
INTRODUCTION

Carbon black has excellent proper-
ties, such as chemical and heat
resistance, and electroconductivity.
It is widely used industrially as a
pigment in rubber, plastics, and coat-
ings. But carbon black has a lot of
oxygen containing groups on its par-

ticles� surfaces. It disperses with dif-
ficultly and forms aggregates easily.
To improve the dispersability of car-
bon black, its particles� surface graft-
ing by polymers has been widely
investigated [1-4].

There are two kinds of methods
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for the preparation and modification of carbon black,
the first method is directly monomer grafting onto car-
bon block; the second one is the introducing of hydrox-
ymethyl groups onto the carbon black surface and then
initiated by the active sites. Compering these two kinds
of methods, by the second one we can get much higher
efficiency and percentage of grafting through the tran-
sition-metals ions initiated polymerization. Now, the
mostly used initiators are Ce(IV) [1-6]. Although ceric
ion is an excellent initiator, its high price and acidic
medium limites its application. In the recent years, we
have obtained some achievements on polymerization
initiated by supernormal valence transition-metals,
such as diperiodatocuprate (III) (DPC)[7-9], diperioda-
toargentate (III) [10-11] and diperiodatonickelate (IV)
[12-13]. It has been demonstrated that DPC is an effi-
cient initiator.

Though many graft copolymers onto CB have been
synthesized, the grafting of methyl acrylate onto CB
using DPC as initiator has not been reported. In order to
make a further investigation on the properties of DPC
and expand the application of CB, we studied the graft
copolymerization of methyl acrylate onto CB by DPC as
an initiator. According to the result of experiments, we
found that the grafting parameters were relatively higher
and they achive in a shorter time than any other methods.

EXPERIMENTAL

Materials
The stock solution of DPC was prepared via the method
given by Chandra and Yadava [14]. The concentration
of DPC was obtained by its absorption at λ = 414 nm
using a Shimadzu UV-265 spectrophotometer (Japan).
Methyl acrylate (MA), analytical reagent, obtained from
huadong reagent factory (Tianjin) and was distilled. Car-
bon black (CB) (Jinqiu reagent factory, Tianjin) was
used as supplied. The other reagents were all of analyt-
ical reagent and used as received.

Introduction of Hydroxylmethyl Groups onto the
Surfaces of Carbon Black Particles
The introduction of hydroxymethyl groups onto the car-
bon black particles� surfaces was achieved by treatment
of carbon black with formaldehyde in alkali conditions.
The mixture of carbon black and 10% aqueous solution
of HCHO at pH≈10 were stirred at 50oC for 1 h. After

the reaction, the hydroxymethylated carbon black was
filtered, washed with water and dried in vacuo.

Graft Copolymerization
In a flask, the hydroxymethylated carbon black, methyl
acrylate and, aqueous dioxane solution were charged.
DPC was added after deaeration of the mixture by bub-
bling nitrogen. Then the reaction was stoped after a
period of time. The reaction mixture was filtered,
washed with water, and then was extracted with ace-
tone in a soxhlet extractor for 48 h. The final copoly-
mer was then dried to a constant weight again.The
above process was repeated for the different tempera-
ture, time, and monomer and initiator concentration as
well as the ratio of water to dioxane.

The grafting parameters: total conversion (TC),
grafting efficiency (GE), percentage of grafting (PG),
and the index of dispersive stability (D) were defined
and calculated as follows: 

total weight of PMA
TC (%) = × 100

weight of MA charged

weight of PMA grafted
GE (%) = × 100total weight of PMA

weigh of PMA grafted
PG (%) = × 100

weight of HCB used

100 - T
D (%) = × 100

100 

where T was the ratio of light transmission.

Equipment and Characterization Procedures
The FTIR spectra of the CB and HCB-g-PMA were
recorded on a FTS 40 spectrometer (BIO RAD, U.S.A.)
using  potassium bromide pellets technique. Transmis-
sion electron microscope (JEM-100CXII) and Scanning
electron microscope (AMKAY-1000B) were used to
observe the morphologies of CB and HCB-g-PMA. The
mechanical properties of the blends were measured
using XCJ-40 notch impact strength tester at 25oC. The
Vicat softening point was measured using Vicat soften-
ing point tester at a heating rate of 2oC/min. The disper-
sivity of the HCB-g-PMA and the pure CB in water was
tested by ultraviolet visible spectrophotometer WFZ
800-D3A (Ruili Analytic Apparatus, Beijing) at 430 nm.
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RESULTS AND DISCUSSION

Effect of Temperature on Grafting Parameters
The effect of temperature on grafting parameters is
shown in Figuer 1. It can be seen that TC, PG and GE,
respectively showed the tendency of increasing at first
and then decreasing with further increase in tempera-
ture. This can be due to the fact that the increase in tem-
perature not only favored the free radical generation,
but also terminating the growing chain reaction through
oxidation reaction of DPC and the free radical.  When
the temperature is low, the DPC reacted with HCB,
mainly generated free radical and initiated grafted
copolymerzation. Thus the grafting parameters
increased as the temperature was rised. But in higher
temperature the transfer reaction was accelerated, lead-
ing to the decline of PG and GE. At the same time, it
accelerated the terminating of growing chain reaction
through oxidation by DPC. 

