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ABSTRACT: Cure behaviors and physical properties of EPDM vulcanizates containing ground
rubber (GR) as a filler were studied with respect to the particle size and the amounts of GR.
As GR was added into EPDM compounds, decrease in scorch time, optimum cure time and
maximum torque was observed. This indicates that accelerator fragments in GR affect vulca-
nization reactions. Addition of GR decreases crosslink density of EPDM vulcanizates. Modulus,
elongation at break and compression set of EPDM vulcanizates are on the decrease with
respect to the addition of GR. From the results of air oven aging test and ozone cracking test,
the resistances of EPDM rubber to weather and ozone cracking don’ t seem to be adversely af-
fected by the addition of GR. Tensile fracture surfaces become rougher as the amount of GR
increases. SEM fractographs of tensile fracture surfaces show that there is little adhesion be-
tween EPDM and GR, sq tensile fractures mainly occur at the interface of EPDM and GR.

Keywords: EPDM, ground rubber (GR), scorch time, filler.
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Table 1. Particle Size Distribution of Ground
Rubber

particle size (microns) mesh percent(%)
850-600 20-30 25
600-425 30-40 19.8
425-300 40-50 334
300-250 50-60 273
250- 60- 17.0
Polymer(Korea) Vol 21, No. 3, May 1997
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Table 2. Materials Used in This Experiment

ingredients description source
SRF carbon black (N770) Korea steel chemical
Co.

processing oil naphthenic oil Michang Co.
(RN-2)

S sulfur Miwon Chemical Co.

Zn0 zincoxide (KS#2) Kukdong Co. Ltd.

S/A stearic acid Lucky Co.

M 2-mercaptobenzo- Oriental chemical Co.
thiazole

TT NNN N - Oriental chemical Co.

tetramethylthiuramdisulfide

Table 3. Compositions of Compounds

code of R10 R20 R30 R10 R20 R30

compounds U™ €10 C20 G000y o6y (50) (50) (50)
EPDM 100 100 100 100 100 100 100 100 100 100 100
GR* - - = — 10 20 30 10 20 30 -
SRF - 10 20 30 - - - — — — &0
Ol 30 30 30 30 30 30 30 30 30 30 30

S 12 12 12 12 12 12 12 12 12 12 12
Zn0 5 5 5 5 5 5 5 5 5 5 5
S/A 111 1 1 1 1 1 1 1 1
M 05 05 05 05 05 05 05 05 05 05 05
TT 15 15 15 15 15 15 15 15 15 15 15
¢ Ground rubber.
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Figure 1. Rheometer cure curves of Gum, R10(20),
R20(20), and R30(20).
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Figure 2. Rheometer cure curves of Gum, C10, C20,
and C30.
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Table 4. Curing Characteristics of the Compounds

code of R10 R20 R30 R10 R20 R30
compounds o™ 10 C20 G0 o) o) ) (50) (50) (50)
scorch time

(ta), 427 312 2552 2:39 310 2:43 2:37 3.03 2:39 2:22
min:sec
ts, minsec 552 407 342 319 352 327 — 340 326 -
optimum
cure time

(t200)
minsec
maximum

torque, 184 204 218 238 152 11.1 860 148 108 839

Ib-in

10:33 8:22 7:53 727 7:59 7:38 7:18 7:54 7:42 7:04
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Figure 3. Tensile strength of vulcanizates with
respect to the addition of SRF and ground rubber.
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Figure 4. Modulus at 100% elongation of vulcan-
izates with respect to the addition of SRF and ground
rubber.
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Figure 5. Elongation at break of vulcanizates with

respect to the addition of SRF and ground rubber.
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Figure 6. Tear strength of vulcanizates with respect
to the addition of SRF and ground rubber.
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Figure 7. Compression set of vulcanizates with
respect to the addition of SRF and ground rubber.

Table 5. Physical Properties of Vulcanizates
before Air Oven Aging

code of R10 R20 R30 R0 R20 R30
compounds C €10 €0 C30 o0 o0y (a0) 50) (50) (50)
i
tensle strength, | o 10 357 476 145 158 191 139 183 190
kgf/cm
Mg
(modulus at
100 72 87 99 115624 56 54 63 58 54
elongation),
kgf/cm?
Myo 101137 176 237 86 73 65 86 74 65
Mg — — 322444115 93 78 114 93 79
elongation at
bk 5 236 273 318 314 420 504 965 301 664 969
tearstrength, o0 09 93 144 71 81 98 77 94 10
kgf/cm
hardness
0 43 45 8 3
s B 39 38 39 N

o AT ZARE 7t 24l thE 893§ Table 5
o Jeplglnt. 71| =g AHRe SRF W7t
o] Tl wet 71gee] ARe Ik S
F7H M BdE 2adke Ag £ 5 Atk
Table 69l 8717}E =3t 8} &7 A9 2
HE Jekligict. Table 59 Aajs} vlus) £ of =

AW Aol vla QPEES PsAS BE 24|
N FrlsRen AgEoR AREe o) Pashe
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Table 6. Physical Properties of Vulcanizates after
Air Oven Aging and Ozone Cracking Test

code of Gum CI0 C20 €30 R10 R20 R30 R10 R20 R30

compounds (20) (20) (20) (50) (50) (50)
tensile stength, | & 936 386 428 158 18.1 266 155 198 255
kgf/cm'
MIOO
(modulus at
100% 77 89 103125 70 66 66 70 65 62
elongation),
kef/cm?
Mwo 107152200277 92 83 81 95 87 877
Mg - - 382401120103 99 126 113 95
elongation at
o 5 266 284 300 311 397 568 861 373 576 939
h
fearstrength, < 68 100 115 71 87 99 62 89 112
kgf/cm

ozonecrack® X X X X X X X X X X

2 x, No crack.
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Figure 8. Crosslink density of vulcanizates with
respect to the addition of SRF and ground rubber.
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