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ABSTRACT: Fabrication of deodorizing fabric was tried by grafting metal phthalocya-
nine derivative, a catalytic deodorant, onto polypropylene (PP) nonwoven fabric.
Fe(IIl)-4,4',4",4"-tetra carboxamide phthalocyanine (Fe-TCMP) was synthesized. The
Fe-TCMP showed high-deodorizing performance when tested for the elimination of
2-mercaptoethanol, an index material for bad-smelling compounds. The Fe-TCMP was
converted to Fe(Ill)-4,4',4",4"-tetracarboxylic acid phthalocyanine (Fe-TCAP) by hydro-
lysis to have carboxyl groups. It was chemically grafted on the surface of PP nonwoven
fabric, which was surface modified to have amine groups with diaminocyclohexane
(DACH) plasma. Such fabricated deodorizing fabric showed high-deodorizing perfor-
mance for 2-mercaptoethanol. © 2001 John Wiley & Sons, Inc. J Appl Polym Sci 82: 839846,

2001
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INTRODUCTION

As the demand for a comfortable life grows, a
large amount of attention is directed to the devel-
opment of efficient deodorizing methods to elimi-
nate bad-smelling compounds. Currently, sensory
deodorization using aromatic, masking, or neu-
tralizing compounds and physical deodorization
are the most widely used methods. However,
these methods cannot provide an ultimate solu-
tion for the elimination of bad-smelling com-
pounds. Sensory deodorization only changes per-
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ception of the smell by using different smelling
compounds. Physical deodorization eliminates
smelling compounds through physical adsorption.
Therefore, deodorizing capacity is rather limited
and also adsorbed smelling compounds can be
desorbed depending on the conditions.

The methods by which smelling compounds can
be converted into odorless substances are chemi-
cal and biological deodorizations. Various materi-
als are available as a deodorant in those meth-
ods.! Among them, metal phthalocyanine deriva-
tives are given special attention.>”” They act
similar to an oxidizing enzyme with oxidative cat-
alytic function. Therefore, they can continuously
convert smelling compounds into odorless sub-
stances through cyclic oxidation and reduction
reactions without being consumed. They are
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known to be efficient, especially for the oxidation
of mercaptan or hydrogen sulfide, which is not
only bad-smelling but also hazardous to human
health.

One drawback of the metal phthalocyanine de-
rivatives as a deodorant is that they are not con-
venient to use in field applications because they
are generally found in the form of solution or
powder. If they are fixed to a material that is
convenient to use in field applications, however,
the drawback can be overcome. For such a mate-
rial, fiber may be the best candidate because it not
only is easy to handle, but also can supply a large
contact area with smelling compounds.

Some technologies have already been devel-
oped for the fabrication of deodorizing fiber, in-
cluding deodorant-mixed-in spinning, spraying,
immersion, padding, coating, laminating, and
printing.! However, those technologies are appli-
cable to a limited number of fibers such as cellu-
lose, acrylic, rayon, and polyester. Also, durability
of the fixed deodorant is still a problem.

In this study, chemical grafting of metal
phthalocyanine derivative onto polypropylene
(PP) nonwoven fabric was investigated to fabri-
cate a durable deodorizing fabric. As a metal
phthalocyanine derivative, Fe(IlI)-4,4',4",4"-
tetra carboxamide phthalocyanine(Fe-TCMP)
was synthesized. The Fe-TCMP was converted
to Fe(Ill)-4,4',4",4"-tetracarboxylic acid phtha-
locyanine (Fe-TCAP) by hydrolysis to have car-
boxyl groups. It was chemically grafted on the
surface of PP nonwoven fabric, which was sur-
face modified to have amine groups with diami-
nocyclohexane (DACH) plasma.® Deodorizing
performance of the derivative and the fabri-
cated deodorizing fabric was tested for the elim-
ination of 2-mercaptoethanol as an index mate-
rial for bad-smelling compounds.

