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ABSTRACT: An attempt was made to synthesize an adsorbent by the photoinduced
grafting of acrylic acid (AA) onto polypropylene nonwoven fabrics using benzophenone
(BP) as a photosensitizer in a CH3OH/H2O medium. As the BP concentration was
increased, the graft yield was increased up to a specific value and then decreased, and
the effect of AA concentration showed the same tendency. It was also found that the
graft yield increased with the reaction time and temperature. The amounts of ammonia
adsorbed onto polypropylene nonwoven fabrics grafted with AA (PP-g-AA) were depen-
dent on the graft yield, adsorption time, and ammonia gas pressure. The adsorption
capacity of PP-g-AA was 5.86 mmol/g at the graft yield of 116.6%, which was much
higher than that of active carbon or silica gel. © 2002 John Wiley & Sons, Inc. J Appl Polym
Sci 84: 295–301, 2002; DOI 10.1002/app.10328
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INTRODUCTION

Recently, demands for greater comfort in living
spaces have grown much, and concerns for health
and hygiene are constantly increasing. People are
extremely sensitive to smells, and the effective
and economic removal of foul-smelling molecules
from living spaces is the need of the day. Inor-
ganic materials such as active carbon and zeolite
have been used for general deodorants. But their
adsorption capacities of ammonia, hydrogen sul-
fide, and trimethylamine are quite low, and they
have problems of aging and the re-release of foul-
smelling molecules.

Graft polymerization is a well-known method
for the modification of the chemical and physical
properties of polymeric materials and is of partic-
ular interest for achieving specifically desired
properties.1 Polymeric material with high func-
tional deodorant characteristics can be achieved
by the introduction of ions or components that
adsorb foul-smelling molecules without affecting
the bulk properties of the substrates by graft poly-
merization. Graft polymerization can be achieved
by ionizing radiation, UV, plasma treatment, or
chemical initiators.2–4 Of these, photografting has
been known to be a useful means for the introduc-
tion of various functional groups into polymeric sub-
strates. The UV technique has been applied in wide
fields such as for the surface modification of poly-
mers,5 increase of the hydrophilicity of polymers,6

and synthesis of insoluble polymeric ligands for the
adsorption of metallic ions.7,8
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In this study, an attempt was made to fabri-
cate, as a deodorant, fabric by photoinduced graft-
ing with acrylic acid (AA) onto polypropylene (PP)
nonwoven fabric using benzophenone (BP) as a
photosensitizer in a CH3OH–H2O medium. The
effects of BP concentration, AA concentration, re-
action temperature, and reaction time were
checked. The deodoring performance of PP
grafted with AA was evaluated for the adsorption
capacity of ammonia as an index material for a
foul-smelling compound.

EXPERIMENTAL

Materials

PP nonwoven fabrics (12 den and 180 g/m2, Chon-
bang Industry Co., Eumsung, South Korea) were
washed with a detergent solution at 60°C and
then rewashed with distilled water several times.
After that, the PP nonwoven fabrics were vacu-
um-dried at 50°C. AA (Junsei Chemical Co., Ja-
pan) was purified by distillation, and BP (Junsei
Chemical Co.), by recrystallization from EtOH

(Junsei Chemical Co.). Other chemicals were re-
agent grade and used without further purifica-
tion.

Grafting Procedure

Photoinduced grafting in the liquid phase was
carried out using an apparatus shown in Figure 1.
PP nonwoven fabrics were cut into strips of 3� 10
cm and immersed in a Pyrex glass tube contain-
ing the reaction medium (CH3OH/H2O) with a
given concentration of AA and BP. After introduc-
ing nitrogen gas into the system for 5 min, the
system was closed and liquid-phase grafting was
carried out. A 450-W medium-pressure mercury
vapor lamp (Ace Glass) was evenly irradiated at
30–60°C for 30–180 min to Pyrex glass tubes
which rotated around the lamp. After the reac-
tion, the grafted PP (PP-g-AA) nonwoven fabrics
were taken out, dried to a constant weight, and
then Soxhlet-extracted with methanol for 48 h to
remove the poly(AA) homopolymer from the non-
woven fabrics. The graft yield, graft efficiency,
and homopolymer yield were obtained by the

Figure 1 Schematic diagram of photoinduced graft polymerization apparatus: (A) UV
lamp; (B) quartz immersion well; (C) water bath; (D) PP nonwoven; (E) Pyrex tube
containing the reaction mixture; (F) connecting device; (G) motor; (H) bearing house; (I)
conveyer belt.
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gravimetric method according to the following
definitions:

Graft yield (%) � (weight of grafted polymer/
weight of original PP) � 100.

Graft efficiency (%) � (weight of grafted poly-
mer/weight of polymer formed) � 100.

Homopolymer efficiency (%) � (weight of ho-
mopolymer/weight of polymer formed)
� 100.

