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ABSTRACT: A conducting composite from high molecular weight poly(ethylene oxide) (PEO) and low molecular 
weight PEO-grafted carbon black (CB) was prepared. The electric resistance of the composite in dry air and chloroform 
vapor was examined. The effects of many factors, such as CB content, CB type and its dispersion in composite, and 
thickness of the composite film, on the ratio of electric resistance of the composite in dry air (R0 ) and in chloroform vapor 
(R), defined as responsiveness (R!R 0) of the conducting composite, were investigated. For both CB (Porousblack and 
Asahi 60H black) used in this study, at CB content of 20-50 wt%, the responsiveness is high over 104 time. In the case 
oflow CB content, the responsiveness is lower than 0.1. To explain the responsiveness of the composite for high and low 
CB content, two conduction mechanisms were proposed. To clarify the relationship between responsiveness and amount 
of vapor absorption, a method to simultaneously determine the resistance and vapor absorption amount of the composite 
was developed. 
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The electrical resistance of insulation polymer filled 
with carbon black (CB) decreases discontinuously at a 
particular content of CB, generally defined as the perco
lation threshold. 1

-
4 Besides wide applications of perco

lation of conducting composites, these composites also 
often used as PTC (positive temperature coefficient) ma
terials5-8 or gas sensors9 -

14 at CB content above the 
percolation threshold. 

PTC behavior of polymer/CB composite has been in
tensively studied. However, the mechanism of drastic 
change of electric resistance is not completely under
stood. The mechanism of negative temperature coeffi
cient (NTC) behavior, which appears above the melting 
point of the polymer, is also unresolved. 

CB/polymer composite as a gas sensor was studied 
previously.9 -

12 The electric resistance of the composite 
from polymer-grafted CB and crystalline polymer in
creased several orders of the magnitude in some solvent 
vapors. The large responsiveness of the composite 
against certain vapors may result from a conducting net
work in the composite when it is cut by the dissolved 
crystalline polymer during solvent vapor absorption. 

Crystalline polymer melting at the melting point and 
dissolving in solvent are similar to each other. Both 
processes result in the polymer chain moving more 
freely, polymer volume swelling and composite viscosity 
decrease. This might be the same mechanism for large 
electric resistance change when the temperature is in
creased and solvent vapor is absorbed. 

In the present paper, the electrical properties of the 
composite from high molecular weight poly(ethylene ox
ide) (PEO) and low molecular weight PEO-grafted CB 
were studied. The effects of CB type and content in com
posite, on the gas responsiveness of electric resistance to 

tTo whom correspondence should be addressed. 

chloroform vapor, were investigated in detail. The ef
fects of film thickness of the composite and CB disper
sion in the composite on the responsiveness were also in
vestigated. The composite could be used as a gas sensor, 
and we propose two conduction mechanisms to explain 
the electric resistance change in solvent vapor. 

EXPERIMENTAL 

Materials 
PEO with different molecular weights (Mn= 1540 and 

1.0 X 105) were purchased from Aldrich and used as re
ceived. PEO with high Mn was used as a matrix in the 
composite, and the low one as a surface modification 
agent to graft onto CB particles. Two conductive CB 
were used as fillers. One, Porousblack, has high specific 
surface area, 447 m2 g-1, and the other, Asahi 60H 
black, lower specific surface area, 60 m 2 g- 1

• The proper
ties of CB are shown in Table I. Both were obtained from 
Asahi Carbon Co. Ltd., Japan, and dried in a vacuum at 
ll0°C for 48 h before use. 

4,4:Azobis(4-cyanopentanoic acid) (ACPA), used for 
the introduction of PEO grafting sites onto the CB sur
face, was purchased from Wako Pure Chemical Inc. Ltd., 
Japan and purified by recrystallization from a methanol 
solution. 

