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Article history: Highly active and highly dispersed Pd-loaded nano-catalysts using mercapto group (-SH) function-
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distribution and immobilization of the Pd nanoparticles within the silica supports through an an-

choring interaction. The catalysts featured long-range ordered structures, uniform pore size, high
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surface area, and highly dispersed Pd nanoparticles as characterized by X-ray diffraction, N2 adsorp-
tion-desorption, and transmission electron microscopy. The catalysts showed activity five times
higher than that of commercial Pd/C catalyst and three times higher than those of Pd/MCM-41 and
Pd/SBA-15 catalysts. Within 1 h of reaction at 80 °C and 1.0 MPa, the conversion of phenol attained
was greater than 99%, and the selectivity for cyclohexanone was 98%.

© 2013, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.

Published by Elsevier B.V. All rights reserved.

1. Introduction

Mesoporous silicas are important functional nanomaterials
with unique properties. Because of their properties, such as
uniform pore structures, adjustable pore size, large pore vol-
ume, high surface area, and modifiable functional groups on the
surface, they have attracted increasing attention in multiple
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areas including catalysis, adsorption, separation, sensors, and
drug delivery. Over the years, both synthesis and catalysis have
become popular areas of research [1,2].

Catalytic hydrogenation of phenol to cyclohexanone is of
commercial and environmental significance because cyclohex-
anone is an important intermediate for the manufacture of
dyestuffs and pharmaceutical products; it is also a key raw ma-
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terial for producing caprolactam for Nylon 6 and adipic acid for
Nylon 66 [3]. Therefore, selective hydrogenation of phenol to
cyclohexanone is an important chemical process that has been
extensively studied to date [4-9]. A broad range of catalysts,
such as Raney Ni [4], Pd-based films [5], amorphous alloys [6],
bimetal catalysts [7],and supported catalysts [8, 9], have been
developed for this purpose. However, issues relating to rela-
tively low catalytic efficiencies and the need for severe reaction
conditions (>150 °C in the vapor phase [10] or >10 MPa in
sc-CO2 medium [11,12]) have limited the practical application
of such catalysts. Recently, Liu et al. [13] demonstrated the
potential of using a dual supported Pd-Lewis acid catalyst for
the hydrogenation of phenol under mild conditions (50 °C, 1.0
MPa), achieving a complete phenol conversion with the selec-
tivity to cyclohexanone of >99.9%.

Based on our preliminary work on the hydrogenation of
phenol using noble metal-loaded mesoporous silica materials
as catalysts [14], we designed a new method to prepare highly
dispersed Pd-loaded nano-catalysts. Mercapto groups (-SH)
were first grafted onto the mesoporous silica supports,
MCM-41 and SBA-15. The supports were then loaded with
highly active Pd nanoparticles with -SH serving as anchor
points. The Pd-loaded nano-catalysts were then assessed for
the hydrogenation of phenol under mild conditions.

2. Experimental
2.1. Catalyst preparation

2.1.1. Preparation of MCM-41 support nanoparticles

Cetyltrimethylammonium bromide (CTAB, Aldrich, 1.0 g) as
a template was dissolved in 480 ml H20 and 3.5 ml NaOH (2
mol/L) solution with stirring at 80 °C for 1 h. After dissolution
was complete, tetraethyl orthosilicate (TEOS, Tianjin Kemiou,
4.5 ml) was added dropwise and the mixture was stirred at 80
°C for 2 h. The final product was recovered by filtration, dried
under vacuum, and calcined at 550 °C in air for 6 h to obtain the
white MCM-41 powder.

2.1.2. Preparation of SBA-15 support nanoparticles

Triblock copolymer EO020PO70EO20 (P123, Mw = 5800, Al-
drich, 4.0 g) was dissolved in 126 ml H20 and 20 ml HCI (37%)
solution, and the mixture was stirred at 35 °C for 2 h. TEOS (9.2
ml) was then added to the solution and hydrolyzed at 35 °C for
20 h under vigorous stirring. The mixture was transferred into
a sealed Teflon-lined vessel and heated at 100 °C for 12 h. The
resulting solid was filtered and washed, dried under vacuum,
and calcined at 550 °C in air for 6 h to obtain the white SBA-15
powder.

