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Development of mass production of the thermoplastic elastomer

using waste tire

Recently, rubber recycling has been paid attention due to an environmental interest.
The rubber powder utilization is one of the attractive recycling methods for the waste
tires. However, an economic problem has still existed. One method to overcome this
economic problem is that the waste tires were ground and were surface modified
which were induced to the rubber particles to have good mechanical properties and
higher compatibility.

In this study, our chief objectives are commercialization of fabrication of rubber
plastic composites and products using the WGRT(Waste Ground Rubber Tires) and
standardization of the developed materials and products as well. We successfully
established a processing line for the mass production of TPV(Thermoplastic
Vulcanizate) in scale of 1000 ton per year. Also the pre-treatment process of the
wasted ground tires and reforming PP(Polypropylene) was built in order to improve
physical and mechanical properties of materials. The dynamic reaction technology in a
twin screw extruder was extensively investigated in this project. The TPV made from
WGRT(Waste Ground Rubber Tires) and PP-g-MA with the addition of compatibilizer
SEBS-g-MA was found to be better mechanical properties than the TPV without the
compatibilizer. This is due to the enhanced compatibility between PP-g-MA and
WGRT. The enhanced compatibility may result from the reactivity of a MA group in
PP-g-MA and a phenolic OH group in the WGRT. We also tried to achieve high
quality of materials and products wusing the micro cellular foaming extrusion
processing. The effects of processing conditions on the structure of TPV foams were
investigated. It was found that higher saturation temperature resulted in larger cell
size, lower cell density and relative density. We observed that the average cell size
first increased then decreased with saturation pressure, whereas the cell density and
relative density first decreased then increased. The abundance of foaming technology
for TPV based on WGRT is recently enlarging their application fields. We fabricated

trial products and investigated physical properties of the foamed products.

_7_



The trial products such as curb, rubber cone, car stopper and pallet were developed
through this project. Among them, we applied curb, rubber cone and car stopper for
the certification of Environment Mark/GR to secure merchantable quality and
reliability of our products.

Our technology could be expected to have wide range of applications such as
automobile parts, road safety goods, construction stuffs and households etc.
Economically the technology will favorably cause import substitution effect in the
domestic market. Also it is expected that this recycling concept positively affects the
recycling of different solid waste products through the fusion of other technologies.
Finally, these works may be easily industrialized compared to other sophisticated
recycling technologies because of the low cost of raw materials and good physical

properties of products.
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AR BAES SEd e otk SFAAANFTAE gjAlE] HEolojEd o
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Fig. 11. Dynamic Vulcanization & Dynamic Reaction Mechanism
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o} 3% YUEH oY, Hardness®l 7
¥ PPtEFo]l S71gtel] wel Hardness?t PP/WRGT E-3tAAo] Hl&| © ZA F7sh=
Aol #ZEHAY. Tensile strength®t Elongation at break®] 7d-%- PP/WRGT & & A7) 9}
7 A 2 PP-g-MA/WRGT @& ®stel we} S7keh A 33 YEllth Tensile
strength® 7% PP-g-MA/WRGTS] & eko] 30709 w 7.3MPaclX PP-g-MA/WRGT®]
ghaFo] 45,559 W 11.2MPaE PPY o] F7Fghel we} Tensile strength’} 45+
74%F°] UElSTh Elongation at break® 7% PP-g-MA/WRGTS &aFe] 30:70Y
151% il A PP-g-MA/WRGT¥] shako]l 45559 uw] 105% = PP $hako] ZF7hste] ulef
Elongation at break”} ZFadh= o] WEEth o3k 23} 3k PP/WRGT &7
o A-¢ot mxZFAIZ PPS WGRTS 2241 &893 AHd g3k Aojgtal & F 3l
o} PP-g-MAE &t &Al PPRTE= A&HAA F7kgte] F38HA Ueht ZEetst=g
715 717F #Ereolol 247 S UEdES oA g1t
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Fig. 25. PP-g-MA/WRGT E 34 )¢ g% Tensile strength
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Fig. 26. PP-g-MA/WRGT &34 A]¢9 &3 Elongation at break

OPP-g-MA/WRGT, PP/WRGT %

248w

<Table.4>PP-g-MA/WRGT E ¥4 A9 g3 EA4un

Hardness Tensile strength Elongation at
break(%)
PP/WGRT(30:70) 91 7 121
PPMA /WGRT(30:70) 84 7.3 156
PP/WGRT(35:65) 93 8 107
PPMA/WGRT(35:65) 86 8.6 120
PP/WGRT(40:60) 93 10 97
PPMA/WGRT(40:60) 87 9.8 108
PP/WGRT(45:55) 94 11 88
PPMA /WGRT(45:55) 92 11.2 105
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PP-g-MA/WRGT, PP/WRGT &3 E4¥Iw A7 Tensil strength®} Hardness®] 73-%-
PP-g-MA/WRGT &3aA9F PP/WRGT B3daAl FZFNA vIsHA YeEhA T,
Elongation at break®] 7% PP-g-MA/WRGT &3 AA|7} PP/WRGT EA&Ao] H]&)
AA3] =A detwo. S@agH/aRe 22 294 EHEY A 71AA BMO] N
54 7to] A8 gEHY. PP/WRGT B34 2$ PP WGRTY AW
o] o} Elongation at break’} ®A Uetv= 237 USkA| 9 PP-g-MA/WRGT =
Aol A5 PPell ®EA7] MAZE =45 o] WRGTSHe] w4 S7kell ofs) A 2
o] &Y HAutx & = dom, Zo we  PP/WRGT HFAAol Hlsl o
Elongation at breakE YEIHR T & 4 Slth

N

il

Hif ot o ot

fo 1% F»
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O3kl 2 bitumen ¥ E4FA

74438tAl 2 bitumen F7}7F PP/WRGT E@d2Ao] mxe JIFS Lolrr] s
PP/WRGT E&aA] Az Al A83#] L bitumen S W A A xS A|H F
qE ZAs9oH, JE3AZ= SEBS-g-MAE A&ttt B4 54 29 J&siA4 2
bitumens #7134 &S 7% Tensile strengthve HlaZ EA UE S Elongation at
break7} #A3| A UEET AFE3A B bitumeno] FFo] FIFEFEH Tensile
strengthe Y2olA= Z3Fo] UEWA|T Elongation at break’} &=+ Aol #ZES
t}. ©]# 3 Elongation at break?] ¥ Z¥+= PP} WGRT F E3 7He] 484 ol
ot Aolw, 4838kl E bitumene] 7ol 93 PP} WGRTZHS] ¥H&Ado] &4 =AU
a, 2o whet Aol FeE ] MEolgtal & 5 Utk

(
>

N

(<]

<F.5>483A % bitumen FZFH PP/WRGT &4 A] <
Tensile strength/Elongation at break

Blend Tensile Strength (MPa) Elongation (%)
PP/WGRT=40/60 958 51.6
PP/(WGRT: bitumen)(50:30)=40/60 9.5 1343
PP/WGRT/SEBS-g-MA=40/40,20 9.0 190.6
PP/(WGRT: bitumen)(60:40)/SEBS-g-MA=40/40/20 8.6 2202
PP/(WGRT: bitumen)(50:30)/SEBS-g-MA=40/40/3 8.0 2084
PP/(WGRT: bitumen)(50:50)/'SEBS-g-MA=40/40/20 84 3052
PP/(WGRT: bitumen)(50:50)EPDM-g-MA=40/40/20 7.6 1823
PP/(WGRT: bitumen)(50:30)PP-g-MA=40/40,20 10.3 1543
PP/(WGRT: bitumen)(50:50)/SEBS=40/40/20 7.8 3338

PP/WRT=40/60 PP/(WRT: bitumen) (50:50)=40/60
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PP/(WRT: bitumen)(60:40)
/SEBS-g-MA=40/40/20

PP/WRT/SEBS-g-MA=40/40/20

PP/(WRT: bitumen)(50:50)
/SEBS-g-MA=40/40/20

=1

R .::Ff- e = e i
PP/(WRT: bitumen) (50:50) PP/(WRT: bitumen) (50:50)
/EPDM-g-MA=40/40/20 /PP-g-MA=40/40/20

Fig. 27. SEM micrographs of the fracture surface for the blends after tensile

measurement
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O nFZaY BEgaA Ax 483 4 A2" st
12Pd = #3538 TPV A& 34 ¥ (Dynamic reaction process)S 7|HEO.Z 3lof 2af
Tole FA7IA@E=E S HEolo] /PP BaAl ke % 7AA @AY
T3t ASAIF S vy o2 A FAHL500E/9)S FEATH

TPVEAE o8& AF7P7HA] AFS At moldE A=xstar AlzES A% 313

-

(L7l

\?
12

Fig. 28. A1 ZF AFE ExE89 A%
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Fig. 29. A& A|ZEF [RE=E(F}), Cap]
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g 7H4349 S wol7] fste] 27HA RS AVI=E AR BEaA Ve
MEEA FEA, 7Hed 55 et HESgEHoEA A4 FzEdds 94 +
HEefolol/HZet g TPVEZLA Ax B E4B7FE AAstA e, 2o wet #HEo]
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Fig. 31. TPV E3A&A 9 &2 Tensile strength
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O I TPVAEA FFESH/ 143}

WE TPVAA HEH/TANE A8 BE FEAE 08T BA AW Az 3
AVE AAEER T A A Az Al gE/250 & Cell size ¥ densityE
HelHE 7438 st &9 24 2 X 34 yHS Sl At A s
AT AED NS FuaA

o,

N
L
N2 BN

Sl

<¥.9>WGRT/PP QA IFA] o] & LEA A|HY EA

T P f
Cell density NO Relative
Temperature Pressure WGRT Cell size D (um)
(cells/cm3) density
(C) (MPa) (Wt %)
145 (-1 12(-1) 0(-1) 2.38 2.09x1010 0.871
145 (-1 12(-1) 40(+ 1) 2.16 1.68%<1010 0.918
145 (-1 15(0) 20 2.56 1.87x1010 0.859
145 (-1 18(+ 1) 0(-1) 3.12 1.62x1010 0.795
145 (-1 18(+ 1) 40(+ 1) 2.86 1.39%x1010 0.854
155 (0) 12(-1) 20 2.51 1.97x1010 0.860
155 (0) 15(0) 0(-1) 3.11 1.96x1010 0.765
155 (0) 15 (0) 2000) 2.93 1.82x1010 0.806
155 (0) 15(0) 2000) 2.80 1.87x1010 0.823
155 (0) 15(0) 2000) 2.72 1.84x1010 0.837
155 (0) 15(0) 2000) 2.85 1.85X1010 0.816
155 (0) 15(0) 2000) 2.84 1.86<1010 0.817
155 (0) 15(0) 40(+ 1) 2.67 1.85X1010 0.844
155 (0) 15(0) 2000) 2.84 1.86x<1010 0.817
165(+ 1) 12(-1) o-1) 4.26 1.15%x1010 0.682
165(+ 1) 12(-1) 40(+ 1) 3.12 8.96x109 0.875
165(+ 1) 15(0) 2000) 6.05 4.86%<109 0.640
165(+ 1) 18(+ 1) 0(-1) 28.90 3.16x108 0.200
165(+ 1) 18(+ 1) 40(+ 1) 15.28 5.35%108 0.500

O WGRT &% wsio] nj& wxa Age 54 67}

FZA AA AR A WGRTY @3S 20~50%2 w3ste] gdamsle] wa Bz A
H9] Foam density, Cell size, Cell density, Impact strengthS % 7}3l3th. Foam density
o A5 WGRT-"J gteFo] F7tol|l wldste] A F7eARTh Cell sized] -9 WGRTH

gigol 40% WA= 2 WEF UEhuA] B9k oy WGRTS] &3] 50% 0] dHH <=
Cell sizeZ} F43] S7tsh= Aol #ZHIJY. Cell density= WGRTS] $haFo] F7184

5 HAshe 4SS UE¥on, Impact strengthe= WGRTS &3 40%7HA= £33 7
E UEtRAIRE & 50% 013 e Al Fadts S dEhlol I 40%0AM 7HE
5 BEAS Hole Ao® AU
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Fig. 39. WGRT/PP 70:30 (Scale bar is 500 pm)
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O 7Fgxd wE WA A|He 54 HUt
WA AJHS Ax Al 7FEERA(YE, 2%, Depressurization time)¥$hol] wE I A
o] EAE ZAMSHA Y. Cell sized] 4% 98, &%, Depressurization time® Z7}ol H]
g5t A Frlele AEFS U o, Cell densityv 259 9#, Depressurization
timeo] Z7}ekol we} Bzt

<Table.10>Processing condition and foam characteristics for PP-g-MA/WGRT (50/50)

samples

Average Cell density
Pressure Temperature Depressurization time Relative density
cell zsize D Ny
MPa T 3 %
pm cells/cm’
16 140 3 0.6080
16 145 3 31 1.77 = 108 04187
16 150 3 75 g41x 107 0.0080
16 154 3 26 7.56% 107 0.0752
16 130 15 173 3.02x 109 0.1947
10 130 3 23 2.85x% 108 04683
12 130 3 148 6.21x 10° 0.1610
14 150 3 191 541 104 0.0032
18 150 3 31 198 = 108 0.1294
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Fig. 42. Effect of saturation temperature(a) 140 (b) 145 (c) 150 (d) 154 (Scale bar is
50 pm)
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(d)

