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The purpose of this study is to adhere titanium, sodium and silver to the surface of woody biomass by
low temperature plasma irradiation. As the woody biomass, wood powder and coffee grounds were used.
First, those powder samples were ozonized by oxygen plasma irradiation. Next, TiCl4 gas, NaNH2 gas or
AgNO3 gas plasma was generated in a quartz tube and the sample was irradiated in the tube. The compo-
sition of the sample surface was identified using an XPS. In the result, it was confirmed that three kinds
of metals bonded to the wood powder. The hydrophilic property, photocatalyst, and sterilization charac-
teristic of the wood powder were examined.

Introduction

Developments in scientific knowledge have shown
that, dioxins (Kim et al., 2001) and heavy metal, etc.
are suspected causes soil pollution. As a countermeas-
ure for harmful trihalomethane (Bellar et al., 1974;
Gray, 1994) which was produced by a reaction with
organic substances in a process of chlorine steriliza-
tion treatment of water, the development of a new steri-
lization method is desired as a substitute for a chlo-
rine.

Traditionally, when woody biomass was utilized,
each component of lignin, hemicellulose and cellulose
was perfectly separated, and then, each separated com-
ponent was put to use. The component separation is
carried out by extraction using heat, alkali and organic
solvent, hydrolysis using acid and the combination
(Minowa et al., 1998; Nakamura et al., 2001), how-
ever, one of the drawbacks to this method is that the
treatment running cost is high due to the complication
of the many treatment processes and in addition, re-
sults in damage of the components.

In this study, wood was made first of all into wood
powder, and as the first plasma exposure process, oxy-
gen plasma was directly irradiated on the powder un-
der conditions in which the components were not sepa-

rated. In this process under dry conditions, the lignin
component is oxidized by the strong oxidizability of
ozone and becomes porous so that the functional group,
which is rich in oxygen, becomes easy to be modified
on the lignin surface as well as the cellulose. Next, as
the second plasma exposure process, when the ozonated
wood powder is exposed to a gas plasma containing
metal such as sodium, titanium and silver, the metal
combines with the wood powder.

Conventionally, a graft polymerization technique
was adopted so that wood powder was chemically made
to combine inorganic material and plastic, after the
lignin component was perfectly removed (Hamada,
2002). In such graft polymerization, a wet process us-
ing solvent was predominantly used, there were many
treatment processes, the operation was also compli-
cated, and the treatment running cost was also high.
On the other hand, the graft polymerization method
which introduced various functional groups into the
backing polymers such as polyethylene, polypropylene
and cellulose as a monomer has been recognized as a
dry method using gamma-ray radiation (Furusawa, et
al., 2005; Wada et al., 2006). However, at the present,
the fact that the small radiation exposure quantity is
not dangerous to the human body, has not yet been
widely accepted. So, the use of the radiation is apt to
be avoided. On the other hand, the low-temperature
plasma irradiation used in this study is a glow discharge
plasma in the wavelength region of visible light, and
there is completely no danger of plasma exposure or
negative effects on the human body. In addition, by
using strong electronic energy, graft polymerization
under dry conditions is possible.
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The purpose of this study is to create new clari-
fication materials at low-cost in order to solve these
problems.

At present, reuse of wood-based waste and utili-
zation of woody biomass are being reexamined. Woody
biomass is an organic substance which can be cheaply
obtained, and especially its utilization as a bulk mate-
rial is effective, since it decomposes in nature. If the
woody biomass possesses the functions of photocata-
lyst, dehalogenation and sterilization; the application
over a wide field becomes possible, and its commer-
cial development can be expected. As the carrier which
adsorbs the metal, porous active carbon and zeolite,
etc. are generally utilized, when the adsorption effi-
ciency is considered to be a primary priority. However,
in this study, wood powder and coffee grounds were
used as carriers, and the metal was adsorbed uncon-
ventionally on the surface of the carrier by the follow-
ing methods. First, the powder samples were ozonized
by oxygen plasma irradiation. Next, gas plasma using
titanium tetrachloride TiCl4, sodium amide NaNH2 or
silver nitrates AgNO3 as a precursor was generated in
a quartz tube and the sample was irradiated in the tube.
The composition of the sample surface was identified
using an XPS (X-ray photoelectron spectroscopy). If
titanium was captured by the ionic bond on the surface
of the woody biomass, it is expected to be utilized in
environmental cleanup technology for neutralizing
hazardous chemical. If sodium attaches to the woody
biomass, it becomes useful as a dehalogenate counter-
measure material. If silver attaches to the woody
biomass, and the silver ions appear when it is mixed
with water, the development of a new sterilization
method can be expected as a substitute for chlorine.