EXPERIMENTAL

Synthesis of Fe-TCMP and Conversion to TCAP

Fe-TCMP was synthesized by reacting trimellitic
anhydride (Aldrich) and urea (Aldrich) with FeCl,
(Aldrich) in nitrobenzene (Aldrich) in the pres-
ence of ammonium molybdate (Aldrich) for 3 h at
170°C.? Unreacted residues are removed by using
methanol (Aldrich). Then, it was converted to
TCAP by hydrolyzing it in 50% KOH (Aldrich)
solution for 24 h at 100°C.*°

’i

4+ &

Figure 1 Schematic diagram of the plasma reactor:
id., 14.2 cm; length, 28 cm. (A) Vacuum pump; (B)
sample; (C) sample holder; (D) reaction chamber; (E)
electrodes; (F) R.F. power supply; (G) pressure gauge;
(H) liquid monomer reservoir; (I) gas reservoir.

Modification of PP Nonwoven Fabric

Modification of PP nonwoven fabric was carried
out in an RF tubular plasma reactor (inner diam-
eter of 14.2 cm and length of 28 ¢m) shown in
Figure 1. PP nonwoven fabric (0.15-cm thick) was
cut into small pieces (3 X 3 cm) and located at the
center of a reaction chamber after cleaning with
1:1 water: ethanol solution in an ultrasonic
cleaner for 15 min. As a monomer for plasma
polymerization, DACH, which has two amino
groups per molecule, was used.

Grafting of Fe-TCAP onto PP Nonwoven Fabric

Before the grafting, 0.05 g of TCAP and 0.04 g of
water-soluble carbodiimide (WSC, 1-ethyl-3-dim-
ethylaminopropyl carbodiimide, Sigma) were dis-
solved together in 20 mL of 0.075N sodium citrate
(Duksan, Seoul, Korea) for 30 min to activate
carboxyl groups in TCAP.!! Then, PP nonwoven
fabric was immersed in the solution for the car-
boxyl groups in Fe-TCAP to react with amine
groups on the surface of PP nonwoven fabric. The
reaction scheme is shown in Figure 2. For pH
adjustment of the solution, 1V HCI (Aldrich) was
used.

Analysis and Measurement

Chemical structures of the synthesized Fe-TCMP,
Fe-TCAP, and plasma-treated PP surface were
analyzed with an FTIR spectrophotometer (Jasco
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Figure 2 Reaction scheme for grafting of Fe-TCAP onto DACH plasma-modified PP

nonwoven fabric.

430). Complex formation of Fe(III) ions with
phthalocyanine derivative was confirmed by mea-
suring the content of Fe(III) ions in the Fe-TCMP
with an atomic absorption spectrophotometer
(Perkin—Elmer 5100PC) and by testing its cata-
lytic function for the decomposition of H,O, (Al-
drich).! After mixing a small amount of Fe-TCMP
with 3% H,0, in 1 : 4 H,0/H,SO, (Aldrich) solu-
tion, the solution was titrated with 0.1N KMnO,
(Aldrich). The amount of remaining H,0O, was
calculated by the following equation'?

H,0, (mg) = volume of 0.1N KMnO, (ml)
X 1.017 mg/ml

Deodorizing performance of the Fe-TCMP or de-
odorizing fabric was evaluated on the basis of the
oxidation yield of 2-mercaptoethanol. After put-
ting a small amount of Fe-TCMP or deodorizing
fabric into 0.1% 2-mercaptoethanol hexane/diox-
ane (60/40 v/v) solution, a concentration of the
0.1% 2-mercaptoethanol was measured by HPLC
analysis (LC-10A, Shimadzu). Oxidation yield
was calculated by the following equation:
Oxidation yield (%) = (A — B)/A X 100

where A refers to the initial concentration of
2-mercaptoethanol and B refers to the concentra-
tion of 2-mercaptoethanol after the reaction.

