlon of RT}&’At higher
e QLGNS TUURTI A T B
attributed tdjthe amount of carbon black that was already present in RTR that was
critical point for the improvement. Thus at the critical carbon black concentration, the
RTR/HDPE blend can have a split in the layer structure providing a shorter path for
fracture propagation, thereby causing the sudden decrease in impact strength. Naskar
et al. [23] also reported that properties of GRT/EPDM/acrylic modified HDPE blend

depend on the relative proportion of total rubber and plastic. At high rubber content
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(70:30 rubber/plastic and above), the blends show poor processability and physical

properties. At high HDPE content (40:60 rubber/plastic and below), the blends
behave as toughened plastics [23]. Tantayanon et al. investigated the impact strength
of vulcanized RTR/PP biend and reported that the RTR/PP blend with sulfur
crosslink agent had the highest impact strength at the ratio of 30/70. This could be
attributed to the limitation of carbon black in the blend [36]. Phadke and De blended
100 pbw PP, 20 pbw NR and various GRT loading at 20-60 pbw. They found that the
impact strength continued to increase up .\ i pbw GRT loading. At higher GRT
\ &
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Figure 4.1.1 Impact strength of vulcanized RTR/HDPE blends.
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Three types of crosslinking systems were compared. Vulcanization by sulfur
produces predominantly polysulphide linkages, The peroxide system gives rise to C-
C linkages. The mixed system produces both polysulphide linkage and C-C linkages.
From the result in Figure 4.1.1 also showed that the blend obtained from sulfur
vulcanization was found to exhibit the highest impact strength, and from the peroxide
system was the lowest. That obtained from the mixed system showed an intermediate

behavior.
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4.1.2 Tensile Testing

It is observed that tensile strength decreases with higher RTR loading. This is
probably attributable to the amount of carbon black that was already presented in
RTR which may inhibit the molecular orientations and mobility of the rubber. The
similar observation was reported by N. Sombatsompop et al. [35]. Figure 4.1.2

shows that without dynamic curing blend exhibits the lowest tensile strength at all

system and sulphur show highersiensile strengdiae€pestively. It evidenced that a

compatibilization and dynami atiort ymimproved the mechanical
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4.1.3 Solvent Swelling

Results of equilibrium swelling studies of the blends in toluene provide

information about the filler-matrix interaction and crosslinking density. Swell ratio of
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RTR/HDPE blended with sulphur and mixed system is lower than the ones with

peroxide, compatibilizer and without dynamic curing agent. This indicates higher
degree of crosslinking density and the filler-matrix interaction makes the physical

bonds at the interface to withstand the shear force caused by swelling of polymer

[31].

Table 4.1.1 Swell ratios of 50/50 RTR/HDRE, hlends.

Addition system R Swell ratio

Sulphur system — .24

i
Mixeé system ///ﬂ(i\\\\ 1.25
Peroxide system ////‘E ‘\\\\\ 40

Compatibilizer /= \\\\\\

.
-n‘

Without vilanizng aget / I 5[@ 7 \\\\\\

4.1.4 Thermogravimgfrig Analys

Generally, all commercial elz de between 300 and 550 °C in a

usual TGA because of théirthy dégradation step can be

attributed to the characte disfic ; ok n the TGA run, with
H

the increase in temperature, fhe thermal dégradation of filledipolymer systems takes

place through various steps. fowgboiling materials decompose first, followed by the

decomposition of pﬂt ug&%&;m@sw&'}ﬂrﬁ crystalline polar

polymer degrades la"sr than the amorphous one. We studied the A scans of

R“”HD""Q‘*W TRGRFEURTINY *TE*EFGA

shows sharp eak at 400 and 500°C. It was found that the degradation at 400°C
increased but at 500 °C decreased with increasing RTR content in the RTR/HDPE
blend. The TGA scan of RTR/HDPE blends with different vulcanizing agents shows

no different decomposition pattern.
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Table 4.1.2 Thermal analysis of RTR/HDPE blends

Blend (RTR/HDPE) Tg(°C) Tm (°C) AHf(J/g) Crystallinity(%)
30/70 sulphur system -42.84 131.26 116.43 39.66
50/50 sulphur system -44.73 130.87 89.07 30.34
70/30 sulphur system -46.36 129.46 61.11 20.81
50/50 mixed system -45.90 81.62 27.80
50/50 peroxide system -57.2 89.16 30.37
50/50 compatibilizer 580t 13091 13 32.40
50/50 without vulcanizing A 25.26
agent

It is found that the a@ldi e by shifting it towards
lower temperatures with hi *o 13 tic, RTR/HDPE blends
using sulphur and mixed Sys ; j“ ' e ones with peroxide,
compatibilizer and without vilcafiizi en “h indigates that sulphur and mixed

system effectively increased the in between RTR and HDPE. The

low Tg obtained in the presen (R4 nizing agent, peroxide and
compatibilization indic e rubber chains [32].
For the melting of RT ¢ Tm decreased with a

decrease in concentration the plastic phase (30/70 to 70/30 RTR/HDPE). Due to
the fact that RTR ﬁ lﬁi m‘ﬂmﬁ:’m e inclusion of the
more flexible phas the ns [36].

