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ABSTRACT

The Purpose of this dissertation is to study the preparation technique and physical properties
of expanded rubber. The respective samples of NR, NBR and the standard compounds of EPDM
rubber were prepared by mixing plasticizer DOP and LCR in various ratio. And their vulcaniza-
tion characteristics, physical properties and foaming states were studied. Vulcanization charac-
teristics were investigated using cure curve that had been obtained from Oscillating Disk Rhe-
ometer study, and the microscopic photographs of foaming states were obtained using electron
microscope. The vulcanization characteristics of the samples, DOP 30phr and LCR 30phr, were
found to be suitable. The tests, like hardness test and resilience, tensile test on the physical prop-
erties of each sample showed that plasticizing efficiencies of DOP and LCR were almost the
same. Oil resistance test exhibited DOP was better than LCR and compression set test showed
LCR was excellent plasticizer, The foaming states of NR, EPDM compounds were uniform, but
those of NBR compounds were not uniform. Consequently vulcanization characteristics, physical
properties and foaming states of all the samples satisfied the SAE requirements.
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I. 4 8
1. gz 9 Al

1) Natural rubber(NR) : MalaysiaAl RSS#1

2) Acrylonitrile-butadiene rubber(NBR) : 9&
‘Zeon(F) 9] Nippol N-32, Nitrile 32k : 31%

3) Ethylene-propylene-diene-terpolymer(EPD-
M) : 3 3 (5F) A Esprene 501A

4) Calcium carbonate(CaCO,): 4% Az 3k
q AE

5) Zinc oxide(ZnQ) : 2 §U33 AZ

6) High abrasion furnace black(HAF) : 2] ¢
FIZE| L EA} A S

7) Stearic acid : v HF-5A)A} A

8) Sulfur : J¥ FH53}stAF

9) Process oil : = w344 A%F Naphthenic
oil *150

10) N, N’ -dinitroso pentametylene tetraamine
(DPT) : s (F) 5% AF

11) Blowing promoter : = (F)3% A

12) Di-(2-ethylhexyl)phthalate(DOP) : Zuj A
A3 AF

13) Liquid chloroprene rubber(LCR) : & #7]
3}5}213]4} A% DENKA LCR X-050

14) Diphenyl guanidine(D) : d& tJujAlE£3}3
(Ouchi Sinko) A} A&

15) Di-orthotolylguanidine(M) : & ujAlE
3}8}(Ouchi Sinko) A} A&

16) Tetramethyl thiuramdisulfide(TT) : 42 A
T-8}3H(Gawaguchi) A} AF
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Table 1. Recipe for NR, NBR, EPDM cellular products

(Unit : phr)
Recibe N1 | R-2|R-3|R-4|R-5|R-6 [R-7|N-1 |N-2[N-3|N-4|N-5 |N-6 | N-7|E-1 | E-2 |E-3 E-4| E-5 | E-6 -7
Ingredients
NR 100 100 100 100 100 100 100 - - - - - - - - - - - - - -
NBR - - - - - - -l100 100 100 200 100 200 100| - - - - - - -
EPDM - - - = = - o = - = - - - -/100 100 100 100 100 100 100
CaCo0, 30 30 30 30 30 30 30| 30 30 30 30 30 30 30105 105 105 105 105 105 105
Zn0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
HAF 30 30 30 30 30 30 30{ 30 30 30 30 30 30 30 30 30 30 30 30 30 30
Stearic acid 111 1 1 1111 11111111111
Sulfur 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2
Process ol 30 3 30 30 30 30 30| - - - - - - ~-30 30 30 30 30 30 30
DPT 5 5 5 5 5 5 5 5 5 5 5 5 5 55 5 5 5 5 5 5
Blowing promoterf 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 § 5 §
D T S S |
TT - - - - - - <11 1111 12 2 2 2 2 2 2
M - - - - - - - - - - <3333 333
DOP - 10 20 30 - - - - 10 20 3 - | - w0023 - - -
LCR - - - - 10 20 3 - - - -10 20 3] - - - - 10 20 30

i]-ﬁ\—ﬁﬂil-/‘]ﬂ—g‘ 6]—9&1:]- 26,27,30)
=, ¢E4TELE AP0 ASTM D 1056-
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AR R3S ol b4 dAT w&(x100)2 F9
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Im. Zzt o o

2 dFox+ Table 13} 7] NR, NBR, EPDM
8 xFujgtdl 7144 DOPe} LCRE z+7+ wizk )
fate] J1REA, FEAEA o H2AHNE vE 3
Eatict.

1. 718 EY
Table 1o] @2 NR, NBR ¥ EPDM )]
DOPs} LCR & 7247} AHg3ted 170°C oA 548 7}
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S AR vebs.