2.1.3.  Preparation of -SH-functionalized support nanoparticles

MCM-41 or SBA-15 mesoporous silica nanoparticles (100
mg) were immersed in 10 ml toluene solution containing
(3-mercaptopropyl)trimethoxysilane (Gelest, 100 pl) and
heated under reflux at 80 °C for 24 h. The nanoparticles were
recovered by filtration, washed thoroughly with ethanol, and
dried in a vacuum oven. The -SH-functionalized nanoparticles

are denoted SH-MCM-41 and SH-SBA-15.

2.1.4. Preparation of Pd-SH-MCM-41 and Pd-SH-SBA-15
catalysts

The Pd-loaded catalysts were prepared by an impregna-
tion-hydrogen reduction process. SH-MCM-41 or SH-SBA-15
(1.0 g) was carefully dispersed in a solution containing 0.0833
g PdClz, 2 ml HCI (37%), and 3 ml H20. After impregnation for
24 h, the particles were filtered and thoroughly washed with
water to obtain a clear filtrate. The particles were then dried
overnight in a vacuum oven at 70 °C and heated in a tubular
furnace at 200 °C under a Hz reducing atmosphere (flow = 20
ml/min) for 2 h. The Pd-loaded -SH-functionalized silica cata-
lysts are denoted Pd-SH-MCM-41 and Pd-SH-SBA-15. Pd-loaded
nano-catalysts using non-functionalized MCM-41 and SBA-15
as supports were prepared and denoted Pd/MCM-41 and
Pd/SBA-15, respectively.

2.2. Characterization of catalysts

X-ray diffraction (XRD) patterns were collected on a Shi-
madzu XD-3A X-ray diffractometer (Japan) using Cu K, radia-
tion (40 kV, 30 mA). N2 adsorption-desorption isotherms were
measured on a Micromeritics ASAP 2010 analyzer (USA). Prior
to analysis, the samples were evacuated at 120 °C for 24 h.
Fourier transform infrared (FT-IR) spectra were recorded on a
Bruker TENSOR 27 FT-IR instrument (Germany) to confirm the
presence of functional groups on the catalyst surface. Trans-
mission electron microscopy (TEM) was carried out on a JEOL
JEM-2010 microscope (Japan) using an accelerating voltage of
200 kv.

2.3. Evaluation of catalysts

The activity of the prepared catalysts was evaluated by the
hydrogenation of phenol. The reaction was carried out in a
stainless steel autoclave (50 ml) equipped with a magnetic
stirrer and Teflon thermostat. The reaction mixture comprised
1.0 g phenol, 0.2 g catalyst, and 10 ml CH2Clz as solvent. Prior to
reaction, the system was purged with pure Hz (99.99%) thrice
to remove air. The evaluation was conducted at 80 °C and 1.0
MPa of hydrogen pressure for 1 h. Following reaction, the solu-
tion containing the catalysts was centrifuged, and the superna-
tants were analyzed using gas chromatography-mass spec-
trometry (GCMS-QP2010SE, Japan) to identify cyclohexanone
and cyclohexanol.

3. Results and discussion
3.1. Characterization of supports and catalysts

The mesostructures of the silica supports and Pd-loaded
nano-catalysts were examined using small-angle XRD. As de-
picted in Fig. 1, both MCM-41 and SBA-15 supports exhibit one
sharp diffraction peak from the (100) plane and two weak dif-
fraction peaks corresponding to the (110) and (200) planes,
respectively, indicating the presence of a long-range ordered
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Fig. 1. XRD patterns of MCM-41 series (a) and SBA-15 series (b) samples.

structure. Relative to the diffraction peak (26 = 2°-3°) observed
in the MCM-41 sample, both SH-MCM-41 and Pd-SH-MCM-41
samples display a slight shift toward the higher angle region
(Fig. 1(a)), suggesting a reduced d-spacing value and smaller
pore size as a result of -SH functionalization and Pd loading. As
depicted in the wide-angle XRD pattern (Fig. 1(a), inset), the
Pd-loaded catalyst (Pd/MCM-41) exhibits four diffraction peaks
at 40.1°, 46.58°, 67.96°, and 82.24° corresponding to the (111),
(200), (220), and (311) planes of the face-centered cubic
structure of palladium, respectively, confirming metallic palla-
dium loading on the support after hydrogen reduction. This
sample also shows a diffraction peak at around 23°, which is

attributed to amorphous SiO2 [15]. The broad peaks could be
due to highly distributed Pd nanoparticles within the support,
small particle size, or the amorphous structure of the sample. It
should be pointed out that the Pd-SH-MCM-41 catalyst also
exhibits comparable broad diffraction peaks, suggesting the
formation of small Pd particles following binding of the Pd cat-
ions with the -SH anchor groups. The SBA-15 series samples
displayed similar results to the MCM-41 series samples.

