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Abstract

The formation of radical species on stoichiometric hydroxyapatite (HAp) by UV irradiation and the photocatalytic behavior
of HAp were studied. The radical species formed on HAp after heat treatment a€26{Ap200) by UV irradiation was
assigned to be ©~ species from the results of electron spin resonance (ESR) studies. Electron transfer must occur from
vacancy formed in apatitic structure to oxygen in atmospheric air on HAp. It was recognized that the amoyhtsapie0ies
on HAp increased by UV irradiation. The conversion of methyl mercaptane (MM) using HAp200 under UV irradiation for
60 min was 96%. That is, the photocatalytic decomposition of MM on HAp200 proceeded effectively. It was suggested that
the photocatalytic activity of HAp was due to the production of sufficient amounts,df Gpecies under UV irradiation.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction O~ species by UV irradiation and the species reacted
with O to produce @~ species from the results of
Hydroxyapatite is commonly used in the fields of ESR study. In previous studies, the production ef O
bioceramics and absorbent for liquid chromatogra- radical by thermal treatment of HAp was reported [14].
phy. Thermal catalytic character of hydroxyapatite However, the changes of surface state of HAp and
has been reported for the catalytic reaction of alcohol the mechanism of radical formation by UV irradiation
[1,2], cyclohexanon oxime [3] and for the synthesis are not clear. There was also few studies on photocat-
of phenol [4-6]. We have also reported on the ox- alytic decomposition mechanism of odor compounds
idative decomposition of gaseous chlorinated organic containing sulfur using HAp.
compounds over calcium-deficient hydroxyapatite ~ In this paper, we have studied the formation of
[7-10]. Matsumura et al. [11] have reported oxidation radical species on the surface of HAp by UV irradi-
of carbon monoxide over hydroxyapatite. ation and photocatalytic behavior of HAp for methyl
On the other hand, Kanai et al. [12,13] reported the mercaptane (MM).
formation of radical oxygen species on hydroxyap-
atite and the photo-oxidation of propane and propene .
over stoichiometric hydroxyapatite (HAp). They con- 2. Experimental
cluded that active species were assumed to be labile
HAp used was prepared from Ca(QHjnd H5POy
* Corresponding author. as starting materials [15]. The stoichiometric amounts
E-mail address: p78884@govt.pref.gifu.jp (H. Nishikawa). of H3POy solution was added dropwise to a Ca(@QH)
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slurry. Stoichiometric HAp was prepared by keeping
the slurry at pH 7.0 and by aging for 48 h at room
temperature. The resulting solid was dried at 100
for 24 h. Heat treatment for the solid was carried out
at 200 and 1150C for 1h in an electric furnace.
Ca/P molar ratio of the solid was 1.67 by chemical
analysis.

Fourier transform infrared (FTIR) spectra were
measured with a JASCO Hershel FTIR-615 equipped
with a microscope M-20 to observe the transmis-
sion spectra by the KBr technique. X-ray powder
diffraction (XRD) patterns were recorded on a Rigaku
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the outside light. MM and dimethyl disulfide (DMDS)

in inlet and effluent gas were measured by gas chro-
matograph (Shimadzu GC-15A) equipped with flame
photometric detector. SOin effluent gas was mea-
sured by a Japan Thermoelectron Model 43C analyzer.
Organic acids collected in water at the outlet of the ves-
sel were measured by ion chromatograph (Shimadzu
organic acid analysis system).

3. Results and discussion

Miniflex diffractometer. Electron spin resonance 3.1 XRD and ETIR characteristics

(ESR) spectra were recorded on a JEOL JES-FA200
spectrometer. Radical species were detected as spin

adducts [16] and the spin trapping reagent used
was 5,5-dimethyl-1-pyrroline-1-oxide (DMPO). ESR

spectra of the HAp sample were measured before and

immediately after UV irradiation. TG/DTA was mea-
sured with a Seiko Instruments Exstar 6000 TG-DTA
6300 using a heating rate of 1G/min in a nitro-

gen stream. BET surface area was measured with a

Micromeritics Autopore 9200 at 77 K.

The experimental apparatus for adsorption and pho-
tocatalytic reaction for MM is shown in Fig. 1. Ad-
sorption test of MM in air was performed at a flow rate
of 70 ml/min in dark condition. Photocatalytic reaction
of MM in air was performed at the space velocity of
340 L. The light sources used were black-light-type
and UV (254 nm)-type (Toshiba Lightec, §8V/cn?
of light intensity). Adsorption or photocatalytic reac-
tion vessel was covered with aluminum foil to shut off

Photoreaction
vessel

. UV-light

|

Gas bag

Air pump

Fig. 1. Schematic diagram of the experimental apparatus.

The XRD patterns of the products by an aqueous
precipitation procedure followed by heat treatment at
200 and 1150C are shown in Fig. 2. All the peaks
of the XRD patterns were assigned to those of HAp
[17]. The crystallinity of HAp after treatment at 20Q
(HAp200) was lower than that of HAp after treatment
at 1150°C (HAp1150).

The FTIR spectra of the solids are shown in Fig. 3.
The peaks around 3400 and 1650¢nmdue to HO
disappeared in the spectra of HAp1150, though the
peaks appeared in those of HAp200. It showed that the
structured water left from apatitic structure at 1280
On the other hand, from the result of TG—DTA mea-
surement as shown in Fig. 4, it was recognized that
surface-adsorbed water on HAp would desorb below
about 200°C as mentioned in the report of Okada et al.
[18]. The desorption above 20C is assumed to be
that of structural water.