Fig. 43. Effect of depressurization time
(@) 15 s, (b) 3 s. (Scale bar is 200 um); (c) 15 s, (d) 3 s. (Scale bar is 50 pm)
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Fig. 44. Effect of saturation pressure
(@) 10 MPa, (b) 14 MPa, (c) 16 MPa, (d) 18 MPa. (Scale bar is 200 pm)
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Fig. 45. PP/WGRT=50/50 Foam
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2) 3AdE ATy A
O nFEetay Bdaq Ax 483 49 583
22bd o FAA7Q(FHE L) S| HERo]o /PP H A A Okﬁg A FAH WY
A8S FHste ASAFE vEo s FF FHALE0E/I)S FFHAeH, 3ad =
= F7HH R AEUE7] HolFE systemS TEH38H] AT "‘EH 5 TPVAA S &7
TAdsE o] FATH

Fig. 47. TPV 44} system

<Table.11>Lab/Pilot/ ¥4t Aol EAH

A7 % (MPa) 218(%)
Pilot 8.38 145.24
&k 12.1 135
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<Table.12>4 & TPV 4 A 9}9

EAH
0| EF2F T A s _
T (MPa) (%) (shore A) HIL(So 2D
Santoprene 4.7 350 56 Santoprene
S CHEP 6.86 430 73 plasmer
===/ & 5.09 350 56 Inoprene
. 253
A 0| = 8.4 79 54 WGRT/PP =24
TPV
(BH=2E| ) 21 135 sy WGRT/PP = 2HH| (& EF}
| Hl 2 I 10wt%)
k3 A ALE A4 B FADAY AL otk ARAE FAeAT
Yo HEBT B ANY 2718 o FUCH, FH YL Bl Arfolol/PP B
A8 Adst B aAe AFSE AT A BeEAdR ANEs 1SS 5 e ¥
Elolol/PP BitaAl Az 483 3R 7F 0 s fEaA.
LT | Oynamicreacton3® | | 2433
P
WASTE : =Ml
P owcER Horn Eﬁ- Hoeran | Pl 22
U -0l®
‘amn:n > ﬁ‘ﬂ}:a FILTER ! P
[ )|
-UwuRY i SERN
olEdE 131{/ \} : (8 & wal) Samofing : _f_\.LJIJIJa
e I o S S R R O P
L een |) S vieratGg | aﬁ.. METAL
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o Foo s
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mE daseETa | " e

Fig. 48. ¥4t 34 M=
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- Vent ¥¥00 Vacuum Suction 280

- Bresker RS WIS 3700 - FAE U AARE, VRES
RN 28BN FABA &X | “.'5‘ _
J

HA3= o=

Fig. 49. ¥4t A A e FH

- Single Scrow Extruder AHE | - Dl Strand Qutting

- Vent 0l Vacuum Suction

- Breaker MEE ML 370 %N £
Sk FAsH 4N

- Centrifugal W&l2| Aa&dl NS
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Fig. 51. &4t ZAL 373
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@ #HEtololet HETAYH e o] &8 AFETAE oA Ax vleiE 2 4%}
O RCAD Z 218 53 4 PP/HElo]o]E 2 A formulation 273

RCAD (Rubber Computer Aided De51gn) ZTE2IHL FIFE /\—LEﬂc"ﬂ‘ﬂi’ﬂ BI e

gz glo] B2 AdFeAs Fola 49 =

= gEolE, %4 FA, "y #Hst 5% a

% =

gsle] wrE Aotk o] T2 e JIHAS

S ERk oYzl VleRSTE f‘@i}ﬁ}{—ti]_‘% o] AbEHa Ut o] TEIaWS o]
&3t Aol &2y PPE V2o E Z4F FE3AY AA nFE HIbete] A5 A
EU EA4S 879 2A formulation & F Qv T2 a#o|th ESE oy J_—rxﬂw,]

_L4

o
A HI+Z formulation 24 S sl7]9s] dE A&2E + U
B 7)&) ol e RCAD Z209S #HEZetay/delo]ojR T
= | 83t Aol formulation?} FA| A ZA|HL %/ﬂ% Hl sl =
g2 E /g Elo]oji D BAaAle] AA formulations =E3F T

Tensile strength  (MPa)

2000 3500 4500 5400 G200

Wasta FF

Fig. 52. ¥ PP/#H E}o] &2 9] formulation’ 3}¢] W& Tensile strength
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Fig. 53. ¥ PP/d|E}lo] o] 9] formulation'H 3}9] wE Elongation at break

<Table.13>¥ PP/¥ E}o]o] &4 2] formulationH 3}o] W& Tensile strength/Elongation
at break

e 1 3 ! : 6 7
WGRT 50 56.67 43.33 63.33 7000 30.00 36.67
Waste PP 50.00 133 56.67 36.67 3000 70.00 63.33
SEBS-g-MA 5 10 0.00 167 6.67 13 831
Tensile strength /
Elongationat 8.72/87.70 | 838/14524 | 96/40.78 T05/7663 | S15/7185 | 122/5672 | 10.55/90.03
break
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RCAD Pilot(30 @)

ORI E
g 838
(Mpa)
AHE =4
TFCHAL S
== 125 145.24
(%)

<Table.14>RCADX 2 13 &Pilot(®30) & A Bl 2L
(F e} 0] o1/5] Z 2t = B -8 3} A| =56.67/43.33/10)

O HEjolole} HZeaE S o]ge uFZE
HElololo} HZelrES o83 mEZglxa
bitumen ¥#F< W3} A]#H WPP/WGR
54 =4 A3 PP/WGRT Eg4A9 A%<}
A 2S5 7% Tensile strengthw= HlnZ =7
I

A
73

3
1z
o
b
2
>
(i
o
N

AbstAl 23-83kAl B bitumens 3718}

Feol 2EHA7) WRelga 2 4 9k

Blend Tensile Strength (MPa) Elongation (%o)
WPP/WGRT=40/60 10.7 73.0
WPP/(WGRT: bitumen){>0:50)=40/60 89 154.0
WPP/WGRT/SEBS-g-MA=40/40/20 10.8 140.8
WPP/(WGRT: bitumen)(70:30)/SEBS-g-MA=40/40/20 9.9 2416
WPP/(WGRT: bitumen)(60:40)/SEBS-g-MA=40/40/20 8.5 3039
WPP/(WGRT: bitumen)(30:30)/SEBS-g-MA=40/40/20 84 3451
WPP/(WGRT: bitumen)(>0:50)EPDM-g-MA=40/40/20 82 2554
WPP/(WGRT: bitumen)(30:50)PP-g-MA=40/40/20 10.7 1201
WPP/(WGRT: bitumen) (50:50)/SEBS=40/40/20 5.0 444.1
WPP/(WGRT: bitumen)(30:50)/SEBS-g-MA =40/40/5 84 2303

<Table.15>73 &3} A] ¥ bitumen ¥ 3FE WPP/WRGT =324 <]
Tensile strength/Elongation at break
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“WPP/WRT=40/! WPP/(WRT: bitumen) (50:50)=40/60
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y e t S5
2N Aty B0 1 Sy By ﬂpg

R
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- £ Lk I it § ! [N
WPP/(WRT: bitumen)(50:50)/ WPP/(\NRT bltumen) (50 50)/
EPDM-g-MA=40/40/20 PP-g-MA=40/40/20

N

WPP/(WRT: bltumen) (50: 50)/SEBS =40/40/20

Fig. 54. SEM micrographs of the fracture surface for the blends after tensile
measurement
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200 -
9
T 150 -
[
]
=
E 100 -
5
=
=
E 5'] i
0
PP/W GRT WPP/WGRT PP.g-MA/WGRT
PP/WGRT 82.5000 102.8000
WPP/WGRT 95.7000 97.8000
PP-g-MA/WGRT 153.7000 202.3000

Hardness (Shore A)

<Fig. 55, £.16>PP ¥ '3 elongation at break
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100

60

40

20 -

PPPWGRET WPPWGRT PP-gMANWGRT
PP/WGRT 95.2000 94.8000
WPP/WGRT 90.8000 92.3000
PP-g-MA/WGRT 85.7800 87.2000

<Fig. 57, £.17>PP% 2 hardness H] 1L
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40

Hardness (Shore A)

20 -

PPIW GET WPPIWGRT PP-gMANWGRT
PP/WGRT 13.0000 13.2000
WPP/WGRT 12.4000 11.8000
PP-g-MA/WGRT 12.8000 12.7000
<Fig. 58, ¥.18>PP¥ F ¥ Tensile Bl
300
250 T
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.E 00
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= 100 4 -
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W IAMEET WTIrEETEERSGh  WIX/AM RETEEL000 WM ETEE2004
WPP/WGRT 95.7000
WPP/WGRT/SE5% 133.5000
WPP/WGRT/SE10% 177.5000
WPP/WGRT/SE20% 237.7000

<Fig. 59, £.19>SEBS 37} wZ& WPP/H ELo] o] B-3A 9 elongation at break$]

8}

_78_




14

13 -

10 -

Tensgle stength (MPa)

WITAWEET W I ET/EESHh I ANGEETEE1I0NG Wt AVEER TEE200h
WPP/WGRT 12.4000
WPP/WGRT/SE5% 11.7000
WPP/WGRT/SE10% 10.7000
WPP/WGRT/SE20% 10.1000

<Fig. 60, ¥.20>SEBS A 7}¢| w2 WPP/H E}o]o] EF A2 Tensile strengthe] 3}
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= 100
®
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[E4] 40 -
0 -
0
FEWERT IFWERISSE FEWERT/FFMA FIAWVERTSETFMA
PP/WGRT 78.0000 83.0000
PP/WGRT/SE 128.0000 129.0000
PP/WGRT/PPMA 87.0000 83.0000
PP/WGRT/SE/PPMA 132.0000 148.0000

<Fig. 61, ¥.21>/3 83} A H7lo| wE WPP/#H ELo]o] B3A) 9] elongation at break<]
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.
1]
FP/WGEET PR/ WCERETMEE PR'WEFET/FPPMA PP/WEET/SE/FPPHA
PP/WGRT 11.7000 13.0000
PP/WGRT/SE 10.8000 12.4000
PP/WGRT/PPMA 12.3000 13.8000
PP/WGRT/SE/PPMA 10.6000 12.1000
<Fig. 62, ¥£.22>4 8314 F7}o] w & WPP/H Elo]o] B3] 2] Tensile strengtho)
H 3}
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ARS SAI AT Ao A FrE o8] TPVAA ol & AFY EFst € 143 4
T % GR vt g5 #3 a7E4 SgE 9 AFHF Awre] B3 7vkE vlEEg e
o, 24 2F3LE T 4xpdEo] AFd AALS o83 AF £+ HAE AAE

Good @@
Recycled

Fig. 63. GR/& A vl =
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Fig. 67. 2t}
O FhlEe AFERFA A BYAFE FEIAY 4% FAEY B 4
A BA 5 2AF 2 By AHFEE 95 NYTFE FAEo|h a}u}f_g_ o
MEZ LY nEEZgor TRV, B 7|&/LdME PP/AE| 0:50H]
&2 TPV2AE Azstel sl g Agsgo.
<Table.24>2}u}l £ 9] 24
YRIEZ G TETZ
W360 x 1360 x H500
T4 W360 = L390 x H700 W400 x L400 x H750
W360 x 1390 x H750

Fig. 68. T2 £ ¥
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T CHEP 4,500 kg continuous 2.000 Plasmer
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Dynamic Reaction Involving Surface Modified Waste
Ground Rubber Tire Powder/Polypropylene

Sung Hyo Lee,' Zhen Xiu Zhang,” Deng Xu,” David Chung,’ Gil Jong Oh," Jin Kuk Kim®
1 Rasource Aecirculation Division, National instifiie of Environmental Research, Environmental Research
Complex, Kyungseo-dong, Sec-gu, inchean 404-708, Korea

? Department of Polymer Science & Enginearing, Schoal of Nano and Advanced Materials Engineering,
Gyeongsang Nattonal University, Jinju, Gyeangriam 880-701, Karea

The surface of waste ground rubber tire (WGRT) pow-
dar has been modified with by allylamine via an ultra-
violet (UV) treatment. The dagree of grafling of the
modified-WRGT are confirmed by the Fourier Trans-
form Infrared spectroscopy (FTIR) scanning electron
microscopy, energy dispersive X-ray analysis, thermog-
ravimetric analysis, and surface energy measurements,
And then they incorparated into the polypropylene (PP}
matrix. The effects of UV radiation time, WGRT loading,
and allylamine concentration on the machanical prop-
erties of the composites are measurad. Mechanical
propartles are influenced as a function of UV radiation
firme, WGRT loading, and allylamine concenirations.
The chemical interactions between grafted WGRT and
PP matrix are investigated by X-ray diffraction and
FTIR. They show change of the crystallinity of the PP
gnd the chemical reaction batween WGRT and the
PP. POLYM. ENG, SCI, 40:168-176, 2009, & 208 Society of
Flaslics Enginesars

INTRODUCTION

Chemical modifications of polymeris materials are of
great importanee as they often produce new materials tha
cannot be prepared or are coslly Lo prepare by conven-
tional technclogivs, These methods are alse used to
improve the propertics of the commercial polymers and/or
wo introduce specific reactive intermediales on the poly-
mer chaing for further modifications, In owr previous pulb-
lications [1-3], we have cvaluated lhe mechanical proper-
ties of polypropylene (PP)/waste ground mubber  fire
(WGRTWeompatibilizer blends. Although they were salis-
fuctosy, it is very inleresting lo explore the possibility of
modifying the surface of clastomer particles so that new

Corvespandence foc D, Sung Flyo Lee; e-mail: inecll 06 1 3@ cmpal coim
Conlract gront sporaars: Hesouee Recyeling Ré&D Center, 21C Frontier
R#el} Program,

DON 101002 pen 21236
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reactive groups are imrodeced for eaboanced miscibiliy
with the thermoplastic phase.