Table I. Properties of carbon black used in study 

Specific surface area Particle size DBP a PEO-grafting 
Carbon black 2 _ 1 

Porous black 
Asahi 60H 

black 

mg 

447 

60 

" Dibutylphtlate absorption value. 

nm 

41 

41 

mUlOOg 

166 

124 

wt% 

6.4 

2.0 

729 
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Scheme 1. Grafting of PEO onto carbon black surface_ 

PED Grafting onto CB Surface 
Similar treatment as in our previous paper was con

ducted to graft PEO onto CB surface, 10 as shown in 
Scheme 1. 

Radicals formed by thermal decomposition of ACPA 
were terminated by the CB surface to form a prelimi
nary treated surface with surface carboxyl groups. PEO 
was reacted with the carboxyl groups by direct conden
sation with terminal hydroxyl groups by N, N'-dicyclo
hexylcarbodiimide (DCC) as condensing agent. Grafted 
layer on the CB surface was measured by TGA 11 and is 
shown in Table I. 

Preparation of Composite from PED-Grafted CB and 
PED 

The preparation of PEO/CB composite was performed 
by the solution method. Into a 100 mL flask, 0.4 g PEO 
(Mn= 1.0 X 105

) and 10 mL of chloroform were added. Af
ter PEO dissolved completely, weighed PEO-grafted CB 
was added to the solution and CB was dispersed by stir
ring with a magnetic stirrer or by ultrasonic irradiation 
at room temperature. The suspension was cast on a 
comb-like electrode, prepared by screen-printing of con
ductive Ag/Pd paste onto a ceramic plate, as shown in 
Figure 1. The cast PEO/CB composite film on the elec
trode had an area of 4X 7 mm2

, and thickness of 12 µm. 
Electric resistance of the composite in solvent vapor 

was measured by hanging the electrode coated with com
posite in a glass tube containing pure solvent at the bot
tom. The distance between the composite and solvent 
surface was 2.0 cm. DC electric resistance was measured 
by an ohmmeter (a digital multimeter, made by Ad
vantest Co. Ltd., Japan; type R6871E-DC), and resis
tance was read by a personal computer.11 

To clarify the relationship between the electric resis
tance responsiveness and vapor absorption of the com
posite, we developed a new technique, as shown in Fig
ure 1, to simultaneously determine electric resistance 
and vapor absorption amount. Change in composite 
weight in chloroform vapor, considered the chloroform 
absorbed, was determined by Sartorious Basic-plus Bal-
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Figure 1. Comb-like electrode and apparatus for measurement 
of electric resistance. 

ance (Sartorious Co., Japan). 

RESULTS AND DISCUSSION 

Effects of CB Content on Initial Electric Resistance of the 
Composite from PED and PED-Grafted CB 

Figure 2 shows the relationship between CB content 
and electric resistance of the PEO/CB composite. Gener
ally, the resistance decreased very sharply after reach
ing the percolation threshold (C*), which strongly de
pended on the filler, as expected. Two different CB, 
showed nearly the same electric resistance change. How
ever, for CB (Porousblack) with higher specific surface 
area, the content for reaching the percolation threshold 
was smaller than CB (Asahi 60H black) with lower spe
cific surface area. 

In the case of low CB content, electric resistance is 
very high over 1200 Mn (maximum resistance we can 
determine with digital multimeter), indicating no con
ducting network for electric current, and CB particles 
are isolated in the composite. With increasing CB con
tent to a critical CB weight fraction (percolation thresh
old), the CB network is formed in the composite, which 
leads to drastic decrease in electric resistance. The two 
CB, Porousblack and Asahi 60H black, have the same 
average particle size but the former has a large specific 
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Figure 2. Electric resistance of the composite from PEO and 
PEO-grafted CB, determined in dry air, as a function of CB con
tent. 

area of 447 m2 g- 1 and the latter, only 60 m2 g- 1. As 
shown in Figure 2, with the same CB content, electric re
sistance of composite from the Porousblack is lower than 
that from Asahi 60H black. In terms of the percolation 
threshold C *, it is 6 wt% for Porousblack, but about 
10 wt% for Asahi 60H, which is clearly higher than the 
former. It is not clear why Porousblack has lower perco
lation threshold than Asahi 60H. 

