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Oxidative Decomposition of Chlorobenzene over Calcium-Deficient Hydroxyapatite
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Gaseous chlorobenzene was decomposed into CO and CO2 by the oxidative reaction at 400—450 °C over
calcium-deficient hydroxyapatite (DAp) prepared by an aqueous precipitation procedure. Phenol and benzene
were not detected after the reaction. Most of the Cl in chlorobenzene was captured as Cl™ in DAp by the
reaction. On the other hand, the DAp prepared by the hydrolysis of a-tricalcium phosphate was inactive for the
decomposition of chlorobenzene. The difference in the activity between the two DAp materials was attributed

to the difference of their crystallinities.

Treatments of chlorinated organic compounds are
important for controlling environmental pollution.
Though incineration is a feasible treatment for these
compounds, there is a possibility to form more toxic
compounds such as polychlorinated dibenzo[b,e][1,4]-
dioxins (PCDDs) and polychlorinated dibenzofurans
(PCDFs) during the combustion. Safer treatment
methods of various chlorinated organic compounds
must be found quickly.

Recently, catalytic thermal combustion methods have
been reported for the decomposition of chlorinated or-
ganic compounds.!™® Lee et al. reported a decompo-
sition procedure of chlorobenzene using a Pt catalyst,
though the products in the reaction were not investi-
gated. In some previous papers,®~" we reported on a
oxidative vapor phase decomposition of trichloroethyl-
ene (TCE) and other chlorinated aliphatic compounds
using a calcium-deficient hydroxyapatite (referred to as
DAp), having this general formula:

Calo-z(HPO4)z(PO4)6_Z(OH)2_z-nH20 0< 2 é 1).

Catalytic reactions of some kinds of organic compounds,
such as alcohol,®? 1-butene,'® and cyclohexanone ox-
ime,' using DAp are well known. The vapor phase hy-
drolysis of chlorobenzene to phenol over DAp in water-
saturated nitrogen is also a typical example.'?> % How-
ever, a catalytic reaction of chlorobenzene over DAp
in air has not been investigated. Chlorobenzene, an
example of chlorinated aromatic compounds, was also
known as one of the precursor compounds to PCDDs
and PCDFs. In this paper, we describe the oxidative
decomposition of chlorobenzene in the presence of two
different types of DAp.

Experimental

The apparatus used for the chlorobenzene reaction over
DAp was described in a previous paper.”) COs in the air
used in this experiment was removed using Ascalite (sodium
hydroxide on non-fibrous silicate carrier) tube.

Two kinds of DAp were used as catalysts. One (DAp-
A) was prepared by an aqueous precipitation procedure
(supplied from STK Ceramics Lab., Co.), and another
(DAp-B) by the hydrolysis of a-tricalcium phosphate.'® The

DAp samples were sieved to 22—30 mesh for catalytic stud-
ies. Each DAp sample was heated to 450 °C in a stream
of air prior to the reaction. The properties of the DAp are
shown in Table 1.

Chlorobenzene vapor emitted from a diffusion tube was
reacted with air at a space velocity of 12600 or 21000 h™!
through a 1 g bed of the DAp catalyst packed in a glass tube
reactor with an inner diameter of 6 mm at 400—450 °C.

Chlorobenzene and produced organic products were ana-
lyzed by Hitachi 663-30 gas chromatograph with FID using
a 3 m column of PEG-1000 on Chromosorb W. Inorganic
products such as CO and CO2 were also analyzed by an
FID gas chromatograph equipped with a 3 m column of ac-
tivated carbon after conversion to methane by a catalytic
methanizer. Hydrogen chloride in flue gas produced in the
reaction was analyzed by a Yokogawa Electric IC7000 ion
chromatograph after absorption with distilled water. Chlo-
rine in flue gas was analyzed spectrophotometrically using
352 nm after the absorption with a 0.1 M potassium iodide
(1 M=1 moldm~3%) solution. Cl~ amounts in DAp were
determined spectrophotometrically using 460 nm after dis-
solution with 0.5 M HNOs, dilution with distilled water, and
then color development by mercury(II) thiocyanate.

X-Ray powder diffraction (XRD) patterns were recorded
on a Philips PW1700 diffractometer. Fourier transform
infrared (FTIR) spectra were measured with a JASCO
7300 equipped with a DR81 diffuse reflectance spectroscope
(DRS).

