
INTRODUCTION

For some times, analyses of the degradation behaviour of

elastomers have been an important and interesting issue. Many

factors affect the degradation of the elastomer, such as tempe-

rature, light, ionizing radiation, humidity, fluids, etc.1. In these

factors, oxygen was reported to be an important and effective

factor in the degradation of the elastomer2. The degradation

of an elastomer and predictions of their lifetimes have been

studied using a range of techniques. Gillen et al.3-5 reviewed

many techniques to analyze elastomer degradation include

modulus profiling, oxygen permeability, NMR, TGA and DTA.

By analyzing the modulus profiling, oxygen permeability and

oxygen consumption rate, Gillen et al.6-11 also monitored the

change in activation energy with temperature and predicted

the life-times of the elastomers. The degradation rate of an
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This study examined the effect of organically modified layered silicate on the degradation of chloroprene rubber with particular focus on

the nano-size and structure of organically modified layered silicate, as well as the tortuous structure of the resulting nanocomposites.

Chloroprene rubber/organically modified layered silicate nanocomposites were prepared using the melt intercalation method. X-ray

diffraction revealed the dispersion of organically modified layered silicate. Compared to pure organically modified layered silicate, the

basal space of chloroprene rubber/organically modified layered silicate nanocomposite was shifted from 2.1 nm to 4.2 nm and the XRD

peak was shifted from 3.96º to 2.35º 2θ. XRD confirmed that organically modified layered silicate layers were intercalated into the

chloroprene rubber matrix. Compared to the conventional filler loaded composites, the chloroprene rubber/organically modified layered

silicate nanocomposite exhibited high mechanical properties. The chloroprene rubber/organically modified layered silicate nanocomposite

showed 28, 43 and 43 % improvement in tensile strength, tear strength and compression set, respectively, compared to the no filler-loaded

chloroprene rubber composite. The change in the mechanical properties after the thermal aging test was dependent on the aspect ratio and

dispersion state of the filler. Organically modified layered silicate was dispersed on the nano-level. The chloroprene rubber/organically

modified layered silicate nanocomposite showed the lowest change in mechanical properties. In the modulus profile, chloroprene rubber-

organically modified layered silicate showed a smaller deviation of the modulus according to the position and a lower 10 % compressive

modulus than chloroprene rubber-NF. Intercalation of the organically modified layered silicate layers to the chloroprene rubber matrix led

to the formation of a tortuous structure. The tortuous structure hindered oxygen diffusion and decreased the degradation rate. An analysis

of the oxygen permeability confirmed that the chloroprene rubber/organically modified layered silicate nanocomposite had formed a

tortuous structure.
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elastomer was found to be affected directly by the oxygen

diffusion rate and can be controlled effectively by controlling

the oxygen diffusion rate.

An organically modified layered silicate layer has a thick-

ness of approximately 1nm and a high aspect ratio. Organically

modified layered silicate has a bundle shape with aluminosili-

cate layers stacked on the other. Organically modified layered

silicate can be intercalated and exfoliated to the elastomer and

form nanocomposites12-14. Compared to carbon black or silica-

reinforced elastomer composites, these nanocomposites have

strongly reinforced mechanical properties. Furthermore,

organically modified layered silicate layers that are intercalated

and exfoliated to the elastomer form a tortuous structure with

improved gas barrier properties15-17.

The tortuous structure of nanocomposites would affect

the degradation rate of the elastomer because the degradation
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of the elastomer is affected directly by the oxygen diffusion

rate. In this study, organically modified layered silicate was

dispersed to chloroprene rubber using the melt intercalation

method and chloroprene rubber/organically modified layered

silicate nanocomposites were formed. XRD revealed the

dispersion state of the chloroprene rubber/organically modified

layered silicate nanocomposites. The effect of organically

modified layered silicate on the reinforcement and degradation

of chloroprene rubber was compared with the conventional

filler (silica, carbon black and talc)-loaded chloroprene

rubber composites. The effect of organically modified layered

silicate on the degradation of chloroprene rubber was observed

by measuring the change in the mechanical properties after

the thermal aging test and by analyzing the oxygen perme-

ability.