! ﬁﬂﬁﬂ&iﬂwﬁﬂﬂﬁﬂﬁ d

The phase morphology of unvulcanized and vulcanized RTR/HDPE blends
were studied (Figures 4.1.4-4.1.5). RTR/HDPE blend without vulcanizing agent
(Figure 4.1.4d) appears to have larger RTR aggregates particle size than the blend
with sulphur system (Figure 4.1.4b). This result can be explained that better
dispersion apparently occurs from the effective role of crosslink in resisting rubber

reagglomeration. Among sulphur system, RTR/HDPE blend (30/70-70/30), show
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RTR aggregates increase when the RTR content in the blends increases (Figure

4.1.4 a-c). This probably due to the limitation of the amount of carbon black in the
blend since carbon black can partially immobolize the chain segment of rubber. This
observation is consistent with the sudden drop of impact and tensile strength of

RTR/HDPE blend at 70/30.

The morphology of 50/50 RTR/

E rblends with compatibilizer and

1.5. This explains that RTR

different vulcanizing agents are showi u

particles can better disperse in -=u..~__ atrix with sulphur and mixed

system than that added with cOMpatbz r, peroxide.and without vulcanizing agent.
It is seen that the distribution effubbor A5 “ " -\ e crosslinking is more
effective in these system ca al. ropertles In peroxide
system, the size of the dispersg due to chain scission on
HDPE matrix predominafCs ausing poor physical
Icanization of PP/NBR
hology of the PP/NBR

ze of the dispersed NBR

properties. George et al. inyéStig
blend on the morphology.
blends vulcanized with sulph
domains is larger than those of the. FOTOIAC ITk ed systems [20]. Tantayanon et
al. also investigated phase _:}}- found that SEM

R aggregates than do

micrographs of unvulcaniz d
the vulcanized blends at thaame loading amount, indicati gla worse distribution of

RTR in the PP matrix for th€ mmvulcanized blempds. This result indicates that better

R - (1T E YT DO YT S

reagg,lomeratlon [36]" Nevatia et al. stu(iaed phase morphology of unvulcamzed and
s QRGN T HNTN B TS -
of the unvuld@nized rubber particles (about 5-6 um) is much larger than vulcanized
rubber in the blends. A sulphur accelerator system was found to be better than a
peroxide system. They also found that not much change in the mechanical properties
was observed when compatibilizer was incorporated. This may be explained as being
due to the high filler content in the system. The effect of compatibilizer on the rubber
filler system and the plastic filler system becomes insignificant. Because the

compatibilizer does not enhance the interaction in the rubber-filler or plastic-filler
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system, the overall effect of these compatibilizer is not appreciated because of high

filler content in the reclaimed rubber [39].

Figure 4.1.4 Scannin,' on_Mmic glend with sulphur

vulcanizing system; a)30 0

i
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oHifVulcanizing agent.
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a) sulphur system, b"lnixed system, ¢) cmgpatibilizer syét.em, d) peroxide‘i)(stem,
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4.1.7 Rheological Behavior

Melt rheological studies are useful for understanding the effect of shear rate
on the flow behavior of materials. Figure 4.1.6 shows melt viscosities of RTR/HDPE

blends with compatibilizer and different vulcanizing agents at different angular
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frequency range from 0.1 to 100 rad/s at 5%strain. Rheological behavior indicates

that the viscosity decreases with increasing angular frequency which indicates
pseudoplastic behavior. From the Cox-Merz rule (n*[w] = n[y]), angular frequency is
equal value to shear rate [41,43]. The pseudoplastic nature of the blends implies that
the required shear stress to cause flow becomes smaller as the rate of shear increases.
Viscosity of RTR/HDPE blends with sulphur and mixed system show higher

viscosity than peroxide and without dynamig¢ curing system. This indicates that the

high viscosity might be due to the influencs 1 U g anization system which results
- A\

in high degree of crosslink as ap évadent from (HesSi ng ratio data reported earlier.