From the percolation theory,3•15 for ideal uniform 
spherical CB dispersion in a polymer, the percolation 
threshold is about 16 vol% (in the case of weight frac
tion, 25 wt%). At low percolation value of less than 
10 wt%, CB can be considered to disperse only in the 
amorphous region in a PEO matrix. Therefore, fairly 
higher CB in the amorphous region of PEO leads to 
lower CB in the composite to reach the percolation 
threshold. The crystalline region, as it is dense and an 
ideal structure, is hardly penetrated by CB parti
cles. 5·16·17 CB particles are thus densely packed into the 
crystalline boundary, which makes the conducting parti
cles to more closely to form a carbon "chain" which al
lows current to flow through the composite and thus 
leads to lower electric resistance in the crystalline poly
mer/CB composite. 

Effects of CB Content on Electric Resistance of the Com
posite from PEG and PEG-Grafted CB in Chloroform Va
por 

Measurement data of CB/polymer composite electric 
resistance is largely influenced by the detection environ
ment.18 That is, electric resistance of the composite 
largely increases in the water or other solvent vapors. 
Therefore, electric resistance is usually measured in a 
dry atmosphere. Our gas sensor study reported that 
electric resistance of the composite from polymer-grafted 
CB is 104

- 106 times higher in a certain vapor than 
in dry air.11·12 We also reported similar PTC of the com
posite form low density polyethylene (LDPE) and poly
(ethylene-block-ethylene oxide) (PE-b-PEO)-grafted CB 
in cyclohexane vapor and the electric resistance is much 
higher than that in dry air. 12 

Figure 3 shows the electric resistance of PEO/CB com-
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Figure 3. Electric resistance of the composite from PEO and 
PEO-grafted CB, determined in chloroform vapor, as a function of 
CB content. 

posite with different CB and various CB content in chlo
roform vapor at 25°C. There is appears no any clear dif
ference between the two CB, but the percolation thresh
olds in chloroform vapor Cv are much higher than in dry 
air. Above the content of the percolation threshold Cv, 
electric resistance is not so quickly decreased, resulting 
in a very wider percolation region of about 24-80 wt%. 
Both percolation thresholds Cv are about 24 wt%. This 
agrees with the percolation theoretical value, indicating 
that the dispersion of CB particles in the composite is 
extremely uniform. In other words, the crystalline poly
mer in the composite is dissolved by absorbed chloroform 
vapor, which permits the dissolved chain to move to the 
CB/amorphous polymer region and/or the CB particles 
move into the dissolved crystalline polymer region. This 
leads to uniform dispersion in the composite. Without 
the crystalline structure, CB particles in the conducting 
network connect loosely, leading to high electric resis
tance even above the percolation threshold. 

Responsiveness of Electric Resistance of Composite from 
PEG and PEG-Grafted CB against Chloroform 

Electric resistance of composite from PEO and PEO
grafted CB had different values in dry air and chloro
form vapor. This means the composite responded to the 
chloroform vapor through electric resistance change. 
Our previous paper11

• 
12 defined responsiveness as the 

ratio of electric resistance in solvent vapor and in dry 
air. We reported the responsiveness of crystalline poly
mer/CB composites with polymer-grafted CB, such as 
PE-b-PEOICB, LDPE/CB composite, to be sensitive, sta
ble and reproducible for some solvent vapors. The re
sponsiveness of electric resistance of the composites 
from PEO and PEO-grafted CB, with various CB content 
and two CB was examined. The results are shown in Fig
ures 4 and 5. 

In the initial 60 s, electric resistance of the composite 
was measured in dry air as initial resistance, R0 • The 
composite was exposed to chloroform vapor for 180 s and 
returned to dry air. Responsiveness to chloroform vapor 
was calculated by RIR0 , and is plotted in Figures 4 and 5. 