Effect of DPC Concentration on Grafting Parameters
Figure 2 shows the effect of DPC concentration on
grafting parameters. It can be seen that TC and PG
increased significantly first, passed through a maxi-
mum, and then decreased. The initial increasing trend
may be a result of the increased in rate of polymeriza-
tion, which can be ascribed to the formation of a great
number of free radical through the oxidation by DPC.
However, the excessive of primary radicals may accel-
erate the rate of termination by coupling. At the same
time, an excess of DPC may also increase the chance of
encounter between DPC and propagating chain radi-

cals, which will terminate the reaction, too. While GE
kept almost unchanged with a high value.

Effect of Monomer-to-HCB Ratio on Grafting
Parameters
The effect of monomer-to-HCB ratio on grafting
parameters is indicated in Figure 3. It is observed from
this figure that TC and PG increase initially with the
increasing of [MA]/[HCB] ratio, but beyond 4.75 (w/w%)
of [MA]/[HCB], the tendency to increase is maintained
at plateau, and from this point GE begins to decline.
This may be ascribed to the sorption of HCB surface,
which assisted the monomer encountering with the free
radical more easily. In addition, the increasing of HCB
monomer ratio accelerated the transfer reaction of mol-
ecule chain, thus GE is declined.

Grafting of Methyl Acrylate onto Carbon Black...Liu Y. et al.

Iranian Polymer Journal / Volume 14 Number 10 (2005) 893

Figure 1. Effect of temperature on grafting parameters. Figure 2. Effect of DPC concentration on grafting parameters.

Figure 3. Effect of Monomer-to-HCB ratio on grafting parameters.



Effect of Time on Grafting Parameters
Figure 4 illustrates the influence of reaction time on
grafting parameters. Both TC and PG increased steadily
with the reaction time, and after 40 min, the tendency to
is increase declined and maintained at a plateau, where-
as GE is kept unchangeable appreciably in the course of
the reaction. This was in accordance with the general
rule of radical polymerization.

Effect of the Water-to-Dioxane Ratio on Grafting
Parameters
While the other reaction conditions are invariable, the
grafting parameters at various ratio of water to dioxane
are shown in Figure 5. It can be seen in this figure that
TC and PG increase initially with the increasing of

water-to-dioxane ratio, in a certain ratio, a declined ten-
dency is appeared. The GE is declined continuously.
This may be due to the solubility of DPC and the dis-
persability of carbon black in the mix solution. When
the water-to-dioxane ratio was low, it was difficult for
DPC to dissolve in the mix solution. When this ratio
was increased, the solubility of DPC was increased
accordingly, thus TC and PG increased, too. At the
higher ratio, the HCB aggregated easily and it has
reduced the probability of free radical encountering the
monomer, so TC and PG were declined. At the same
time, due to sorption and aggregation of the HCB that
made the monomer concentration increases near the
HCB, the transfer reaction become more easily, name-
ly GE was declined.
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Figure 4. Effect of temperature on grafting parameters. Figure 5. Effect of the water-to-dioxane ratio on grafting

parameters.

Table 1. Vicat softening point and Impact Strength.

(Ungraft CB)/(PVC)

(w/w)

Impact strength

(kJ/m2)

Vicat softening

temp. (oC)

(Graft HCB)/(PVC)

(PG%=15.2)

Impact strength

(kJ/m2)

Vicat softening

Temp. (oC) 

0

0.04

0.08

0.12

0.16

0.2

0.22

0.24

0.25

0.27

4.20

4.16

4.10

4.00

3.80

3.70

3.57

3.50

3.48

3.41

79.0

79.0

78.9

78.8

78.8

78.7

78.7

78.7

78.5

78.5

0

0.04

0.08

0.12

0.16

0.2

0.22

0.24

0.25

0.27

4.20

5.00

5.21

6.20

6.31

6.10

5.87

5.80

5.78

5.70 

79.0

78.2

77.5

76.9

74.5

72.1

70.7

69.5

69.3

68.7



Vicat Softening Temperature and Impact Strength
of PVC, PVC-CB, and PVC-grafted HCB
As shown in Table 1, the impact strength of PVC
decreases markedly after filling with pure CB, while
the Vicat softening temperature decreases slightly.
However, the impact strength of PVC filled with the
product of HCB-g-MA is improved obviously, though
the Vicat softening temperature decreases. The reason
is that the PMA is elastomer and  the consistency of
PMA with PVC is well. When  enduring outside force,
it creates flaw inside to abate the outside force, thereby
improving the impact strength. Due to the poor heat-
resistant of PMA, the Vicat softening temperature of

PVC decreased notablely. In addition, the best ratio of
grafted HCB/PVC is obtained (0.16 w/w), in which the
impact strength and Vicat softening temperature of
PVC was 6.31 kJ/m2 and 74.5oC, respectively.

