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Acidic zeolite HBeta catalysis for hydration of aryl alkynesto aryl ketones

HUANG Yingjie', ZHU Chaojie®’, TANG Tiandi""
(1. School of Petrochemical Engineering, Changzhou University, Changzhou 213164, Jiangsu, China; 2. School of Chemistry
and Chemical Engineering, Southeast University, Nanjing 211189, Jiangsu, China )

Abstract: Pale yellow gel was prepared by adding NaOH solution, NaAlO, and tetraethyl ammonium
hydroxide in order, then adding silica sol and quaternary ammonium salt cationic polymer. Subsequently,
Beta zeolite was obtained by dynamical crystallization and high temperature calcination. Then, Beta acidic
zeolite (HBeta) was prepared by ammonium exchange.Synthesized zeolite Beta and HBeta, characterized
by XRD, temperature programmed desorption of ammonia and N, adsorption desorption, were used to
catalyze the hydration of acry alkynes, in which the optimum reaction conditions, substrate range and
possible reaction mechanism involved were investigated and discussed. The results showed that, while the
two zeolites were both mesoporous with basically the same pore size distributions, zeolite HBeta possessed
more weak acid and medium strong acid centers than Beta, which contributed to its excellent catalytic
activity and repeatability in hydration of aryl alkynes. The yield of acetophenone reached up to 100% under
mild conditions (120 °C, 6 h), and zeolite HBeta showed no significant activity loss with product yield still
up to 99% after recycled four times. Moreover, the catalytic system exhibited good compatibility for
alkynes with different aryl substituents.
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ALY S b 3 3 K A B ] 45 57 Fak i e —
fAlfE . ORI HE R R m ik, HCRHIEA
RO AT L T 2R 5 RN AR R, B 5.4,
IR 0 R S v B v 1 4 B SR A R, S
FOEEMAE G L O T RBE SRR SRS
MR, C2IFE T2 B bR .
Fi Pd. Pt. Ru Al Au %54 @ £h4E ML) 7
AHLECARIIAFAE T RSB0 T 35 SBR i K& R
3N T HAR M= POR . 78 b 4 R bV R A4k 7]
R RS, WKARAAAEI SRS, . =5, 6
FER . MRS M 5 R4, [FR T 2R e m A
BIFIRFREE, ARSI T Al T 2 A MERE , T H
S RAL, AFFE YK REAE & = Al
K anA 2 5 RIS BRI T A Tl b ) RS
Mo i, AREERAEATIAEIER, LY
JR R WA AL ) B K A T A B A L) iz
Kk, B, TR R BN E S NI,
AT B KR T YRR AT, ATk Gt
SRR KA. AN, 7 YRR 48 X
N g BB PRI R A R R R S 2 — o 7R
TORS AL 2E S A B, AR SA R R Ak 550 A% e 34 A
FAIL 4 i A A 700 R i B A AR B AR AR . il
FHAES AL, ARG T 5% 42 Jd A AL i il
M H S T8, BT 4 R 5 T A MR FGE TR
TAE. BEAh, ARSI Ak B B S B
MM E . Wik, JFRmEk. B IEy
HAE IR R 4% 95 SRR i, 78 H RTRR VHE |
BRI SR RN B R A R — 2K AT R
PRa s AL A R M AR B AR AR R s b Ak, wT
RS I TR B P LA S A ML AR 43 T BRI Y fL B 4
oyt 2 W AR A B R R, WA T —
e IR g A B AR AL 70 B 22 )2 Al HIAE 20 Tolk
mqj[l9—23]o

Beta W f1 /& — 2K HA = 4E38 4500+ e fLIiE
LEF P REER A o Beta B A1 SRR SR S ORI R 1T
PRI, Gn. KA HREAL, AT R R L K
RAF 0l LUk AR FLIE LS M, LR PeE T Beta WA
HA R MEebERE . Rk, Beta WA fE N —Fhit
R AR MR, 4 2 A T A Tl
K AL 27 A LA 4201 AR SO A Beta #E AT
bk, il R TE SR 1Y) HBeta 9541, IR Z 9
L. HBeta b £ 1 Ry 55 LB K A BB B AR ), 7E
RS 4 @ AEAL R M EL AR IR A A E T, R T
AR AE B K A R B B A SR 2% 4 RIS )
WG, BT, ZE A O 2 S AR AR
T HBeta LR K G KB HLEL,

1 SRIGERSY

11 A5

RO MR P X T HER e X
AR, WHEARLH . MHER L MR
P BOROHR, ABEAR P MEARLH HEE
oW, i, RSB R A RA R, NaOH .,
NaAlO,, Z#ral, [HEZERIEAFARA R &E
WIS (Si0,), W IR EbE ( TPAOH, Jii /14K
25% ). fHMREL, LR TABRA R ; ek
BTREAY (RCC), BHCHK[27]A .

