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Improvement in the dehydrogenations of ethane, propane, and isobutane over alumina-supported nickel oxides
occurs together with the formation of large amounts of carbon deposits with time-on-stream, but catalyst activity
is decreased with an additional increase in time-on-stream. This improvement in activity is due to metallic nickel
formation that is highly dispersed over carbon nanotube-like deposits. However, the activity decreases as this
highly dispersed metallic nickel is further covered with carbon deposits. We describe the use of oxygen treat-
ment to regenerate the catalyst. Oxygen treatment to remove carbon deposits generally results in a less active
catalyst due to sintering of the active species. However, we speculated that sintered nickel oxide could form car-
bon nanotubes in the proposed system, and that the formation of highly dispersed nickel over the nanotubes would
regenerate the catalyst. To prove this hypothesis, dehydrogenations of ethane, propane, and isobutane were
investigated using 18, 15, and 20 % nickel oxide supported on y-alumina, respectively. We confirmed regenera-

tion of the catalytic activity via oxygen treatment during subsequent dehydrogenations.
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1. Introduction

Remarkable deactivation of the catalyst occurs during
the catalytic dehydrogenations of alkanes because car-
bon deposits cover the catalyst surface as time-on-
stream progressesP?. In particular, nickel-based cata-
lysts are rarely used in catalytic dehydrogenation
because of the formation of significant carbon depos-
its¥#. In contrast, our recent studies on the catalytic
dehydrogenations of ethane”, propane”, and isobu-
tane®” on y-alumina-supported nickel oxides (NiO/
7-Al2Os3) have shown dramatic improvements in the
yield of the corresponding dehydrogenated products
with time-on-stream. We credit this improvement to
the formation of highly dispersed metallic nickel on the
carbon nanotube-like deposits. Unfortunately, even
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longer time-on-stream resulted in more carbon deposits
covering the highly dispersed nickel catalyst and cata-
lytic activity decreased sharply. Therefore, a system
for regeneration of the catalyst is needed.
Regeneration of catalysts deactivated by carbon
deposition is commonly achieved by oxygen treatment
at high temperature to remove the carbon deposits as
carbon dioxide. However, sintering of the catalytical-
ly active species during the oxygen treatment is known
to cause significant decreases in the dispersion of the
catalytically active species, which is a significant draw-
back. In contrast, regeneration of our catalyst system
involving sintering of NiO/y-Al>O3 allows restoration
of a state that approximates that of the original catalyst.
Scheme 1 shows our concept for catalyst regeneration.
Dehydrogenation with NiO/y-Al,O3 (A) causes cover-
age of the poorly dispersed NiO with small deposits of
carbon and simultaneous reduction to Ni (B) during the
initial stage of time-on-stream (I). These carbon de-
posits grow into carbon nanotube-like formations on
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Scheme 1 Catalyst Regeneration for NiO/y-Al,O;

some parts of the catalyst surface, then highly dispersed
Ni forms on these carbon nanotube-like formations (C)
and shows high catalytic activity during the next stage
of time-on-stream (II). However, the entire catalyst
will be covered with carbon deposits as shown in (D)
during the further stage of reaction (III), at which the
catalytic activity will decrease sharply. Treatment of a
catalyst in state (D) with oxygen (IV) will convert the
highly dispersed Ni in (D) to less dispersed nickel oxide
by sintering, and the sparsely dispersed NiO is support-
ed on y-AlOs3 (A). Therefore, we speculated that ac-
tive catalyst regeneration would be achieved even after
sintering.

To verify our concept presented in Scheme 1, we in-
vestigated whether the catalysts used in the dehydroge-
nations of ethane, propane and isobutane on NiO/
7-Al203 could be treated with oxygen to regenerate
their catalytic activity.

2. Experimental

2.1. Catalyst Preparation

In the present study, y-Al,O3 for the dehydrogena-
tions of ethane, propane, and isobutane was loaded with
NiO at wt. percentages of 18, 15, and 20 %, respective-
ly. Our previous studies clarified the loadings of NiO
expected to improve the yield of dehydrogenation prod-
ucts with time-on-stream®~7. The catalysts are re-
ferred to as NiO(x)/y-Al20s (x =15, 18, and 20), with
“x” indicating the content by weight %, which is de-
fined as 100 XNiO [g]/(NiO [g] +7-Al203 [g]).
NiO(15)/7-Al203, NiO(18)/y-Al203, and NiO(20)/
7-ALOs were prepared via the impregnation method, as
follows. Ni(NO3)2:6H20 (FUJIFILM Wako Pure
Chemical Corp.) 2.747, 3.417, and 3.891 g, respective-
ly, was dissolved into 30 mL aqueous solutions, then
4.000 g of y-Al,O3; (JRC-ALO-9 reference catalyst, the
Catalysis Society of Japan) was added. The obtained