EXPERIMENTAL

Chloroprene rubber S40V (DENKA, Japan) was used as

the main matrix. Organically modified layered silicate was

purchased from Southern Clay (USA). Silica was acquired

from Rhodia(French) and carbon black was supplied by

EVONIK Carbon Black Korea Co. Ltd. (Korea). Talc was

purchased from KOCH Co. (Korea). The other agents used

were obtained commercially.

The chloroprene rubber composites were prepared using

the following method. 1) Various amount of additives and filler

were mastificated with chloroprene rubber using an internal

mixer for 10 min. 2) The compounds were mixed with a

crosslinking agent and accelerator on an open two-roll mill

for 7 min. 3) The compounds were vulcanized to prepare the

chloroprene rubber composites at 155 ºC for the optimum

vulcanization time (t90). The optimum vulcanization time was

measured using a moving disc rheometer. Nichigo Shoji Co.

(Japan) model W. Table-1 lists the formulations of the prepared

chloroprene rubber composites.

TABLE-1 
FORMULATION OF CHLOROPRENE COMPOSITES (phr) 

Compound No. 
CR-
NF 

CR-S 
CR-
CB 

CR-
T 

CR-
OLS 

Chloroprene 100 100 100 100 100 

Filler 5 phr 0 Silica HAF Talc OLS 

Dibutoxyethoxyethyladipate 5 5 5 5 5 

Zinc oxide 5 5 5 5 5 

Magnesium oxide 4 4 4 4 4 

Stearic acid 0.5 0.5 0.5 0.5 0.5 

Octylated diphenylamine 1.0 1.0 1.0 1.0 1.0 

Tri-methylthiourea 1.5 1.5 1.5 1.5 1.5 

Tetramethyl thiuram 
Monosulphide 

0.5 0.5 0.5 0.5 0.5 

N-Cyclohexyl-2-
benzothiazole Sulfenamide 

0.5 0.5 0.5 0.5 0.5 

 
Mechanical properties: An universal test machine [3345

(Q3776) Instron, U.S.A.] was used to measure the mechanical

properties of all specimens. The mechanical properties were

measured according to KS (Korea Standard) M 6518 and KS

M 6517. The test speed was 500 mm/min. The compression

set was measured using a cylinder type specimen (20 mm in

diameter and 10 mm in thickness). The initial compression

ratio was 20 % and the compressed specimens were aged ther-

mally at 100 ºC for 72 h. The compression set was calculated

from the thickness of recovery after thermal aging.

X-ray diffraction: X-ray diffraction (XRD, X'Pert-MPD,

Philips, Netherlands) was used to analyze the organically

modified layered silicate and chloroprene rubber/organically

modified layered silicate nanocomposite with CuKα radiation.

Change in the mechanical properties after thermal

aging test: The degradation behaviour was determined from

the change in mechanical properties according to the thermal

aging test. Each specimen was aged thermally for 120 h at

100 ºC and the changes in the mechanical properties were

measured by a comparison before and after the thermal aging

test. A convection oven, AS-F0-05 model of A-Sung Tester

Co. (Korea), was used for the thermal aging tests. The tempe-

rature deviation was ±1 ºC between the gauge and actual

temperature.

Modulus profile after thermal aging test: The modulus

profile was measured using the following steps. 1) Cylinder

type specimens (20 mm in diameter and 10 mm in thickness)

were used. 2) After the thermal aging test, the specimen was

sliced into five pieces with a 2 mm thickness. 3) For each sliced

piece, the 10 % compressive modulus was measured.

Oxygen permeability: A gas permeability apparatus (BT-

3 model, TOYOSEIKI, Japan) was used to measure the oxygen

permeability of all the specimens. The pressure was maintained

at 0.48 MPa on one side of the specimen sheet (1 mm in thick-

ness and 60 mm in diameter) and was initially zero on the

other side. The oxygen permeability was calculated from the

amount of oxygen transmitted through the sheet at 40 ºC, which

was determined by gas chromatography.