Figure 4 shows the responsiveness of electric resis-
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Figure 4. Responsiveness of electric resistance of the composite 
from PEO and different content of PEO-grafted Porousblack to 
chloroform vapor at 25°C. 
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Figure 5. Responsiveness of electric resistance of the composite 
from PEO and different content of PEO-grafted Asahi 60H black to 
chloroform vapor at 25°C. 

tance of the composite from PEO and PEO-grafted Po
rousblack with various CB content. In the case of CB 
content over the percolation threshold (20 wt% and 
40 wt%), electric resistance is 105-106 times the initial 
electric resistance. 

In disagreement with the general predicted, the larg
est responsiveness was not observed near the percola
tion threshold C *. In fact, at or near the percolation 
threshold (6 wt% Porousblack), responsiveness was 
small and unstable. Electric resistance also does not re
turn to the initial value when the composite is trans
ferred to dry air. In comparison with the high respon
siveness of the composite in the case of high CB content, 
it is interesting to note that below the percolation 
threshold (3 wt% and 5 wt%), electric resistance de
creases to 10- 1-10-2 the initial resistance, which may 
mean a different conducting mechanism in the compos
ite. 

Figure 5 shows the responsiveness of electric resis
tance of the composite from PEO and PEO-grafted Asahi 
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Figure 6. Relationship between responsiveness and CB content 
for two CB in PEO and PEO-grafted CB composite. 
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Figure 7. Typical responsiveness of electric resistance of the 
composite from PEO and PEO-grafted CB on four repeated expo· 
sures to the saturated chloroform vapor at 25 °C. 

60H black with various CB content. The results are very 
similar to those from Porousblack, which further sup
port the results of Porous black-containing composite. 

Figure 6 shows the effects of CB content on the vapor 
responsiveness of the composites. In the case of CB con
tent at 20-40 wt%, the responsiveness of electric resis
tance of the composite from Porousblack is higher than 
that from Asahi 60H black. But above 40 wt% CB con
tent, the responsiveness of composite from Asahi 60H 
black is higher than that of Porousblack. It seems that 
the two CB have the same attribution to the responsive
ness of electric resistance of the composite to chloroform 
vapor. However, Porousblack is more efficiency on the 
composite responsiveness, i.e., the responsiveness curve 
of Porous black shifts to low CB content as shown in Fig
ure 6. The same is observed in Figure 3. With high spe
cific surface area, the Porousblack is more easily aggre
gated to form conducting network in the composite and 
is more effective on the responsiveness of the composite 
to vapors. 
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Maximum responsiveness of the composite from the 
two CB does not appear at or near the percolation 
threshold C * in air, but is fairly far from C *. CB con
tent, where the maximum responsiveness appears, is 
near the percolation threshold Cv (about 24 wt% as 
shown in Figure 3) in chloroform vapor. 

At the CB content near Cv, responsiveness is very sen
sitive and stable, and electric resistance immediately re
turns to its initial resistance when the composite is 
transferred to dry air. Figure 7 shows a typical respon
siveness of the composites to chloroform vapor. It is ap
parent that responsiveness of these composites was re
producible and stable in every cycle of exposure to chlo
roform vapor and dry air. 

Responsiveness is so stable and reproducible even af
ter composite exposure to chloroform vapor and dry air 
with 30 cycles, or exposure to chloroform vapor over 
24 h. These results indicate that the composite of PEO, 
filled with PEO-grafted CB, is a promising material for 
preparing a solvent vapor sensor. 

Effects of Dispersion of CB in Composite on Responsive
ness to Chloroform Vapor 

In general, the conducting network of CB is formed by 
CB aggregations. 19 The uneven dispersion of CB creates 
much CB aggregation. Therefore, the distance between 
aggregations becomes very large and so the conducting 
network cannot be built up. CB particles at the uniform 
dispersion find it difficult to form a conducting network. 
It is expected that at the conducting state of the uniform 
dispersion, CB content is so high that the whole compos
ite is the conducting path. Therefore, it is difficult for the 
conducting path to be cut by solvent absorption and re
sponsiveness of composite to solvent vapor is very low. 