J. Jpn. Petrol. Inst.,

Table 1 Specific Surface Area, Total Pore Volume, and Average
Pore Diameters for NiO(x)/y-AlLO3
(x=15, 18, and 20)
Specific Total pore Average pore
X surface area volume diameter

[m?/g] [em’/g] [nm]
15 182 0.552 12.1
18 177 0.540 12.2
20 156 0.519 13.3

suspensions were evaporated at 383 K for 12 h. The
resultant solids were calcined at 823 K.
2.2. Characterization

The nitrogen adsorption isotherms of NiO(15)/
7-ALOs, NiO(18)/y-ALO3, and NiO(20)/y-AlLO; were
pretreated at 473 K for 5 h and measured using a BEL-
SORPmax12 (MicrotracBEL Crop.) at 77 K to estimate
the specific surface area, total pore volume, and average
pore diameter, as summarized in Table 1. A smart-
Lab/R/INP/DX (Rigaku Corp.) with a Cu K¢ radiation
monochromator at 45 kV and 150 mA was used for
X-ray diffraction (XRD) analysis. An EXSTARG6000
(Seiko Instruments Inc.) under air flow (100 mL/min) at
a heating rate of 8 K/min from 298 to 1073 K was em-
ployed for thermogravimetric (TG) analysis. Accord-
ing to our previous studies®®, the amount of carbon de-
posited on the catalyst after the reaction was estimated
as the weight loss obtained using TG to determine the
amount of carbon deposited per 1.0 g of fresh catalyst
or per 1.0 g of NiO supported on the fresh catalyst
(Carbon deposition rate: CDR). A transmission elec-
tron microscope (TEM, JEM-2100F, JEOL Ltd.) was
used to analyze the catalysts previously used for dehy-
drogenation.
2.3. Evaluation of Catalytic Activities

Activity tests for the dehydrogenations of ethane,
propane, and isobutane were carried out using a fixed-
bed continuous-flow reactor operated under atmospher-
ic pressure at 923, 823, and 823 K, respectively. The
previously pelletized catalyst (0.25 g for ethane and
propane, 0.125 g for isobutane) was sieved to a size of
1.18-1.70 mm and loaded into the reactor. The cata-
lyst was heated to the reaction temperature under a He
flow at 11.0 mL/min. After the reaction temperature
was stabilized, tests were carried out using a reactant
gas with partial pressures of ethane, propane, and isobu-
tane of 29.0, 21.6, and 7.1 kPa, and diluted with He.
The reactant gases were passed into the reactor at a total
flow rate of 15.0 mL/min for the dehydrogenations of
ethane and propane and 7.5 mL/min for isobutane.
The ratio of the amounts of the catalyst against the total
flow rate for the dehydrogenations of ethane, propane,
or isobutane was adjusted to be identical in the present
study. Homogeneous reactions were negligible under
the present conditions. These activity test conditions
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Fig. 1 Effect of Oxygen Treatment after the Dehydrogenation of Ethane Using NiO(18)/y-Al,05

at 923 K

achieved the maximum yield of the dehydrogenated
product within 6 h on-stream, followed by a decrease in
the yield for each reaction. The purpose of this study
was to use the catalyst until the activity began to de-
cline, in order to regenerate the activity with oxygen.
The regeneration conditions will be described subse-
quently. The reaction behavior was analyzed using a
gas chromatograph (GC-8APT, Shimadzu Corp.)
equipped with a thermal conductivity detector (TCD)
and a capillary gas chromatograph (GC-2025, Shimadzu
Corp.) equipped with a flame ionization detector (FID).
TCD-GC used a molecular sieve (5A) column (0.3 m X
®3 mm) for the detection of Oz, CH4, and CO and a
Porapak Q column (6 m X ® 3 mm) for the detections
of CO,, CoH4, CoHg, CsHe, and C3Hs.  An Rt-Alumina
BOND/Na;SO4 column (30 m X ® 0.53 mm X 10 pm)
was used as a capillary column in the FID-GC to pro-
vide sufficient separation of i-C4Ho and i-C4Hs.