Figure 2 shows N2 adsorption-desorption isotherms and
pore size distributions for the prepared samples. MCM-41,
SH-MCM-41, and Pd-SH-MCM-41 samples (displaying a pore
size distribution centered at 2-3 nm) feature a type IV isotherm
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Fig. 2. N2adsorption-desorption isotherms and BJH pore size distribution of the mesoporous silica supports and catalysts.
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Table 1
Textural properties of the mesoporous silica supports and catalysts.

Sample Aggr BJH pore size Pore volume
(m?/g) (nm) (cm?/g)
MCM-41 1085 3.22 1.21
SH-MCM-41 740 2.58 0.86
Pd-SH-MCM-41 591 2.39 0.56
SBA-15 647 7.90 0.87
SH-SBA-15 526 7.74 0.74
Pd-SH-SBA-15 476 7.21 0.70

with no hysteresis loop, in agreement with the findings re-
ported in Ref. [16]. Likewise, SBA-15, SH-SBA-15, and
Pd-SH-SBA-15 samples exhibit a type IV isotherm. However,
the isotherm feature a distinct H1 hysteresis loop at relative
pressures of p/po = 0.5-0.8 that can be associated with the
presence of an ordered mesoporous structure [17,18]. The
textural properties of the mesoporous silica supports and cata-
lysts are listed in Table 1. The -SH-functionalized nanoparticles
display surface areas as high as 740 m2/g (SH-MCM-41) and
526 m2/g (SH-SBA-15) that would be beneficial to achieving a
high loading dispersion of Pd nanoparticles into the
SH-MCM-41 or SH-SBA-15 support materials. Upon Pd loading,
a decrease in surface area was noted for Pd-SH-MCM-41 and
Pd-SH-SBA-15; however, the surface area values are much
higher than that of commercial Pd/C catalysts (250 m2/g) [14].
A slight reduction in pore size was also obtained for the
-SH-functionalized and Pd-loaded samples, but the highly uni-
form mesoporous structure and high surface area were re-
tained.

FT-IR spectroscopy was used to verify the presence of
grafted -SH groups onto the silica supports. Typical FT-IR
spectra for the MCM-41 series samples are shown in Fig. 3. All
samples show Si-0-Si bands at 1089, 797, and 468 cm-1[19].

MCM-41

Transmittance

Py e b e b e b e b e by 0

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™?)

Fig. 3. FT-IR spectra of MCM-41 and SH-MCM-41 samples.

Additional bands at 2939 and 2835 cm-1 corresponding to C-H
stretches [20] and at 2565 cm-1! that can be attributed to a S-H
stretch were observed in the SH-MCM-41 sample, confirming
the successful grafting of -SH functional groups onto the
MCM-41 support.

TEM analysis was conducted to examine the effect of -SH
functionalization and Pd loading on the mesostructure of the
support as well as to assess the degree of Pd nanoparticles dis-
persion within the support (Fig. 4). The typical MCM-41 meso-
pore structure is well maintained within the Pd-SH-MCM-41
sample that features particle sizes of ~100 nm (Fig. 4(a)). The
well dispersed Pd nanoparticles (2-3 nm) within the silica
support can be observed in the high-resolution TEM image (Fig.
4(b)). Importantly, no aggregated Pd nanoparticles were ob-
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Table 2
Hydrogenation of phenol catalyzed by different catalysts.
—

Catalyst Conversion Selectivity (%)

B o Lo O
MCM-41 — — — —
SBA-15 — — — —
Pd/C 169 83.4 11.7 49
Pd/MCM-41 322 87.1 8.3 4.6
Pd/SBA-15 31.8 82.6 9.7 7.7
Pd-SH-MCM-41* >99 98.1 19 —_
Pd-SH-SBA-15* >99 97.8 2.2 —
Pd/MCM-41* 1.2 12.3 38.5 49.2
Pd/SBA-15* 0.9 10.2 24.7 65.1