In the PEO and PEO-grafted CB system, the disper
sion of CB in the composite is mainly dependent on dis
persion process. In this study, we dispersed PEO-grafted 
CB into 4 wt% PEO solution, and the mixture was 
treated as follows: (1) mixture was stirred by a magnetic 
stirrer for 1 h, (2) mixture was stirred for 1 h, then 
treated under ultrasonic irradiation for 2 min, and (3) 
mixture was stirred for 1 h, then treated under ultra
sonic irradiation for 12 min. The degree of CB dispersion 
in composite was not determined in this experiment, but 
obviously, the degree of CB dispersion decreased as fol
lows: (1)>(2)>(3). 

Responsiveness of the composite in the above three 
methods is shown in Figures 8 and 9. Figure 8 shows re
sults from Porousblack, and Figure 9, results from Asahi 
60H black. 

In Figure 8, for Porousblack-containing composite, at 
the CB content of 12 wt%, responsiveness of the compos
ite in the three methods is similar, but the second 
method gives higher result than the others. The disperse 
method does not largely affect vapor responsiveness. 
This may be due to the high CB concentration in the 
amorphous polymer region where the conducting net
work is very stable in dry air. But in the case of 6 wt% 
Porousblack content, the conducting path is narrow and 
unstable, in accordance to a high initial resistance and 
low responsiveness. With good dispersing, such as an ul
trasonic treatment, it would be difficult to form a con
ducting network. 
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Figure 9. Effects of CB dispersion on responsiveness of the com
posite from PEO and PEO-grafted Asahi 60H black (HB). The sym
bols of 1, 2, and 3 are the same as that described in Figure 8. 

As shown in Figure 9, the results for Asahi 60H black 
are somewhat similar to those of Porousblack, but CB 
content with the same results is much higher than that 
of Porous black. That is, at CB content of24 wt%, the dis
perse method almost did not affect responsiveness. How
ever, at 12 wt% CB content, better dispersion results in 
a lower responsiveness. This proves that the Porous
black is more effective on the responsiveness of the com
posite. At the same CB content of 12 wt% and same CB 
dispersion method, the responsiveness of Porousblack is 
large, but that of Asahi 60H black is small. 

Effects of Composite Film Thickness on Responsiveness to 
Chloroform Vapor 

Thin film of a composite may respond more quickly. 
This study examines the effects of the composite film 
thickness on initial resistance and responsiveness to 
chloroform vapor. 

Figure 10 shows the effects of the composite film 
thickness on initial resistance. With the same surface 
area, in theory, electric resistance should be in inverse 
proportion to composite film thickness. There are many 
factors which influence electric resistance, such as CB 
dispersion, and composite coating. If thickness of com
posite film is larger than the thickness of coated Ag/Pd 
on the comb-like electrode, it will affect electric resis
tance, because a part of the surface composite will not 
have any contribution to the conducting. 

As shown in Figure 10, both CB show similar resis
tance change, and the initial resistance decreased with 
increase in composite film thickness. 

Figure 11 shows the effects of composite film thickness 
on the responsiveness to chloroform vapor. For both CB, 

733 



J. CHEN and N. TSUBOKAWA 

300 

250 
Cl 

200 
= .5 
"' ·riJ 150 

t 
·c 100 
t: 

50 

0 

0 

• Porousblack 

···~ 
o···· ... o 

···~ 
·······:··· ............... o .. 