RESULTS AND DISCUSSION
Characterization of Fe-TCMP and Its Deodorizing
Performance

Figure 3 shows the FTIR spectra of the trimellitic
anhydride, Fe-TCMP, and Fe-TCAP. Although

C=O0 peak appears at 1780 cm ! in trimellitic

anhydride spectrum, it appears at 1660 cm ™! in
the Fe-TCMP spectrum and at 1700 cm ! in the
Fe-TCAP spectrum, indicating that C=0 of an-
hydride was converted to that of carboxamide and
carboxylic acid. Also, a double peak that repre-
sents the NH, peak of carboxamide is shown at
3335 and 3187 cm ! in the Fe-TCMP spectrum
and a peak that represents hydrogen-bonded OH
peak of carboxylic acid is shown at 3340 cm ! in
the Fe-TCAP spectrum. From this, it was con-
firmed that synthesis of Fe-TCMP and its conver-
sion to Fe-TCAP were successfully carried out.
The content of Fe®* ions in Fe-TCMP was mea-
sured to be approximately 50% by atomic absorp-
tion (AA) analysis.

The Fe-TCMP could decompose H,0, at a high
rate, indicating that it has catalytic function.!
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Figure3 FTIR spectra of (a) trimellitic anhydride; (b)
Fe-TCMP; and (c) Fe-TCAP.
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Figure 4 Amount of hydrogen peroxide in the pres-
ence of Fe-TCMP as a function of reaction time.

Figure 4 shows how the amount of H,O, changes
with time after addition of the Fe-TCMP. The
amount of H,O, decreases rapidly with time at a
much higher rate for a larger amount of TCMP
(0.01 g) than a smaller amount of Fe-TCMP
(0.001 g). All the H,0, was decomposed in 60 min
when Fe-TCMP was added to H,O, at a ratio of
1:5.

Deodorizing performance of the Fe-TCMP was
evaluated on the basis of the oxidation yield of
2-mercaptoethanol. According to the reaction
mechanism proposed by Shirai,'® 2-mercapto-
ethanol would be eliminated through the follow-
ing oxidation reaction:

4 HOCH,CH,SH + O, —
2 HOCH,SSCH,OH + 2H,0

Figure 5 shows HPLC chromatograms of 2-mer-
captoethanol before and after the reaction. After
the reaction, the peak of 2-mercaptoethanol at
retention time of 4.9 min almost disappeared and
two new peaks appeared at the retention times of
3.8 and 8.1 min. In the calculation of oxidation
yield, area of the peak at retention time of 4.9 min
was used.

The Fe-TCMP showed high-deodorizing perfor-
mance. Figures 6 and 7 show oxidation yields of
2-mercaptoethanol as a function of reaction time
for various Fe-TCMP concentrations at 20°C and
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2

Arbitrary
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product 2(8.1)

| | | |
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Figure 5 HPLC chromatograms of 2-mercaptoetha-
nol (1) before and (2) after the oxidation reaction by
Fe-TCMP.

as a function of Fe-TCMP concentration for three
different reaction temperatures after a 60-min
reaction. As shown in the figures, oxidation yields
sharply increased in the beginning and saturated
as the reaction time and concentration increased.
At concentrations > 2% and reaction tempera-
tures > 40°C, all the 2-mercaptoethanol was elim-
inated by Fe-TCMP.
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Figure 6 Oxidation yields of 2-mercaptoethanol by
Fe-TCMP as a function of reaction time for various
Fe-TCMP concentrations (reaction temperature: 20°C).



GRAFTING OF METAL PHTHALOCYANINE DERIVATIVE 843

100

80
s
-
E 60 t
P
=
=t
" 407¢
<
»e
o

20

0- L 1 L
0 1 2 3 4

Concentration of Fe-TCMP (%)

Figure 7 Oxidation yields of 2-mercaptoethanol by
Fe-TCMP as a function of Fe-TCMP concentrations at
4, 20, and 40°C (reaction time: 60 min).