The conversion and selectivity were estimated on a
carbon basis in the product gas. The yield of each de-
hydrogenated product was calculated from the product
of the conversion of the corresponding reactant and the
selectivity for the dehydrogenated product. Therefore,
the contribution of carbon deposition was not reflected
in those parameters in the present study.

3. Results and Discussion
3.1. Regeneration of Catalytic Activity for Ethane
Dehydrogenation by Oxygen Treatment

The effect of oxygen treatment on catalytic activity
for the dehydrogenation of ethane using NiO(18)/
Y-AlOs at 923 K is shown in Fig. 1. Dehydrogena-
tion of ethane produces ethylene and methane. Regen-
eration of deactivated catalyst via oxygen treatment was

examined under the partial pressure of 29.0 kPa ethane,
increased from the standard condition of 14.1 kPa®
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under the reaction conditions of Run 1 shown in Fig. 1.
Other reaction conditions were the same as previously
reported®, and Runs 2 to 5 used the same conditions as
Run 1. By changing the partial pressure of ethane in
the feedstream, in Run 1 of Fig. 1, the yield of ethylene
yield was maximized at 3.25 h on-stream, although the
yield continued to increase up to 6 h on-stream at par-
tial pressure of ethane of 14.1 kPa®. Between Runs 1
and 5, each catalyst was treated with oxygen diluted
with helium (total flow rate =30.7 mL/min and the par-
tial pressure of oxygen =66 kPa) for 2 h at 823 K.
The oxygen treatment conditions were optimized to
completely remove carbon deposits from the catalyst
recovered in Run 1 and to convert the metallic nickel
formed during Run 1 to nickel oxide. This oxygen
treatment did not fully reproduce the catalytic activity
found in Run 1 from Runs 2 to 5. However, as expect-
ed from Scheme 1, the catalyst was clearly regenerated
by the oxygen treatment, with catalytic activity improv-
ing with time-on-stream. In all runs, the selectivity to
ethylene increased with time-on-stream, which indi-
cates that formation of highly dispersed Ni on the fi-
brous carbon proceeded with time-on-stream as report-
ed in our previous study”. The catalytic activity was
not completely regenerated after oxygen treatment,
which indicates the contribution of new chemical spe-
cies other than Ni, NiO, y-Al>Os3, or carbon.

In the present catalyst system, the formation of large
amounts of carbon deposits improved the catalytic ac-
tivity with time-on-stream®~7.  Therefore, the amount
of carbon deposits on the catalyst used in each run was
analyzed via TG. Table 2 lists the carbon deposition
rate (CDR) per 1.0 g of NiO(18)/y-Al>O3 and that per
1.0 g of NiO in the catalyst. As shown in Table 2,
CDR per 1.0 g of catalyst and 1.0 g of NiO was almost
the same regardless of the corresponding run number,
with the notable exception of Run 2. Therefore, oxy-
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gen treatment was effective in regenerating the
NiO(18)/y-AL O3 that had previously been used in the
dehydrogenation of ethane.
3.2. Regeneration of Catalytic Activity for Pro-
pane Dehydrogenation by Oxygen Treatment
The effect of oxygen treatment on catalytic activity
for the dehydrogenation of propane using NiO(15)/y-
AlO; at 823 K is shown in Fig. 2. Dehydrogenation
of propane produces propylene, ethylene, and methane.
Oxygen treatment to regenerate the catalytic activity
was begun by adjusting the partial pressure of propane
to 21.6 kPa under the reaction conditions used in Run 1
for the dehydrogenation of ethane as shown in Fig. 2.
Other reaction conditions were the same as previously
reported”, and Runs 2 to 3 used the same conditions as
Run 1. By changing the partial pressure of propane in
the feedstream as above, in Run 1 of Fig. 2, the propyl-
ene yield was maximized at 2.0 h on-stream, but the
yield continued to increase up to 6 h on-stream at par-
tial pressure of propane of 14.1 kPa¥. Between Runs
1 and 3, oxygen treatment was carried out using oxygen
diluted with helium (total flow rate =30.0 mL/min and
partial pressure of oxygen =68 kPa) for 2 h at 823 K.
These conditions corresponded to those for complete
removal of carbon deposits from the catalyst recovered

Table 2 Carbon Deposition Rate (CDR) per 1.0 g of NiO(18)/
7-AlOs and per 1.0 g of NiO for the Catalyst Used in Runs
1to 5, as Depicted in Fig. 1