Swelling ratio is a direct 100.0f crasslinksdensity, thus, the formation of

intermolecular structure is expg mal forces exerted during

shearing as the polymer chai .\: the shearing action. It
is interesting to see that viscogify g ' n \n\ compatibilizer is lower
than the blends with peréXidgfag >__,_; angdlag frequency.“This implies that the

deformation rate of the blends ith increasing angular
frequency. The lower deformagion c g ed samples could be due

to the dispersed rubber particlg x as a result of dynamic

vulcanization. A. Mousa et al. [40] sty ieme e ogy of PVC/ENR TPEs with a

special reference to the eff@ pparent shear rate. They

5

found that the apparent abe g increasing apparent

| . i o -
shear rate. The crosslink fo atlon appa i¢ flow properties which

shows in high v1scoﬁ but do€sgipt hinder the flgw of the vulcanized blends [40].
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Figure 4.1.79The effect of angular frequency on the storage modulus (G’) of 50/50

RTR/HDPE blends.

Figure 4.1.7 show the frequency dependency of storage modulus (G’) of the

blends. G” value of the blends with sulphur system are the highest. It can be attributed

to entanglement of the HDPE chain segment with RTR. It may also indicate positive
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interaction between the two polymers. Similar observations were reported by

Subhasish et al. for the polypropylene copolymer and a polyolefinic elastomer blend.
They found that POE content increased, the storage modulus increased significantly.
The indicating that the long chain branches present in POE molecules tend to produce

entanglements and, thus, a higher elasticity can be observed [41].

4.2  RTR and LDPE blends.

4.2.1 Impact Testing

It is observed that im g. ienoth of all blendssincre eases with increasing RTR
loading up to 50 pbw due to_ P 6 ¢y abserption OBRTER. When the RTR was
higher than 50 pbw, impac /
without vulcanizing agent had 46

Three types of cross 1zation have been used.

From the result in the Figure 4 vulcanization by mixed

system was found to exhibit th _:‘-,-;u-—_e-:;-—i ength, and sulphur system the
y - a2 P y
lowest. The peroxide and compatib E:_—;-‘---:-.--_— 10wed an intermediate behavior.
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Figure 4.2.1 Impact strength of vulcanizing RTR/LDPE blends.
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4.2.2 Tensile Testing

Figure 4.2.2 shows that without vulcanizing agent blend exhibits the
lowest tensiie strength at all blend ratios. In dynamic vulcanization, RTR/LDPE
blends with mixed system show the highest tensile strength and sulphur system
showed the lowest. The peroxide and compatibilizer system showed an intermediate
tensile strength. RTR/LDPE blends with mixed system showed the highest tensile

strength at every ratio. This is due to the in! ial crosslinking via the formation of

sulfur bridges in RTR particles ang: gtion of MA/DCP induced by
the dipolar interaction betwees e R, SBR components in
RTR.
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Figure 4.2.2 Tensxlﬂltrength of vulcamzed 50/50 RTR/LDPE blends.
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Swell ratio of RTR/LDPE blend with mixed system is the lowest whereas
without vulcanizing agent is the highest. This indicates the highest degree of

crooslinking density in RTR/LDPE blend with mixed system.
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Table 4.2.1 Swell ratios of 50/50 RTR/LDPE blends

Addition system Swell ratio
Sulphur system 3.68
Mixed system 2.72
Peroxide system 2.88
Compatibilizer system 3.29

Without vulcanizing system 4.30

| .

4.2.4 Thermogravir alysi§ (TGAy

Generally, all commergs be: ween 400 and 550 °C in a
usual TGA because of their on. : ach, degradation step can be
attributed to the characteri 5 the Ingl 1. In the TGA run, with

the increase in temperature . corade i e polymer systems takes
: : IR TR/LDPE blends at very
low heating rate of 2°C/min (Fifurgy ' ¥ A 's€an shows sharp drop at 400

and 500°C. It was found that degradati

7
326 9
e S

reased but at 500°C decreased

with increasing RTR cor ,;_J;:;;:;::.'.':.:;;.:‘.".‘.‘;;‘
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Figure 4.2.3 TGA thermog '.- of RUIEDIEIcndSyusing mixed vulcanizing
f i

agents; a) 30/70 RTR/LDPE, b) 50/48-3¢1 70/30 RTR/LDPE, d) 100/0

RTR/LDPE.

4.2.5 Differential'st anning calorimetry analysis (DS

s e U BN WA DS e o

crystallinity of RTR&DPE blends, as meagured by DSC re shown in Ta lg 4.2.2.