Fabrication of Deodorizing Fabric and Its
Deodorizing Performance

When PP nonwoven fabric was exposed to DACH
plasma, an ultrathin film with amine groups was
deposited on solid surfaces. Thickness and chem-
ical structure of the film depended on the plasma
condition. Figure 8 shows deposition rates of the
film as a function of discharge power. It increases
sharply with discharge power at low-power levels
but becomes saturated at high-power levels. To
find the optimum discharge power for the depos-
ited film to have the highest concentration of
amine groups, water contact angles of the films
were measured after being deposited on PP film
at various discharge powers. Because the NH,
group is hydrophilic whereas PP film is hydropho-
bic, water contact angle decreases as concentra-
tion of NH,, groups in the deposited film increases.
The water contact angles are shown in Figure 9 as
a function of treatment time for various discharge
powers. As shown in the figure, lower discharge
power resulted in the lower water contact angle.
According to this data, 10 W may be the optimum
discharge power. When water contact angles were
measured again after washing the films with wa-
ter, however, the films deposited at 20 W showed
the lowest water contact angles, as shown in Fig-
ure 10. This may be due to the existence of wash-
able materials such as free polymers and oli-

Deposition Rate( A /min)

0 1 1 1 i 1 i ]

0 10 20 30 40 50 60 70 80
Discharge Power(W)

Figure 8 Deposition rates of a film in DACH plasma
as a function of discharge power (flow rate: 0.723
SCCM).

gomers, which are not grafted to the PP film.
There is more possibility for such materials to be
formed at lower discharge power. FTIR/ATR (at-
tenuated total reflection) spectra of a film depos-
ited at 20 W for 20 min are shown in Figure 11.
NH,, peak is observed at 1636 cm ™~ *. Note that the
area of the peak gets smaller after washing.
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Figure 9 Water contact angles of DACH plasma-
treated PP films as a function of treatment time for
various discharge powers (flow rate: 0.723 SCCM).
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Figure 10 Water contact angles of DACH plasma-
treated PP films after washing with water as a function

of treatment time for various discharge powers (flow
rate: 0.723 SCCM).

Deodorizing fiber was fabricated by chemically
grafting Fe-TCAP onto PP nonwoven fabric
treated with DACH plasma at 20 W for 20 min.
The grafting reaction was carried out for 5, 20,
and 20 h at various pHs®"® and reaction temper-
atures (4, 20, 40°C). The optimum condition for
the grafting reaction was determined on the basis
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Figure 11 FTIR spectra of (a) untreated, (b) DACH
plasma-treated (discharge power: 20 W; reaction time:
20 min), and (¢) DACH plasma-treated PP films after
washing with water.
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Figure 12 Oxidation yields of 2-mercaptoethanol by
deodorizing fabrics grafted at various solution pHs as a
function of grafting time (grafting temperature: 4°C;
reaction time: 120 min).

of the oxidation yield of 2-mercaptoethanol at
20°C. A deodorizing fabric with a size of 3 X 3
X 0.15 cm (washed and unwashed) was immersed
in 5 mL 0.1% 2-mercaptoethanol for 2 h.

Oxidation yields of 2-mercaptoethanol by de-
odorizing fabric grafted at 4, 10, and 40°C are
shown in Figures 12, 13, and 14 as a function of
grafting time for various pHs. The oxidation yield
increases as the grafting time increases until 10 h
and decreases again if the grafting time further
increases. The optimum pH of the solution and
grafting temperature was 7 and 20°C, respec-
tively. Lower oxidation yields were obtained when
deodorizing fabrics were washed with water be-
fore use, which indicates that some portion of the
Fe-TCAP was just physically adsorbed. Neverthe-
less, the deodorizing fabric grafted for 10 h at
20°C and pH 7 showed reasonably good deodoriz-
ing performance even after the washing.