CDR per 1.0 g of CDR per 1.0 g of

in Run 1 and conversion of the metallic nickel formed
during Run 1 to nickel oxide. The effect of oxygen
treatment on the catalytic activity for dehydrogenation
of propane was slightly different from that of ethane.
In the case of the dehydrogenation of propane, the max-
imum propylene yield was obtained between 2.0 h and
3.25 h on-stream in Runs 2 and 3, as shown in Fig. 2.
However, the activity was not remarkably improved
with time-on-stream unlike Runs 2 and 3 in Fig. 1, and
the catalyst was regenerated to show relatively stable
activity. As shown in Fig. 2 for the dehydrogenation
of propane, the selectivity to propylene increased with
time-on-stream, which indicates that formation of high-
ly-dispersed Ni and the new chemical species also pro-
ceeded during the dehydrogenation of propane.

Table 3 lists the CDR during the dehydrogenation of
propane as shown in Fig. 2 per 1.0 g of NiO(15)/7-ALO3
and per 1.0 g of NiO in the catalyst. In this case, CDR
per 1.0 g of catalyst and 1.0 g of NiO decreased with
the run number. The catalytic activity showed no sig-
nificant difference between Runs 2 and 3 as seen in
Fig. 2. Reusing NiO(15)/y-Al2Os after oxygen treat-
ment caused significant amounts of carbon deposits, as
shown in Table 3. However, the catalyst returned to
its original state to some extent via additional oxygen
treatment despite being covered with extensive carbon

Table 3 Carbon Deposition Rate (CDR) per 1.0 g of NiO(15)/
7-AlO;5 and per 1.0 g of NiO in the Catalyst Used for Runs

Run 1 to 5, as Depicted in Fig. 2
number the catalyst NiO in the catalyst
[g/g] [g/g] Run CDR per 1.0 g of CDR per 1.0 g of
1 174 9.67 number the catalyst NiO in the catalyst
2 2.64 14.7 le/e] le/e]
3 1.86 10.3 1 0.70 4.66
4 2.11 11.7 2 0.55 3.68
5 1.79 9.95 3 0.44 2.98
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Fig. 2 Effect of Oxygen Treatment after the Dehydrogenation of Propane Using NiO(15)/y-Al,O3

at 823 K
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Fig. 3 XRD of NiO(20)/y-Al,Os before (A) and after (B) the Reac-
tion, Followed by Oxygen Treatment for 4 h (C) and 6 h (D)

deposits, as also indicated in Table 2 for the dehydro-
genation of ethane on NiO(18)/y-AlOs;. Therefore,
the oxygen treatment used in the present study was ef-
fective to regenerate catalyst with such carbon deposits.
3.3. Regeneration of Catalytic Activity for Isobu-
tane Dehydrogenation by Oxygen Treatment

The effect of oxygen treatment for the regeneration
of catalytic activity for the dehydrogenation of isobu-
tane on NiO(20)/y-ALO3 at 823 K was completely dif-
ferent from the findings for ethane on NiO(18)/y-Al203
or propane on NiO(15)/y-Al>O;. First, the oxygen
treatment conditions were completely different. Since
all catalysts used in the present study were gray, the
color of the catalyst was examined after the oxygen
treatment. Specifically, the catalyst used for the dehy-
drogenation of isobutane did not return to its original
color after treatment with oxygen diluted with helium,
but turned green, which indicated that the oxidation had
not progressed sufficiently, in contrast to the catalysts
used for the dehydrogenations of ethane or propane.
Therefore, NiO(20)/y-Al203 (0.125 g) was treated with
undiluted oxygen (30 mL/min) at 823 K for 4 h or 6 h,
which almost restored the color of the catalyst.

Figure 3 shows the XRD of NiO(20)/y-Al>O3 before
the reaction (A), after the reaction (B), and after oxygen
treatment for 4 h (C) and for 6 h (D). (A) in Fig. 3
shows the XRD peaks using fresh catalyst, which are
assigned to NiO (PDF 03-065-6920) and y-AlO3; (PDF
00-010-0425)®.  After the reaction, the XRD peaks
due to NiO completely disappeared whereas the peaks
due to carbon (01-082-9929) and metallic Ni (PDF 01-
078-7533) appeared ((B) in Fig. 3). Reduction of
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Fig. 4 Effect of Oxygen Treatment for 4 h on Dehydrogenation of
Isobutane on NiO(20)/y-AL,O5 at 823 K

NiO to Ni and formation of the carbon deposits during
the catalytic reaction were similarly detected from
NiO(18)/y-Al203 and NiO(15)/y-Al203 used for the de-
hydrogenation of ethane and propane, respectively.
Oxygen treatments for 4 h and 6 h as shown in (C) and
(D) in Fig. 3, respectively, regenerated the catalyst to
its fresh state ((A) in Fig. 3). Comparison of (C) and
(D) in Fig. 3 shows that the peak intensity of NiO was
slightly smaller following longer oxygen treatment.
This was unexpected since the intensity of the peak in
(D) in Fig. 3 should be larger than that in (C) in Fig. 3
due to a sintering of the catalyst, which indicates that
Ni may be converted to another species.