Rajalingam et al, [4] reporied the vsage of several
compatibilizers sich as ethylene-co-glycidy] methaerylate
polymer o improve the adbesion belween WORT par-
ticles and the plastic mairix such as linear low-density
polvethylene  (LLDPE). Rajalingamy and  Baker  [5§]
reported sucface weaiment of WGRT by electron beawm
radiation 1o generate new oxygen conaiming fumctional
gronps which promotes adhesion o the plastic phase.
Rodrigues (6] foumd that the addition of silane coupling
agents increased the mechanical properties of WORT/
plastic compuosites. Cliphant and Baker [7] and Pramanik
and Daker [8] reported that most of the deleterious elfects
of adding WORT o LLDIPE could be overcome by pre-
coating the WGRT particles with cthylene acrylic copely
mer, which increases the impact energy by coupling
selion.

Bawman [9] found new applicitions for surfhee mecdi-
fied scrap rubber as a high walued engineering material.
Melvmis et al. [10] moditied the ground rubber powder by
a mas—solid reaction with chlonine contuming gas, The
rale of surlace madilied-rubher powders in the Woughening
of the epoxy polymers has been studied by Baghen e al.
(1] Moskar er al. (12, 13] studied thermoplastic elasto-
meric compositions based on maleic anhydride-prafted
and chlorinated WORT with polyoleting and PYC,

The influence of vadous irradianon echniques on e
effective rewse of the waste rubber has been extensively
studied by vanous sescarchers [14, 15] Ulteavialet energy
(UYT has been exensively applied for surface grafi poly-
merization of polymers with aid of a pholoinitator or
photosensitizers, such as  bepzophenonc (BP). Barlicr
reports concerned with UY uradistion m the vapor phase
of monomer and sensilizer under a reduced pressure [16]
or in the presence of inert gas [17]). Guo et al, [18] per-
formed photografting of pelyacrvlamide onto the polyeth-
ylene terephathalate (FET) film surface in agueous olo-
tion and extensively discussed the effects of monomer
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Fly ash reinforced thermoplastic vulcanizates obtained from waste tire powder
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ARTICLE INFOQ ABATRACT
Articie hictory: i Nowel thermoplastic composites made from two major {ndustrial and consumer wastes, fly ash and waste
Accepted 13 August 2008 tire pawter, hawe been developed. The effect of increasing My ash baadings on performance charadteniics

Asailatie online § Ocober 2008 such 43 tensile strength, thermal, dynamic mechanical and magnetic properties has been imvestigated,

The mroapholagy of the blends shows that iy ash particles have maore affiniry and adhesion tewards
the rubbery phase when compared to the plastic phase. The fracture surface of the composiles shows
extenshve debanding of fly ash panscies. Thenmal analysis of the composites shaws 3 progressive increase
in activation energy with increase in fly ash loadings. Additionally, marphological stodies of the ash res-
idue after G0% thermal degradation shows extensive changes ocouriing in both the palymer and filler
phases, The processing ability of the theomoplastics has been carvied cut in a Monsanie processalslity
testing machine ai a function of shear rate and temperatuse. Shear thinning behavior, typical of particu
late palymer gystems, has been observed irrespective of the Lesting temperatures. Magnetic propertics
and percolation behavior of the composites have alen heen evaluated,

1. Introduction

The main problem associated with recycling of waste rubber
tire powder is the degradation undergone by the elastomeric
components during its lifetime. Consequently, new straregles
have to be developed to obtain value-added polymers with pood
mechanical and processing characteristics, Blending recycled rub-
bar with other pelymeric materials has been an artractive aliema-
rive to disposal of the rubber. Toughening of britte plastics by
incorporation of a small amount of waste ground rubber tire
[WGRT) is a widely used commercial process, The rubber forms
discrete particles with a diameter of about T pm or less, These
particles act as stress concentrators initiating crazing, but the
chief drawback of the rubber particles has besn the difficulties
in obtaining adequate properties frem the resultant hlends, Eflorts
to develop recycled rubber/plastic blends bave logically followed
eartier blending research that produced both thermeplastic elas
vomers and rubbec-roughened plastics (Coran, 19871 Results of
these numerous studics cn virgin materials have provided criteria
for a successful blend, For efficicnt mixing of the constituting
polymers. the twa components must be thermodynamically
incompatibile enough to phase separate, but not so dissimilar that
intimate intermixing cannot be sccomplished (Ho et al, 1990;
Jang et al, 19E4)

+ Cormespanding suiber, Tel: #0255 751 S299; la: +87 55 743 6311,
E-murif addreis: rubber@graiacier (J5C Kim).

QO5E-053:)% - see freat matter © 2008 Elsevier Lid Al sighas resorved,
Ao 10 R B pwasman 200808003

o 2008 Elsevier Lid. All rights reserved.

Of the commercially available thermoplastic elastomers, some
are expensive, special-purpose materials, The olefin types, which
include blends of narural rubber with orystallineg polyolefins, and
those of cthylene prapylene rerpolymer (EPDM) with polyolefins
are cheaper, and similac in price to the styrene-butadiene-styrene
(5B5) hiock copolymer types of thermoplastic rubbers. The olefinic
types have potential uses in fexible antometive companents such
as bumpers, spoilers requiring materials in the range 20 shore A-
G0 shore D (Montoya et al., 2004)

Flastomer compaosites are reinforced by the addition of filer
materials to improve the mechanical, electrical, thermal, opeical.
and processing properies, while reducing their cost, OF more than
1040 different types of arganic and inorganic reinforcing materials
rescarched and reported in the literature, only a few Bllers lixe
carbon black and silica have been commercialized and used
extensively,

Fly ash is a waste product produced in huge quantities by coal-
based thermal power plants, The current anneal world production
of fly ash from thermal power plants and metallurgical industries
is abour 650 million metric wns, of which only about 7% is being
wsedd by the cement and concrete industries; the remainder is being
disposed in landfills. This paper is a part of our elforts to produce
value-added products based on post-consumer waste materials
like waste tire ubber.

W recently reported the develspment of novel thermoplastics
fram waste rubber tire powders and polypropylene by dypamic
reaction Inside co-rotating twin screw extruder (Lee et al., 2007)
This manuscript is continuarion of that work and reports the utlity
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Preparation and characterization of
polypropylene and waste tire powder
modified by allylamine blends

Sung Hyo Lee®*, A. M. Shanmugharaj®, V. Sridhar®, Zhen Xiu Zhang"®
and Jin Kuk Kim*

Waste tire powder subjected to allylamine madification in the presence of ultraviclet (UV) radiation has been used to
prepare polypropylene based thermoplastic vulcanizates with maleic anhydride polypropylene [(MA-PP] as compa-
tibilizer. The effect of increasing the concentration of MA-PP an performance characteristics like tensile strength,
elangation and rheological properties have been investigated. X-ray diffraction studies of the PPiwaste tire powder
blend Indicate the disappearance of § crystalline peaks on addition of waste tire powder in the PP, whereas it is
obhserved in the aliylamine modified rubber powder loaded PP Differential scanning calorimetry results further
supported tha above fact. The improvement in mechanical properties of the PP/allylamine modified rubber powder
loaded thermoplastic vulcanizates has been explained in terms of S transformation of PP orystals during straining of
the samples and uniform dispersion of allylamine coated rubber powder in the PP matrix. The melt rheological
properties of the thermoplastic vulcanizates loaded with modified rubber powder are higher than its counterpart due
to the higher dispersion a5 a result of chemical interaction batween the rubber powder surface with the MA-PR,

Copyright © 2008 John Wiley & Sons, Ltd,

Keywords: allylamine maodification; ultraviolet radiation; thermeoplastic vulcanizates

INTRODUCTION

Recycling of waste tire by coonomical means is a great challenge
nowadays as the traditional land filling or incineration of waste
tires produce hazardous air pollution. The finely ground waste tire
powder is being used in less demanding apalications like road
construction [ground rubber tire moadified Bitumen], outdoor
pavements and sports recks, bo. However, many researchens have
atempted to use groursd rubber tire (GRT) powder in varbous
thermoplastic and rubber recipes, so as to produce “value added”
polymeric materials that can be used invarious applications."! The
resulting compesites exhibit poor mechanical properties due to
the lack of imerfacial adhesion berween the cross linked GRT
parmicles with the rubber phase, which restricts s applications,
thonghit s costeffoctive, To gvercoms this prohlen, attention has
been focused by researchers on developing thermogplastic
elastomers, the so-called thermaoplastic dynamic vulcanizates, in
which the GRT phate iz finely diapersed in the thermaoplastic
matri= 2 Manufacture of GRT containing thasmaplastic slasts.
mers requires a small ameunt of additianal pure elastomer 1o
offser the decrease in the mechanical propamies (especially
elongation at break) due to the loading of waste tire powder Inthe
themmoplasibos, The other wary 1s o devulcanize the wasie tire
poveder prior 1o addition in thermoplastics, Mumerous technigues
[with warying degree of success) have been repomed 1o
devulcanize waste rubber tire (WHET) povader, chiel of them ane
chemical 4 I:|i|:||ra-giv:.:ll*";I of ulrasonic”! processes. However, all
these treatments are costhy, time consuming and have pofution
problems. Moreever, the property improvement in these cases
depends on the degree of devulcanization.

Recently, surface-modification rechnlgues have bepn adopred
by various researchers for recycling of waste ting powides™®
Burllo et ai'® have oxtensicly roviewed the officiency of
radiation techniques on a wide vaniety of waste polymers,
Uitravialet (U] energy has bean extancively applied ro madify
thie surface properties using monomens and photo sencsitizars,
such as banzophenans (BPL Lee end Ry and Yu and Ry
wied acrvlamide and glycidyl methacrylate as monomers to
modify the surface characteristics of vulcanized styrene
butadiene rubber (SER) using UV, They found that photografing
reaction with a monamer is an eficient way to modify the surface
characteristics of wulcanized SBR, which is one of the major
components of waste tire powder. The present manuscript is
comtinuation of our ¢fforts 1o develep thenmoplastic vukcarizates

. ]
" Correipondence for 5, 1, Lee Resowroe Recingudatian Dfvismn, Marfemal itk
utte af Fnwirantand ! Rewearc i, Frviemsemdol Ressarch Sompier, Kpagseo-
dong. Seo-gu cheon 404708, Korea
E-mail; intelits 1 ¥empol com
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The aim of thiz research was to recycle waste ruhb:r tires by using mﬂﬂ:'um rtﬂmlnn' ardl :rcﬂlru:
Uhe waaste rubber tine powder with bitursen. IE bas been proven that the elongation at break, thermal sta:
biliry and processing flowabiling of composites of pelypropybens (PP, waste rubber tire powder [WRT)

and bitumen conjsasites are better than thoss of PRAWRT compagite, A comparative study has been made
ta evaluate the influence of bitumen content and different compatibilizers on the propertes of FRWET]
itumen compoasites, using a universal vesting machine (UM, scaaning election micrascopy (SEM ), ther-
mogravimetric analyiis (TGA) and a capillary rheomveter, The results suggested that the propertics of
PI/WRT bitumen compasites were dependent on the bitumen content and the kind of compatibilizer

s,

D 2008 Etsevier Lod, All rights reserved,

1. Introduction

With an ever increasing number of automobiles in the world,
the disposal of used rubber tires has been a significant problem in
recent years, The ever increasing stockpile of waste rubber tires is a
potential envirenmental hazard, One way ol utilizing waste rubber
tires is o recycle them. The recycling of waste rubber tires consisrg
of three parts: heat utilization, processing and original utilization,
The gencration and utilization of waste rubber tires in Korca is
shown inTable 1. From Table 1, it can be observed that the majoricy
of waste rubber tres produced in Korea are used as fuel in coment
kilns, which is ecologically unviable since it is well kngwn that the
combustion of waste rubler tires leads to emission of greenhouse
gases like COx and NOx,

Our laboratory has been focusing considerable attention on the
development of technolagies to elfectively recycle waste rubiber
tires [Kim and Burford, 1995; Kim and Park, 1999; Shanmugharaj
et al, 2007}, Recycling of waste rubber tires requires special tech
nigques, becavse waste rubber tires are a thermoset material, which
cannod be reprocessed like thermogplastics, Poweder ulilization is
one of the mogt atbractive techniques far its effective utilization,
A promising way of “recycling” waste rubber tire powder (WRT) is
t incorporate it into thermaplastics to obtain thermoplastic clas-
tomers (TPEs), However, the adhesion belween the WET and the

" Ceareipanding authoe Tel: +B2 {058 751 5299; Lax: +82 (0158 T8 6311
-t odefresa: nobbe ribpsmsc ko () 5 Kim)

EE-DS S - pee fromt mamer © 2008 Elsevier Lid, A% rights reserved,
ol 10016 wasman2 00810004

polymer matrix is usually very weak due to the crosslinked strsc-
ture of WRT. In arder mo zoive the problem, some attempts wers
made to produce thermoplastic rubbers by adding WRT to the cor-
responding recipes (Lee et al, 2007, Shanmughara) b al., 2005).
It was recognized early that the WRT should be devulcanized, or
at least partially devulcanized, to facilitate the molecular entan-
glement between the WET and the palymer matrix. For déevuican-
ization, various routes were attempted, such as thermomechanical
and thermochemical treatments (Kim et al., 2006; Radeshikumar
and Karger-Kocsis, 2002).