1. Experiment

1.1 Experimental apparatus
The schematic of experimental equipment is

shown in Figure 1. The experimental apparatus is com-
posed of a quartz tube that plasma is generated from,
the induction coil around the tube, a 360 kHz high fre-
quency power supply, exhaust equipment to create a
vacuum, Pirani gauge, cooling water supply equipment
and a neutralization tank to capture the poison gas. The
reaction tube is made from quartz, and is 300 mm in
its outside diameter, 290 mm in its internal diameter,
and a cylinder with a length of 1000 mm. This equip-
ment is an external induction type low-temperature
plasma generator. An oil rotary pump was used for the
exhaust in the furnace.

Qualitative and quantitative analyses were per-
formed by using the XPS. Surface observation was
performed by using an SEM (scanning electron micro-
scope). The intensity distribution at each wavelength
of infrared light was examined using the FT-IR (Fourier
transform-infrared spectroscopy) method in order to

evaluate the functional group modified on the surface
of the wood powder.
1.2 Experimental procedure

The conifer wood chips were broken down by a
grinding mixer, and processed into wood powder of
diameter and length of about 0.5–1 mm. Drink residue
of ground coffee of a marketed drip type was used for
the experiment, and it was sufficiently dried.

In the first irradiation process, oxygen gas of high
purity (G2 class; 99.999%) was sent to the plasma re-
action tube at a rate of 1000 mL/min. The pressure in
the reaction tube was retained by a balance between
supply of the oxygen gas and exhaust by the vacuum
pump at about 5 Torr. At this time, a plasma glow dis-
charge of a light purple color was uniformly started in
the furnace, when a 3 kV high frequency anode volt-
age was applied. Beforehand, about 5 g of wood pow-
der thinly and uniformly sprayed on a flat quartz plate
was inserted as it was in the furnace.

Judging from a multi-measurement of the XPS, it
was proven that a relative content rate of carbon at-
oms and oxygen atoms, which are main components
of the wood powder, changed according to the expo-
sure time of the oxygen plasma to the wood powder.
With the exposure time, the relative content rate of
carbon atoms decreased, and oxygen atoms reversely
increased. However, it was proven that both elements
maintained a constant value when the exposure time
was set over 120 min, according to the experimental
result for the exposure time of 6 stages from 5 to
150 min. In the same way, in the second irradiation
process, it was proven that the amount of metallic
adsorbed to the wood powder maintained a constant
value when the exposure time was set over 30 min.
Based on the above measurement results, 120 min was
taken as the ozonation processing time, and the metal
adsorption processing time for 30 min was set.

Fig. 1 Experimental apparatus: 1, Water tank and water
pump; 2, High frequency power supply; 3, Quartz
tube; 4, Oxygen gas cylinder; 5, Pirani vacuum
gauge; 6, Oil rotary vacuum pump
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The titanium tetrachloride gas plasma, the sodium
amide gas plasma and the silver nitrate gas plasma were
generated so that titanium, sodium and silver may re-
spectively be captured by ionic bond on the surface of
the woody biomass. For the powdered materials of sil-
ver nitrate and sodium amide, those specified quantity
of 3–10 g were laid on a steel plate, and the steel plate
itself was inserted in the plasma furnace. The powdered
material was melted and gasified through the steel plate
heated by a high frequency induction effect in order to
generate vaporization gas plasma of silver and sodium,
respectively. In the case of the liquid titanium tetra-
chloride, the liquid was vaporized by a vaporization
promoting effect under decompression, after 100 mL
of the liquid was poured in a beaker inserted in the
furnace. The above-mentioned loading quantity was
chosen as an appropriate quantity of the precursor,
because most of the vaporized material is uselessly
exhausted, if the quantity loaded in the furnace is too
much.

In this experiment, the relative content rate of the
composition atoms of the wood powder and adsorbed
metal can be measured by the XPS, however, it is im-
possible to measure the amount of metal itself adsorbed
to the wood powder.