3.2. ESR study before and after UV irradiation

The ESR spectra of HAp200 before and after UV
irradiation are shown in Fig. 5. The large peaks at
both ends are due to internal standard (MnO). When
DMPO was added to the samples, superoxide anion
radical @*~ were detected as DMPO-0 [16]. The
characteristic peaks after UV irradiation would show
the formation of the DMPO adduct of,O. The small
peaks on both sides seems to be DMPOsTHhat
is, it was recognized that~ species was produced
on HAp200 by UV irradiation. The radical is very ac-
tive for the oxidation of many compounds. The photo-
functional effects of HAp200, e.g. photocatalytic
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Fig. 2. X-ray diffraction patterns of HAp samples after heat treatment.
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Fig. 3. FTIR spectra of HAp samples after heat treatment.
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Fig. 4. TG/DTA curves of HAp sample.

decomposition of MM over HAp as described in de-

signal pattern after UV irradiation could support this

tails later, was assumed to be due to the formation of conclusion [16].

O2*~ on HAp by UV irradiation. Electron transfer

must occur from vacancies on which electron was 3.3. Adsorption of MM

trapped, formed in apatitic structure to oxygen in
atmospheric air on HAp. Therefore, the formation
of O2*~ would occur. These phenomena are simi-
lar to the behavior of Ti@, a typical photocatalyst
[19,20]. The relationship between UV irradiation time
and the signal intensity of DMPO-0 is shown in
Fig. 6. The signal intensities became stronger with
the increase of irradiation time. It shows that the
amounts of @*~ on HAp200 increase by UV irra-
diation. These results were different from the result
of Kanai et al. [12,13] that active species on HAp
were labile O species which are generated from
OH splitting by light irradiation and that oxygen was
treated with O to give G;~. In our studies, it was
assumed that the active and unstablg® Ospecies
would be generated on HAp200 in connection with
the formation of vacancy by UV irradiation. The ESR

BET surface area of HAp200 and HAp1150 was
66.5 and 0.025fg~1, respectively. The reason for
the difference between the specific surface area of
HAp200 and that of HAp1150 is assumed to be due
to the difference of crystallinity. Desorption efficien-
cies of HAp samples for MM was compared as shown
in Fig. 7. The breakthrough of MM occurred after
90 min with HAp200, though it occurred immediately
with HAp1150. It was assumed that the difference be-
tween the two HAp samples was due to the difference
of those specific surface area.

3.4. Photocatalytic decomposition of MM

The comparison of photocatalytic decomposition
efficiencies under UV irradiation between HAp200
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Fig. 5. ESR spectra of HAp200 before and after UV irradiation (DMPO spin adduct): (A) before UV irradiation; (B) after UV irradiation
for 60 min.
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Fig. 6. Effect of irradiation time for ESR signal.
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Fig. 8. Comparison of photocatalytic decomposition of MM using two types of HAp.
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Fig. 9. Continuous photocatalytic decomposition of low concentrations of MM.

and HAp1150 after adsorption/desorption equilibrium oxidative products of MM, were not detected in
of low concentrations of MM is shown in Fig. 8. outlet gas.

Photocatalytic decomposition of MM using HAp1150

scarcely occurred as well as blank test. On the other 3.5. Reaction mechanism for MM

hand, the decomposition of MM using HAp200 was

very effective. After UV irradiation for 60 min, the To investigate the decomposition reaction, high
conversion of MM using HAp200 was 96%. The re- concentrations of MM gas (169 ppm, v/v) was used
sults show that active radical species, that £ O for photocatalytic decomposition under UV irradia-
as described above, must produce on the surface oftion (Fig. 10). The conversion of MM was 35-39%
HAp200 by UV irradiation, though the active species and small amounts of DMDS were determined in
seem to scarcely produce on the surface of HAp1150. outlet gas under UV irradiation. SGind formic acid

It is assumed that the difference of the adsorption ef- detected in outlet gas were about 3 and 0.6 ppm (v/v),
fect between HAp200 and HAp1150 do not contribute respectively.

to the photocatalytic decomposition because the de-
crease of MM on HAp200 occurred by UV irradia- 250
tion. The photocatalytic decomposition of MM using Light off Light

HApP200 corresponds to the increase of the amounts of _ 200 | «—« e on >

O2*~ species as shown in Fig. 6. On the other hand, the % 150 MM
conversion of MM using HAp200 under black-light ™

N
irradiation was about 30%. It shows that the strong en- £ 100 |
ergy UV irradiation, that is short wavelength of UV, is  © 50 | DMDS
necessary for active radical formation on the surface o
of HAp. 0 L om=tm

The continuous photocatalytic decomposition of 0 1o 200 300
low levels of MM under UV irradiation is shown Time / min

in Fig. 9. The Con\_/erSion of MM remair]ed almost  rig 10. Continuous photocatalytic decomposition of high concen-
constant and effective. DMDS and $Qvhich were trations of MM.
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Therefore, the photocatalytic reaction for MM over
HAp200 would proceed oxidatively as follows:

CH,SH — CH,—S-S-CH, 2% 50,

HCOOH

—

It was recognized that major parts of $@nd
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