O Asahi 60H black 

0 • 
0 

20 40 60 80 

Film thickness ( µm) 

Figure 10. Effects of film thickness of the composite loaded on 
the comb-like electrode on initial electric resistance. 

responsiveness at thickness about 20 µm is lower than 
that at thickness above 40 µm. However, above 40 µm, 
responsiveness decreases slowly with increase in film 
thickness, possibility since, at thickness beyond the 
coated Ag/Pd thickness, a part of the surface composite 
does not contribute to the conducting, but may act as a 
protective film to prevent inner composite resistance 
change, leading to slight decrease of the gas responsive
ness of the thick composite film. 

Relationship between Responsiveness of Electric Resis
tance and Vapor Absorption and Desorption of Compos
ite from PEG and PEG-Grafted CB 

Large change of electric resistance is caused by sol
vent vapor absorption and desorption.9

~
14 Electric resis

tance increases or decreases during solvent vapor ab
sorption, and returns to its initial value as vapor desorbs 
completely. 

We developed a method to simultaneously determine 
resistance and chloroform vapor absorbed by the com
posite, to understand the conductive mechanism of filled 
conductive polymer composites as well as responsive
ness to chloroform vapor. 

During resistance measurement, total weight of the 
electrode loaded with composite and frame hanging with 
the electrode was measured. The change of weight is con
sidered the amount of vapor absorbed by the composite. 

Typical curves of responsiveness of electric resistance 
and chloroform vapor absorbed by the composite are 
plotted in Figure 12. Resistance and absorption of chlo
roform greatly increased during the initial 60 s in chloro
form vapor, indicating that the electric resistance of the 
composite change is due to absorption of solvent vapor. 

By solvent vapor absorbing, the crystalline polymer is 
dissolved and viscosity of the composite decreases. Dur
ing this period, the conducting network may be cut by 
the dissolved crystalline polymer and electric resistance 
increases. 

After large increase in electric resistance and chloro
form absorption, resistance slightly decreases (or in-
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Figure 11. Effects of film thickness of the composite loaded on 
the comb-like electrode on the responsiveness of electric resistance 
to chloroform vapor. 

creases as shown in Figure 5), but the chloroform ab
sorption always slightly increases. Resistance changes 
by a competitive process during this period. That is, dis
solved crystalline polymer cuts the CB conducting net
work, leading to increasing resistance, but decreased 
viscosity of the composite makes CB aggregates more 
easily, leading to decreasing resistance. 

When the composite was transferred to dry air, resis
tance and absorption decreased suddenly in the first 
60 s, and resistance remained steady, but the desorption 
process was slower than absorption process. The small 
chloroform absorption may not influence resistance of 
the composite. The same was also observed in the PE-b
PEO/CB composite study on the relationship between re
sponsiveness and vapor concentration. 11 

During solvent vapor desorption, the dissolved poly
mer is recrystallized and the CB network is resumed 
completely, leading to the electric resistance return to 
the initial value. 

Conduction Mechanism of the Composite from PEG and 
PEG-Grafted CB 

Change of electric resistance is considered dependent 
on: (1) swelling of the polymer chain and (2) movement 
of CB. These two processes are more drastic when the 
viscosity of the composite decreased, and that may hap
pen as temperature increases or the polymer dissolves in 
a good solvent. 

Swelling of the polymer chain due to melting of the 
crystalline polymer may cut the conductive network in 
the composite, to largely increase the electric resistance 
of the composite. This is often observed and defined as 
PTC of electric resistance of the conducting composite. 
In this study, this happened as the composite absorbed 
solvent vapor. The composite may thus be used as a gas 
sensor. 

The movement of CB may cause the particles to divide 
into two opposite states. With viscosity of the composite 
decreasing, CB particles aggregate because of high sur
face energy. With dissolution of crystalline polymer, CB 
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Figure 12. Amount of chloroform absorbed and responsiveness 
of electric resistance of the composite from PEO and PEO-grafted 
carbon black, in chloroform vapor at 25'C. 

particles move into the dissolved crystalline polymer, 
which makes the CB dispersing more uniform. NTC, 
which occurs above the melting point of the matrix poly
mer, may be caused by CB aggregation. 20, 2

1 As shown in 
Figure 4, for high Porousblack filled composite, there is 
slight decrease of electric resistance after drastic in
crease in chloroform vapor. 