NR,NBR % EPDM %o #3E #HE

Table 2. Rheometer cure curve value

Cure curve

Value| 't | to | tys | ML |MHF

Recipe No>
R-1 {17:31716":15" |4 :44"| 2.1 15.4
R-2 |1:477|6" 44" |4 57| 17 |1338
R-3 |17:59"|6":32" |4 :47"} 1.4 11.8
NR R-4 |27:127(6 :597 4" :33"| 1.1 9.8
R-5 |17:427|7 :277|5 :32"| 14 13.4
R-6 |17:50"|7 :28" |5 :38"| 1.4 11.9
R-7 ]17:55"7 :50” 16 :08") 1.2 9.6
N-1 [17:177|1" :45” |0 :28"| 4.3 30.1
N-2 [17:287(1":59”|0":31"| 3.1 22.8
N-3 |17:287[2 :00710":32"] 2.6 18.8
NBR | N-4 |2:35"2":11"{0° :36”| 2.1 17.3
N-5 |17:14”11:46" |0 :31”| 4.0 22.6
N-6 117:15”{1":47"|0':33"| 3.2 18.3
N-7 117:157 (1" :497 {0 :34") 2.6 15.2
E-1 {17:05"{3 146" |2 :41"| 3.0 17.7
E-2 (1":10" (4 :14"713 :04") 2.7 184
E-3 [17:157|4":49" (3 :327| 25 16.6
EPDM| E-4 |2 :17"14':53"|3 :38”| 2.2 14.9
E-5 [17:127(4 142713 :30"| 3.0 174
E-6 [17:17"|4":54" 13 :37"| 28 14.9
E-7 [17:207|5 11773 :57"| 2.3 11.7

2. 2218 EY
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Fig. 1. Comparison of hardness in NR, NBR and
EPDM vulcanizates.
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Fig. 2. Comparison of resilience in NR, NBR and
EPDM vulcanizates.
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Fig. 3. Comparison of tensile strength in NR, NBR
and EPDM vulcanizates.
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Fig. 4. Comparison of elongation in NR, NBR and
EPDM vulcanizates.

et mebd Jehde ARE A9 A O3
Zii=

A#44-& NR, NBR % EPDM #jg 2% DOP%}
LCR wigsgo] 37} & 5 Algo] A48 37}
3= AR AFE Rolx gledl, olgA ARgo)
Ve A ThaA} 24 J%ae 1% 3
A EALE 2AAFEE 47| 2 EAr) AE n)
nA $537) 44 Ho2A FFAE Fodsis) o
Folgtz A7}

AnAo 2 714 £ A%EE YehiAL NR
Folz, 7P & AREE el A EPDM )
Foz A7tz Azgd goje] DOP¢ LCR
Y 7hast 3FE 2 Ao} fle AR 23E Yt
Wi 9leh

2.4 YSA

Fig. 5, 6& NR, NBR @ EPDM wjito] ulz} A
Zg NREL ASTM No. 3 ol 294 70°C/22hrs
2 23w Fepdste xeuss JepiA
olc}.

NRE HfFALTo)7] e WiAARe &
77} 91%le, NBR g3} EPDMd 9leide] 3
FHsAEL Fig. 5004 H& ulezte] DOPe}
LCR9 wigtefo] 371 & & Fapulslapo] 243



NR, NBR % EPDM w79 #3% HRE
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Fig. 5. Comparison of weight change in NBR and
EPDM vulcanizates.
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Fig. 6. Comparison of length change in NBR and
EPDM vulcanizates.
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A

1
10 20 30
Plasticizer loading(phr)

Comparison of compression set in NR, NBR
and EPDM vulcanizates.
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T
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Fig. 8. Electron microscope photograph( x 100) of R-1, R-2, R-3 and R-4 vulcaniates.
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3. EHEA
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Fig. 9. Electron microscope photograph( x 100) of R-5, R-6 and R-7 vulcanizates.
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N-3(DOP 20phr) N-4(DOP 30phr)
Fig. 10. Electron microscope photograph( x 100) of N-1, N-2, N-3 and N-4 vulcanizates.

N-6(LCR 20phr) B N-7(LCR 30phr)
Fig. 11. Electron microscope photograph( x 100) of N-5, N-6 and N-7 vulcanizates.
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E-1(blank)

E-3(DOP 20phr) E-4(DOP 30phr)
Fig. 12. Electrorpwmicroscope photograph( x 100) of E-1, E-2, E-3 and E-4 vulcaniza.

E-6(LCR 20phr) E-7(LCR 30phr)
Fig. 13. Electron microscope photograph( X 100) of E-5, E-6 and E-7 vulcanizates.
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