Following the above guldance, special attention has been
fzcused on the effective utilization of WRT in TPEs, In the frst
stage of this 10-year project [2000-2002), we developed tech-
nofogies o produce ultra Goe powders from waste rubber tines,
In the second stage (2003-2005), we developed rechnologhbes
o manulacture thermoplastic elastomers from WERT. Some
products, like the brake pedal and rubber wheels, have boen
developed and commercialized swccessfully. In the third stage
12006~ 203}, we are developing technologies for mass produc-
tien based on WET,

In erder to achieve this target and produce TPEs which contain
WRT and exhibit competitive properties, bitumen and compat-
ibilizer were incorporated into polypropyleneWRT composites
due to their devulcanized, plasticized and compatibilized effect
on the composites. In this work, the influence of bitumen con-
tent and different compatibilizers on the properties of polypro-
pylene WRT/bitumen compasites is discussed,
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The Effect of Physical Treatments of Waste Rubber
Powder on the Mechanical Properties of the Revulcanizate
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ABSTRACT: The diversiform physical treatment pro-
cesses of waste rubber powder were cardied out using grnd-
ing process, ozone treatment, and ultrasonic treatment. The
effects of these processes on hardness, specific gravity,
crasslink, tensile strength, elongaton, and dynamic me-
chanical properties were studied. Also, the mecphelogy and
the chain structure changing of waste rubber powder were
studied by SEM and XPS, respectively. The ozone/fultra-

sonic treatmient was found to be the mast effective treatment
o improve the mechamical properties of waste ribber pow-
der revalcanizate, The cffect of mechanism may be due o
the sulfur crosslinkage network changed to a cyclic form.
0 2009 Wiley Periodicals, Inc. | Appl Pelym Sci 112 304834066, 2005

Key words: physical treatment; waste rubber powder;
ozone ulirasonic treatment; cross=linkage network

INTRODUCTION

The large number of waste tine has become a signifi-
cant problem with the increase in the number of
automobiles each year. Many attempls'™? o recyele
waste lire have been undertaken for environmental
reasons. The recycling of the waste tire can be di-
vided into three categories: its use as source of heat
through incineration, the original shape, and grind-
ing of waste tire lo increase mechanical properties,
One of the main approaches to rubber recycling is
reclaiming or devulcanization. It took a long time to
develop several kinds of recyeling waste tire includ-
ing microwaves,' bioreactor,” mil]lng_,ﬁ‘ and devulca-
nization technigues.”” Landfill is one of the early
ways to dispese discarded rubber products, In 1970,
~ 70% of the scrap rubber was discarded into land-
fill. With decreasing available sites and cost increase,
disposing waste Hre inte landfill is rapidly being
discarded.

Scrap rubber is commonly used as a fuel in the
cement  industry. The shredded tire chips were
burned in the boilers. Tire contains more than 90%

Correspondence fo: ] K, Kim (rubberiignu.ac.kr).

Contract grant sponsor: Industrial Waste Recycling R
and [} Center (through 21C Frontier R&D Program);
comiract grant number: 38-4-1,

Journal of Applied Palymer Science, Vol. 112, 3048-3054 (2004)
0 2009 Wiley Periodicals, Inc,

organic materials and have value of 326 m)/ikg
when compared with coal (18.6=279 m]/kg).

In the microwave technique,™'" a controlled micro-
wave energy al a specified frequency and energy level
is released with sufficient energy to cleave sulfur
crosshink bonds. Thus, in this process, washe elasto-
mer can be reclaimed without depelymertzalion o a
material capable of being recompounded and revul-
canized having physical properties essentially equiva-
lent to the criginal vulcanizate, Ultrasonic energy is
baing used for surface modification. The process
involved devulcanization of crosslinked  rubber.
Felofsky'! reported the first work of ultrasonic energy
in 1973 and was patented. However, information on
the ultrasoric properties of the devulcanized rubber
was not mentioned. Ultrasonic reclaiming of vulcan
ized namra.l rubber (NR) was reported by Okuda and
Hatano in 1987. Later, Isayev et al. published a
number of articles about the ultrasonic process.

The advantage of powder utilization is that it is
easy o apply b])l' using simple equipment, Although
much work'™ ™ has been done, problems still
remain. The difficully in recyeling waste tire is that
the scrap of the tire is o crosslinked p;:l:.rmq;[, which
is hard to melt and process. Generally, methods of
abtaining the ].;mwdeﬁ' from the waste tire are cryo-
genic grinding™ and ambient grinding. In cryogenic
grinding, shredded tire are frozen with liquid nitro-
gen. The cryopenic ground rubber has a smaller par-
ticle size and lower surface area when compared
with an ambient ground rubber, bul cryogenic
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Preparation and Characterization of
Grafted Maleic Anhydride onto Polypropylene by Reactive Extrusion
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Abatract: Maledc solivelrsde —pralied polypropylene has been wodely tssesd o prove the aner Guiel ane -
raction between the components in PRpolar polyows blends and PUEflker compesiues and 1o masimi e
physicul propertics wd teemal propertics, To this paper, e oulcic anhyebide MATT=gralied polypro=
pybene (co--PP) was fabricated throweh reactive extrision prooess with di—oumyl perside (00F) as an
indtiater. The gradling degree of MAH deposding on the comtents of DO and MAH wis vestigaied by
FI=IK speectra sl chesical tirption, The grafting degree swreased winh inereasing MALD comcentinnon
and also showed nocimmsn value at QUG wi% of DU concenuratnn. Mell Tow mdes (WP of dee ppalled
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Expanded Waste Ground Rubber
Tire Powder/Polypropylene
Composites: Processing-Structure
Relationships

e XianG X' ZHEN XIU ZHaNG, BAD SHENG ZHANG,?
Kausik Pac,' Xu Dena,' Sumc Hvo Lee® amn Jiv KUk K’
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Minisiry af Ediwcation, Qingaoo. 266042, Peaple's Republic of China
'rﬂl';,M”m('.'H' of Clenrieal Engineering, Qweein's Coiversity, Kingsion
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ABSTRACT: The usage of wasie tire powdar us dispersed phase in nulypropylenc
matrix offers an imeresting opportanity lor recycling of the waste tire, In order 1o
obtain ‘value wdded producs’ from polypropyiens (PPYwasie ground rubber fige
powder (WGRT) composites, in this siudy, the processing of foamed PPYWGRT
compasites was investipated using a sinple-serew foam extrusion sceup and chemical
Blowing apent. The regression models were constructed 1o study the relationships
between the foam structure (ie., void frction, average cell size, and eell density) of
fosamedd PPAWGRT composites, the processing condions fexirudes®s dic Lemperi-
ture and serew speed), and 1he fermulation composiions (WOERT conrent wnd blow-
img agent concentrution] by applying a four-factor central comnposite design (CCDY)
statistical approach. The respense surfice plots gonerated using the regression
models allow the rapid selection of the proper process parmclers o oblin
PRIWGRT composite foams with he desired density and merphology.

KEY WORDS: polypropylene, waste pround subber lire powder, ceneal composiic
desapn, extrusion foaming, chemical blowing agem.

INTRODUCTION

OTIVATION OF THE plastic industry wwards the introduction of a larpe number of
gas bubhbles inside a polvmer wis 10 reduce the amount of polymer needed and to
inerease the mechanical resistance (impact) and/or insulation propertics for specific appli-
cations like packaging and low siress structural materiak [1,3] At first, neat polymens were

Joumindd af COMPOSITE MATERIALS, Vol 43, Mo, 24/2000
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Effects of Formulation and Processing Parameters
on the Morphology of Extruded Polypropylene-
(Waste Ground Rubber Tire Powder) Foams

Zhen Xiang Xin,"* Zhen Xiu Zhang," Kaushik Pal,’ Bing Xue Lu,® Xu Deng,’

Sung Hyo Lee,” Jin Kuk Kim®

'Polymer Sciance and Engineering, Seheal of Nano and Advanced Materiais Englnuering,
Gyeongsang National University, Gyeongnam, Jinju, 650-701, South Koraa

*Key Laboratery of Rubber-Plastics (Qingdao University

Qingdao, 266042, People's Republic of China

of Sgience and Technciogy), Ministry of Education,

"Department of Chamical Enginearing, Gueen's University. Kingston, Ortario K7L 3NG, Canada

This paper presemts an cxperimental study of the
foaming behavior of polypropylena (PP {waste ground
rubber tire powder] [WGRT) blends when using a
chemical Bowing agent in an extrusion foaming pro-
cess. The effects of formulations [i.e., WGRT content,
blowing agent content, compatibilizer] and the proc-
essing parameaters (Le., dic temperalure, screw spo
on the vold fraction, average call size, cell density, and
cell morphelogy of the PPAWGRT foams were Investi-
gated. The blowing agent loading affected the cell
structure of the foams and the average coll size, and
the vold fraction increased with increasing blowing
agent loading. Both increasing the serew speed and
docreasing the die temperature could establish a high
pressure drop In the extruder die, and these were ben-
eficial to the foaming extrusion, J. VINYL ADDIT. TECH-
HOL., 15:2066-274, 2008, & 2009 Soclety of Plastics Enginoers

INTRODUCTION

Many attractive propertics sugh as light weight, Buy
aney, chemical resistance, incrincss, pood aging, cushion-
ing performance, thenmal and acoustic insuliion, sl
meeyclability cauge polyolefin feams 1o be widely wsed in
the packaging, lextile, and amomative indusiries, By they
iy nod provide good coough physical propertics a1 a given
flexibility to compele fully in the cellular elastomer mar
ket [1]. Ta improve e inpact toughness, therchy extend
ing 13 application range, a number of studies oo wughen-
ing polypropylene (PP) with reinforcing agents have been
made in the last 20 years and were thoroughly reviewed

Convespmandence poz 1, B, King e mail: rubbseofiPpriwac ke
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by Liang and Li [2]. Ot of many technigues available,
polymer blending is an clfective way Lo achieve o desira-
ble combination of properties that are ofien ahsent from
single-compenent polymers. For the production aof high-
impait PP, various elastomers have been investigated ox
impuel modifiers, Bul due 1o the ever-icreasing price of
matal wnal symhetic rubbers there s an urgent need for
effectively recycling the waste rubber generated. Includ-
ing our own work A loe of research hos been conducied
o wiilization of rubber waste by incorpomting it inte
thennoplastics 1o ehiain impact-modified Thermoplastics
[3-5] and thermoplastic elustomers (TPEs) [&E=11]. Thene-
fore. since the PEYWGRT blonds foaming techialogy., mol
only for the development of new materials but also for
pructical recycling purposes, can Talfill the requirensens
of lower cost. lighter weight ond better fuel BCOAGIMY, il
15 worliwwhile o sudy the foamabifity of such blends,
Mumerous studies have beon done oa 1he foaming of
polyclefin elnstomer blends in the reeem past. Dambauld
[12) foamed polyolefin elastomer blends by using water
w5 u blowing agent amd reported densily reductions of
I w 0% while wsing 0.1 1 |0 weight percent of
water, Duiia and Cakoak [13] stdied foaming of PPy
EFLM blends weing chemical blawing agenls. Sahnoune
[14] and Snyder [15] described the usage of waler us 3
libowing agemt for foaming TPEs. Kistkamjorwong, Thi-
makom, and Tosa [16] sisdied the cifect of namral robber
{MNE) concentration on foam strugturgs amd  propenties
weider various conditions for high density polyethylene
natural subber bends and found that when the NR content
was more than 305, the cell shape distorled, Kimm, Park,
Kang, and San [17] crlensively siudicd the foamability
of commercial grade thermoplastic vulcanizates-TEVs.
with carbon dioxide and nitrogen in the extrusion sysbeim,
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Effect of fillers on morphological properties in
NR/SBR blends for OTR tyres

K. Pal***3, R. Rajasekar®, T. Das®, D. |. Kang’, S. K. Pal?, J. K. Kim* and
C. K. Das®

The blands of styrana butadiene rubbar (SBR) and natural rubber (MA) are prepared using a two-ral
mixirg mill in the presence of different types of carbon blacks as reinforcing filler. The effects of fillers
on cure characteristics and thormal, dynamic-mechanical, momphological properties of the blends
are studied, The ISAF N231 type of carbon black shows a signilicant effect on tensile, tear and
modulus properties by reacting at the interface between SBRMR matrixes. The dynamic
characteristics and storage modulus of SERMNR with SAF N110 and SRF N774 types of carbon
plack show distinct charactenstics in respect to all other blends in this systam. Thea thermal stability of
the rubber vulcanizates containing SAF N110 and SRF N774 types of carbon blacks is higher than
othar bland types. With the increasing percentage of SBR 1o NR, the thermal stability of the blend is
increased. However, the heat buildup of the blends increases with the increase in SBR percantage.