C-MAGHS 10 fHIRIn#AwE S hidtds, 15E IKA
el SRS EE ORI, SEE Agilent A ;
D/max2200PC #Y X S 2k KATHAL (XRD), HA
Rigaku Corporation 2 7l ; 300MHz 2 i He 4R I 354X,
5 E Bruker 227 ; TriStar 1T 3020 4= 2 34y B0 K
1. Auto 2920 fbEWE Y, FEE Micromeritics 2%
Gijs
12 Ak
1.2.1 Beta ¥ 5 894,

B, K 0.34 g NaOH (0.47 mol ) % F 19 g /K
(1.05 mol) 1, #t+E 30 min, £ NaOH ¢ 414 f#
JE @I 0.73 g NaAlO, (9 mmol ) £16 mL TPAOH
(0.01 mmol ), 4kZediidk 1 he HEMA 8.5 g iEin
& (0.14 mol ), FiEFE 1 he ZJ5, MAZTEEEHE T
RBAH&Y (RCC, 4.5 mL), ¥KIREGYHFE 2 h 53k
BB, T AT SR B ) n(ALO;) ¢
n(Si0,) : n(Na,0) : n(RCC) : n(TPAOH) : n(H,0)=
1:32:63:2.6:0.02:296, HERFERF] 50 mL
WA B IUGR LM NA E L R R 28, 7E 140 °C3l
Atk 120, SRERHIREEER, L. TERARE K
WA, JFIE 550 °CT Bk 4 h 733 Beta WhA1 .

1.2.2 B %G HBeta 49 4] &

B i ¥ BE 0.8 mol/L 1Y Al R & /K I W, H%
m(Beta) : m(NH,NOs)=1 : 10 IIAKBH A, IR G
S5, 1E 80 °C/KIRALHE 4 h; BHIERIR)G, &4
U& . TR, FE 550 CHBBE 4h; HE FRSS T RE 2
W, SR R M A HBetas
1.2.3 R TERRFAT A4 696 %

IR A B AT A 0 A RO 2T TR

0
SO H,0, HBeta N
/ — > R_I
_ 120 °C, 6 h _
Tak Ma~k

Il a: R=H; Il b: R=4-Me; [l ¢: R=4-Bu, Il d: R=4-OMe;
I e: R=4-F; I f: R=4-C}; Il g: R=4-Br; [l h; R=4-Ph;
Il i: R=2-F; Il j: R=3-F; [ k: R=3-Cl
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PR (T a) it /KEG R fil &R 8 ((1a)
F ), BARL Ry - S SOV A TR (55 uL,
0.5 mmol ), 10 mg HBeta ## k7], 1 mL 7K, 7£ 120 °C
SR 6 ho VSRR EZE G, a0 i
BRI AR N . 7921/ HBeta E4LFI7E 150 °C
W5, PRI 4 K, %% HBeta fEALAIE IR
Pefe, 7E W (25 mL) 2R (EA)
WD MRS, AHAETE L2, KHEETE;
HOKZ, BREAR Ta AV . R 78 %
PO A PR EA BrE. MfE, HaiammES
Ve R Ll =Py 1 a, HZA5 2R E AWK, RIKE
P Ta, 2% 8 100% (GC =3, FH ). 'HNMR
(300 MHz, CDCl5), 6: 7.82 (d, J = 8.7 Hz, 2H, 2,6-Ph),
7.41 (d, J = 7.4 Hz, 1H, 4-Ph), 7.32 (dd, J = 8.1, 6.8
Hz, 2H, 3,5-Ph), 2.46 (s, 3H, COCH3); “CNMR(75
MHz, CDCls), d: 197.00, 136.00, 132.03, 127.50,
127.22, 76.39, 75.76, 25.51; ESI-MS, m/Z: ¥l
121.2[M+H]", SEMHE 121.0[M+H] .