ﬂﬁﬁﬁ\iﬂ‘iwuﬂﬂﬂmﬁ&l
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Table 4.2.2 Thermal analysis of RTR/LDPE blends

Blend (RTR/LDPE) | Tg(°*C) | Tm (°C) | AHf(J/g) | Crystallinity(%)
30/70 mixed system -31.16 110.28 41.94 14.29
50/50 mixed system -37.43 108.83 31.94 13.81
70/30 mixed system = | -43.48 108.54 29.13 9.92
50/50 sulphur system | -58.25 1 64 13.84
50/50 peroxide system | -55.39 d 15.78
50/50 compatibilizer | -58.84 4 1375

system ' _
50/50 without - \ 14.53
vulcanizing agent )

It found that the addi IR faf ifting it towards lower
temperatures with higher h-: 0 LDPE blends using
mixed system has the highest #g. Fhis i il ffe osslinking using mixed
system for interfacial adhesion#of nd - Iends[42]. The Tg reduction
achieved in the presence of RTRZ and, ulcanizing agent, peroxide,
compatibilizer, sulphur indi ili the rubber chains
and this hints at some d For the melting of
RTR/LDPE blends using!ihixe creased) with a decrease in

concentration of the plastic e (30/70 to 70/30, TR/LDPE). This caused by the
-3

lower percentage ﬁ%gﬂ,%w ﬁr%&]eﬂin he blends. The
inclusion of the mée flexible phase of RTR could disturb the packing of LDPE
TPRARIANNIUANRIINYIAE

q

4.2.6 Phase Morphology of Blends

The phase morphology of unvulcanized and vulcanized RTR/LDPE blends
were studied (Figures 4.2.4-4.2.5). RTR/LDPE blend without vulcanizing agent
(Figure 4.2.4d) appear to have larger RTR aggregates particle size than the blend with
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mixed system (Figure 4.2.4b). This result can be explained that better dispersion

apparently occurs from the effective role of crosslink in resisting rubber
reagglomeration. Among mixed system, RTR/LDPE blend (30/70-70/30), show RTR
aggregates increase when the RTR content in the blends increases (Figures 4.2.4 a-c).
This probably due to the limitation of the amount of carbon black in the blend since
carbon black can partially immobilize the chain segment of rubber. This observation
is consistent with the sudden drop of impact and tensile strength of RTR/LDPE blend

at 70/30. The morphology of 50/50 R PE blends with compatibilizer and

different dynamic curing systems ares i .2.5. This explains that RTR

ith mixed system than that

Figure 4.2.4 Scanning electron micrographs of RTR/LDPE blend with mix
vulcanizing agent; a)30/70, b)50/50, ¢) 70/30, d) 50/50 without vulcanizing agent.
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Flgure 4.2.5 Scanﬁ’ng electron mlcro%xaphs of 50/50 RTR/LDPE blends with

oo AR NI NI T e
system, d) peroxide system , €) without'vulcanizing agent

4.2.7 Rheological Behavior

Figure 4.2.6 shows melt viscosities of RTR/LDPE blends with compatibilizer

and different vulcanizing agents at different angular frequency. Rheological behavior
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indicates that the viscosity decreases with increasing angular frequency which

indicates pseudoplastic behavior. Viscosity of RTR/LDPE blends with mixed system
show the highest viscosity. This indicates that the high viscosity might be due to the
influence of the vulcanization system that results in high degree of crosslink. The
lower deformation rate in the case of the cured samples could be due to the dispersed

rubber particles into the LDPE matrix as a result of dynamic vulcanization [40].
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Figure 4.2.6 The effect of I ogular frequency on the apparent 4 1t viscosity of 50/50
RTR/LDPE blends.
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Figure 4.2.7 YMow the frequency dfpendency of storage modulus (G ) of the
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may also indicate positive interaction between the two polymers and a higher

elasticity can be observed. [41].
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4.3 RTR and LLDPE Blends. ,'

4.3.1 Impact Testing

Ir‘

It is observed tha D2 : ; with increasing RTR
loading up to 50 pbw due R When the RTR was
higher than 50 pb ﬁ is is probably
attributable to the ﬁ ﬁ ﬁoﬁlgj % gﬂﬁ@tﬁ% RTR that was
critical point for theﬂnprovement Thus afthe critical cggbon black concgpjration, the
o8GRO P T ‘%%T%Wﬁ'lsﬁﬂm =

fracture profhgation, thereby causing the sudden decrease in impact strength [23, 36,
38].

W

% impact energy absorption of R
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4.3.2 Tensile Testing

Figure 4.3.2 shows that without vulcanizing agent blend exhibits lowest
tensile strength at all blend ratios whereas RTR/LLDPE blends with compatibilizer,
sulphur, peroxide and mixed system show higher tensile strength, respectively. It
evidenced that a compatibilizer and dynamic vulcanization significantly improved the
mechanical behavior of the blend. It is also observed that tensile strength decreases

with higher RTR loading. This is probah

agtgibutable to the amount of carbon black

that was already present in RTR ; ‘l!!ll [ f o#f the molecular orientations and

mobility of the rubber. The si 13 > atlon waS#eh0rted by Sombatsompop et al.