RESULTS AND DISCUSSION

Dispersion of chloroprene rubber/organically modified

layered silicate nanocomposite: The dispersion of organically

modified layered silicate was observed by XRD. Fig. 1 shows

XRD patterns of pure organically modified layered silicate

and chloroprene rubber-organically modified layered silicate.

Fig. 1(a) showed the XRD pattern of pure organically modified

layered silicate. The basal spacing of pure organically modified

layered silicate was 2.1 nm and an intense peak was observed

at 3.96º 2θ. Fig. 1(b) shows the XRD pattern of chloroprene

rubber-organically modified layered silicate. The basal spacing

of chloroprene rubber-organically modified layered silicate

was 4.2 nm and an intense peak was observed 2.35º 2θ. A

higher order reflection (d002) was also observed. These pheno-

mena caused by the chloroprene rubber matrix intercalated to

inside the organically modified layered silicate bundles. By

intercalating, the distance between each organically modified

layered silicate bundle was increased. Overall, XRD confirmed

the dispersion of organically modified layered silicate in the

chloroprene rubber matrix on the nano-level and the formation

of a chloroprene rubber/organically modified layered silicate

nanocomposite.

Mechanical properties: Fig. 2 presents the results of the

tensile strength and elongation. The no filler added formula-

tion, chloroprene rubber-NF, showed the lowest tensile strength

(11.1 MPa). Each filler had a different reinforcing effect. The
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tensile strength was observed in the following order: organi-

cally modified layered silicate > carbon black > silica > talc >

no filler. The chloroprene rubber/organically modified layered

silicate nanocomposite showed highest tensile strength

(14.2 MPa). The tensile strength increased approximately

27.8 % when 5phr organically modified layered silicate was

loaded. Elongation showed the following order: organically

modified layered silicate > no filler > silica > talc > carbon

black. The filler loading resulted in an increase in tensile

strength and decrease in elongation. On the other hand, chloro-

prene rubber-organically modified layered silicate showed the

highest elongation (621 %). This was attributed to the effective

intercalation of the organically modified layered silicate layers

to the chloroprene rubber matrix on the nano-level. Fig. 3

shows the result of the tear strength. chloroprene rubber-NF

showed lowest tear strength (24.3 kN/m). The tear strength

was observed in the following order: organically modified

layered silicate > carbon black, silica > talc > no filler. chloro-

prene rubber-organically modified layered silicate showed the

highest tear strength (34.7 kN/m). The tear strength increased

approximately 43.3 % when 5phr organically modified layered

silicate was loaded. Fig. 4 shows the result of the compression

set. Chloroprene rubber-NF showed 37.3 % of the compression

set. The compression set was observed in the following order:

organically modified layered silicate > carbon black > silica >

talc > no filler. Chloroprene rubber-organically modified

layered silicate showed the lowest compression set (32.1 %).

The compression set was improved approximately 13.9 %

when 5 phr organically modified layered silicate was loaded.

An analysis of the mechanical properties confirmed that the

organically modified layered silicate layers effectively inter-

calated into the chloroprene rubber matrix, leading to a good

reinforcing effect on chloroprene rubber-organically modified

layered silicate.

Change in the mechanical properties after thermal

aging test: Fig. 5 shows the change in tensile strength after

the thermal aging test. The tensile strength decreased after the

thermal aging test because all specimens were degraded by

o
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Fig. 1. XRD patterns of (a) organically modified layered silicate and (b)

chloroprene rubber-organically modified layered silicate
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Fig. 2. Tensile strength and elongation of chloroprene rubber composites

by filler type
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Fig. 4. Compression set of chloroprene rubber composites by filler type

oxidation of the chloroprene rubber matrix. The change in the

tensile strength of chloroprene rubber-NF was -4.1 MPa. Com-

pared to the initial state, the tensile strength of chloroprene

rubber-NF decreased approximately 36.6 % after the thermal

aging test. The change in tensile strength was observed in the

following order: no filler > silica > carbon black > talc >

organically modified layered silicate. The talc loaded chloro-

prene rubber composite, chloroprene rubber-T, showed a

2θ θ θ θ θ (º)
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slower degradation rate and lower change in tensile strength