XFH IR M (b ): IR WA, ™% 100%,
'HNMR (300 MHz, CDCly), 6: 7.71 (d, J = 8.2 Hz, 2H,
3,5-Ph), 7.10 (d, J = 8.1 Hz, 2H, 2,6-Ph), 2.41 (s, 3H,
COCH,), 2.25 (s, 3H, ArCH;); “CNMR (75 MHz,
CDCly), 6: 197.65, 143.78, 134.64, 129.19, 128.38,
76.86, 26.42, 21.54; ESI-MS, m/Z: HiS{H 135.2
[M+H]", S 135.0[M+H]",

XFTHRRLHE (Me): TAaBIK, 7% 95%.
"HNMR (300 MHz, CDCl,), d: 7.76 (d, J = 8.2 Hz, 2H,
3,5-Ph), 7.16 (d, J = 8.1 Hz, 2H, 2,6-Ph), 2.54 (t, J =
7.5 Hz, 2H, 1-fBu), 2.45 (s, 3H, COCH;), 1.57~1.43
(m, 2H, 2-fBu), 1.24 (dd, J= 14.9 . 7.4 Hz, 2H, 3-/Bu),
0.82 (t, J = 7.3 Hz, 3H, CH;, 4-Bu); "CNMR (75
MHz, CDCly), d: 197.75, 148.74, 134.87, 128.52 (d,
J=10.3 Hz), 76.77, 35.66, 33.25, 26.48, 22.31, 13.90;

ESI-MS, m/Z . PR ig{d 177.3[M+H]", 3£ {4
177.0[M+H]",

ST AL (1d): REQHMAE, 7R
100%, 'HNMR (300 MHz, CDCl,), d: 7.85 (d, J = 8.1
Hz, 2H, 2,6-Ph), 6.94 (d, J = 8.9 Hz, 2H, 3,5-Ph), 3.78
(s, 3H, ArOCH3;), 2.47 (s, 3H, COCH;); "CNMR (75
MHz, CDCly), 6: 196.79, 163.48, 130.59, 130.30,
113.67, 77.11, 76.69, 55.46, 26.35; ESI-MS, m/Z: B
WIH 151.2[M+H]", SZM{E 151.0[M+H]",

XA ((Me): WEAWMAE, 7% 100%;
'HNMR (300 MHz, CDCly), §: 8.01~7.71 (m, 2H,
2,6-Ph), 6.99 (dd, J = 12.0, 5.3 Hz, 2H, 3,5-Ph), 2.45
(s, 3H, COCHj3); *CNMR (75 MHz, CDCl3), d: 196.30,
167.32, 163.95, 133.51 (d, J = 3.0 Hz), 130.86 (d, J =
9.3 Hz), 115.50 (d, J = 21.9 Hz), 76.78, 26.35;
ESI-MS, m/Z . g {E 140.1[M+H]", 3£ {5
140.0[M+H]",

XPEARCHE (). WEAWIK, 73 100%;
"HNMR (300 MHz, CDCl,), d: 7.73 (d, J = 8.6 Hz, 2H,

2,6-Ph), 7.25 (d, J = 9 Hz, 2H, 3,5-Ph), 2.43 (s, 3H,
COCH;); “CNMR (75 MHz, CDCL), &: 196.57,
139.34, 135.3, 129.65, 128.74, 76.84, 26.42; ESI-MS,

m/Z: FRIS(H 155.6]M+H]", SZI{E 155.0[M+H] .

YRR (M g): WE AR, IEM 51 °C,
773 90%., "HNMR (300 MHz, CDCly), 6: 7.73 (d, J =
8.6 Hz, 2H, 2,6-Ph), 7.53 (d, J = 8.6 Hz, 2H, 3,5-Ph),
2.50 (s, 3H, COCHj;); "CNMR (75 MHz, CDCls), o:
195.97, 134.76, 130.84, 128.80, 127.26, 76.47, 76.04,
75.62,25.52; ESI-MS, m/Z: g {H 200.0[M+H]", 3£
DIAE 200.0[M+H]",

ORI T h ) IR b A, 6 45 119~123 °C,
773 100%., "HNMR (300 MHz, CDCl;), 6: 7.96~7.88
(m, 2H, 2,6-1Ph), 7.57 (d, J = 8.4 Hz, 2H, 3,5-1PhH),
7.52 (dd, J=8.2. 1.3 Hz, 2H, 2,6-2Ph), 7.41~7.25 (m,
3H, 3,5-2Ph), 2.52 (s, 3H, COCH;); *CNMR (75 MHz,
CDCly), 0:196.69, 196.25, 144.68, 138.77, 134.76,
127.88 (d, J = 3.4 Hz), 126.48, 126.17 (d, J = 4.3 Hz),
76.61~75.84 (m), 75.61, 25.61; ESI-MS, m/Z: PR (H
197.2[M+H]", SZM{E 197.0[M+H]",