[35]. RTR/LLDPE blends wi uN od < wed the highest tensile strength at

every ratio. This is due to t 5SS \ e formation of sulfur
/ )

/DCP induced by the

SBR"components in RTR.

bridges in RTR particles ang

dipolar interaction betwe

peroxide

b ﬂﬁmwsmwsiu;m;:;
MANIUEATINGNAE

i RTR/LLDPE

Figure 4.3.2 Tensile strength of vulcanized RTR/LLDPE blends.
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4.3.3 Solvent Swelling '

Swell ratio of RTR/LLDPE blended with mixed system is the lowest whereas
without vulcanizing agent is the highest. This indicates higher degree of crosslinking
density and the filler-matrix interaction makes the physical bonds at the interface to

withstand the shear force caused by swelling of polymer.

Table 4.3.1 Swell ratios of 50/50 R R/LL!

Sulphur system

Addition system — well ratio
: ,.-F'.?'!t L

Mixed system

Peroxide system

Compatibilizer system

Without vulcanizing agent

434 Thermogravime' c Anad ‘:'

In the TGA run, ,W e the thgrmal degradation of
& d idied the TGA scans
C/mm i gure 4.3.3). The TGA

filled polymer systems td V—

of RTR/LLDPE blends at u

low heating

f:::;::;tz;‘;i::mm‘*vlﬁm e L1101
’Qﬁ’l aﬁnimum'mmaﬂ
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Figure 4.3.3 TGA thermogran

agent; a) 30/70, b) 50/50, c¢) 70/308d)

e

apw

4.3.5 Differential Scanniie: €41

sulphur vulcanizing

Glass transition !" .

crystallinity of RTR/LLDP

m) and degree of

) blends, as measured by DSC, are®$hown in Table 4.3.2.
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Table 4.3.2 Thermal analysis of RTR/LLDPE blends

Blend (RTR/LLDPE) | Tg(‘C) | Tm (‘C) | AHf(J/g) | Crystallinity(%)

30/70 mixed system -41.02 116.68 54.46 18.55
50/50 mixed system -45.81 115.70 4532 15.44
70/30 mixed system -50.30 115.28 27.54 9.38
50/50 sulphur system | -55.17 13.92
50/50 peroxide system | -59.72 14.70
50/50 compatibilizer | -59.87 ™ 13.75
system

50/50 without 13.72

vulcanizing agent

It found that the additig by shifting it towards lower

temperatures with higher RTR J#0a ). RTR/LLDPE blends using
mixed system has the highest Tg. Fhis i a catesialibeffective crosslinking using mixed
system for interfacial adhesion of RTH: ri ends [42]. The low Tg obtained
in the presence of RTR and perexite:-s of bilizer, without vulcanizing
. ."':‘ hains [32]. For the
melting of RTR/LLDPE efends i’: Im decreased with

i
decreasing in concentration 0 the plastic phase (30/70 to 70/30 RT R/LLDPE). This is

MR VL3161 (13 2
L KRN T U NN Y

4.3.6 Phase Morphology of Blends

agent indicated an ;-ézmm;;am;m:

The phase morphology of unvulcanized and vulcanized RTR/LLDPE blends
were studied (Figures 4.3.4-4.3.5). RTR/LLDPE blend without dynamic curing
system (Figure 4.3.4d) appears to have larger RTR aggregates particle size than the
blend with mixed system (Figure 4.3.4b). This result can be explained that better

dispersion apparently occurs from the effective role of crosslink in resisting rubber
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reagglomeration. Among mixed system, RTR/LLDPE blend (30/70-70/30), show

RTR aggregates increase when the RTR content in the blends increases (Figures 4.3.4
a-c). This probably due to the limitation of the amount of carbon black in the blend
since carbon black can partially immobilize the chain segment of rubber. This
observation is consistent with the sudden drop of impact and tensile strength of
RTR/LLDPE blend at 70/30. The morphology of 50/50 RTR/LLDPE blends with
compatibilization and different dynamic curing systems are shown in Figure 4.3.5.

This explains that RTR particles can be rse in LLDPE matrix of the blend

with mixed system than added wi compatibilizer, and without

vulcanizing agent. It is seen r is fine and, hence, the

crosslinking is the most effec po improvement in physical

properties [20, 36, 39].