Grafting state of Fe-TCAP was investigated by
grafting Fe-TCAP onto PP film for easy analysis by
FTIR/ATR. The FTIR/ATR spectra of the film
grafted for 5, 10, and 20 h at 20°C are shown in
Figure 15. C=0 peak and NH peak of amide groups
are shown at 1696 and 1585 cm !, indicating that
Fe-TCAP was chemically grafted by condensation
reaction between carboxyl groups in Fe-TCAP and
amine groups on the surface of the film. Note that
there is a close relationship between peak intensity
of the amide groups and the oxidation yields.



GRAFTING OF METAL PHTHALOCYANINE DERIVATIVE 845

100
80 r
e
=
N’
=
= 607
1
>
=
[=]
=
é 40 -
] —@— pH 6 (before washing)
o —#— pH 7 (before washing)
—A— pH 8 (before washing)
201 —©— pH 6 (after washing)
—&— pH 7 (after washing)
-=&— pH 8 (after washing)

0 5 10 15 20
Grafting Time (hr.)

Figure 13 Oxidation yields of 2-mercaptoethanol by
deodorizing fabrics grafted at various solution pHs as a
function of grafting time (grafting temperature: 20°C;
reaction time: 120 min).

Finally, catalytic functions of Fe-TCMP and de-
odorizing fabric were checked by repeating the oxi-
dation reaction of fresh 2-mercaptoethanol five
times with the same Fe-TCMP and deodorizing fab-
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Figure 14 Oxidation yields of 2-mercaptoethanol by
deodorizing fabrics grafted at various solution pHs as a
function of grafting time (grafting temperature: 40°C;
reaction time: 120 min).
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Figure 15 FTIR/ATR spectra of Fe-TCAP grafted PP
films at pH 7 and 20°C for (a) 5; (b) 10; (c¢) 20 h.

ric. The results are shown in Table I. As shown in
the table, there was no steady decrease in the oxi-
dation yield, although there was some deviations
between runs. Therefore, it is clear that Fe-TCMP
(or TCAP), by itself or in the grafted state, acts as a
catalyst for the oxidation of 2-mercaptoethanol.

CONCLUSION

From this study, the following can be concluded:

1. Fe-TCMP, a metal phthalocyanine deriva-
tive, has high potential for continuous deodoriza-
tion of bad-smelling compounds such as 2-mer-

Table I Oxidation Yields of 2-Mercaptoethanol
by Fe-TCMP and Deodorizing Fabric in Five
Repeated Runs

Oxidation Yield (%)

No.
of Fe- Deodorant Fabric Deodorant Fabric
Runs TCMP? (before washing)® (after washing)®

1 90.3 92.2 69.1
2 87.2 88.2 72.3
3 90.0 93.4 75.5
4 95.5 86.7 65.3
5 91.3 92.4 67.2

2 Concentration: 1.0%; reaction time: 60 min; reaction tem-
perature: 20°C.

b Grafting conditions: 20°C, pH 7, 10 h; reaction time: 120
min; reaction temperature: 20°C.



846 CHO ET AL.

captoethanol by cyclic oxidation/reduction with
catalytic function.

2. Durable deodorizing fabric, which would be
practical in field applications, can be fabricated
by chemically grafting the metal phthalocyanine
derivative onto substrates such as PP nonwoven
fabric.

3. Fe-TCMP can be chemically grafted onto PP
nonwoven fabric by converting the Fe-TCMP to
Fe-TCAP and modifying the PP nonwoven fabric
with DACH plasma.

4. The grafting reaction, which proceeds by con-
densation reaction between carboxyl groups in Fe-
TCAP and amine groups on the modified surface of
PP nonwoven fabric, depends on temperature, solu-
tion pH, and reaction time. The optimum condition
for the reaction is 20°C, pH 7, and 10 h.

This work was supported by the Korea Science and
Engineering Foundation (KOSEF 971-1101-006-2). The
authors thank KOSEF for the financial support.
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