Irradiated samples were used for the XPS meas-
urement, after they were washed in distilled water. An
Al-monochrome was used as an excitation X-ray
source, for the XPS. The measured voltage and elec-
tric power was 15 kV and 400 W. Surface vapor depo-
sition to the sample and the use of an ion gun were not
conducted.

2. Results and Discussion

2.1 Confirmation of the metal support quantity by
the XPS measurement
The XPS measurement results of the irradiated

wood powder sample for each plasma show the rela-
tionship between the spectral intensity and the bind-
ing energy in Figures 2–4. By irradiating each gas
plasma of titanium, sodium and silver as a precursor,
each spectral peak of titanium, sodium and silver newly
appeared in Figures 2–4, respectively. In the case of
the original samples, peaks of silver, sodium, or tita-
nium did not appear except for oxygen and carbon.

In Figure 2, a spectral peak of chlorine did not
appear. This is because the chlorine was removed dur-
ing the water purification after the titanium tetrachlo-
ride gas plasma irradiation. The nitric peak could not
be confirmed from Figure 3. Similarly, the nitric peak
did not appear in Figure 4 for the silver nitrate gas
plasma irradiation.

For four kinds of plasma exposure including the
unirradiated original, each concentration of oxygen,
carbon, titanium, sodium, and silver in the wood pow-
der sample is shown in Table 1.

Bonding of the metal to the surface of the cellu-
lose becomes possible by the covalent bond of the cel-
lulose molecule and the metal. However, the lignin
component works to block the covalent bond. Then,
the lignin must be fixed by the strong oxidizing ability

Fig. 2 Wood powder after TiCl4 plasma irradiation

Fig. 3 Wood powder after NaNH2 plasma irradiation

Fig. 4 Wood powder after AgNO3 plasma irradiation

Original O2 TiCl4 NaNH2 AgNO3 *AgNO3

O1s 19.13 55.57 37.81 27.35 27.88 27.28
C1s 80.87 44.42 58.50 68.47 70.86 72.72
Ti2p 0.00 0.00 3.22 0.03 0.00 0.00
Na1s 0.00 0.00 0.16 4.15 0.00 0.00
Ag3d 0.00 0.00 0.00 0.00 1.27 0.75

Table 1 Result of multi measurement (wood chips)
[unit:%]
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of ozone. From Table 1, in the case of the oxygen
plasma irradiation, an increase of 36% in oxygen con-
centration was confirmed in comparison with the origi-
nal. From this fact, it can be sufficiently assumed that
the lignin component in the wood powder was ozo-
nized. As a result, the target metal was adsorbed to the
wood powder at 1–4% content rate.

The composition rate of *AgNO3 in Table 1 shows
the case in which ozonation process of the wood pow-
der by the oxygen plasma irradiation was omitted and
the wood powder was directly irradiated by gas plasma
using AgNO3. Silver inclusion concentration in this
case was 0.75%. Because of this, it was proven that
the adhesion of the metal to the wood powder was not
sufficiently achieved, when the oxygen plasma irra-
diation process was skipped. This means that the
ozonation treatment of the lignin is one of the impor-
tant processes for adhesion of the metal.

For the coffee residue, the result of carrying out
the procedure in the same way as the wood powder is
shown in Table 2. From this table, the metallic inclu-
sion rate was only 1% or less. The reason for this is
because the lignin component of the coffee is low in
the following. The component of the coffee grounds
was cellulose 10% and lignin 5% generally, and was
under 1/5 of the wood powder.
2.2 Absorbency evaluation of the sample

In general, a functional group which has a high-
hydrophilicity is modified on a sample surface, when
the sample is once exposed by oxygen plasma. All sam-
ples were put into a beaker filled with water, and the
absorbency of the sample was confirmed by observing
the sedimentation behavior in the water.

By the following methods, the hydrophilicity of
the sample was evaluated. On the level where about
2/3 of a 200 mL glass container was filled with dis-
tilled water, wood powder samples of 3 g each were
gently dropped in. At this time, the time until 90% of
the dropped wood powder reached the base of the con-
tainer was measured. About 10% of the wood powder
was excluded, because it stagnated on the surface be-
cause of an adhesion of dust and a pile of the powder
fellow. The hydrophilicity time is shown in Figure 5
for the original non-plasma exposure, the oxygen
plasma irradiation sample and the wood powder in
which each metal adsorbed. In the case of the original

wood powder, it took 352 s for the wood powder to
reach the container base. On the other hand, it was
proven that the hydrophilicity performance was rap-
idly improved, when this original wood powder was
irradiated by oxygen plasma. Then, it was confirmed
by the FT-IR measurement that the functional group
which had a high hydrophilicity was modified on the
sample surface.