Figure 4.3.4 Scanning electron micrographs of RTR/LLDPE blends with mix
vulcanizing agent; a)30/70, b)50/50, ¢) 70/30, d) 50/50 without vulcanizing agent.
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4.3.7 Rheological Behavior

Figure 4.3.6 showed melt viscosities of RTR/LLDPE blends with

compatibilizer and different vulcanizing agent at different angular frequency.

76
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Rheological behavior indicated that the viscosity decreases with increasing angular

frequency which indicated pseudoplastic behavior. Viscosity of RTR/LLDPE blends
with mixed system showed the highest viscosity whereas the blends with
compatibilization and without dynamic curing showed the lowest. The peroxide and
sulphur system showed an intermediate behavior. This indicates that the high
viscosity might be due to the influence of the vulcanization system which results in
high degree of crosslink. The lower deformation rate in the case of the cured samples

o the LLDPE matrix as a result of

could be due to the dispersed rubber partigids

dynamic vulcanization [40].
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Figure 4.3.7 also show the frequency dependency of storage modulus (G’) of

0.10

‘1
i

the blends. G’ value of the blends with mixed system are the highest. It can be
attributed to entanglement of the LLDPE chain segment with RTR. It may also
indicate positive interaction between the two polymers [41]. It also showed that

RTR/LLDPE blend with peroxide and sulphur system showed an intermediate
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behavior whereas with compatibilizer and without vulcanizing agent showed the

lowest storage modulus.
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Figure 4.3.7 The effect of angullr figguehcy ot torage modulus (G’) of 50/50

RTR/LLDPE blend with compatibili _:;P,;; - “ canizing agents.

4.4 RTR and PP blendsy
i

4.4.1 Impact Testing &

AUSANYNINGNT

It is observedjthat the impact streng increases with increasing

RTR loadi b s ﬁ[ i 'Zﬁ’ higher
loading, thﬁwﬁjﬁﬁnﬁ muﬁﬁd mrﬂl:j cﬂarbon
black conce:1ltration, the RTR/PP blend can have a split in the layer structure
providing a shorter path for fracture propagation, thereby causing the sudden decrease
in impact strength [23, 36, 38]. RTR/PP blend without vulcanizing agent showed
lower impact strength than the blends with sulphur system, mixed system

compatibilizer, peroxide system. In vulcanization system, three types of crosslinking

systems have been used.
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From the result in the Figure 4.4.1 also showed that dynamic vulcanization

by peroxide system was found to exhibit highest impact strength, without vulcanizing
agent showed the lowest. The sulphur, mixed and compatibilizer system showed an

intermediate behavior.

Figure 4.4.1 also shows that RTR/PP blend with a compatibilizer exhibits high

impact strength, This can be explained thag MZ203D (maleic anhydride modified

to the immiscible blend.

120

100 without
3 vulcanizing
(8]
E 80 agent
) —— peroxide
=
i o
> 60
C
Q
»
S 40
©
Q.
E

20 sulphur

B g

30/704) 40/60 50/50

Figure 4.4.1 Impact strength of vulcanized RTR/PP blends.
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4.4.2 Tensile Testing

Figure 4.4.2 shows that without vulcanization blend exhibits the lowest tensile
strength at all blend ratios whereas RTR/PP blends with sulphur, mixed,
compatibilizer and peroxide system show higher tensile strength, respectively. It
evidenced that a compatibilizer and dynamic vulcanization significantly improved the
mechanical behavior of the blend. It is alsg

with higher RTR loading. This is pro

ghserved that tensile strength decreases

= t0 the amount of carbon black

.';.‘ll ’”F!l‘!’ s4e

that was already present in RTR. Wi ay inhibahc molecular orientations and

Vmeir
mobility of the rubber. The similaiepservatian wasweparicd. by N. Sombatsompop et
al. [35]. RTR/PP blends with Ser6t /st Shi wed highest tensile strength at
Q}/J Oréuhity x ;tesslink between PP and

rubber phase in RTR/PP blegé. J

every ratio. This is due to thg
\ \:L ical and then abstract
hydrogen from PP to form PP radlical. #hi § With,MA and then MA groups are
grafted onto PP chain backhdhe #I'hy c 1 7, ki actionof MA/DCP is induced
MA -’1"; d'tecycled NR, BP or SBR,

the components in RTR. This faugesia | in Interfacial adhesion, which

by the dipolar interaction betw

30
25 |
20
5 %

10

Tensile strength (MPa

vulcanizing agent

i ~——— —%— compatibilizer

30/70 40/60 50/50 60/40 70/30

RTR/PP

Figure 4.4.2 Tensile strength of vulcanized RTR/PP blends.
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The crosslink between PP and rubber by the corporation reaction of MA

and DCP as follows;