Reaction conditions: phenol/Pd mass ratio = 1:0.01, 10 ml CHzCl, 80 °C,
1.0 MPa of Hy, stirring speed 1000 r/min. *The catalyst was thoroughly
washed after impregnation until a clear filtrate was obtained.

served. In contrast, both Pd/MCM-41 (Fig. 4(c)) and Pd/SBA-15
(Fig. 4(f)) samples feature large and aggregated Pd nanoparti-
cles. This observation was consistent with the XRD results.
While -SH functionalization did not impact the mesopore
structure of the silica supports (MCM-41 and SBA-15), the
presence of -SH functional groups was crucial to producing
highly dispersed Pd nano-catalysts.

3.2. Catalytic activity

Table 2 shows the performance of different catalysts for the
hydrogenation of phenol. Both MCM-41 and SBA-15 exhibited
minimal activity, whereas Pd/C achieved a conversion of
16.9%. Improved conversions were obtained for Pd/MCM-41
and Pd/SBA-15 (up to 32.2% and 31.8%, respectively). How-
ever, Pd-SH-MCM-41 and Pd-SH-SBA-15 catalysts achieved the
highest conversion (>99%), with a high cyclohexanone selec-

tivity of 98.1% and 97.8%, respectively. These findings show
that highly dispersed Pd nanoparticles significantly improve
the performance of the catalyst. To assess the attachment of the
Pd nanoparticles onto the silica surface via -SH anchor groups,
the following tests were conducted. When MCM-41 and SBA-15
were used as supports, the color of the supernatant, following
impregnation with the H2PdCls solution, remained orange.
Furthermore, the color of the impregnated Pd/MCM-41 and
Pd/SBA-15 particles became almost colorless following thor-
ough washing, indicating that the active Pd component was
washed away. In contrast, when SH-MCM-41 and SH-SBA-15
were used as supports, the resulting impregnated particles
displayed a bright orange color and a colorless supernatant
solution was obtained following washing. These results confirm
that the Pd nanoparticles are strongly attached to the silica
surface via -SH anchor groups.

4. Conclusions

Highly dispersed Pd-loaded nano-catalysts using -SH- func-
tionalized mesoporous silica as supports were successfully
synthesized. (3-Mercaptopropyl)trimethoxysilane was used as
the -SH source. The -SH functional groups served as effective
anchoring groups for the attachment of Pd nanoparticles onto
the silica support. Our results showed that -SH functionaliza-
tion and Pd loading processes did not affect the mesopore
structure of the silica supports: the Pd-SH-MCM-41 and
Pd-SH-SBA-15 nanoparticles displayed a well maintained
mesopore structure with a uniform pore structure and high
surface area. Both Pd-SH-MCM-41 and Pd-SH-SBA-15 catalysts
displayed superior activity to commercial Pd/C catalyst (five
times higher) and Pd/MCM-41 and Pd-SBA-15 catalysts (three
times higher).
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(TEOS, KEERERK A &) IZ MM E Lk i, 7580
CCRESERIZIEFE, 2 hJE 15 1k B, AV 20 5, B4
I8, H VUK RE Ve, KaAF BI0RE G E T TR,
HFEE Bt K, 1550 °CHERE6 h, EIFFMCM-4144 .
2.1.2. SBA-15/TFLARIEIR A B

#4.0 g P123 (EO»PO70EO., Aldrich A 7)) ¥ 1126
ml kK, BRI 20 mI#KHCI (37%), T-35°CHit #£2 hLL
TR Ra 8 IR, INN9.2 ml TEOS, R4t #:20 h. # A
T 5 £ F100°C E k12 h, A A B fE, oK
SR e, BEAE TR, B EE OB K, 1550 °CHE 56 h, BJ
13SBA-1541 K.
2.13. FRE(-SH)EIHNTFLM R E AR RH &

FREL100 mg il 43 frIMCM-41 8¢ SBA-1543 #5110 ml
H VAR, PN 100 pl (3-3% 4L 74 36 = W AR L ik
(Gelest 2~ &), 7£80°CIal i 24 h. K Fr £5 [ 74Ky A L U,
FTE/K 2B 78 o0 Peidk, Hoa8 T 18 15 3 [ A0 &, B A
—SHEHIIMCM-41F1SBA-15, 43 %) fir 4 NSH-MCM-41
HISH-SBA-15.
2.1.4. Pd-SH-MCM-41H1Pd-SH-SBA-15# 4L I aYH &