In the original wood powder shown in Figure 6(a),
there is no remarkable functional group. In the case of
the oxygen plasma irradiation shown in Figure 6(b),
the peak of the C–O combination appeared in the vi-
cinity of the wave number of 1030 cm–1 and the peak
of the benzene ring in the vicinity of the 1500 cm–1,
the peak of –COOH (carboxyl group) in the vicinity of
2900 cm–1 and the peak of –OH (hydroxyl group) in
the vicinity of 3300 cm–1 appeared respectively.

When the surface of the wood powder is irradi-
ated by low-temperature plasma, the C–H coupling of
the surface is cut off by a strong electronic energy of
plasma. The H atom is immediately pulled out, because
it is light. Then, the oxygen molecule itself forms ozone
by combining with an oxygen atom, when the oxygen
gas is introduced as a precursor of the plasma. Simul-
taneously, active species radical such as ·OH, ·H and
O2

– are formed in large quantities in the plasma reac-
tor. Functional groups which are rich in oxygen such
as, –CO–, –COOH, –OH are modified on the surface
of the wood powder where H atom was pulled out.

In the second plasma exposure process shown in
Figures 6(c)–(e), the combination of the modified func-
tional group and metal was realized. For example, one
of the combinations of a carbonyl group of the
divalence was replaced with metal, and a hydrogen

Original O2 TiCl4 NaNH2 AgNO3

O1s 11.13 16.85 13.91 17.22 15.18
C1s 88.86 83.13 85.52 82.22 84.68
Ti2p 0.01 0.01 0.52 0.00 0.01
Na1s 0.00 0.01 0.03 0.56 0.02
Ag3d 0.00 0.00 0.02 0.00 0.10

Table 2 Result of multi measurement (coffee grounds)
[unit:%]

 

  

 
 

 

Fig. 5 The evaluation of the hydrophilicity (the time until
the wood powder sinks to the bottom of the con-
tainer)
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atom of a hydroxyl group and a carboxyl group of the
monovalence was also replaced with metal.

In the second plasma exposure process, it means
that the metal was substituted at the tip of the func-
tional groups so that the functional group did not ap-
pear in the result of the FT-IR method.

Each of the photographs of Figure 7 shows the
sedimentation pattern in the water after 18 s when the
wood powder sample of 3 g was gently put into the
distilled water of 200 mL in the beaker of 40 mm di-
ameter and 200 mm depth. Over 90% of the sample
submerged right after the drop in the cases of oxygen
plasma irradiation (b). About 50% of the sodium
containing sample (d) and the titanium containing sam-
ple (c) were submerged. About 10% was merely sub-
merged in the case of the silver containing sample (e).
On the other hand, in case of the original sample (a),
the most part was still floating on the water surface.
The promotion of absorbency could hardly be observed
for the coffee sample.
2.3 Expression of silver ions in the water

Figure 8 shows the time change of the silver ion
concentration in a container filled with the distilled
water of 100 mL. Three grams of the wood powder to
which the silver was adsorbed were put in the container.
The measurement of the silver ion concentration was
carried out by installing a silver ion compound sensor

Fig. 6(a) The functional group of the original wood powder

Fig. 6(b)The functional group of the wood powder exposed
to the oxygen plasma

Fig. 6(c)The functional group of the wood powder exposed
to the TiCl4 plasma after irradiation of the oxygen
plasma

Fig. 6(d)The functional group of the wood powder exposed
to the NaNH2 plasma after irradiation of the oxy-
gen plasma

Fig. 6(e)The functional group of the wood powder exposed
to the AgNO3 plasma after irradiation of the oxy-
gen plasma
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(measuring range 0.1–108,000 mg/L, Ag+) in a port-
able ion and pH measuring instrument. When 90% of
the wood powder reached the base of the container,
the measurement was started. The first run shown in
Figure 8 was a time change of the silver ion concen-
tration measured in this condition. The concentration
which showed about 40 mg/L at the beginning of the
measurement decreased with time. The main factor in
this decrease seems to be the silver ions reacting with
hydroxide ions OH– which appeared in the water and
changed to silver oxide after 30 h, the adhesion of a
brown solid which seemed to be the silver oxide was

confirmed on the container’s internal wall. The spent
silver carrier on the first run was dried for 24 h and
used again on the second run as shown in Figure 8.
The concentration at the beginning of Run 2 decreased
in comparison with Run 1, but after 10 h, it was al-
most identical to the 0.63 mg/L concentration of Run
1. This means that an active metal species with cata-
lytic property of high reusability was formed in the
wood powder. The concentration which corresponds
to the 0.63 mg/L is of a high enough density for steri-
lization, judging from reports (Kikuchi, 2000; Uchida
et al., 2004) that most bacteria are killed at 0.1 mg/L
concentration.

