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Figure 1 Screw configuration of the corotating twin-screw extruder (TE-35)

(A-the vent, B-the water inlet, C-feeder)
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Figure 2 Effect of devulcanization reaction screw rotation
speed on the gel content of the devulcanized blends
DEPDM/EPDM in different subcritical fluids, containing

1%450, extrusion reaction temperature of 220°C
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Figure 3 Effect of devulcanization reaction screw rotation
speed on the Mooney viscosity of the devulcanized blends
DEPDM/EPDM in different subcritical fluids at 220°C ,

containing 1%450, extrusion reaction temperature of 220°C
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Figure 4 FT-IR spectra of sol of DEPDM/EPDM (600rpm, 220°C) in different subcritical fluids

1-without subcritical fluid 2-subcritical water 3-subcritical mixture of ethanol and water (7/3) 4-subcritical alcohol
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Table 1 Area Ratio of Characteristic peak/reference peak of the FT-IR spectra (Ref. Figure 4)
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Figure 5 Effect of devulcanization reaction screw rotation
speed on the tensile strength of dynamically crosslinked
thermoplastic elastomer (DEPDM/EPDM) /PP in different

subcritical fluids, containing 1%450, extrusion reaction

temperature of 220°C
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Figure 7 Effects of devulcanization reaction screw
rotation speed and desulphurization accelerators on the
gel content of the devulcanized blends DEPDM/EPDM
in subcritical mixture of ethanol and water (7/3),

extrusion reaction temperature of 220°C

) L ) ) )
400 600 800 1000 1200
Screw Speed(r/min)

P 6 JBLARE Sz Iz ST 4 3o AR SIE I A U A o ol o 2 2 S Tk
IR PE L (DEPDM/EPDM) /PP I < S 10 52 0
Fr 1%450,220°C ) J B 3L B
Figure 6 Effect of devulcanization reaction screw
rotation speed on the elongation break of dynamically
crosslinked thermoplastic elastomer (DEPDM/EPDM) /PP
in different subcritical fluids, containing 1 %450,

extrusion reaction temperature of 220°C
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the Mooney viscosity of the devulcanized blends
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Figure 9 FT-IR spectra of sol of DEPDM/EPDM (600rpm, 220°C , ethanol/H,O=7/3) in different devulcanization accelerator
1-without devulcanization accelerator; 2-1% alkylphenol polysulfides (450); 3-1%DADS
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Table 2 Area Ratio of Characteristic peak/reference peak of the FT-IR spectra (Ref. Figure 9)
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1 1.091 0.113 0.234 1. 875
2 1.079 0.077 0. 244 1.947
3 1. 058 0. 060 0.113 1. 481
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Figure 10 Effects of devulcanization reaction screw Figure 11  Effects of devulcanization reaction screw

rotation speed and desulphurization accelerator on the rotation speed and desulphurization accelerator on the

tensile strength of dynamically crosslinked thermoplastic elongation break of dynamically crosslinked thermoplastic
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Table 3 Comparison of the mechanical properties of dynamically crosslinked thermoplastic elastomer

- L 7 2 9% (phi) RLAhaR g/ WS KR/ .
PP EPDM  W-EPDM  R-EPDM  (DEPDM/EPDM)*  Hif}* * MPa %
1 40 60 0 0 0 0 22.0 446 % 94
2 40 25 0 0 0 35 16.3 404 94. 5
3 40 0 60 0 0 0 13.3 36.2% 95
4 40 0 0 60 0 0 14.6 171% 96
5 40 0 0 0 60 0 17.1 443% 97
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Figure 12 SEM photographs of liquid nitrogen frozen fracture surface of dynamically crosslinked thermoplastic elastomer
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(220°C ,3. 3MPa and 600rpm) , containing 1% DADS
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Effects of Shear Stress and Subcritical Fluids on Devulcanization of
Waste EPDM Rubber and Preparation of Dynamically Crosslinked
Thermoplastic Elastomers

KONG Wei-rong, LI Yu-hua, WU Yi-jia, ZHANG Yun-can”
(College of Materials Science and Engineering s Nanjing Tech University, Nanjing 210009, China)

Abstract; The devulcanization reaction of waste ethylene-propylene-diene monomer rubber (W-EPDM) during melt
extruding process mixed with unvulcanized EPDM was investigated through a compound-induced reaction by increasing the
screw rotation speed and being in the presence of different subcritical fluids in a twin screw extruder. The effects of
subcritical fluids (water, ethanol/water mixture and propanol), screw rotation speed and devulcanizaion accelerators
(alkylphenol polysulfides 450 and DADS) on the gel content, mooney viscosity, FT-IR spectra of the sol of devulcanized
blends (DEPDM/EPDM) and the mechanical properties of dynamically crosslinked thermoplastic elastomer (( DEPDM/
EPDM) /PP) prepared by devulcanization blends and PP were measured. and fracture surface morphology of dynamically
crossinked thermoplastic elastomer (DEPDM/EPDM) /PP was also observed by SEM. The results show that subcritical
ethanol/water mixture or propanol has a better selectivity on S—S bond cleavage, leading to increase of the cleavage
reaction of crosslinked S—S bonds and decrease of cleavage reaction of the main bonds in crumb rubber crosslinked
network., The size of unmelted particles in dynamically crosslinked thermoplastic elastomer becomes smaller. The
mechanical properties of revulcanized material increased significantly. The devulcanization accelerator alkylphenol
polysulfides 450 has significant role in promoting devulcanization. The tensile strength and elongation at break of
dynamically crosslinked thermoplastic elastomer (DEPDM/EPDM) /PP reaches to 17. IMPa and 443% respectively when
the screw rotation speed and devulcanization reaction temperatures exist optimum value (220°C, 600rpm) in the presence of
subcritical propanol. The mechanical properties and facture surface morphological structure of it was significantly better
than those of the corresponding material obtained by conventional devulcaniztion tank.

Key words: Ethylene-propylene-diene monomer rubber (EPDM); Devulcanization; Subcritical fluid; Dynamically

crosslinked thermoplastic elastomer
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