FE/NGEAE N 0.0833 g PACI,, 2 mIK 25 B2 A13 m
H,O, # 7 4 i, F 2% 18 i A\ 1.0 g SH-MCM-41 5%
SH-SBA-15Ff iy, 215124 h, SR 5 & —OK R k%, T
70°CH ST, f)a e i B T U b, JlAH,
(20 mI/min)-F-200 °Ci& J5i2 h, BIF3PAfE{L 7, 435l iy % A
Pd-SH-MCM-41 A1 Pd-SH-SBA-15. 43 %Il LA MCM-41 £l

SBA-15 R #ik, [F] i i % PA/MCM-41F1Pd/SBA-15f# 1k,
7.
2.2, ELFIRFRIE

18 F H A B8 XD-3A R XU 2 A 53O B E AT X
S 26 47 5 (XRD) 43 #1, Cu K, 5 2k, HE 40 kV, HL ¥ 30
mA. K FH 35 [E 22 52 ASAP 201054 4 3 73 #7430 x K i E
AT N B J5t B, WULRE FTAE i #E 120 °C L 25 it < ik
P24 h. | FH 45 [E Bruker TENSOR 277 i L H- A5 45 47 4f
FETE (FT-IR) B 58 A FLA LR 1 2 AR . 3 S L B
(TEM)EAELE H AJEOL JEM-2010743% 5 By 7 i s b
SERR, I L 200 KV,
2.3, ELFIBIEMN

1.0 g7, 0.2 g P S 10 mI =& e A
F50 mlHs ZE DY 20 A AT R RE R B R M E .
NEET, JeFHHK S8 N S S B3R, ARG RN —E R S
H, (99.99%), F+280°C, Fiff [k £1.0 MPa, 2R J5 ) fit
P, RONTFERTEIS. [NL W, B RS 5 Ak 5 o
B, KA BB 23 (GCMS-QP2010SE, H A4<) Rt 2 v
FEIIEAT S8 1 BT

3. @RS

31 HAESEUTIMRIESR

P12 B 3 K L Ak (I PA AL ) [T XRD I, H
AT, 5 FE S TE /N 1 FE G R P9 3 H 3 — AN 5819 (100) e T
4T G U AR P A %5 55 14 (120) 1 (200) ey THI 77 55 0, 3 B 1%
SRR A RIFAIKEA P LK. REMCM-41,
SH-MCM-41 % Pd-SH-MCM-41 ] 1 3, 7 it 5 MCM-41
A FURE R T B e (2°-3°), {H Z—SH 3 B8 16 FPd ) 5
NASEASRE i 1 (100 ity THI AT S5 Vg 3238 1) KA FE AR B8, X
EH T e T TA) R AR /N PSS (R, SBA-15 Z AT it A H 3L
LIS, B4k, PAIMCM-41F1Pd/SBA-15FE 5y 1
P B J5T P 1R ARE AGE A3 56 06, 43 90 ik R T Pd(111), (200),
(220) F11(311) A THI;  [F] B 35 7F 23° Bt 3r H B TE 52 FE SiO, 1)
7555 SR, #EPd-SH-MCM-411Pd- SH-SBA-154f
an BT PA PR RFAE AT ST 58 Ak, WA . X AT R 2
—SHX P14 7€ 115 PARLAT Jak /)N T L.

K122 MCM-41F1SBA-15 2 F1l 1 ity ) N 56 et W% B -
Jii Bf il 28 F FL A% 4 A B 2% . i B AT 0L, MCM-41,
SH-MCM-41F1Pd-SH-MCM-41 45 5. A7 i 5 {1 1\ 24 1l b -
B0 Bt it 28, 5 SCHR[16] 4% 38 A FLAE 7E 2-3 nim ]I I Bt A
TEM AR &, WA I JE 3. SBA-15, SH-SBA-1541
Pd-SH-SBA-L15£F: fi MR b - Bt B it 2 o2 1V 2, HAEp/po
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= 0.5-0.84b H B HLZL 5 38, R W LB A FLEs 78,
FRER S RIME R A TR W LLE H, -SHB M)
MCM-41F1SBA-1547) {15 3 452 i 1 EL R TH AR, 4351 9
740 F11526 m?/g, iX 45 F T Pd (¥ 7 & 4y . $ i Pd 1)
SH-MCM-41F1SH-SBA-158F it 1] Lk R THI AR A A BT T
B, AR i T B AR B 3 PO A 71 (7 MLk P/ CAHE Ab 51
250 mP/g)M . 4k, BT R SR RE T A AL SRR,
FLAE BB Rk, A AR SRR A