Analyses and Measurements

The chemical structure of the surface of PP
grafted with AA was analyzed with an FTIR spec-
trophotometer. The adsorption capacity for am-
monia gas was checked by the BET adsorption
apparatus shown in Figure 2, changing the gas
pressure with 50–200 mmHg at 293 K. The de-
odoring performance of the PP fabric was evalu-
ated based on the amount of ammonia adsorbed.

To measure the physical-adsorption capacity, ad-
sorption and desorption were repeated.

RESULTS AND DISCUSSION

Characterization of PP Grafted with AA

Figure 3 shows FTIR specta of the original PP
nonwoven and PP-g-AA nonwoven fabrics. In the
spectra of the grafted samples, the new absorp-
tion band was observed at the region of 1715
cm�1. It may be ascribed to the stretching vibra-
tion of the carbonyl groups from the grafted
poly(AA). The intensity of this band was in-
creased with increasing of the graft yield. From
these results, we confirmed that poly(AA) was
successfully grafted onto the PP nonwoven fab-
rics.

Grafting Behavior

The effect of the BP concentrations on the graft
yield is shown in Figure 4. The reaction temper-

Figure 2 Apparatus for gas adsoption.
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ature was 50°C, the reaction time was 60 min,
and the reaction medium was CH3OH/H2O(3/7).
The choice of the reaction medium is very impor-
tant. In preliminary experiments, we tried vari-
ous reaction media. Acetone was not effective in
photografting on account of its poor solubilizing
ability to poly(AA)9 and methanol was also inef-
fective.10 But methanol aqueous solutions were
effective, and CH3OH/H2O(3/7) was the most ef-
fective among these. Regardless of the concentra-
tion of AA, the graft yield increased with increas-
ing amounts of BP, but decreased gradually after
passing a maximum value. A maximum graft
yield was recorded at 0.01 mol/L of BP. Generally,

photografting with BP is initiated mainly by hy-
drogen abstraction by an exited triplet n–�* ben-
zophenone (3BP*).11 The mechanism of grafting
is considered as follows:

1BP3 1BP*3 3BP*

3BP* � PH3 P• � BPH•

P• � nM3 PMn•

BPH•3 (BPH)2

PMn•3 combination or disproportionation

Table I Effect of BP Concentration on Grafting to PP Nonwoven Fabric

BP Concentration
(M)

AA Conversion
(%)

Homopolymer
Yield (%)

Graft
Efficiency (%) Grafting (%)

0.01 5.1 31.5 68.5 79.5
0.03 5.3 35.9 64.1 75.0
0.05 4.9 46.5 53.5 65.5
0.10 4.9 52.2 47.8 61.0
0.15 5.2 55.4 44.6 55.3
0.20 5.3 67.9 32.1 40.5
0.30 6.8 71.9 28.1 40.0

AA, 2.5M; liquor ratio, 1 : 150; temperature, 50°C; irradiation time, 60 min; CH3OH/H2O(3/7) � 30 mL.

Figure 3 FTIR spectra of (a) original PP nonwoven
and PP-g-AA nonwoven fabrics. Graft yield (%): (b)
15.0; (c) 32.1.

Figure 4 Effect of BP concentrations on the graft
yield. Temperature, 50°C; irradiation time, 60 min;
CH3OH/H2O(3/7), 30 mL.
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PH � polymer, M � monomer,

P• � polymer radical

As long as the concentration of BP is below 0.01
mol/L, the activated reaction sites of PP by hydro-
gen abstraction increase with increasing BP con-
centration. However, any addition of BP above
the 0.01 mol/L level makes the radicals generated
from the reaction of activated BP with methanol
in the reaction medium, which initiate monomers
and cause enhanced homopolymerization of AA.
Table I shows the effect of the BP concentration

on the formation of the homopolymer. It was
found that the homopolymer yield increased con-
tinuously with the BP concentration. The graft
efficiency was maximum at 0.01 mol/L of BP.

The effect of the AA concentration on the graft
field at 50°C for 60 min is shown in Figure 5.
Regardless of the BP concentration, the maxi-
mum graft yield was recorded around the concen-
tration of 3.5 mol/L. Above this concentration of
AA, the graft yield decreased with increase of the
AA. At a low concentration, the monomer would
be able to diffuse very easily to the grafting sites
of the substrate and a smooth graft polymeriza-
tion would proceed. Further, it was known that
the homopolymerization was not much affected
by the concentration of the monomer. Both these
competing polymerizations proceed smoothly un-
til a certain concentration of the monomer has
been reached. Beyond this concentration, a slow
decrease in the graft yield appeared and we con-
sidered that there was an increase in the rate of
homopolymerization compared with the rate of
graft polymerization. Table II shows the effect of
AA concentration on the formation of the ho-
mopolymer. Below 3.5 mol/L of AA concentration,
the homopolymer yield decreased gradually with
the AA concentration, but it increased with the
AA concentration beyond this concentration. In
our system, it was considered that the grafting
was not affected up to an AA concentration of 3.5
mol/L, due to the regular accessibility of AA to the
grafting sites of PP.

