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A Study on Mechanical Properties and Recyclability of

Thermoplastic Elastomer in Injection Molding

Byeong-Su Noh

Department of Mechanical Engineering, Graduate School

Pukyong National University

Abstract

In these days, recycling of plastic material has became a major issue
due to the environmental problem. By this global movement,
thermoplastic elastomer (TPE) which can be injected such as
commercial thermoplastics comes into the spotlight. Moreover TPE has
being widely applied to automobile parts, household goods and sports
equipment as alternatives for ethylene propylene diene rubber (EPDM).
In this study, the effects according to the number of recycling and
molding conditions such as melt temperature, injection pressure and
injection rate on the mechanical properties, fluidity and shrinkage
characteristics of thermoplastic vulcanizates were investigated. The
mechanical properties are tensile strength and hardness. To verify the

variations In mechanical properties, morphology was analyzed by

,Vi,



scanning electron microscope (SEM).

From this study, the following conclusions were drawn: the first
recycled TPV’s tensile strength was higher than the virgin one within
the restricted range. However, the tensile strength after first recycled
gradually decreased. As recycling times increased, hardness gradually
decreased. but, the recycled TPV's flow length increased. However,
though the number of recycling increased, the variation of shrinkage

was little.
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Fig. 2-1 Application of TPE
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Table 2-1 Classifications of TPE

Group TPE Hard segment Soft segment
TPO Polypropylene
Polyolefin ypropby EPDM
TPV Polyethylene
SBS
SIS Polybutadiene
Polystyrene Polystyrene )
SEBS Polyisoprene
SEPS
. Vinyl chloride Crystallized PVC Amorphous PVC
Chlorine Chlorinated .
Crystallized PE Amorphous CM
polyethylene
Urethane Urethane
Polyether
Engineering Polyester Polyester
. - Polyester
plastic Polyamide Polyamide
Fluoric Fluoroplastic Fluoric rubber
ETC Silicone Polypropylene Silicone rubber

2.3 TPV dZ2EH



TPVE St= AlIWES F/79 AZE AadES T/ 2 23 o
gt s B TR AR 7 g A< Zle] PP-EPDMA TPVl
t}. 1 wro]%= PP-NBR (nitrile rubber), PP-ACM (acrylic rubber),
PP-NR (raw rubber), PP-IIR (butyl rubber), PE-EPDM, PE-NE, 4
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Accelerant adding

A

PP L
* Melting & Mixing | 3* Mixing Mixing — Discharge — Remixing

EPDM T
Vulcanizate adding

Fig. 2-2 Blending process of TPV

Table 2-2(a) Properties of EPDM (Vistalon 8600 by ExonMobil)

Properties Unit Values Test method
Mooney viscosity, Lt 9% ASTM D 1646
ML(1+4) at 125C modified (1)
MLRA ASTM D 1646

4 Mu.s 770 i
(1.6-5s SR) at 125T modified (1)
ASTM D 3900
Ethylene content wt % 575 A
ENB content wt % 8.9 ASTM D 6047
Bale weight kg 30EDB:* —

* . Easily disperable bale (EDB) from provides fast and easy dispersion in the mixer

(1) Radial cavity dies, polymer remassed at 145+10C

,11,



Table 2-2(b)

Properties of PP (Yuhwa

polypro® 5012 by Yuhwa)

Properties Unit Values Test method
Melt index g/10min 2 ASTM DI1238
Density g/cn 0.9 ASTM D1505
Shrinkage (linear) % 1.0 - 20 KPIC Method
Water absorption % <0.01 ASTM D570
Tensile strength (yield) kgf/ cm 360 ASTM D638
Elongation (break) % >500 ASTM D638
Flexural modulus kgf/ cnf 15,000 ASTM D790
Hardness (Rockwell) R scale 96 ASTM D785
Impact strength
(Izod with notch) peiggilcn \ iy DZo
Melting point C 162 ASTM D3418
Heat deflection temp. o 105 ASTM D648
Specific heat cal/gC 0.46 KPIC Method
Heat conductivity =i | S KPIC Method

secC
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Table 2-3 Properties of TPV (B70I by Hwaseung Material)