The effects of oxygen treatment on the dehydrogena-
tion of isobutane using NiO(20)/y-Al>O3 at 823 K are
shown in Figs. 4 and 5. Dehydrogenation of isobu-
tane produces isobutene, propylene, propane, ethylene,
ethane, and methane. For Run 1 in both Figs. 4 and 5,
the partial pressure of isobutane was adjusted to 7.1 kPa
to examine the maximum yield of isobutene within 6 h
on-stream. Under these conditions, the maximum
yield of isobutene was detected at 3.25 h on-stream, and
change in the yield with time-on-stream was recon-
firmed, as shown in Run 1 depicted in Figs. 4 and 5.

Run 2 in Figs. 4 and 5 showed the effect of oxygen
treatment for 4 h and 6 h employed for obtaining the re-
sults shown in (C) and (D) in Fig. 3, respectively.
The yield of the dehydrogenation products was com-
pletely different for Run 2 of Figs. 4 and 5 from those
shown in Figs. 1 and 2 for the dehydrogenations of
ethane and propane, respectively. The yield of isobu-
tene was minimum and decreased with time-on-stream
in Run 2 in Figs. 4 and 5, respectively. There was a
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Fig. 6 XRD of NiO(20)/y-Al,O3 Previously Used for Obtaining the
Results in Run 2 Depicted in Figs. 4 and 5

slight decrease in the yield of isobutene in Run 2 of
Figs. 4 and 5. If the oxygen treatment had the expect-
ed effect, the reaction behaviors in Run 2 of Figs. 4
and 5 should look like Run 1 of Figs. 4 and 5. How-
ever, contrary to our expectations, Run 2 of Figs. 4 and
5 showed a deterioration of the catalyst. Therefore,
chemical species that were not present in the initial cat-
alyst were possibly formed during the oxygen treat-
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CDR per 1.0 g of

Fig. 6 the catalyst NiO in the catalyst
[g/g] [g/g]
(A) 0.101 0.505
(B) 0.089 0.447
ment.

These results suggest that the dehydrogenation and
regeneration behaviors of the catalyst differs using
isobutane from either ethane or propane in terms of car-
bon deposition. Therefore, XRD patterns of NiO(20)/
7-ALO; previously used for obtaining the results in
Run 2 depicted in Figs. 4 and 5 were obtained as in (A)
and (B) in Fig. 6, respectively. In both cases, the
XRD signal assigned to metallic nickel was detected to-
gether with disappearance of the XRD signal due to
nickel oxide associated with the dehydrogenation reac-
tion. However, no XRD signal due to carbon deposi-
tion was detected. Both catalysts were analyzed via
TG to confirm that no carbon deposits were detectable.
Compared with the amounts of carbon deposits shown
in Tables 2 and 3, the amount of carbon deposition
shown in Table 4 was extremely low. Therefore,
XRD probably demonstrated the absence of carbon
deposition in Fig. 6. This result indicates that dehy-
drogenation of isobutane followed by regeneration with
oxygen for NiO(20)/y-Al,O3 may lead to a catalyst that
is resistant to carbon deposition.

Oxygen treatment of NiO/y-AlOs catalysts used for
the dehydrogenation of ethane, propane, and isobutane
did not completely restore the initial activity as shown
in Figs. 1, 2, 4, and 5. The cause of these findings
was investigated by TEM of the NiO(15)/y-Al>0O3 cata-
lyst used in propane dehydrogenation, as shown in
Fig. 2. TEM images of NiO(15)/y-Al2O3 obtained
from Run 1 of Fig. 2, and before and after Run 2 in
Fig. 2, are shown in Figs. 7(A), 7(B), and 7(C),
respectively. The TEM image of the catalyst was sim-
ilar to those reported in our previous study as shown in
Fig. 7(A), and demonstrated the presence of fine parti-
cles of Ni in and on the fibrous carbon®. Ni species
with larger size of particles were detected on the
7-ALOs support after oxygen treatment of the catalysts
shown in Fig. 7(B). Therefore, similar TEM findings
were expected after the dehydrogenation using the cata-
lyst shown in Fig. 7(B). However, larger particles of
Ni were detected in the TEM images along with smaller
particles as shown in Fig. 7(C), which suggests the for-
mation of catalytically active species other than metallic
Ni and NiO during the oxygen treatment.