Kaywords: NR-58A. Composines, Maphalogy, Mochanical, Thanmal, Fouser ransiamid ineaned

Introduction

Folymer blends are being extensively used in numerous
applications; this is also the case with rubber blends,
especially for tyre manulecture, Apart from the Bends of
common types, specially rubber is also being utilised,
depending on service demands and components of the
yre. Many reports, covering o wide range of rubber
blends have been published in the past. Matural rubber
(MR) is an old rubber but having similar properties to
synthetic rubbers, It is also known o exhibit numerows
owstanding propertics, such as, high clasticity, clonga-
tion at break cte, Howewer, in most cizes, reinforcing
fillers are necessarily added into NR in order 1o get the
appropriate properties for specific applications. Synthetic
rubber of any type is artificially made from polyner
material which acts as an clastomer. Synthelic rubber
serves as o substitute for NR in many cases, especially
when  material  properiies ore needed to nnprove,
However, synthetic rubber can be made from the
pelymensation of a variety of monomers including 1, 3-
buladiene, chloroprene (Z-chloro-1. 3-butadienc), and
sobutylene (methylpropene) with a small percentage of
iopreng  (Z-methyl-1, S-butadienc) for  crosslinking.
Furthermors, the monmners can be mixed in various
desirable proportions 1o be copolymerised for a wide
range of physical, mechanical and chemical propertes.
The monomers can be produced pure and addition of
impurities or additives can be controlled by design to
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achieve optimal propertizs. Salid salution polymerisad
styrene butadiene rubber (SBR), produced by anmonie
balch polymerisation is available in 2 wide variety of
styrene and vinyl contents. Solution SRR provides
excellent balance between wel grip, rolling resitance
amd dry handling in silica and carbon black compounds
for high performance tyres.” They are also wsed for the
manufacture of high quality technical rubber goods.

Beinforoament is primarily wsed 1o enbasce e streogth
and strenpth related properties of virgin polymer,** 1t can
offer wnique propertics such as abrasion resistance,
hardness, modulus, good ofl resistance, low gas perme-
ability, impeoved wet grip properties and rolling ress-
tance, #te. [n this study, the cure charaeteristics, dynamic,
morphological and mechamical properties of MR and SBR
blends with various earbor blacks are investigated.

A wide varicty of particulate Rllers are used in the
rulzber industry for various purposes, of which the most
imporiant factors are reinfoscement, reduction in mate
rial costs and improvement in processing technigues.”
The use of carbon black is synonymous with the history
of tyres. Although it has lost some pround 10 other
reinforcing fillers, such as, silica, namoclay, CNT, by
virtue of its unrivalled performances, it is still the most
popular and widely used reinforcing Rller. However, the
primary properties of carbon  blacks are nonmally
contralled by partiche size, surlnce area, structure, surface
activity and in most cases they are interrelated,”

Tyres used in mining vehicles are very costly and need
regular maintenance, as it is impossible to accept its
replacement expense within a wery shoert peried. The
rugged working conditions in mining industrics reduce
the life span of tyres on acoount of culs, contamination,
abeasion, wear, speed Quctuations, etc. There are several
types of damages occur in the tyres of a dump truck,
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Effects of Waste Ground Rubber Tire Powder (WGRT)
and Chemical Blowing Agent Content on the Cell
Morphology and Physicomechanical Properties of
Injection-Molded Polypropylene/WGRT Foams

Zhen Xiang Xin,'* Zhen Xiu Zhang,"? Kaushik Pal,? Dong Jin Kang,? Sung Hyo Lee,” Jin Kuk Kim®

'Kay Laboratory of Rubbar-Plastics, Ministry of Educal

Cingdao University of Sclence and Technology,

fon, School of Polymer Science and Enginesring,
Cingdan 266042, Peaple’s Reputiic of China

*Polymer Scisnce and Engineering, Sehos! of Nano and Advanced Materials Ergineering,
Gyeongsang Mational Unfversity, Gyeongnam G80-701, Jiniu, South Korea

*Departmant of Chamizal Engineaning, Queen’s University, Kingston, Ontaro K7L 3N6, Conacia

Micraesllular polypropylens (PPYWGERT blends, a new
outlet for the recyeling of waste tire rubber, wero pre-
pared in an injection-malding process by using a
chemical blowing agent. The effects of WGRT content
and chemical blowing agent content on the density,
cell morphalogy, and physicomechanical propertics of
tha foamed PPAWGHT blende wero investigated. The
foam morphologies were characterized In terms of void
fraction, average cell size, and cell density. The results
indicated that both the WGRT and the blowing agent
contont hiod huge effects on the cell merphalogy and
iensile properties of the PP/WGHT fosms. J. viNwL
ADDIT. TECHNOL., 15:275-280, 2004, £ 2004 Saclely of Plos-
tics Enginears

INTRODUCTION

For sevemnl decades, polymeric foams have keen
widely wsed because of their excellent propenics such
as light weight, high strengihfweight ratio, superior
insulating abilities, and cnergy-ahsorbing performance
[1}. On the other hand, polyolefine like polypropylene
are widely used in many engineering applications
owing o their gxecllent physical and mechenical prop-
erlics, good recycling ability and low eost. However,
there have been some lmitdions For applications i
foam processing because such polymers do aot provide
a high enough stae of physicul properiies at a Ziven
fexibility 0 compere fully in the cellular elastomer
market [2). Therefore, paelymer blending is nsed 1o
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enhance these mechanical propertics. For instance, nibe
ber toughening of both thenmoplastic and thermoset
systemns for achicving propertics suited 1o particular
appliculions has been developed by this technelogy
[31. The wsage of ground rubber tire (GRT) powder as
a dispersed elustomeric phase in the PP marrix offors
an Imtercsting epportunity for recyeling of waste ruh.
ber, A ot of research, ingluding our own, has been
done on utilization of mubber wase by ncorporaling
GRT into thermeplasiics to obiain impact-modificd
thennoplasiics  [d=6]  and thermoplastic  elustomcs
(TPEs) [7-11]. Becamse the fomming technelogy of
PRAWGRT blends ean fulfill the requirements of lower
cost, lighter weight and better fuel coonomy. it is
worlhwhile 1o sludy the processablility of PPYWGRT
ends for foaming applieations,

There are many types of polymer foamng processes,
such as foam extivsion, foam injection melding, compres
sion molding, and microfoaming. The injection foam
molling i one of the widely used plastic HOCEssing
methods for mass production of complea pans, in which
cither a chemical blowing agent (CHA) or a pliysical
blowing agent (PBA) can be employed. With ils advan-
tages, such as exceilem dimensiomal (oleransce, shoner
eyele time, end low back pressure, injection miolding
accounts for 325 by weight of all the polymeric malerials
provessed, [12]

In this study, a technique is presented 1o produce PRY
WGRT blend foams by injection molding using azodicar-
bomamide (AFIC) as a chemical blowing agent, The
study focuses mainly on the effect of WORT content sl
CBA coment in erder o determine the influence of these
parumeters on Suclual foam morphology and mechani-
cal propeies.
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Microcellular Structure
of PP/Waste Rubber Powder
Blends with Supercritical
CO; by Foam Extrusion Process
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*8chool af Nano and Advenced Moterinls Enginecring, Gyeongsang
National University, Gyeongnam, Jigju 60-700, Sowth Korea
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ABSTRACT: Ancw epprosch towards the recycling of waste ground rubber tire
(WGRT) powder was demonstrated in this study by introducing the palypropy-
lenef waste ground subber tive (FRWGHT) foaming method by using C0, ax the
fopming agent in an extrugion foaming process, The regression models were
ennstructed to atudy the relationships between the foam strocture (e, woid
fraction, average cell size, and ccll density) of foamed PPAWGET blends, the
processing paremeters fextruder's die temperature and C0; concentration), and
WGRT content by applying a threo-factor central composite design (CCD)
statistical approach. The response surface plots generated using the regression
models allaw the rapid selection of the proper procces parameters bo oblain
micracellular PPAWGET blends with the desired density and morphology.

*Author to whom correspondence should be addremsed. E-mail: robleris gnu.se ke
Figures 2= appear in color online: hilp:oel sagepub.com
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Effect of fillers on natural rubber/high styrene rubber blends with nano silica:
Morphology and wear

Kaushik Pal*®<*, R. Rajasekar®, Dong Jin Kang®, Zhen Xiu Zhang®, Samir K. Pal®,
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ARTICLE INFO ABSTRACT

A — The blends of high styrene rubber [HS] and natural nubiber (NR] with nane silica were prepared wsing 4
Kevetved 10 Juse 2005 talending technique in presence of different types of carbon Black, The effect of Aller on oo phobagical s
Accepted 10 Aupust 2008

: wear characteristics was shudied. ISAF (inresmediate Super Abrasivn Furnace) type of carbon Black have
Availabile cline: 13 Augusc 2009 sheed a significant elfect on optimum cure time, cure rale index 2nd mechanical properties by reacting
—_ 4t the interface berween HSR aad N2 matrix All the samphes show only ane meiting peak on the DSC

- curve; this is attributed 1o the same backbone structure of the matriz and the carson black reinforme-
g e and puliber mient. The samples containing 30 wiE of HSE with BAF type of caron black hag shown Fasiawm heat
"‘""m‘“;“ bliduipy, lower swelling amd bower compressicn set value, Blends containing ISAF type of carbon black
with 30 wik of HSB showed bigh abrasion resistant propertics against (u-Port abrader, DIN aBrsder
and dilferent minirg rock surfaces and atso is fownd to be Uue tughest rubber apainet all ypes of rack

Coal is main abrader against the rubber under this study,
O N0 Ebsevier Lod, All righte résaraed,
1. Introduction in material costs and improvenents in processing [3]. Reinforce-

Polymer blends are being used extensively in numerous appli-
cations: this statement is also true with rubber blends, especially
in tyre manulacture, Apart from hlands of common rubbers, spe-
clalty pubber is also being utilized, depending an service demands
and components of the tyre [1,2]. Marural rubber (NR) is known
to exhibit numerous outstanding properties soch as good ol
resistance, low gas permeabslity, improved wet grip and rolling
resistance, coupled with high strength; having propersies resem-
Bling those of synthetic rubbers, Matural rubber coming Irom latex
is mastly polymerized loprene with a small percentage of impu-
rities in it This will limit the range of properties available to ir,
although add:tion of sulfur and vuleanization are used to improve
the properties. Synthetic rubber is any type of artificialty made
polymer material which acts as an elastomer. Synthetic rubbser
serves as & substitute for natural rubber in many cases, especially
when improved material properties are needed, A wide variety of
particulate fillers are used in the rubber industry for various pur
pases, of which the mwst impartant are reinforcement, reduction

* Corvesponding authar. Address: Polyeser Science and Esgineering, Scheosl of
Hann and Sdvanced Materialy, Cyrongsang Madonal Usiveesity. Jinga SE0-700,
“neea, Tels B2 58 T30 3399 Loc #6355 751 6310,

E-mal address pl_ksbiiyahooaco in (K Pal)

OXE1-3000M - see froed malter © 2000 Flsevier Led, AN rights reserved,
et D0, 10 1R [ s belps, 2OOE.05.01 4

ment ks primarily the enhancement of strength and strength-
related properties, abrasion resistance, hardness and modulus
[4,5]. The idea of blending synthetic rubbers with natural rubber
is eertainly not a new one, but it is only new that this can be
showm to be possible with consistently positive results, by the
use of new techniques developed gver the 125t five years, These
compounds are capable of forming a chemicel link between these
dissimilar rubbers to produce a technslogically compatible blend.
The blend vulcanizates thus produced exhibit enhanced physical
properties by judicious selection af the NR: HSR ratio [6] The
use of carbon Black is synonymous with the history of tyres.
Although it has lost some ground to other reinforcing fillers such
as silica, by virtue of its unrivalled performance, it is still the most
popular and widely used reinforcing $ller. However, the primary
properties of carbon blacks are normally controlled by partiche
sige, surface area, structune, surface activity and they are in mast
cases interrelated [7],

There ave several types of damage ocourred in the durmp-truck
tyre such as tread detachment, sidewall cuts, impact ruptures,
bead damage ete. [8.9]. Tyres used in mining vehicles are very
costly and need regular malntenance, a5 it is impessible to accept
its replacement expense wirhin very short teom. The rupged wark-
Ing conditions in mining industries raduce tie life span of tyres an
Account of cuts. contamination, abrasion, wear, speed uctuations
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Preparation and characterization of thermoplastic
elastomers (TPEs) based on waste polypropylene and
waste ground rubber tire powder
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Abstract: In this article, the possibility of oblaining the recycled material based on
waste polypropylene (WPP) and waste ground rubber tire powder (WGRT) has
been studied. It has been proved that partially replacing WPP with PP-g-MA
increased the elongation at break of WPPAWGRT blends, whereas decreased the
thermal stability. The presence of compatibilizer increased the elongation at break
and thermal stability of WPPMWGRT blends, whereas decreased the processing
flowabllly, as revealed by using universal testing machine {UTM], scanning
electron microscopy (SEM), thermogravimetric analysis (TGA) and capillary
rhecmeter. Mareover, the tendency of the change became more obvious with the
content of PP-g-MA and compalibilizer or with the combination of PP-g-MA and
gompatibilizer. In additicn, the improvement of the nonpolar compatidilizer (SEBS)
in preperies of WPPAWGRT blends was better than that of the pelar compatibilizer
(SEBS-g-MA).