The silver carrier created as well as the sample
used in Run 1 was newly put into 100 mL of purified
water and an attenuation characteristic of the silver ion
concentration was evaluated. Run 3 shown in Figure 8
is the attenuation characteristic. Before the measure-
ment of Run 3, an agitation of the sample and a com-
motion of 100 time/min of the container itself were
carried out for 30 min, and the silver carrier itself was
removed from the container.

A high silver ion density of 139 mg/L appeared at
the beginning of Run 3 and the silver ion concentra-
tion did not attenuate extremely with time, and showed
117 mg/L after 15 h and 112 mg/L after 30 h. This
means that the silver ion concentration was almost kept
to a constant value, because the reaction changing to
silver oxide in the test liquid reached saturation.

Figure 9 shows the change over time of the nor-
malized silver ion water concentration which was made
to be 100% at the measurement start. The quantity of
the silver nitrate inserted in the furnace is shown as a
parameter. Silver ion concentration in the silver ion

Fig. 7 Sedimentation pattern of the sample in the water after the dropping: (a) Original wood powder; (b) wood powder
irradiated by oxygen plasma; (c) wood powder contained titanium; (d) wood powder contained sodium; (e) wood
powder contained silver

    
    
      

  

 
 

 
 

 

Fig. 8 Time change of the silver ion concentration
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water attenuates with time. If the quantity of silver ni-
trate is abundant, the amount of silver evaporation is
also abundant, and as a result, the silver ion concen-
tration is also high. In case of silver nitrate 10 g, 80%
of the first concentration was retained even after 2 h,
and 75% was kept even after 24 h passed. It is impor-
tant that the vaporization material is effectively
adsorbed to the carrier without uselessly exhausting
the vaporization material through the vacuum pump.

Silver ions are harmless to the human body, and it
is unique in show a strong sterilizing power against
most bacteria (legionella genus fungus, salmonella,
staphylococcus aureus, pseudomonas aeruginosa,
escherichia coli O-157H7, helicobacter Pylori fungus).
As a demonstration experiment of bactericidal effect
of the silver carrier, it was evaluated using general vi-
able fungus which adhered to black sesame made in
Myanmar. First, all adhesive bacteria were discharged
in purified water. Then the black sesame was put in
the water and was sufficiently stirred. Next, 1 mL of

the water was inoculated on a petrifilm medium, and it
was cultivated in an incubator at 35Åé and carbon di-
oxide concentration of 5% for 48 h. By counting the
colonies of the fungus, which forms red spots after 48
h, the bactericidal effect was evaluated. Figure 10(a)
is a culture of the general viable fungus collected from
the black sesame. 157 colonies were confirmed. On
the other hand, Figure 10(b) is a result after the gen-
eral viable fungus was put into silver ion water of 100
ppm for 5 min. Colonies were not observed. It was
proven that the fungus completely died in a short time.
Figure 10(c) is the result after the general viable fun-
gus was exposed to acidic water adjusted to pH = 3.46
for 5 min. Since the silver ion water used was pH =
3.46, the effect of the acidity on sterilization was ex-
amined. The result was that 111 colonies were detected.

In the silver ion water production method devel-
oped in this study, the high density silver ion water
was obtained using low electric power of about 300 W.
One of its major features is to be able to transport only
the necessary quantity to the necessary place since
persistency as silver ion water was excellent. The ap-
plication of silver ion water can be expected at water
purifying plants, hospitals, spas, swimming pools, park
fountains, cooling towers, and factories for domestic
wastewater purification regardless of the size of the
installation site. The bactericidal effect of the silver
ion originates from the generation of hydrogen radi-
cals and hydroxyl radicals with strong oxidizability.
2.4 Application field of wood powder which was

combined with sodium
When the wood powder which contains sodium is

scattered in soil contaminated by heavy metals and
dioxins, etc., the dechlorination of organic compounds
including chlorine and PCB can be attempted by the
strong reductive reaction in the natural environment.
It can also be expected that recalcitrant chemical com-
pounds such as dioxins are decomposed and heavy
metals are fixed by use of geochemistry processes such
as the crystallization function as a component inside
of the crystals.