than the silica and carbon black-loaded chloroprene rubber

composites. The aspect ratio of talc was higher than silica and

carbon black, which leads to a decrease in the oxygen diffusion

rate. Compared to chloroprene rubber-organically modified

layered silicate, chloroprene rubber-T showed a fast degra-

dation rate and a large change in tensile strength because talc

did not disperse on the nano-level and had a lower aspect ratio

than organically modified layered silicate. Chloroprene

rubber-organically modified layered silicate showed the

lowest change in tensile strength (-1.4 MPa). Compared to the

initial state, the tensile strength of chloroprene rubber-organi-

cally modified layered silicate decreased approximately 10 %

after the thermal aging test. Chloroprene rubber-organically

modified layered silicate showed the slowest degradation rate

compared to the other fillers. Fig. 6 showed a change in elon-

gation after the thermal aging test. Elongation was decreased

after the thermal aging test. The change in elongation of chloro-

prene rubber-NF was -248 %. Compared to the initial state,

the elongation of chloroprene rubber-NF decreased approxi-

mately 41.3 % after the thermal aging test. The change in

elongation was observed in the following order: no filler >

silica > carbon black > talc > organically modified layered

silicate. Chloroprene rubber-organically modified layered

silicate showed the lowest change in elongation (-76 %).

Compared to the initial state, the elongation of chloroprene

rubber-organically modified layered silicate decreased

approximately 12.3 % after the thermal aging test. chloroprene

rubber-organically modified layered silicate showed the

slowest degradation rate compared to the other fillers. The

change in elongation showed a similar tendency to the change

in tensile strength. Fig. 7 shows change in tear strength after

the thermal aging test. The tear strength decreased after the

thermal aging test. The change in tear strength of chloroprene

rubber-NF was -11.0 kN/m. Compared to the initial state, the

tear strength of chloroprene rubber-NF decreased approxi-

mately 45.8 % after the thermal aging test. The change in tear

strength was observed in the following order: no filler > silica

> carbon black > talc > organically modified layered silicate.

Chloroprene rubber-organically modified layered silicate

showed the lowest change in tear strength, -4.6 kN/m. Compa-

red to the initial state, the tear strength of chloroprene rubber-

organically modified layered silicate decreased approximately

13.3 % after the thermal aging test. Chloroprene rubber-

organically modified layered silicate showed slowest degra-

dation rate compared to other fillers. Fig. 8 shows the change

in the compression set after the thermal aging test. The compre-

ssion set deteriorated after the thermal aging test. The change

in the compression set of chloroprene rubber-NF was +11.6 %.

Compared to the initial state, the compression set of chloro-

prene rubber-NF deteriorated approximately 31.4 % after the

thermal aging test. The change in compression set was

observed in the following order: no filler > silica > carbon

black > talc > organically modified layered silicate. Chloro-

prene rubber-organically modified layered silicate showed the

smallest change in compression set (+3.0 %). Compared to

the initial state, the compression set of chloroprene rubber-

organically modified layered silicate deteriorated approxi-

mately 9.3 % after the thermal aging test. Chloroprene

rubber-organically modified layered silicate had the slowest

degradation rate, compared to the other fillers. Chloroprene

rubber-organically modified layered silicate showed the

slowest degradation rate, because the tortuous structure preven-

ted oxygen diffusion.
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Fig. 5. Changes of tensile strength by filler type after thermal aging test
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Fig. 6. Changes of elongation by filler type after thermal aging test
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Fig. 7. Change of tear strength by filler type after thermal aging test
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Fig. 8. Change of compression set by filler type after thermal aging test