The effect of the reaction temperature on the
graft yield at various monomer concentrations is
shown in Figure 6. The concentration of BP was
0.01 mol/L, and the reaction time was 60 min. By

Figure 5 Effect of AA concentrations on the graft
yield. Temperature, 50°C; irradiation time, 60 min;
CH3OH/H2O(3/7), 30 mL.

Table II Effect of AA Concentration on Grafting to PP Nonwoven Fabric

AA Concentration
(M)

AA Conversion
(%)

Homopolymer
Yield (%)

Graft
Efficiency (%) Grafting (%)

0.5 4.2 83.1 16.9 3.5
1.0 4.8 77.6 22.4 10.2
1.5 5.6 58.3 41.7 28.3
2.0 5.6 42.1 57.9 60.2
2.5 5.1 31.5 68.5 79.5
3.0 5.3 25.2 74.8 104.5
3.5 4.7 21.7 78.3 116.7
4.0 4.5 37.7 62.3 115.0
4.5 4.8 49.8 50.2 110.2
5.0 4.2 50.4 49.6 105.1

BP, 0.01M; liquor ratio, 1 : 150; temperature, 50°C; irradiation time, 60 min; CH3OH/H2O(3/7) � 30 mL.
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increasing the temperature, the graft yield rap-
idly increased. By introducing thermal energy
into the system, the mobility of PP macromole-
cules increased and the monomer would diffuse
easily. The more monomer that diffused into the

PP substrate, the greater probability that graft-
ing would occur. So, by increasing the tempera-
ture, the graft yield increased. Also, at the same
temperature, the graft yield increased with the
concentration of AA, as shown in Figure 5.

Figure 7 presents the effect of the reaction time

Figure 7 Effect of reaction time on the graft yield. AA
concentration, 2.5 mol/L; BP concentration, 0.01 mol/L;
temperature, 50°C.

Figure 8 Effect of graft yield on the ammonia-ad-
sorption capacity.

Figure 9 Effect of gas pressure on the ammonia-
adsorption capacity; Graft yield, 116.6%.

Figure 6 Effect of reaction temperature on the graft
yield. Irradiation time, 60 min; BP concentration, 0.01
mol/L.
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on the graft yield at 2.5 mol/L of AA, 0.01 mol/L of
BP, and 50°C. The graft yield increased with an
increase of the reaction time. The longer the irra-
diation time, the more radicals would be gener-
ated on the PP surface. The mobility of the
grafted chain is slow, so chain-end radicals have a
low probability of being in the position to affect
the termination reaction. Eventually, the number
of reaction sites on the surface increased with
increase of the irradiation time. Because the
small monomer molecules still diffuse to the ac-
tive chain ends even when the termination rate is
low, there is a marked increase in the graft
yield.12,13

Ammonia Adsorption Behavior

Figure 8 shows the ammonia-adsorption capacity
of PP nonwoven fabrics grafted with AA at a
200-mmHg gas pressure. It may be observed that
the adsorbed amounts of ammonia gas increased
with an increasing graft yield. At the adsorption
time of 60 min, PP-g-AA nonwoven fabric with a
59.8 % graft yield adsorbs ammonia at the level of
3.61 mmol/g, and with a 116.6% graft yield, at
5.86 mmol/g. The active carbon is at the level of
3.5 mmol/g for ammonia adsorption, and silica gel

is at 2.75 mmol/g under the same condition.14

From these results, it was considered that the
ammonia-adsorption capacity of PP-g-AA non-
woven fabrics was very excellent, compared with
that of active carbon or silica gel. The ammonia-
adsorption capacity increased with increasing gas
pressure (Fig. 9). The ammonia gas can be ad-
sorbed onto substrate chemically or physically.
Figure 10 shows the tendency of chemical and
physical adsorption at 200-mmHg gas pressure
for the PP nonwoven fabrics with a 116.6% graft
yield. The chemical adsorption rapidly increased
at an initial period and then increased slowly. On
the other hand, the physical adsorption gradually
increased with time and equilibriated after 45
min. Based on the above investigation, it was
found that the ammonia-adsorption ability of PP-
g-AA nonwoven fabrics was not largely dependent
on the physical adsorption. But the chemical ad-
sorption which is due to grafted poly(AA) seems to
play an important role.
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Figure 10 Comparison of the ammonia-adsorption
capacity of AA-grafted PP nonwoven fabric between
chemical and physical adsorption at 200 mmHg. Graft
yield, 116.6%. (�) Chemical; (F) physical; (�) total ad-
sorption.

AMMONIA ADSORPTION OF POLYPROPYLENE FABRIC 301