BHARCE (1) IREEWR, 774 100%,
'HNMR (300 MHz, CDCly), §: 7.80~7.72 (m, 1H,
4-Ph), 7.45~7.36 (m, 1H, 6-Ph), 7.14~6.96 (m, 2H,
3,5-Ph), 2.52 (d, J = 4.9 Hz, 3H, COCH3); *CNMR
(75 MHz, CDCl;), 6: 194.74 (d, J = 3.3 Hz), 162.88,
159.50, 133.66 (d, J = 9.0 Hz), 129.52 (d, J = 2.4 Hz),
124.61 (d, J = 12.7 Hz), 123.32 (d, J = 3.4 Hz), 115.76,
30.35 (d, J = 7.4 Hz); ESI-MS, m/Z: Fit{H 140.1
[M+H]", SZii{E 140.0[M+H]",

IR CE (1) REEABER, 7K 100%.
'"HNMR (300 MHz, CDCl,), d: 7.63 (d, J=7.7 Hz, 1H,
6-Ph), 7.55~7.49 (m, 1H, 2-Ph), 7.3~7.4 (m, 1H, 4-Ph),
7.11~7.20 (m, 1H, 5-Ph), 2.50 (s, 3H, COCH,);
BCNMR (75 MHz, CDCly), d: 196.72 (d, J = 2.1 Hz),
164.44, 161.16, 139.13 (d, J = 6.1 Hz), 124.13 (d, J =
3.0 Hz), 119.94, 115.01, 114.71, 26.63; ESI-MS, m/Z:
FRIS(H 140.1[M+H]", SZMA{E 140.0[M+H]",

SR CH (k): REEARMAE, 7K 100%.
"HNMR (300 MHz, CDCl,), 6: 7.80 (t, J= 1.8 Hz, 1H,
2-Ph), 7.75~7.68 (m, 1H, 6-Ph), 7.40 (dd, J=2.0. 1.1
Hz, 1H, 4-Ph), 7.30 (t, J = 7.8 Hz, 1H, 5-Ph), 2.49 (s,
3H, COCH;); "CNMR (75 MHz, CDCls), 6: 196.65,
138.54, 134.85, 132.99, 129.94, 128.33, 126.42, 26.62;

ESI-MS, m/Z . P& {8 155.6[M+H]", = {4
155.0[M+H]",
1.3 ZHMRESEEENK

FH X SR AR AT S BE S AT 44T, S 2R TR
J& CuK,, BHIEN 40kV, FHFE 40 mA, FH
£ BT L 5°~80°, A K N 0.02°,

FH 4 ) sh BRI FHSOGRE SR AT Ny W - 5 B
FAF, MR ATRE S AE 200 CHISALFE 10 h, JH BIH
PERUIRASFE S FE R AL . AR AL FLA LR
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DATFELRSHL 1.0F
TEAR 27 W RS XA it R A SR e T T - 08l
( NH;-TPD ) 437 K 200 mg FE 5l A AT ke i 4 B
i, ETE 550 CRIET (He) WRHULH 2 h, % el
HZE 120 °CJ5, FEATE NHy-He 1R G SUAT (NH; 5 04f
HOFRRUMECA 10% ) WM 30 min, RIS , S sl
AR 2 h, BRFED LR NH; o B a7 200
FILL 10 °C/min AR 120 °CHHR % 500 °C, 01' T T
[l ER (TCD ) KeIBER A NH; 155 B2 R +F/nm

TERZ R AR P E AT R, R it
AT CHCL, e z&as & Hod /A mimfg, 9 HIR
R ECHRIRE S, /18 "HNMR F1 BCNMR %K,

2 GRS

21 EUFIRIE

XF P RRRE AT T XRD . AR TR R
( NH;-TPD ) 01, FAE T H BARE . BRI
R S8, 455 LA 1~4, PIRIEE S S 2 5
SIFE 1, WE 1R, AL Beta ¥4 45 5
BE, TE 20=5°~50°N i FL T Beta 3 A #AI A0 3H
FNEERRRAE AT B . R IR B s, i dhgh
P PR FE 524 o

HBeta

TR /au.

Beta

10 20 30 40 50
20/%)

&l 1 HBeta fll Beta 5119 XRD J% &
Fig. 1 XRD spectra of HBeta and Beta samples

s B/ (umolg)
| (umolg) .

SR

(umov7‘“
271

3 L 121

2 |

i J |

B !