Results and Discussion

Comparison of Activities of Two Types of
DAp. The activities of the two types of DAp to va-
por phase decomposition of chlorobenzene are shown in
Table 2. DAp-A was catalytically active in the decom-
position in air at both 400 and 450 °C. The decom-
position did not occur without DAp-A at these tem-
peratures, whereas DAp-B was inactive. It is not rea-
sonable to think that the difference of the activities is

Table 1. DAp Samples and Their Characters

Sample Starting meterial Ca/P molar BET surface
ratio area/m? g~ !

DAp-A Ca0O, H3PO4 1.58 68

DAp-B a-TCP 1.53 15
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Table 2.
sion of Chlorobenzene

Activities of Two DAp Samples to Conver-

a)

Chlorobenzene Conversion/%

Sample Temp Concn Decomposition to benzene to phenol

°C  ppm %
DAp-A 450 19.0 37 0 0
400 28 0 0
DAp-B 450 22.2 0 0 0
400 0 0 0

a) Reaction conditions: each DAp; 1 g, SV=21000 h~ L.

due to the difference of surface area (Table 1), because
DAp-B was completely inactive to the decomposition.
Bett et al.®) concluded that the activity to the 2-butanol
dehydration increased with increasing the calcium defi-
ciency of DAp catalysts. The DAp catalysts with vari-
ous Ca/P molar ratios less than 1.67 were prepared by
an aqueous precipitation procedure using H3PO, and
Ca(OH); in their experiment. The reasons why DAp-B
with a calcium deficiency (Ca/P=1.53) more than that
(Ca/P=1.58) of DAp-A was inactive in chlorobenzene
decomposition must be considered later.

The XRD patterns of DAp samples are shown in
Fig. 1. Generally, the broadening of XRD peaks reflects
the lowering of crystallinity of the corresponding lattice
directions. The crystallinity is influenced by crystal size
and disorder. The XRD (300) peak of DAp-A broad-
ened compared to that of DAp-B. On the other hand,
the (002) peaks of the samples had similar sharpnesses.
Therefore, the DAp-A crystals had a lower crystallinity
than crystals of DAp-B toward the apatite a-axis, but
a similar crystallinity toward the c-axis.

The FT-IR(DRS) spectra of the DAp samples are
shown in Fig. 2. The split bands around 610 and 630
cm™!, assigned to v4 of PO4 and OH libration, respec-
tively, were observed for DAp-B, though such a split is
not clear for DAp-A. This fact supports the conclusion
that DAp-A is more disordered than DAp-B. A similar
result on catalytic activity was reported in oxidation
of butane to maleic acid over (VO)2P>07 by Ozaki et
al.’® They concluded that the difference of the oxida-
tion activities seemed to be due to a different disorder
of the catalysts. Consequently, the difference in the ac-
tivity to chlorobenzene decomposition between the two
DAp materials could also be due to a different disorder
toward the a-axis of the DAp’s.

Conversion of Chlorobenzene over DAp-A.
The conversion of chlorobenzene to CO and CO, at
450 °C increased with decreasing SV, that is, increas-
ing contact time of chlorobenzene to DAp-A, though
little increase of selectivity was observed, as shown in
Table 3. Phenol, which is known as a product in the
chlorobenzene hydrolysis in water saturated nitrogen
(Raschig method),'? and benzene were not produced in
air condition, as shown in Table 2. The time courses of
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Fig. 1. X-Ray diffraction patterns of DAp samples.

Table 3. Effect of Contact Time to Chlorobenzene
Conversion®
Concn SV Conversion Selectivity
ppm h™? % (CO+CO2)%
40.1 12600 43 78
17.5 21000 35 75

a) Reaction conditions: DAp-A; 1 g, reaction temp; 450
°C, reaction time; 30 min.

the conversion and selectivity are shown in Fig. 3. The
conversion of chlorobenzene at the initial time (15—30
min) was 43%, then it decreased gradually to 20% after
6 h. However, the selectivity of CO and CO5 was about
90% and remained almost constant after the first 1 h.
The gradual decrease in the activity with the time on-
stream was assumed to be due to the absorption of chlo-
rine, as described below, and/or that of coke which was
slightly observed on the DAp surface after the reaction.