K39 MCM-41F1SH-MCM-41 [ FT-IR1%. & w]
W, %K 5L 41 7E 1089, 797 [ 468 cm 4k H LR g, W] I
J& JSi—O-Sif (R ZH; {HSH-MCM-41FF: i 7£2939 41
2835 cm 4k Hy BRI g Dy e S HE - C-H A 1A e 45 4% 5
200 £ 2565 o 4k H B Az 55 F S—H i 0 1 445 4R B i
ik — 5 U W1-SHEE B C B T 2 1 BIMCM-41 84k |, 2y
[E] R P2 A 1407 1.

K42 % Pd i1 I AE s TEM B Fr. | BT AL,
Pd-SH-MCM-41FF it B A S A MCM-41 1 /- FLFLIE 45 4,
FIURL % 2929100 nm. JEORAE 0, ) Wil 21 & FE 43 80T
PAikL, Hokite %) h2-3nm, Aty 5], LRI R4,
Pd/MCM-41F1Pd/SBA-15FF fis 3R THI FrIPABURL A A= T BH i
%, RiRE K, SXRDE: R —5(. 1MiPd-SH-SBA-15
P ity o PARIURE # FE 43 H, TT IS BT DU 3 8L 28 SBA-15 11
FLFLIE SR, Bkl W, —SHPME IR AN BB B R 5L
B FLIE Z5 4, 304 R TP = 2 1L
32, EFIRMERE

R AT R IR RS R, R AT
UL, BAMCM-41HMISBA-15 A IS, S W 3 AT i 1
i . (4 PA/C A A4 771 b 2K Wy % 4k 22 AN O 16.9%; 1T LA

Pd-SH-MCM-41#1Pd-SH-SBA-15 Al k.7, H i1k
FN[1K99% L b, NPA/ICHEAL T HISRE 2, 3 B
53 51 2H98.1%F197.8%. Hi T Pd 1) 1 & A# 15 Pd/MCM-41
FIPA/SBA-15 1 14 71 7% 14 B & [ AR, 2Ry 7% 1k AR
32.2%7%131.8%. SEEGKI, 4 LAMCM-41HR1SBA-15 4%
W EEARPIN, BHi24hiG, LET AR GR
H.PACI ¥ W, & 4 K & 1) = K ) & b vk i 38,
Pd/MCM-41F1Pd/SBA-15%y AR JL-F- AT # e 2= 6 1. 1 A
SH-MCM-41F1SH-SBA-15 11 #Pdif 12 5i24 h 5, bR
WA AT, Ff3Pd-SH-MCM-41F1Pd-SH-SBA-15%)
AP, & R ead 38, BB A TG, R P
O M Tk L. Bk, REMH)EFIPAMCM-41
HIPA/SBA-15 1) AL 75 1t A K, 2RI 4k 22U 1.2%
F10.9%. 1A W, MCM-41F1SBA-154—-SH1& ffi J& 15
HAPd, A A 71 B A B e

4, g

FIF (3- 3 2 74 B ) = H RS A e A LA R
MCM-41F1SBA-153 [ E AT 121, Af 2 & -SHIE P 5
W, AP P e T3 b, AT il 75 5 B 4 P P i 44551,
SE IR, -SHEPA 1) 5] NI RBIR N FLI R, /L
BHISRRFE AT 5 51 I FLIE 2540 B 3 mn i L R AR, 76
My A S, Pd-SH-MCM-41F1Pd-SH-SBA-151# 1k,
7R V4 ) A2 b AR 1k 77 (PAIC) AN A% Gt 7 v 4 1)
Pd/MCM-41F1Pd/SBA-15M AL I 55 A3 A5 LA F. it
Al UL, ) F—SH ¥ 14 35 (41 5 Pdl (1 4 5 A FH nT 1) 4% 2L A
T FE O B S AL TS PR P AL TR, AT oA e R 4
JE AL TIFR AL — AN (1) 2% 5.
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