Based on the results in the present study, we can sug-
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gest the formation of nickel carbide species as a possi-
ble candidate”'?. Nickel carbide species with suitable
catalytic activity for dehydrogenation would explain the
improvement in yield with number of oxygen treat-
ments and the completely different reaction behavior
from Run 1 in Figs. 1, 2, 4, and 5. Furthermore, ac-
cording to the XRD patterns shown in (C) and (D) in
Fig. 3, the formation of nickel carbide species would
also explain the decrease in the NiO peak intensity with
longer times for oxygen treatment, which should nor-
mally increase. Under normal circumstances, a longer
oxygen treatment results in higher intensity of XRD
peaks for NiO due to sintering. However, some of the
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Ni is used to form carbides in the present catalyst re-
generation process, leading to reduce XRD intensity as-
signed to NiO. Unfortunately, the XRD peaks of nick-
el carbide and metallic Ni overlap, and so the carbide
species is very difficult to confirm!'?. Therefore, any
contribution of the carbide species is very difficult to
clarity at present. Previous studies have found catalyt-
ic activity of various metal carbides'")!'?. Further
studies on carbide species are now in progress.

4. Conclusions

In a conventional catalyst system, when oxygen treat-
ment is performed to remove carbon deposits formed
on the catalyst surface during a reaction, but the catalyst
is difficult to regenerate due to sintering of the catalyti-
cally active species. However, the present study of the
dehydrogenation of alkanes on NiO(x)/y-Al2O3 used a
low-dispersion form of the catalyst, in other words sin-
tered catalyst, at the start of the reaction. Therefore,
such drawbacks could become advantages for catalyst
regeneration. Furthermore, depending on the type of
alkane to be reacted, the catalyst could develop a factor
for suppressing carbon deposition after regeneration.
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Ia2, 7ANCEEPA VT I OBEKRICKIREL
REODRFBICBONAETIVIFEERIEZ v TV OMERLE

i

T1

T3

T4

T FHEERE=y rLRIC kBT Y, TSy, B
KUOA VT E U OBKELTIE, BB REFHOE
e E bz, MEEEOR EABRINSZEFTRESNATL
B COWEBHEIH—ARV T ) Fa—TRITHY EICESE
RETIERSNAEB= v 7 VIR S NS, &56I1EER
MzELTRE, N—RrF ) Fa—TRITHEMPEE ORE
THIC L > TBDLN, EEMETT 5. RKETE, EEPK
TU7L I EFRIE= Y 7L 2 BRRAIEIC X D HE L2
RICOWTNTz, REBHEBMEIRET 27-DICBRAE %
Fwa &, mHEEOY Y 7 &0, iSRS DB
fbsh, BHEMETRT 2P~ RICHON TV, LI LK

J. Jpn. Petrol. Inst.,

I, |E JEETY, EW
FBH OBEZRT, I owste, -

=7 37V () MMATERSEY ~ 4 —

BTy, EH KT,
MT“)

EERFERE S EER TAHRETAER, 770-8506 EETEE = 5HT2-1

T B R R AR BHEEM RO R LY 25 L 3 — R, 770-8506 {EETRH = BHT2-1
FEBRZHE T EMISHALZ Y AT LT — R, 770-8506 BRI = BH2-1

739-0693 KB EARAT T E=EHT20-1

Do, KEEATIX, BEAETY VY VT LIESHOB
b= AR ENE LTS, BEBMRSICHVS &,
FIDPOEh—RyF ) Fa—ThERESN, COF ) Fa—7
LICESERETERB = v FLDTER S N, BIFR RS
BEShaZEPHEENS, CORHAZEHAT 2012, T
v, Jany, BROAVTY U OBKELLE, »-TILIF
W b=y r V& 18 %, 15%, B KU 20 % HFF L7l H
WTEE L7z. ZOFER, INe3@HEOT IV Y ORRKEIC
XUT, RETRE LICBRRLIIC & 2 MEEEOBFED RIF
IAThbNB I EPHLNITE ST,
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