Initial Decomposition of DCP

Heat C
CH CH3 34
Q— £-0-0- C—( — 2@0—0. — RO.
0 Sy N ' -
H-abstraction
Ha "
PP AC—Cwviae

CHz

Beta-scission of PP

Ha Ho H

- H

AC=CamC=Crian TR PR
CH : - i
R ()

Anhydride grafting ai

Nc——-m ﬁuﬁiﬁﬂﬂﬂw ’—ICﬂﬁ B
ch
"”q ifg aaﬂimum'mm%a ¢)
= (Iiv'vv + H(I;IJ \0 —T \N‘v‘»ﬁ C— C"' \0
" CHa HC . %HC-.‘ %
\O . :QO
c” HoT
. (levvvv + H(IZI"' \0 el Hac_o_?..-C\o N
CH3 HC\C/ %HC‘ P
o . C‘\-



82
Chain transfer

PP + PM. —» PP. + PM-H

Termination

- Termination via combination of PP-PP
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PM. + BR — PM-BR.
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4.4.3 Solvent Swelling

Results of equilibrium_Sweling studies=OLthE" blends in toluene provide
information about the filler_ Tt ) atio_of RTR/PP blended with

er, ed, sulphur and without
vulcanizing agent. This indigtegfhigiier dege f\{he filler-matrix interaction makes
the physical bonds at the"intesfa ith: 1e shear foree caused by swelling of
polymer [31].

Table 4.4.1 Swell ratios of 60k

Addition system Swell ratio

Sulphur system )47

Mixed system "i' A 42

Peroxide system L) Il 1.38

Compatibilizer system =y o/ 1.40

et I NN T NS
g

o e
ATRARTNHNGT 71218
Generally, all commercial elastomers degrade between 300 and 550 *Cina

usual TGA because of their hydrocarbon nature and each degradation step can be
attributed to the characteristic feature of the individual polymer and its specific
architecture. In the TGA run, with the increase in temperature, the thermal
degradation of filled polymer systems takes place through various steps. We studied
the TGA scans of RTR/PP blends at very low heating rate of 2 *C/min (Figure 4.4.3).
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The TGA scan shows sharp drop at 400 and 500°C. It was found that degradation at

400°C increased but at 500°C decreased with increasing RTR content in the RTR/PP
blend. The TGA scan of RTR/PP blends with different vulcanizing agents shows no

different result of degradation [34].
a) b)

Figure 4.4.3 TGA ag-;;_;_m INghperoxide vulcanizing
agents; a) 30/70, b) 50/5( &) 7'
4.45 Differential Seanaing Calorimetry Analysis (DSC)

AUINLNINEINT

Glass transitigh temperature (Tg) melting temperature (Tm) and degree of

TR TSN TRTITE e
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Table 4.4.2 Thermal analysis of RTR/PP blends

Blend (RTR/PP) Tg("C) | Tm ("C) | AHf(J/g) | Crystallinity(%)
30/70 peroxide system | -56.46 167.76 73.22 35.36
60/40 peroxide system | -57.22 164.07 41.15 19.87
70/30 peroxide system | -58.38 163.44 37.06 17.89
60/40 mixed system -58.61 16 , .09 13.08
60/40 sulphur system | -58.76 11.52
60/40 compatibilizer | -57.44 28 - 20.11
60/40 without % T6308 - 20.10

vulcanizing agent

s

It found that the a o ' ' t ifting it towards lower
temperatures with higher RTR#o ﬁ .‘- RYPP blends using peroxide
system has the highest Tg. Thi§ ifidie i osslinking using peroxide
system for interfacial adhesion offRT : nd . The low Tg obtained iii
the presence of RTR and without 7_ = . sulphur, mixed, compatibilizer
indicate an increased segme Bikicsh o chains [32]. For Tm of
RTR/PP blends using with a decrease in
concentration of the plasti ‘ .mhis caused by the lower

percentage crystallinity of PP due to more RTR present in the blends. The inclusion

of o ﬂexiblﬁuﬂﬁﬁﬂlﬁwﬁwmﬁ?am& 36].
“AIATE A Inenas

The phase morphology of without vulcanized and vulcanized RTR/PP blends
were studied (Figures 4.4.4-4.4.5). RTR/PP blend without dynamic curing system
(Figure 4.4.4d) appears to have larger RTR aggregates particle size than the blend
with peroxide system (Figure 4.4.4b). This result can be explained that better
dispersion apparently occurs from the effective role of crosslink in resisting rubber
reagglomeration. Among peroxide system, RTR/PP blend (30/70-70/30), show RTR