Two conduction mechanisms may be considered. 
When CB particles are connected or particle distance be
comes shorter (less than 0.35 nm), it is considered an 
electronic conduction.22 In the case, when CB particles 
are isolated in the composite or CB aggregates are sepa
rated by thin polymer films, the conduction mechanism 
by tunneling has to be considered. 23 

Clearly, at high CB content, with the CB conducting 
network, the conductive mechanism is mainly electronic 
conduction. In this case, electric conduction obeys Ohm's 
law. 24 When the conducting network is cut by dissolved 
crystalline polymer due to the chloroform vapor absorp
tion, as seen in Figures 4 and 5, electric resistance is 
largely increased. 

But at low CB content, since there are almost no con
ducting networks and CB particles are isolated, initial 
resistance of the composite is very high. The conduction 
mechanism may only be considered as a tunneling con
duction, and electric conduction does not obey Ohm's 
law.24 In this case, the electric resistivity of the compos
ite is determined by maximum distance of the nearest 
particles or aggregates. 

As shown in Figures 4 and 5, at low content of CB, 
electric resistance of composite drastically decreases to 
10- 1-10-2 of the initial resistance in the chloroform va
por, which presents a negative vapor coefficient (NVC). 
Similar to NTC, NVC may be due to movement of CB as 
the crystalline polymer is dissolved. Change of electric 
resistance in NVC may be explained by the conduction 
mechanism of the tunneling theory. That is, with the 
crystalline polymer dissolved and viscosity decreased, 
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CB aggregates may move to the dissolved crystalline 
polymer region, and dispersion of the CB particles may 
be more uniform. Therefore, the maximum distance of 
the nearest CB particles decreases, and leads to de
crease in electric resistance. 

When absorbed vapor is desorbed, the matrix polymer 
recrystallizes, and CB particles separate. CB particles 
aggregate again and maximum distance of the nearest 
aggregates increases, leading to increase in electric re
sistance. So as shown in Figures 4 and 5, initial resis
tance is resumed when the composite transfers to dry 
air. 

CONCLUSION 

The percolation threshold of conducting composite 
from PEO and PEO-grafted CB determined in dry air is 
much smaller than in chloroform vapor, or calculated 
from the percolation theory. CB particles are mainly 
loaded in the amorphous polymer region, and may form 
a conducting network at the crystalline boundary. In 
chloroform vapor, easily absorbed by PEO, electric resis
tance is changes largely due to dissolution of crystalline 
polymer and the movement of CB particles. At CB con
tent of about 20-50 wt%, electric resistance drastically 
increases 104

- 106 times when the composite is trans
ferred from air to chloroform vapor, which means the 
composite may be used as a gas sensor to identify and 
quantify certain vapors quickly at room temperature. 

Optimum conditions for the preparation of the com
posite for a gas sensor is as follows: (1) the content of 
PEO-grafted Porousblack is 24 wt%, (2) PEO-grafted CB 
is dispersed in solvent by stirring for 1 h followed by 
treatment with ultrasonic irradiation for 2 min, and (3) 
the thickness of the composite film coated on the elec
trode is 40 µm. The composite made by this method is 
very sensitive to respond to chloroform vapor, and elec
tric properties are very stable and reproducible. 

At low CB content, there is only electric conduction by 
electron tunneling, resulting in a high electric resistivity 
of the composite. When the low CB content composite is 
transferred from dry air to chloroform vapor, electric re
sistance decreases to 10-1-10-2 of the initial resis

tance. At high CB content, the CB conducting network is 
easily formed, and electrons pass through connected CB 
particles. In chloroform vapor, the absorbed vapor dis
solves the crystalline polymer region, the CB conducting 
network is destroyed and electric resistance dramati
cally increases because of rearrangement of CB disper
sion. 
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