Keywords: TPE, waste polypropylene, waste ground rubber tire powder,
compalibility

Introduction

The disposal of waste ground rubber tire and its economic recycling represent a
great challenge because of the day-by-day increase in environmental awareness.
The recycling and reutilization of waste ground rubber tire are difficult propositions
because of the three-dimensional chemical network. This network renders the
material insoluble and non-melting thus creating serious problems during
reprocessing [1, 2].

Severa) methods have been suggested to recycle waste ground rubber tire but large-
scale utilization is hindered due to its high cost. A promising way of ‘recycling’ waste
ground rubber tire powder (WGRT) is to incorporate it into thermoplastics to abtain
thermoplastic elastomers (TPEs) and the perfect choice for thermoplastics is waste
polypropylene (WPP) due to the lower cost. It is well known that the final properlies
of TPEs based on WGRT and thermoplastic depend on the nature of WGRT, the
type of the matrix and the adhesion between WGRT and the polymer matrix [3-5).
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Properties of New Nanocomposite Triblock Copolymer
Gels Based on Expandable Graphite*
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In this work, we investigated the effect of expandable
graphite (EG) on the property of triblock copolymer
prepared from a poly(styrenc-b-(ethylene-co-butylene)-
b-styrene] (SEBS) imbibed with an EB-compatible
hydrocarbon oil. The rheological properties showed
that at a temperature between 30 and 40°C below the
gel point, the triblock copolymer gels had a dynamic
storage modulus {G') greater than loss modulus (G,
theraby indicating that at ambient temperature, a phys-
ical network is still present in spite of the addition of
nanoparticles. Dynamic rheological measurements of
the resultant nanocemposite triblock copolymear gels
confirmed that the addilion of EG affects the linear
viscoelastic properties and maximum operating 1em-
perature of the parent triblock copolymer gels, The
mechanical properties showed only marginal increase,
which can be attributed to the poor dispersion that
laads to agglomeration of paricle into micrometer size
stacks, and thus the particles behave only as inorganic
fillars. The morphology and X-ray dilfraction revealed
thal the EG used to gensrate nanocompousite triblock
copolymer gels is dispersed generally within the swol-
len copolymer andfor solvent. POLYM. ENG. SC1, o
166T-1673, 2008, & 2008 Sociaty of Plastics Engincers

INTRODUCTION

Mumerous studics reported over the past decade have
sought Lo establish the fundamental relationships belween
morphology and properly development in thermoplastic
elastomer pels (TPEGs) as cxplicit functions of copolymer
molecular waight, copolymer concentration, solution con-
centration, solvent quality, amd process (lemperature and
shear) higtory [1-7]. Allhough inbleck copolymer gels anc

“This paper was preseserd o0 the 2007 Intemationsl Conferencs on
Farallgl Procesang {MCPP-OTL
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well known, a few comparable ¢fforts have extended such
studies 1o concentrate tiblock copolymer solutions in e
presence of expandable graphite (BG). In recent years, the
colleidal properties of nanocomposite polymer clay gels
and selutions have alse received considerable anention in
the literature. Unusual properties are induced by the phys-
ical presence of the nanoparticle and by the interaction of
the polymer with the particle and the sute of dispersion.
Theunissen el al. [R] have investigated the concenirated
TPEGs [18.5% poly(styrene-b-(ethylens-ca-butylene)-&

styrened (SEBS) copolymer] and different types of silica
(hydroceyl vs. alkyl surfoce groups) ar a consiant silica
loading of 2.2%. Comparable analysis of the silica-modi-
fied pels did not yield oseful information (excepe an
inerense in scallering intensity at low scullering vectors,
which is attributed to large aggregates of silica particles)
aboul the system. They have also examined the silica-
reinforced TPEGs by simultaneous dynamic rheology.
Recently, van Maancn et al. 9] investigated the effect of
several network-forming nanoscale modifiers, two oiffer-
ent silica nanoparticles, three different nanoclays, and a
multi-walled carbon nanctubes on the property and mor-
phology development of a TPEG prepared from o micro-
phese-ordered SERS tiblock eopolymer imbibed with an
EB-compatible aliphatic mineral oil. Dynamic rheological
muzasurements of the resuiten) nanocomposite TPEGs con

firm that addition of these modifiers affects the linear
viscoclastic threshold and increases to different extents,
the dynamic elastic modulus, the dynamic vield stress,
and the maximum operating temperature (MOT) of the
parcnl TPEG,

The aim of this work iz 10 ascertain the effect of BEG
on tie properties of riblock copolymer gels from micro-
phﬂasr.:-urdcred SEBS dissolved in pa_rafﬁn oil, The linear
viscoclastic properties of ranocomposite tillock copolymer
gels were taken for sdy and investigated as a function of
emperature and frequency. Momphological, srructural, and
mechanical properties of nanocomposite triblock copolymer
gels were also investigated.
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Polypropylene-Waste Ground Rubber Tire
Powder Microcellular Composites: Effect of
Processing Variables on Morphology and
Physico-Mechanical Properties

Zhen Xiu Zhang, V. Sridhar, Jin Kuk Kim

23

Elastomer Lahaoratory, Depariment of Palymer Science ard Engineering, Gyeongsang National Unfversity,

Jinjl, Gyeongnam-do, Korea

Microcellular composites made from polypropylena and
waste ground rubber tire powder using azodicarbona-
mide ss chemical blowing agent have been invastl-
gated. A small quantity of SEBS-g-MA has been added
as compatibilizer. The effect of variation in procassing
variables such ag prassure, heating time, and operat-
ing variables such as blowing agent and crosslinker
concentrations havae been investigated to establish a
relationship batween the structure and morphology of
the microcellular composite and ultimate performance
charactaristics such as tensile strength, tear strength,
and elongation at break. The results indicate that both
processing and operating variables have tremendous
affect an the momhological features such as average,
minimum, and maximum cell size as observed from
scanning electron microscopy. POLYM. COMPOS, 2001276-
184, 2004, © 2008 Society of Plastics Enginears

INTRODUCTION

Many sitractive properies such as hght weight, buoy-
ency, chemical resistance, incriness, good aping, cushion-
ing performance, thermal amd  acoustic insulation, and
recyclability make polyolefin foums 1o be widely used in
packaging. teatile, and automobile industries. Bul they do
nil provide a high coough stae of physical properties at
a given flaxibility to fully compete in ibe cellular clasto=
mer market [1]. To improve the impact 1oughness, therehy
extending ils application range, a number of studies on
wwghening  polypropylene (FP) with reinforcing agems
have been made in the last 20 years and thoroughly
reviewed by Liang and Li |2]. OF the many technigues
available, Pol:(rnr,[ blending is an cffective way Lo achicve
a desirable combination of propertics thal are oflen absent
in single component polymers. PRosueral rubber (NR)

Cowrempondence &0 Jin Kok Kimg e-mails nubhenignune i

DO L0 02, RS
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blends have been stodied because of the high meling
wemperaore of PP meeting the dimensional stability at
slevared temperatures and the low eost and shundam sup-
ply aof ME. The dispersed mubher forms discrete panicles
in the PP mams with diameter of about | pm or less.

Hut because of ever increasing price of natural amd syn-
tetic rubbers there is an urgent need of effectively recy
cling 1he wiste mbher generated, The usage of ground tire
ruhber (GRET) as dispersed elostomerke phase in FP matrix
offers an interesting apporiunjly for recycling of waste rub
ber. The properies of GRT/PP blend show similar per-
formance and processing characteristics similar fo therme
pMastic vuleanizates, and therefore can be regarded ns ther-
moplastic elastomess, The development of thermoplasic
vulcanizates (TPY)}-foaming technolopy 5 to fulfill the
requirement for achieving lower cost, lighter weight, and
better fuel economy, and the faaming of TPVs presents an
imparan milestone in many applications,

Our lab is researching the development of thermoplas-
tie vulcanizates from waste pround rubher tines wherein
the effect of SEBS-p-MA az compatiblicer in PPfwaste
ground rubber tire (WORT) has been thoroughly investi-
gated [¥]. There are many criterions for choosing compati-
bilizer, the chief of which is that the domain siee of the
dispersed phase must be small enough so that the interfa-
cial surface arca is maximized., Additionally, smaller
denain gize of the dispersed rubber phase limits the mis-
match between the solubiliy parameters of the twd compa-
nenis 4, 51, Sccondly, the crosslinking of the rubber phase
though processed such es “dynwmic  vulcanization™ s
required 1o reduce creep in TPEs and enhance the strengih
of toughened plastics [6]. Finally, compatibilizers that act
as interphmse beidpes between hard and soft phase are often
required 1o obtuin better mechinical progerties |7].

The preseat work s confinuytion of our research
elfons 1o ubizin “value added products™ from WRT/TP
blends and deals with the prodection of microcellular
composites from the same. The present manuscript repors
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Microcellular foams of thermoplastic vulcanizates (TPVs) based on waste ground

rubber tire powder
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With the increased adoption of thermaplastic valcanizates (TPYs) in automobive weather seal systems, the
fnams of TFvs present an important milestone in providing key applicadons such as tunk and door seals, In
this study. microcellulas fams of TPV based on waste ground rubber e powder (WGRT) wene imvestiganed,
In gardder T investigate the relaticnship between pracessing comditivars ansd stractuce of TPV foans, we flest
preparcd the thenmoplastic vulcanizates of PP-g-BMAWCET, then the samples were saturated with cacbon
dicxide and the saturated specimens were expmded during the pressure-quench peocess. The results
indicated that thve microcedlular structure was depandent on e protessing conditions, Cell size moreased
with saturation temperature, whereas cell density and refative density decreased. Different nucleation
proceseos weae produced with saturalion pressire.

Crown Copyright £ 2008 Published by Eisevier BV, All rights reserved

1. Introduction

To date the best choice for automotive weather seal materials is
ethylene-propylene dizmine monomer [EFDM) rubbers |11, Gver the
last decade, thermoplastic vulcanizates have gained increasing
acceplance in numerous felds as a replacement for thermaset rubber
due Lo its rubber-like performance coupled with the case of
processing associated with thermoplastics.

Despite these advantages compared bo thermosel EPDM. the lack
of fpaming technobogy for TEVS has limited their use, In order to solwe
the acute problem of waste ground rubber tires, cur lab is researching
e thermoplastic vulcanizates from WGRT [2). The aim of the work is
to prepare the microcellular foams based on thermeplastic vubcani
zates of PP-g-MAJWGRT and discuss the influence of processing
conditicns on the structure aof the foams. By providing 4 closed cell
srructure, microcellular foams of PP-g-MANWGET offer an opportunity
to incorporate the advantage of TP¥s into fram materials, which
enlaraes their application Relds.

* Corresponding suther, Tel.! <32 55 751 5200 e +K2 55 133 630
Eemgif oiiliess: nobberdigsnackr (LK. Kimk

2. Expedimental
2.1, Matericls and sample prepuration

Polypropylene (R520%) was manufactured by 5K Corporation,
Mabeic anhydride (MA) and dicumyl peroxide (DCPF) were reagent
prade and obtained commercially from Aldrich, Maleic anhydride-
prafted polyprogylene (PP-g-MA) was prepared by aur lab according
to the carlier literature |3} The particle size of waste ground rublber
tire powder was 50 meshes. C0; with a purity of 39.95% was supplied
by Hyundai Gas Inc. Blends of PP-g-MAPWGRT (50/50) were extruded
in a twin-screw extruder ot the screw speed of 120 pm amd
wemperature profile of 13071500160/ 16071 B0 1300130/ 1801190 °C, The
resulting hiends wene molded at temperature profiles of 1902000210/
220 °C by injection.