aggregates increase when more RTR content of blends (Figures 4.4.4 a-c). This



86
probably due to the limitation of the amount of carbon black in the blend since

carbon black can produce a partial immobilization of the chain segment of rubber.
This observation is consistent with the sudden drop of impact and tensile strength of
RTR/PP blend at 70/30. The morphology of 60/40 RTR/PP blends with
compatibilizer and different vulcanizing agents are shown in Figure 4.4.5. This
explains that RTR particles can better disperse and finer distribution in PP matrix of
the blend with peroxide system than compatibilizer, mixed, sulphur and without

vulcanizing agent. It is seen that the dis igryis fine and, hence, the crosslinking

e i
8 &5

= v ¥ = ¥ _. - . = y
Figure 4.3 En:]nﬁleq;ﬂ gcrfolgda&g m}:']lalll grle;] thp!roxide

vulcanizing agent; a)30/70, b)60/40, c) 70/30, d) 60/40 without vulcanizing agent.
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Figure 4.4.5 Scan %u gfa lﬁ {ﬂ% with different
vulcanizing aoentﬁ‘) ﬂgﬁ titglizer system, d)
peroxide system, €) W1thout vulcanizing agent.

JRIAINITUUNIINGIA Y

4.4.61 Rheological Behavior

Figure 4.4.6 shows melt viscosities of RTR/PP blends with compatibilizer and
different vulcanizing agent at different angular frequency. Rheological behavior
indicates that the viscosity decreases with increasing angular frequency which

indicates pseudoplastic behavior. Viscosity of RTR/PP blends with peroxide system
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show the highest viscosity. This indicates that the high viscosity might be due to

the influence of the vulcanization system which results in high degree of crosslink.
The lower deformation rate in the case of the cured samples could be due to the
dispersed rubber particles into the PP matrix as a result of dynamic vulcanization

[40].

100,000 | —— compatibilizer

—@— sulphur
& 10,000
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‘@ vulcanizing
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100 t—e
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Figure 4.4.6 The effect of angular frequency. apparent melt viscosity of 60/40
RTR/PP blends. '
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Figure 4.4.7 The effect of shear frequency on the storage modulus (G”) of 60/40
RTR/PP blends. |
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Figure 4.4.7 show the frequency dependency of storage modulus (G’) of the

blends. At high frequencies, G’ value of the blends with peroxide system are the
highest. It can be attributed to entanglement of the PP chain segment with RTR. It
may also indicate positive interaction between the two polymers and a higher

elasticity can be observed. [41].

4.5 Comparison.

Table 4.5 shows RTR/polyole ‘_____, at r isplay the best mechanical
properties. This indicates thaf sulpharvulcanizingsagent is suitable for RTR/HDPE

blend due to sulphur crosslink lecule and also depend on
structure of HDPE is dense ag ;//{? .\\\;\“\\«\\ ereact into intramolecular
or intermolecular of HDPE. J

RTR/LLDPE blend due to*thej J, stfug ?\&
into molecular of LDPE or #LIJ ! d " i \

AN

by the dipolar interaction betWee the VA o1

b e for RTR/LDPE and
veroxide molecule to react

on of MA/DCP induced

o

NR, SBR components in

RTR. RTR/PP blends with pexide:s -d;‘i-'::_ ed™the highest tensile physical

properties. This is due to the pos ‘h\f‘tw!' ficct of the methyl group of PP

facilitates a Beta—sc1551 Jof gc radical by peroxide,
which reacts with MA andé B hain backbone. The
duced by dipol nteraction between the
MA grafted PP and recycledd\R, BR or SBR. ghe components in the RTR [19.36].

From Table 4.5 shﬁ Hﬁ@%ﬂ?ﬂﬁsw rEJ’]xﬂ')ﬁng agent showed

the highest ultlmateq!lon,g,atlon and hlgl} impact stren ﬁth and tensdedrength This

blend has anw "‘Mﬂ ?ﬂjpﬁawﬁ@ﬂmﬂ ijechamcal

properties as§rubber and are processable as thermoplastic. However, they have to

compatibilizing action of 'IJV' 1

further investigation to obtain more data.
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Table 4.5 Properties of RTR and polyolefin blends at the highest physical

properties.

RTR/Polyolefin
Properties RTR/HDPE | RTR/LDPE | RTR/LLDPE | RTR/PP
RTR/Polyolefin ratio 50:50 50:50 50:50 60:40
Vulcanizing agent sulphur mix mix peroxide
Impact strength((Kg-cm)/cm) | 111.48 111.22 102.84
Tensile strength (MPa) 11.53 12.33
Ultimate Elongation(%) 406.19 34.41

AULINENINYINS

PRIAATUAMINAE
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