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L oF : FHA ol 7barAlel dicumyl peroxideE i,f{ % ol Z 7tuwAA TEA BATEY ¢
% (sphere) A|lH & Fujstgth. Dicumyl peroxided] H71ekg HEFA|A AR 7tay7t Bxlg
(M)& 2.6x10° g/molesli 4] 2.0x10* g/mole7tx] rﬁwlzawf. B ghge) 44" gA F
£+ carbon tetrachloride, benzene, cyclohexane, n-hexane, n-decane, dichloromethane, 12]
I tolueneo])th. AlH] 7tw % Flory- HugngOli*ﬂl A YR RO 2RE A3
Fom, ZtuwAlH tidt E49] F4tAlTE Ficke] 842 S o] &35le] AASATE. £ &
T R PAE AT} $85% ASohe ABE olrath il SelA FHE
Ztiert S G2 HAILF QdoAie] gl B (D)= FduF &A1Y ezt
& eplEizEGool thallA] Dy~ 11 BA Aol ol Zsisich. Sai4 wetulE (6)7h 22 e &
Aol o8 AR LT ) HYHRUIZIE BADR 8, 2hS ZHAROW T ke 175 MPa?
ojAth oldE FAEHEA o FEAF UAM ZAHIAE yate] UH R e
|4 dhH F47F FEE AT

Abstract : Natural rubber(NR) was crosslinked with dicumyl peroxide(DP) to prepare spher-
ical NR networks. The molecular weight between crosslinks was controlled with a DP concen-
tration, and ranged from 2.6 x 10° g/mole to 2.0x 10* g/mole. Carbon tetrachloride, benzene,
cyclohexane, n-hexane, ri-decane, dichloromethane, and tolune were used as solvents in this
study. The degree of crosslinking of the samples was determined using the equilibrium vol-
ume-swelling data based on the Flory-Huggins theory, and the diffusion coefficients of sol-
vents into NR networks were calculated using a diffusion equation based on Fick’s law.
Results showed that the higher the degree of crosslinking, the greater the diffusion coefficient
of the solvents. Diffusion coefficients of the solvents in samples with extremely low crosslink-
ing density, determined by extrapolation, were dependent upon the values of the polymer-sol-
vent interaction parameter, approximately as D, ~ 28, The solubility parameter for NR
was 17.5 MPal/ 2, based on swelling data in various solvents. Selective absorption of a sol-
vent having a comparatively low value of ¥ was observed in the initial time of swelling by a

binary solvent mixture.
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Table 1. List of Mixing Compounds

(Unit : phr)
Natural rubber 100 100 100 100 100 100
Dicumyl 05 10 15 2.0 25 3.0

peroxide
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Fig. 1. Schematic diagram showing the experimen-
tal apparatus for the diffusion study.

W ® 0

t= 08 t= 1200 s, £ = 170 s,

Fig. 2. Photographs of a NR sphere(M,=5.6x10°g/
mole) swollen in dichloromethane solvent. t indi-
cates the swelling time.
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Table 2. Natural Rubber-Solvent Interaction Parameters, Solubility Parameters of Various Solvents, and In-
ferred Diffusion Coefficients of Solvents Diffusing into Natural Rubber(SMR-L)

Natural Rubber-Solvent

Solubility Parameter**

Inferred Diffusion

Solvents Interaction Parameter* 5,(MPa'2) Coefficie;nt 4
x D, (mm®/secx10%)
Carbon tetrachloride 0.307 17.6 0.75
Cyclohexane 0.392 16.8 0.96
Toluene 0.393 18.2 1.07
Benzene 0.421 18.8 1.29
n-Decane 0.444 13.5 1.21
n-Hexane 0.483 14.9 1.57
Dichloromethane 0.494 19.8 1.90

* x values were obtained at temperature below 50°C. (References : 7 and 8)

*x 81 values were obtained at 25C. (Reference : 12)
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2.0phr
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1 L i

0 30 60 90
time (br.)

Fig. 3. Plot of the volume swelling ratio(Q) vs. swelling
time for NR spheres crosslinked using different amounts
(phr as indicated) of dicumyl peroxide, swollen in n-hex-
ane.
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Fig. 4. Plot of the equilibrium volume swelling ratio
(Q« ) vs. the solubility parameter(d;) of the solvent
used for swelling NR network(M, = 5.0 x 103
g/mole). The solubility parameter(d,)of natural
rubber was determined from the maximum point of
the curve.
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Fig. 5. Absorption relations for spheres(M,
5.3x103g/mole) of different initial diameter(O : d;
=10mm, @ : d, =20mm).
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Fig. 6. Results from Fig. 5 replotted against a re-
duced time function(tl/z/do).

EAFTFM)Y ¥ F, M/M. thg9 34
A& o] &3] A4ttt
Mt _ Qt_l
M.~ Q-1
M, /M. & #k(
A =afstd

g/molegl M

(7N

reduced) A7+ Y/ 2/dooﬂ th
i Fig. 7¢ 7ta=7F 5.0x 108
TFA)Ho th3 n-hexane &4 9

498

0.8
-5 0.6
M.

04

0.2

10 15
t“%/d, (sec.’*/mm)

I} i

s 20

Fig. 7. A typical diffusion curve calculated from
absoption data of n-hexane solvent into an NR net-
work(M, =4.96 x 10® g/mole).
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Fig. 8. Dependence of diffusion coefficient(D) upon
molecular weight of network strands(M,) for vari-
ous solvents diffusing into NR networks, A :
dichloromethane, A : n-hexane, [] : benzene, W :
cyclohexane, O : toluene, @ : carbon tetrachloride,
V @ n~decane.
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Fig. 9. Plot of the inferred diffusion coefficient(D,)
of the solvent diffusing into uncrosslinked natural
rubber vs. the natural rubber-solvent interaction pa-
rameter(y).
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Fig. 10. Absorption behavior for the mixture(O) of
equal volumes of two solvents, n-decane([]) and
carbon tetrachloride( A ), diffusing into crosslinked
NR spheres(M, =4.8x10%/mol). The absorption
relations are also shown for the pure solvents sepa-

rately.
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Fig. 11. Results from Fig. 10, shown relative to the
initial absorption state.
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