Cl~ Amounts in DAp-A after Decomposition
and Reaction Mechanism. The Cl~ amounts in
fresh and reacted DAp-A are shown in Table 4. The CI™
amount in DAp-A after the reaction was 86% of the to-
tal Cl amount in decomposed chlorobenzene. No Cl™
in DAp before the reaction was detected. HCI and Cl,
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Fig. 2. FT-IR spectra of DAp samples.
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Fig. 3. Decomposition of chlorobenzene. Reaction
conditions: DAp-A; 1 g, reaction temp; 450 °C,

SV=12600 h~!.

were not detected in flue gas after the reaction. These
results show that most of the Cl in decomposed chloro-
benzene was fixed in DAp-A as Cl™ without volatiliza-
tion as HCl or Cls. The fixed DAp was more inactive
to the decomposition with dechlorination, as reported
in the previous paper about the trichloroethyene/DAp
reaction.®)

The main gaseous products in chlorobenzene decom-
position over DAp-A were CO and CO,. Phenol and
benzene were not detected. And DAp-A after the re-
action contained Cl~. These facts supported the idea
that the major part of Cl in decomposed chlorobenzene
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Table 4. Cl~ Amounts in Fresh and Reacted DAp-A®

Cl™/DAp (mgg™!) A/B®
(A) Found (B) Calcd® %
Fresh None — —
Reacted 1.6 1.86 86

a) Reaction conditions: chlorobenzene; 40.1 ppm (v/v),
DAp-A; 1 g, reaction temperature; 450 °C, b) Theoret-
ical amount when the DAp-A was completely chlorinated
with Chlorobenzene reacted. ¢) Cl~ amount in DAp-A
to Cl amount in decomposed chlorobenzene. .

is captured by DAp as the Cl~ species in the chloro-
benzene/DAp oxidative decomposition.

Consequently, the oxidative reaction must be given
by

2C6HsCl + (14 — g)og
— 2CO + (12 — 2)CO» + 2HCI + 4H,0 (0 < z < 6)

The HCI formed would react immediately with DAp as
follows:
HCl+ DAp — H20 + Cl-DAp.

Therefore, we can explain why HCI is not detected in
flue gas after the decomposition. A similar reaction was
already clarified in the decomposition of trichloroethyl-
ene over DAp.>%

References

1) S.L.Hungand L. D. Pfefferle, Environ. Sci. Technol.,
23, 1085 (1989).

2) S. Imamura, T. Ikeda, and S. Ishida, Nippon Kagaku
Kaishi, 1989, 139.

3) G. C. Bond and N. Sadeghi, J. Appl. Chem. Biotech-
nol., 25, 241 (1975).

4) - W. Lee, M. Hiraoka, N. Takeda, and S. Okajima, J.
Jpn. Soc. Air Pollut., 28, 107 (1993).

5) H. Nishikawa and H. Monma, Nippon Kagaku Kaishi,
1991, 1562.

6) H. Nishikawa, S. Ikeda, and H. Monma, Bull. Chem.
Soc. Jpn., 66, 2570 (1993).

7) H. Nishikawa and H. Monma, Phos. Res. Bull., 3, 115
(1993).

8) J. A. Bett, L. G. Christner, and W. K. Hall, J. Am.
Chem. Soc., 89, 5535 (1967).

9) H. Monma, J. Catal., 75, 200 (1982).

10) Y. Izumi, M. Kadoya, H. Abe, H. Ito, and A. Tada,
Chem. Lett., 1982, 415.

11) Y. Izumi, S. Sato, and K. Urabe, Chem. Lett., 1983,
1649.

12) W. T. Reichle, J. Catal., 17, 297 (1970).

13) N. S. Figoli, H. R. Keselman, P. C. L’Argentiere, and
C. L. Lazzaroni, J. Catal., 77, 64 (1982).

14) N. S. Figoli, H. R. Keselman, P. C. L’Argentiere, and
C. L. Lazzaroni, J. Catal., 85, 538 (1984).

15) H. Monma, S. Ueno, and T. Kanazawa, J. Chem.
Tech. Biotechnol., 31, 15 (1981).

16) K. Ozaki, M. Doi, T. Kanesaka, and I. Matuura,
“72nd Proc. Shokubai Toronkai (A),” p. 454 (1993).