Modulus profile after thermal aging test: Fig. 9 shows

the modulus profile of chloroprene rubber-NF and chloroprene

rubber-organically modified layered silicate. The 40-60 %

position showed the lowest compressive modulus and the 0 %

and 100 % position showed the highest 10 % compressive

modulus because degradation of the chloroprene rubber

composites was dependent on oxygen diffusion. Therefore,

the level of oxygen diffusion differed according to the position

and the specimen surface showed a faster degradation rate than

the center of the specimen. Chloroprene rubber-organically

modified layered silicate showed an 88 N deviation in modulus

according to the position, but chloroprene rubber-NF showed

a 196 N deviation in modulus. At the 40 % and 60 % position,

chloroprene rubber-organically modified layered silicate

showed a lower 10 % compressive modulus than chloroprene

rubber-NF because chloroprene rubber-organically modified

layered silicate formed a tortuous structure by the intercalation

of organically modified layered silicate, leading to a lower

oxygen diffusion rate and slower degradation rate than

chloroprene rubber-NF.
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Fig. 9. Modulus profile for 2 mm thickness chloroprene rubber composites

after thermal aging test; (a) chloroprene rubber-NF, (b) chloroprene

rubber-organically modified layered silicate

Oxygen permeability of chloroprene rubber compo-

sites: Fig. 10 shows results of oxygen permeability. The

oxygen permeability of chloroprene rubber-NF was 310

cm3/m2 day·atm. The oxygen permeability decreased with

increasing filler loading because oxygen cannot permeate to

the filler particles and the dispersion of the filler prevents

oxygen diffusion. The oxygen permeability was observed in

the order: no filler > carbon black > silica > talc > organically

modified layered silicate. Chloroprene rubber-organically

modified layered silicate showed the lowest oxygen perme-

ability (90 cm3/m2 day.atm). Compared to chloroprene rubber-

NF, the oxygen permeability of chloroprene rubber-organi-

cally modified layered silicate was approximately 71 % lower.

The oxygen permeability is determined by the shape of the

filler and dispersion state. A high aspect ratio and well-

dispersed filler could form a tortuous structure and can have

low oxygen permeability. Therefore, even if chloroprene

rubber-T had lower mechanical properties than chloroprene

rubber-S and chloroprene rubber-CB, chloroprene rubber-T

showed lower oxygen permeability and a slower degradation

rate than chloroprene rubber-S and chloroprene rubber-CB.

By intercalating the organically modified layered silicate layers

to the chloroprene rubber matrix, chloroprene rubber-organi-

cally modified layered silicate could form a highly improved

tortuous structure, which leads to the lowest oxygen perme-

ability and slowest degradation rate.

CR-NF CR-S CR-CB CR-T CR-OLS

0

50

100

150

200

250

300

350

Fig. 10. Oxygen permeability of chloroprene rubber (CR) composites by

filler type

Conclusion

The chloroprene rUBBER/organically modified layered sili-

cate nanocomposite was prepared using the melt intercalation

method. XRD confirmed the dispersion of organically modified

layered silicate. Comparing to pure organically modified layered

silicate, the basal space of the chloroprene rubber/organically

modified layered silicate nanocomposite increased from 2.1

nm to 4.2 nm and the XRD peak shifted from 3.96º to 2.35º

2θ. XRD also confirmed that the organically modified layered

silicate layers were intercalated into the chloroprene rubber

matrix. Compared to the conventional filler loaded composites,

chloroprene rubber-organically modified layered silicate had

Position (%)
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high mechanical properties. Chloroprene rubber-organically

modified layered silicate showed a 28, 43 and 43 % improve-

ment in tensile strength, tear strength and compression set,

respectively, compared to chloroprene rubber-NF. The change

in mechanical properties after the thermal aging test were

dependent on the aspect ratio and dispersion state of the filler.

The aspect ratio of talc and organically modified layered silicate

were higher than the others, which leads to a small change in

mechanical properties and a slow degradation rate. As organi-

cally modified layered silicate was dispersed on the nano-level,

chloroprene rubber-organically modified layered silicate

showed the smallest change in mechanical properties. In the

modulus profile, chloroprene rubber-organically modified

layered silicate showed a smaller deviation of the modulus

with position and a lower 10 % compressive modulus than

chloroprene rubber-NF. Intercalation of the organically modi-

fied layered silicate layers to the chloroprene rubber matrix

led to the formation of a tortuous structure. The tortuous structure

hindered oxygen diffusion and decreased the degradation rate.

An analysis of the oxygen permeability confirmed that chloro-

prene rubber-organically modified layered silicate formed a

tortuous structure.
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