Properties Unit Values Test method
Tensile Strength
. ) kgf/cm 64 ASTM D-412
23T, 500mm/min
Tensile Modulus@100%
i ) kgf/cm 33 ASTM D-412
23T, 500mm/min
Ultimate Elongation
i ) % 410 ASTM D-412
23T, 500mm/min
Tear Strength
. ) kgf/cn 26 ASTM D-624
23T, 500mm/min
Hardness:
o Shore A 71 ASTM D-2240
Injection, 5 sec
Specific Gravity
. = 0.94 ASTM D-297
23T
Melt flow index i
’ g/10min 30 ASTM D-1238
bkg @ 230T
Compression Set
o % 42 ASTM D-395
22hr @ 70T

,13,
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Fig. 3-1 Injection molding machine for experiment (75ton)
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Fig. 3-2 Injection molding machine for experiment (140ton)
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Table 3-1 Specifications of injection molding machine

Specifications Unit 75ton 140ton
Screw dimension mm 36 45
Ideal shot size cm 112 320
Injection size(ps) g 103 294
Injection Max. injection pressure kgf/cn 1,400 1,550
unit Injection rate em/sec 63 206
Melt ability(ps) kg/h 42 113
Max. screw rpm rpm 200 280
Clamping force ton %3 140
Tie bar intervals mm 310x260 450%450
Clamping stroke mm 270 450
Claming Max. mold plate mm 450 640
M Mold height mm | 180~280 | 190~350
Extrusion pressure ton 2.2 3.7
Extrusion stroke mm 55 30
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AT E AR A SIS TPVE 7IAA &4, &7
SEo A= Gl sl AFsEA

T AEAP xR e TPVE 7IAA &4 2 F5ES <ot
st AEgE AIEAL FALXE(melt temperature), AlEYH
(injection pressure) % A}&E S (injection rate)©]t}. Table 3-2+= TPV
Ao A8&d AP RAE e Zojtt 2 oo HAExAL2 AL

Z A] 7H(injection time) 15%, X $tA1ZH(packing time) 2.5%, “dZtA|7F

Table 3-3° UERQE. 1 919 AIxHLE AFEAT 356%, AHEES
AzA@Ae Ao AEEe 100 @06 M= wAsen], 04
(short shot)= WAIA7]7] 98] HF(packing pressure) @& =&

d(zero) o2 FSIt}.
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Table 3-2 Experimental variables and range

Variable Unit Range
Melt temperature T 190, 200, 210
Injection pressure MPa 275, 54.9, 82.4, 109.8
Injection rate cm/sec 12.6, 25.2, 37.8, 50.4
Mold temperature T 30

Table 3-3 Experimental variables and range (spiral)

Variable Unit Range
Melt temperature (¢ 190, 210, 230
Injection pressure Mpa 304, 60.8, 91.2, 121.6
Mold temperature ) 40
Cooling time sec 20

A dxAAS AA ABA T TA] AAEAdFste] O dEE
= AABA] AEom At 1ejske] 339 ABAF I F 439 At
A EEES s £ AdE e Wd R A ¥
sk ayeto] e Ads T2 Wl st

T} Table 3-4= TPV Aol A1&d AdxA HHAE Yehd Aol
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Table 3-4 Experimental variables and range

Condition
Variable Unit
75ton 140ton
Melt temperature T 200
Injection pressure MPa 54.9 60.8
Injection rate cm/sec 25.2 82.4
Mold temperature e 30
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Fig. 3-8 Photo. of hardness testing unit
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Fig. 3-10 Positions for shrinkage measurement
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Fig. 3-11 Photo. of scanning electron microscopy

Fig. 3-12 Photo. of ion sputter for specimen coating
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! 20pm ' Electron Image 1

Fig. 4-18 SEM photo. for virgin TPV (x2000)
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20um : Electron Image 1

Fig. 4-19 * SEM photo. for first recycled TPV (x2000)

20pm ! Electron Image 1

Fig. 4-20 SEM photo. for second recycled TPV (x2000)
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20pm : Electron Image 1

Fig. 4-21 SEM photo. for third recycled TPV (x2000)
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(b) 1.0 sec

(c) 1.5 sec
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(e) 2.5 sec

Fig. 5-3 Comparisons for filling pattern of injection molding analysis

and practical injection molding
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