Test of the Dispersivity of HCB-g-PMA and Pure
CB in Water
In this work, the dispersivity of the HCB-g-PMA and
pure CB in water was determined by the ultraviolet vis-
ible spectrophotometer at 430 nm. The result is shown
in Figure 9, from which we can see that D is indicated
an obvious tendency to increase with respect to the
accretion of GE. This may be due to the hydrophilic
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Figure 7. Transmission electron microscope images of (a) ungrafted CB and (b) HCB-g-PMA.

(a) (b)

Figure 6. IR Spectra of (a) ungrafted CB and (b) HCB-g-PMA.

(b)(a)



ability of PMA which made HCB-g-PMA disperse in
water much better  than pure CB. In addition, as the time
prolonged, the D of HCB-g-PMA is indicated a declined
trend slightly, which can be explained as follows:

With time prolongation the formed HCB-g-PMA
aggregates was showing the slightly decline in disper-
sivity  index. But compared with that of pure CB we
can conclude that the  dispersivity of HCB-g-PMA is
improved.

Proof of Grafting 

IR Spectroscopy 

The proof of grafting was obtained from the FTIR spec-
tra of H-CB and HCB-g-PMA after exhaustive soxhlet
extraction with acetone. As shown in Figure 6a and 6b
the bands at 3400 cm-1 are the absorption peak of
ungrafted-OH (b). In the spectrum of graft HCB (a), the
bands at 2952.45 cm-1 and 1439.76 cm-1 are observed,
due to C-Hatr and C-Hdef of -CH2-. And there also
exists absorption peak at 1163.19 cm-1, belong to C-
Ostr. The band at 3426.35 cm-1 are the absorption peak
of ungrafted-OH. A sharp peak at 1734.55 cm-1, corre-
sponding to >C=O, indicated the presence of PMA seg-
ment in the graft copolymer efficiently. 

TEM 

The morphological characters of CB and grafted HCB
were studied by TEM. As shown in Figures 7a and 7b,
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Figure 8. SEMs of (a) PVC; (b) PVC-CB; (c) PVC-grafted HCB.

(a)

(b)

(c)

( ) remained still for 2h            ( ) remained still for 4h

( ) remained still for 8h           (*) remained still for 12h

Figure 9. Dispersivity of the HCB-g-PMA and pure CB in

water.
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it could be seen that the ungrafted CB presented the
irregular spheroid, the grain coagulate mutually, pre-
senting the typical bead chain form construction, and
the grafted HCB grain became much smaller, the
boundary of grafted HCB presented misty condition,
looked like many small grains linking together loosely.
So it proved that the dispersability of grafted HCB was
much better than CB.

SEM

As shown in Figures 8a, 8b, and 8c, the ruptured sur-
face of PVC, PVC-Ungrafted CB, and PVC-grafted
HCB were studied by SEM, respectively. It could be
seen that the pure PVC presented the typical brittleness
ruptured surface. And in the ruptured surface of PVC-
Ungrafted CB, there were many grains. That may be
due to the CB coagulating effect in the PVC. While the
ruptured surface of PVC-Grafted HCB presented the
flexible rupture. The misty boundary and much less
grains proved that the PMA could dissolve partly in the
PVC, and the dispersability of CB was improved. 

The Initiation Mechanism of Grafting Reaction 
The IR spectrum has characterized the structure of graft
copolymer HCB-g-PMA, and illustrated that MA has
been successfully grafted onto the H-CB surface. As a
result, it can be concluded that the single electron
which is produced via the process of Cu (III) Cu
(II) is able to initiate HCB  to graft onto MA. A posssi-
ble initiation mechanism [15-16] was proposed as fol-
lows:

CONCLUSION

In this study, grafted copolymerization of MA with CB
was carried out with satisfactory results by using DPC
in alkaline medium. The optimal reaction conditions
(Time = 40 min, Temperature = 45oC, [DPC] = 7.02 × 10-5

mol/L, (MA)/(HCB )= 3.814 (w/w%) (water)/(dioxane)

= 1.5 (v/v%) were obtained. The proof of grafting was
confirmed by IR analysis. Based on the TEM, SEM and
UV/VIS spectrophotometer results, it was found that
the dispersability of HCB in the water and consistecy
of grafted HCB with PVC improved obviously.  
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