The wood powder to which sodium was adsorbed
was put into purified water 0.1 g by 0.1 g, and at the

Fig. 10 The bactericidal effect of silver ion water and acidic water

   

  

  

 
 

 
 

 

Fig. 9 Time change of the normalized silver ion concen-
tration
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same time the expression level of sodium ion was mea-
sured using a sodium ion electrode. The change of the
sodium ion concentration against the added amount of
sodium carrier is shown in Figure 11. Along with the
added amount of the sodium carrier, the concentration
of sodium ions rose. A concentration of about 20 mg/L
was observed, when the sodium carrier was increased
to 2.0 g in total.
2.5 Deodorizing effect of wood powder combined

with metal
The degree of adsorption of odors was measured

using a smell monitor (OMX-SR) in order to examine
the photocatalyst function of the wood powder to which
titanium dioxide was adsorbed. As a measuring method,
first, 3 g of original wood powder and titanium diox-
ide carrier were inserted in the closed container filled
with flue smoke of an incense stick, and the smell was
allowed to be adsorbed in the wood powder and the
carrier over 60 min. Next, the sampling mouth of the
smell monitor was inserted in each type of wood pow-
der and the smell was measured, after the wood pow-
der was taken out from the closed container. The odor
intensity at this time is shown in Table 3 as before.
The odor intensity is indicated by a dimensionless
number, and it means that the odor is weak, if the
number is small, and the odor remains and is strong, if
it is big.

The wood powder was taken out from the closed
container, and then, each type of wood powder was
exposed to ultraviolet rays of 253.7 nm wavelength for
3 h. “After” in Table 3 is the odor intensity measured
at this time. The output of ultraviolet rays was 4.9 W,
and the radiant intensity was 51 µW/cm2. In the case
of the original wood powder, the odor did not decrease
without showing the photocatalyst, even when irradi-
ated with ultraviolet rays. Meanwhile, in the case of
the titanium dioxide carrier the odor decreased to about
1/3 of the sample unirradiation by ultraviolet ray. That
is to say, most of the odor was decomposed.

The application of wood powder which contains
the titania can be expected as an adsorption filter ma-
terial for tobacco smoke and an aerial purification fil-
ter material in hospitals.
2.6 Surface observation of the wood powder

Figure 12 shows the observation results by the
SEM of each sample’s surface. In comparison with the
unirradiated original, smoothness had been lost on the
surface exposed to the plasmas. In the case of the oxy-
gen plasma irradiation a long stripes pattern appeared,
while the whole surface of the metal carrier was seen
to be porous. In the case of the sodium carrier, the po-
rous pattern remarkably appeared. It was observed that
the titanium carrier was considerably porous, when it
was observed at more large magnification as shown in
Figure 12(e). From this observation result by the SEM,
a specific surface and average pore diameter of the
porous surface, etc. could not be quantitatively mea-
sured. It is important to note that the carrier is quite
porous and able to absorb much metal on the surface
so that metal ions or a photocatalyst may appear.

Conclusions

1. As a result of plasma treatment, titanium, sodium
and silver were captured by ionic bond on the sur-
face of the wood powder.

2. As a result of plasma treatment, titanium, sodium
and silver bonded to the coffee by ionic bond at
only a slight proportion.

3. When the plasma was irradiated on the wood pow-
der sample, the hydrophilicity was improved fur-
ther than in the case of the unirradiated sample.

4. The absorbency of the sample changed according
to the kind of metal adsorbed.

5. The expression of silver ions was confirmed when
the wood powder to which the silver was adsorbed
was put into water.

6. The bactericidal effect of silver ion water was
verified.

7. The expression of sodium ion was confirmed,
when the wood powder to which sodium was
adsorbed was put into water.

8. The deodorizing effect of wood powder which
included titanium was confirmed.

Before After

Original 95 95
TiO2 carrier 97 33

Table 3 Evaluation of deodorizing
function

  

 

 
 

 

Fig. 11 The expression level of sodium ion in the water
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