Tabde |

Prgessing condations and foum chasacteristics for FR-g-MA&WORT [50j50) sasnples
Prtiare MPs  Temperature 'C - Average cell size  Cell densloy by Relative

Dym cellsjcm3 densiy X
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The possibility of polypropylenc (PP] modification by
regenerated polyurethane (FU), obtained after partial
thermochamical decomposition of waste PU, has been
studied, The degradation product was a thermoplastic
mixture, applicable for reuse without any purification
and fractionation. It was proved that regenerated PU
could be reused as an offeciive polymeric plasticizer
for PP and that the addition of regenerated PU did not
decreass the thormal stability of PP In order to
improve further the slongation at break of PP modified
by regenerated PU, a third componant was added to
the PP/jregenerated PU) blend, The influence of the
third component on the mechanical properties and
thermal stobility of the blends was evaluated by using
@ universal testing machine (UTM), differential scanning
ealorimetry [D8C), and thermogravimetric analysis
(TGA). The data showed that the elongations of PP/
(reganerated PU} blends with styrene-ethylens-butyl-
ene-atyrens palymer (SEBS) were obviously better than
those of the PPllregenarated PU) blend without the
third compoenent and with PP-g-MA or SEBS-g-MA (MA
= maleic anhydride). In addition, the thermal stability of
PP/regenerated PU) blends with a third component
was almost same as that of the PP/jregenerated PU)
blend without a third component. J. VINYL ADDIT. TEGH-
HOL., 14:55-56, 2008, © 2008 Saclety of Plastics Engineers

INTRODUCTION

The mpidly increasing use of polyerethane (PLY for
industrial and commercial spplications, in the past few
decades, has created disposal problems. Mowadays, FU
recycling i an wrgeet task from the ecological and eco-
nomic peints of view [1, 2). Yarious physical and chemi-

Cerrespondence i Fin Kuk Kim: e-mail: nobben gemn.ac ke

DOH 10, N0l 20045

Pablished online in Wibey InberScicace (werw.intendience wiksy.com).
i 2008 Bociety of Flavtics Enpineens

JOURMAL OF VINYL & ADDITIVE TEGHNOLOGY —2008

cal methods of PU recycle have heen described in defail
by Frisch [3]. 1t has been shown that @ number of differ-
ent processes, such us pyrolysis, hydrolysis, glycolysis, re-
covery with alkanolamines, petrochemical processing,
compression molding, thermoforming, clc., huve been
usee for PU recycle. All recycling metheds are accompa-
nicd by degradation of the material, with the degree of
degradation depending on the methed chosen.

Polymer bending offers a way to produce new materi-
als by using existng polymers, which reduces develop-
rrenl costs, especially for regenerated polymers. Takalmdo
et al. investigated the possibility of plasticizing PYC by
regenerated PL, and the results showed that the oblained
compaosition was useful for application as o soundproofing
material, for pipe lining, in the shoe industry, m housing,
cle. [4].

Qur current effont focuses on polypropylene (PP) modi-
fication by regenerated PU. As a part of thiz ongoing
effort, we have peported thal cegenerated PU could be
reused a5 an effective polymeric plasticizer for PP oand
that the addition of regenerated PU did not decroase the
thermal stubility of PP, as well as that PP mosdified with
different contents of regenerated PU exhibited differem
changes in the mechanical properties and thermal stability
with the aumber of processing cvcles [5, 6). However, the
whbjective of this work % 1o discuss funher the influence
of the third component on the mechanical properties and
thermal stability of PP/{regencrated PLY) bBlends,

EXPERIMENTAL

Materials

Wuste PU powder with an average particle size of
30 yrm was obtained from J8 Technology in South Korea,
It was hard PU foam based on polyether. Diethanolamin:
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Dynamic mechanical and dielectric relaxation
characteristics of microcellular rubber composites
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PAT

An in-depth study of the surface characteristics of novel conduclive carbon black Ensaco 3500
has been carried out using XI'S and high-resolution vacuum FTIR. Both methods showed the
existence of oxygen containing surface groups like carboxyls, carbonyls, ete. Dynamic mechanical
analysis and dielectric relaxation spectra of conductive carbon black (Ensace 350G) reinforced
microcellular EFDM compazites were used to study the relaxation behavior as a function of
temperature (=90 to +100°C) and frequency (100-10°He). The effect of filler and blowing agent
lvadings on dynamic mechanical and dielectric relaxation characteristica has been investigated. The
effect af filler and blowing agent lnadings on glass transition temperature was marginal for all the
compuosites (T, value was in the range of =37 to —32°C), which has been explained on the basis of
ralaxation dynamics of polymer chaing in the vicinity of fillers. The variation in the real and
imaginary parts of the complex impedance with frequency has been studied as a functien of filler
and blowing agent loading. Additionally, an in-depth study of the surface characteristics of the
filler using XP5, high-resolution vacuum FTIR and Raman spectra is also reported. Copyright @ 2008

John Wiley & Sons, Ltd.

KEYWORDS:  relaeabion: pucrocellular blowing agent: viscoelastic: dichectric

INTRODUCTION

Carbon blacks are widely used as reinforcing fillers in
elastomers and plastics in order to modify the mechanical,
electrical, and thermal propertics. Recently, elcctrically
conductive carbon blacks have received special attension
in the manufacture of conductive polymer composiles.
Conductive elastomeric compusibes have received con-
siderable attention due o their lechrological importance
in a wide variety of applications such as eleclrostatic
charge dissipative malterial in pressure-sensitive sansar,
trangducer, EMI shielding material, and as packaging
material in electromics, aircraft, and telecommunications.
They are alen used a5 antistatic maberials in kowe-
temperature heaters, in energy storage deviees such as
Batteries, fuel cells, and super capacitors, amd in hybrid
POWer sources.

Dynamic mechanical analysis of closed-cell microcellular
rubber is an important tool to study the viscoslastic behaviar
af a material, for evaluatbon of its use in varnous ewgineering

applications. The dynamic viscoelastic response of closed-

“Correspmdence tos 5, % Mahapatra or 11, Kwak, Phaze Change
Leboratory, Departrent of Mechanical Ergineenng, Chung Ang
Univeraity, Seoul 156-756, Korca.

E-mails: om spm@yahoo.com; kwakhy@cawac kr
Contract/grant gpansor: Korean  Seience and En%n:-mﬂng
Foundatlor; contract/grant namber: R00-H006-000-10

cell microcellular EPDM rubber plays an important role in
packaging, sealing, and vibration isolation applicabions,
because of its lightwelght, better design flexibility, excellent
weathering, and  aging characteristics.  Relasation  in
reinforced elastomers is dependent on processing variables
like type of Aller, volume fraction of filler in the compesite,
extent of interactions of the fller with the elastomer matrix,
ete, and operaiing variables like time, tlemperature, and
frequency.”

The present paper is a continuation of our eiforts to study
the effect of conductive carbon blacks in micreosllular EFDM
composites. The morphology, physico-mechanical proper-
ties,! compressive deformation, and energy absorption
characteristics,”  dielectric and  relaoation behavior® of
closed-cell microoellular EFDM (Keltan 7341 A) filled with
Valbean X 72 have been reported eardier.

This study reparts the dynamic and dielectric relaxation of
a novel conductive carbon black (Frsaco 35K reinforced
microcellular EFDM rubber composite. The effects of
varlations in filler loading and Blowing agent {density),
lempetature, and I'mquoncy o r]y'namir_' merhaniteal proper-
ties like loss tangent, storage, and less modulus bas been
reported. The wvariation in dielectric charscteristics like
dielectric loss tangent, real and imaginary part of complex
im]_'led;mco, and c{m,ducl_i_vi_l_r has also heen 'inllﬂﬁ!iﬁﬂ"ﬁ‘l.
Additiomatly, the characteristics of the filkr have been
studied by high-resolution XPS and vaouum FTIR.

Capyright £ M08 Jakn Wikey & Sons, Lid.
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Abstract: Polymer blends of WRT {waste rubber tire) powder'LLDPE {linear low
densily polyethylane) have been altempted to prepare thermoplastic elasiomers
(TPEs). The effacts of maleic anhydride-grafted styrene-ethylenc-butylene-slyrene
(SEBS-g-MA) and dicumy! peroside (DCP) on mechanical, marpheiegical and
thermal properties of the blends were evalualed using universal testing machine
(UTM), scanning electron microscopy (SEM), differential scanning calorimelry
(NSG) and thermogravimetric analyses (TGA). It was found that combination of
SEBS-g-MA and DCP could better enhance the mechanical properties of WRT
powder.LDPE blends compared o SEBS-g-MA or DCF alone. Bettar compalibility
between WRT powder and LLOPE was responsible for the enhancement of
mechanical properties, as supported by SEM. The incorporation of SEBS-g-MA
and DCP with WRT powderLLDOPE blends reduced the crystallizable pedectness
of the blends, but slightly increased the thermal stability of the blends, as shown
from DSC and TGA results.

Introduction

In order to solve the acute problem of disposal of waste rubber tires over the years, a
lot of research has been done on ufilization of waste rubber tire powder by
incorporating WRT powder into thermoplastics to obtain thermeplastic elastomers
(TPEs). Of course the mechanical properties of the rubber-filled plastics depend on
both the nature of the thermoplastic matrix and the WRT powder as well. A number of
reports focus on methods to promote the adhesion between these immiscible blend
components, Besides surface treatments of the WRT powder via UV initiated
monomer crafting [1], electron beam radiation [2], or thermomechanical treatment [3],
the use of compatibilizer such as methacrylates [4], silanes [5] or maleic anhydride
grafted PP [B] is reported. Other author reported the preparation of dynamically
crosslinked TPEs [7-9]. Former studies on WRT powder/LLOPE have reported the
effect of particle size and content of WRT powder as well as the content of
compatibilizer ar crosslinking agent on the mechanical properties [10-12], but no
altention has been given 1o the effect of combination of SEBS-g-MA and DCP on the
properties of the blends. The objective of this work is to discuss the influence of
mechanical, morphological and thermal properies of WRT powder/LLDPE blends in
the presence of SEBS-g-MA and DCP as compatibilizer and crosslinking agent
respectively,
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Influence of regenerated PU on mechanical properties
and thermal stability of PP
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Abstrast

The possibilily of polypropylene (P°) modification by regenerated polyurethane (FLD, obluined afler partial thermockemical decomposition of
waste PLI bas heen stadied. The partial thermochemical decomposition of waste PU was camed out using diethanolamine (DEA) in a coe-screw
exinuder. The degrudetion product was a thermoplastic mixtare, applicable for reuse withant any purification and factionaton. The nfiuence of
regererated PU on mechanical properties and thermal stabiling of PP was studied asing universal testing machine (UTH), differential sconning
ealosimetry (DSC) and themmogravimetric analyses (TGA). The results showed that regenomied PU eould be reused as an effectively polymeric

plasticizer for PP andd the addition of regenerated PL did not decrease the thermal stability of PP

L 2007 Published by Elsevier BUY.

Keywwnds: Falypropylens; Regenerited polyuncthanc, Thomeshemical decomposstion;, Mechanics]l propentics; Thenmal propenics

1. Introduoction

The increasing usc of thermoplastic and thermosciting
material for industrial and consumer applications in the past
few decades has created disposal problems. Differem research
groups hove swdied the recycling of plastics and this area has
gained more attention and development [1-5]. The recycling of
polyurethane has been described in detail by Frisch [G]. It has
been shown that @ number of different proccssez such as
pyralysis, hydrolysis, glycolysis, recovery with alkanolamines,
petrochemical processing, compression molding, thermoforme
ing, e, have begen used for PU recveling, All recycling
methods are companied by degradation of the material, with the
degree of degradation depending on the method chosen,

Palymer blend offers a way to produce new materials by using
already existing polymers, which reduces development costs,
especially for regenerzted polymers, Tekahido et al. [7)

* Carresponding suthor, Tel,: +82 55 781 5199 fax: 182 55 7583 6211,
E-mail addvess. nubilaeei gam.oc ke (LK. Kim).

DIGT-STTHS - see front matier © 2007 Publnhed by Elsevier BV
doi: 1106 &), madleL 2007.09.01 6

investigated the possibility of plagticizing PVC by regenerated
FLI and showed that the composition obtnined was useful for
application as a soundprool melerial, for pipe lining, shoe
industry, housing, eic.

FP (H380%) has a tensile strength of 23,2 MPa bul a very
poor elongation at break of only 41.5%. Although, we Iry to
directly modify PP by waste PU powder from the ecological and
cconomical point of view, the blend is very brittle and has no
significant applications. Therefore we try to maodify PP by
regenerated PU, oblaingd by chemical recovery of waste PLI
powder with DEA. The objective of this work is to study the
recovery of waste PU powder using disthanolamine (DEA) and
extrugive eboology and discuss the influence of regenerated
PU on the inechanical propertics and the thermal swhility of PP,

1, Experimental

20, Marerials

Waste polyurethane (PU) powder with average particle size
of 30 i was supplied by JS Technology in Seuth Korean and it
was hard polyurethane foam of based polyether. Dicthanolamine
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Prediction and Optimization of Mechanical
Properties of Polypropylene/Waste Tire
Powder Blends using a Hybrid
Artificial Neural Network-Genctic
Algorithm (GA-ANN)
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ABSTRACT: Blends of Polypropylene (PP} and waste grownd robber tire powder
are studied with respect 1o the effect of ethylene-propylenc-diens monaner (EPDIM)
and polypropylene grafled male: anhydride (PIg-MA}Y compatbilizer content by
wsing the Design of Experiments methodology, whereby the effect of the four
polymers content on the final mechanical propertics are predicted. Uniform design
methed is especially adopted for ils advaniages. Oplimization i done using hybrid
Artilicial Newral Network-Genetic Algonthm echnigue. A rubber Formulary with
respect to the four ingredients arc optimized having maximum ensile strength and
then compared with a blend predicted 1w have maximum elongation at break. I is
concluded that the blends show Garly good properties provided thut it has a
relatively higher conventzation of PPag-MA and EPDM content. SEM investigations
ubio corroborates with the observed mechanical praperties. A quantitative relation-
ship is then shown belween the material concentration and 1he machanical propertics
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ABSTRACT | The waste the powder is madificd with allylamine in the presence of ulraviobel sadalion
and the influcree of surface modification on the thenmul und rhealogical propentics of potypropyem
waste tine powder composites was investigated. Xoray diffraction stsdies of PPiwaste tire powder
composite without compatibilizer, such as maleic anbydride-g-polypropylene (MA-IP), shows the
increade in peak intonsity of @ crystalling pegks, whereas it completely disappears in the presence
of the MA-FP. Differentinl scanning calorimetry resulls furher supparted the above el The inelr
viscosities and storage madulus of the composites with nudified vaste tine powder show higher vidug
than that of composites with unmodified powder and it is sttributed 1o the interaction Between amine
group an modified pewder surface and meleic anhydride of MaA-2,

S 9 Allylamine £ o) f-dhe] UvHleda] afele]s] Rebg A@sidlad], o|F )44 reic]e]
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Eeywords - maste dine potoder,  polyprompone,  surface furnctionalizetion rheolagiol  property,
therural property
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A tomparative Study of Effect of Compatibilization Agent on
Untreated and Ultrasonically Treated Waste Ground Rubber

Tire and Polyolefin Blends

Jin Kuk Kim, Sung Hyo Lee, Maridass Balasubramanian

Research Inslifute of Industrial Technology, Gyeongsang National Universily

Abgtrack: The development of thermoplastic elastomer blends from waste tire powder and two polyalefing, Vie. maleic
anhydride grafied polypropylene and LDIPE, was studied. The polymer Blends were processcd using a twin-screw cxtnuder
aqupped with a well-designed serew configuration, The biends studied contained a dispersed phase of waste rubsher pow-
dor obtained from waske tire in a thermoplastic matris, The cffect of ultresonic tremment on the rubber powder was com-
pared. Contrary to our expectation, altrasonically treated samples gave poor mechaniesl properties compared 0 unlreated
sanples. Significant improvement in the mechanical properties was obtained with the addition of maleic anhydnde-grafed
styrene-cthylene-butylenc-styrenc (SEBS-g-MA) as a compatibilizer in treated and untreated wasie tire powder § polyolefin

blemds.

Keymards: Wiste tive powder; twin screw extruder, rubber recveling, compatibilizes

Introduction

A large amount of valuable rubber i used throughout
the world and after its prodect life is mainly reosed as ther-
mal epergy source. A& matter of particular concern i the
recycling of these waste rubbers, such as woste rubber tires,
L only becawse of the potential environmental hazard they
repnesent bul also beenuse of the valuable hvdrocarbon re
smrce [hey can offer, Comventional rubber products ane
Ihermoscts based on @ process of fabricating a part that in-
volves an irreversible reaction between the rubber, sulfur
and wther chemicals to produce crosslinking between the
nibBer chains, I is ol possible 1o restore thermoset rub-
ber 1o its wirgin form by use of heat or chemicals. There-
foee, development of suitable technology for recycling
watse rubbers s an important issoe facing the rubber
mdusiry™™, One interesting, wethod of recyeling is by mo-
difization using an wltrasonic treatment™, In recent years,
Tsavew and his coworkers have cerried out extensive stedies
i the application of ultrasound to polymer processing!™.
This continuous process aiso allows recycling of various
iypes of rubbers and thenmosets™ 9 The ulirmsonic waves at
curlain bevels in the presence of pressure and heat, can break
divym the three-dimensional network in crosslinked rubber
by the process of cavitation resulting in selective crosslinks
beeakape leaving the main chain mainly intagl, As its most
dogirable congequence, ultrasonically devulcanized rubber
Precomes sofl, enabling this material 10 be revoleanized or

reprocesscd by hlending with thesmoplastics and shaped, in
very much the same way as the virgin rubber.

Blending  recycled  rubber  with  other  materials
has also been an attractive alternative in waste mubber
recycling!™ M Its cheef drawhack has been the difficulty
in obtaining adequate properties from the resuliant blen-
dst™, Efforts to develop recycled rubberfplastic blends have
followed earlier blending research on pure polymers that
produced both thermoplastic clastomers and rubber-loa-
ghened plastics. Results of these numerous sudies on vir-
gin materials have provided eriteria for a successful blend,
the major criteria being that the rwo components must be
thermodynamically incompatible enough 1o phase separa-
tez, but ;e 5o dissamlar that intimate islermsing cannot be
accomplished. This criterion implies that the domain size of
the dispersed phase must be small 2o that interfacicl surface
area is maximized, and the domain =ize leads to limits on
the mismatch between the solubility pacameters of the two
components, Also, compatibilizers that act as interphase
bridges between hard and soft phase are often helpful™,
OFf the various blepds that hove been reduced to practice,
those based on waste tire powder/PP {polypropylene) amd
PE (polyethylene) combination has been by far the most
susccessful,

In this investigation, the eftect of SEHS-g-MA compa-
tibilizer on LDPES Waste tire powder and PP-g-MA/Waste
tire powider blends was stucied. Later, it is compared with
ultrasonically treated wasie tire powders,

e para EanespaneEncia; Jn Kuk Kim, Department of Pomer Sciuncy & Enginsoring, Resears st of indusiial Tschnology, Gyeongsang Matioral

Uiy Jin, Gywongrae 860707, forea, E:mail: mbbengsm. o,k
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Study on Nanocomposite Thermoplastic
Elastomer Gels

Marissa A. Paglicawan, Maridass Balasubramanian, Jin Kuk Kim*

summary: The effect of several network-forming nanoscaie materials such as two
different types of graphite and multiwalled carbon nanotube on the property
development of thermoplastic elastomer (TPE) gels prepared from microphase-
ordered poly(styrene-b-(ethylene-co-butylene)-b-styrene} (SEBS) triblock copolymer
dissolved in paraffin ofl was studied. Dynamic rheclogical measurements of the
resultant nanocomposite TPE (NCTPE) gels showed that at temperature between 30°C
1o 40 °C below the gel paint, the NCTPE gels have dynamic storage modulus greater
than loss modulus (G’ and G"), thereby indicating that at ambient temperature a
physieal network is still present despite the addition of nancparticies. In general, the
nanoparticles lower the gelation temperature. The X-ray diffraction of NCTPE gels
showed that EG2 system exhibited intercalation, these with CNTs exhibited exfolia-
tien and EGY did not change at all.

Keywords: nanoparticles; physical gel: thermoplastic elastomer; viscoelastic properties

Introduction

In recent years, physically associating thermo-
plastic elasiomer (TPE)} pels have attracted
scientific and technical inerest. TPE gels
are molecular nerworks composed of a
microphase copolymer swollen to a largs
extent by a low volatle midblock-selective
solvent. Ome of the most highly investi-
goted thermoplastic elastomer is the com-
mercially available poly [styrene-b-ethylene-
co-butylene-b-styrene]  (SEBS)  wiblock
copolymer, which i widely used for the
modification and compatibilization of blends.
The ability of the SEBS TPE gels 1o establish
bridges between micelles can form three-
dimensional network in & matrix of solvent
and dissolved midblocks. If the miceils form-
ing block is glassy such as polystyreng (PS).

Depariment of Polymar Science and Enpginecring,
Gyeongsang Mational Universiy, i Genja-dong
Cygongnam, Jinjw, 650-701 South Korca

Fax: {+82} (1)535-TR3650

E-mil: rubhortgnnsckr

Copyright & 2087 WILEY-VCH verlag CmbH & Co. KGaA, Weinheim

then the styrene micelle serve as physical
crosslimks sites and eopolymer the resultant
copolymersolvents  solution  behaves  as
physical gels. Since the formation of the
micelles is @ thermoreversible process, these
gels have a unique network behavior provid-
ing high elasticity. The temperature where it
shows rubber like behavior can be casily
adjusted by changing the polymer concentra-
tion. Mumerous significant researches have
been done in understanding the structural
morphologies,!'™! viscoelastic and thermal
properties™ ™ of these systems in minerat
oils and n-actane, Although thermoplasic
clastomer gels are wellknown, there has
been a limited study on the properties of
nanccomposite TPE (NCTPE) gels. [t is the
aim of this work to ascertain the effect of
nang materials on the properties of thermo-
reversiple physical gels. The linear viscoelas-
tic properties of nanocomposite TPE pels
wete taken for study and investipated as a
fumction of temperature and frequency.
Gelation temperature, mechanical propernics
and morphological properties of NCTPE gels
were also in‘uestigaalfnu:llh.
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Abstract: Poly[styreme-f-(ethylene-co-butylens)-b-stvrene] (SERS ) imblock copolymer was studied by dissolving the
ethylene butviene midblock in selective hydrocarbon oils. These oils differ in their ammatie, paraffinic and naphthenic
content, Dnnamic raclogical studies showed that the storage modulus (6% excesded e kds modubus (G for all the
gels over the enfire range of frequency, thereby confirming then as physecal gels, However, the bebavior of & and
" a3 a function of frequency depended primarily on the oil type, The gelation melting tempesatire decreased
drastically with increased oil aromaticity. Small angle Xeray scantering shiudies reveabed that the maximum interdo-
main interference shifted 1o a higher angle depending on the composition and type of hydrocarben oil.

Kepwords: physical gel, viscoelastic properties, triblock copalymer, SERS,

Introduction

Paoly[styrene-b-{ethylene-co-butylene)-b-styrene] (SEBS)
is a thermaplastic elastamer which polystyrené in the runge
between 20 o 35%. This thermoplustic elastomer is
obtained by the hydrogenation of wiblock copolymers of
styrene and butadicne (SHS), It has glass ransition tempera-
ture (T} of its rubber block below -30°C, thereby retuining
the rubbery properties even at low temperatures. The triblock
copolymer of siyrene and ethylene-buylene (SERS) and
styrene and isoprene (515) are widely used for the modifica
fion aned compatibilization of blends." The major applications
are in adhesives, scalants, coatings, foatwear industy, auto-
motive parts and others. In recent years, physically associat-
ing thermoplastic elastomer (71D gels have anracted
soientific and technical inferest. These gels are formed when
a tnblock copolymer of styrene is dissolved in selective sal-
vents for the midblock, wherein the solvent is not able w
dizssolve the endblocks, TPE gels are hydrophobic and can be
processed as thermoplastic materials at high temperature.
The ahility of the TPE gels w establish bridges between
miczlles which in turn can form three-dimensional network
in a matrix of solvent and dissolved midblocks has been a
subject of great investigation. If the micelle forming block is
a glassy palymer such as polystyrene, then the PS micelles
serve a5 physical crosslink sites and the resuliant eopoly-
merfsolvenis solulion behaves a5 physical pels. Since the

*Carresponding Author, E-mail: rubberis gsmu.ac ke

formation of the micelles is a thermoreversible process,
these TPE gels have a unsque network behavior providing
high elasticity, The temperature where it shows rubber like
behuvior can be csily sdjusted by changing the polymer
concentration. Mumercus significant researches have been
done in understanding the structural morphologies,™™ vis-
coelastic and thermal properties’™ ™ of these systems in dil-
ferent solvents like extender oil, n-octane, cte, The results
showwed that gels exhibited a pronounced superstructure and
rhenlogical properties, which is o function of the block co-
pelymer concentration, molar mass, endhlock ratio, defor-
mation and emperure,

The purpose of this pertoular sidy is to ascenain the
effect af different types of hydrocarbon oils whose content
differs in the concentration of aromatic, paraflinic ard naph-
thenic hydrocarbon on the properties of thermoreversible
physical gels, The linear viscoelastic properties of SEBS tri-
hlock copolymer gels was taken for study and investigated
a5 a fumction of temperature and frequency. Gelation melting
temperature and swelling behavior of TPE gels were also
studied. Small angle x-ray scatiering {SAXS) was employed
to confirmn the arrangement of microdomains of TPE gels.

Experimental

Muterials. The poly[styrene-b-{ethylene-co-butylene)-b-
styrene] (SEBS) riblock copolymers, Kraton G652 employved
it this study was produced by the Shell Co. Lid (USA), with
styrenefrubber ratio of 2971, as reported by the manufac-
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