S i i

= /-\ ! '
133 T | > Beta

4 T AR N

200 300 400 500

B/ C

<2 HBeta il Beta £ ) NH;-TPD Hh £k
Fig. 2 NH;-TPD curves of HBeta and Beta samples

Kl 3 HBeta #1 Beta ££ i i FLAE 43 A7 i 2%

Fig. 3 Pore size distributions of HBeta and Beta samples

I
T HBeta
:-EL e
ﬂg Beta
X
0 0.2 0.4 0.6 0.8 1.0
AEXEE ST (plpo)

{4 HBeta Hil Beta Kl (19 N M FF- M3t B i 26
Fig. 4 N, adsorption-desorption curves of HBeta and Beta
samples

® 1 HEGNZI SR

Table 1 Catalyst texture parameters

lREAY A FmERY LAY LAz

(m?%g) (m?/g) (cm?/g) nm
Beta 493.9053 128.0408 0.1972 5.3899
HBeta  482.4458 130.2595 0.2069 5.5474

OFLAFFLAR 39 A 0 B

HE 2 0750, M Beta WA AHE, 2438 )
1 HBeta ¥ BAE 209550 (271 umol/g,
NH; i i < 250 °C ) FH g #0121 pmol/g,
250 °C < NH; i BB B < 350 °C ). BiFligh 4 1958 iR
Hts (JBEFHREE> 350 °C) pEEA B 25,
Bl 3. 4 fE 1R, BFEEaR L RmAR . shE
AR . FLAS FFLAR o0 A S AR — 2, U B &t B 28 e
() £ FLAE &5 8 R kAR AE , HAE AT K 1A
0.43~1.00 3L T B 5 A9 [0 B0, U6 BH R B oA A
FLZEH .
22 REZFHEHER

PR 123 vk, DAWIRRB AL T a k&4
B Ma NAHIZ N, 5T RN R . R R
J5 A J S 8D %655 B bRk B BB RS, 465 4
2 FimR,
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#2 RMFEARY ool = ek wm g 100
Table 2 Optimization of reaction conditions” " . » T
I It S M) A SR < 1™ «
WEEFC mHEIM MR EE% % ol leo &
= 80 4 3 %
2 Beta 80 4 A RE EE iig- 40r 140 5
3 HBeta 80 4 100 16 16 20k 120
4 Beta 100 4 100 15 15
5 HBeta 100 4 100 56 56 0 1 ) 3 4 0
6 Beta 120 4 100 24 24 LI/ TN
7 HBeta 120 oW 87 5 Takbfba, Ta sk AL TR0y % R
§ Beta 140 4 100 36 36 Fig. 5 Relationship of conversion of I a and selectivity
9 HBeta 140 4 100 97 97 of 1l a against times of catalyst use
10 HBeta 140 5 100 100 100
11 Beta 120 6 100 71 71 23 EYWIRELR
12 HBeta 120 6 100 100 100

O W& HRTa (0.5mmol) , 7K (1 mL, YEREF) ,
WO AR (10mg) ;5 @GC ¥EME.

% 2 AT, 16 80 CAMMEILFIS&MET, K&
No4hJE, WAEKNEKE =R (F5 1) .
TEMIFE R 25T, /7] Hbeta H Beta (JR L,
JEE<1%) BEEEATE (P52, 3) , Wigk
T HBeta 1L E40 2 BORRIE 7 A5 1 Al , K&
B R P S AR R TR BB, NI T KA
SRR o AR R EE X SR RIS, 4 5] P %
TPIRMEIETIZE 100 °C (JF5 4, 5) fi1 120 °C (J¥
56, 7) Ml 140 °C (J¥%5 8~10) HFAYMEAIEE,
AR N, BEEREER TR, PR A T
R TAFRREMRT . ERNRE R 140 °C, X
NEEFE] A 4 h B, 78 HBeta AL B T a 725K 97%
(75 9), 1M Beta 76 A R K21 Z5 148 F 7= 3R A 36%
(75 8 ) A T A5 Fe A 1 S5 1oy ek B AN [ (Y 2 2R
TE 120 °CHER Jz WAt [A] F] 6 h, HBeta /L7 L3k A5
T 100%8 Ma 7=% (P45 12), MEHRENIEXM
PEALFNTEPEA EE , B e RIS 120 h 4545 % 6 h,
[FRAS T>90% 075 (GC 7o), fRAFEE Ft
TR AR R, AR . SO i L
TR B Y575 W o 0 BE BRI B K B OB

AR TR0 0 A% P 0 AT o A M R i A 2SR R A A
R g it el v Z5F (B HBeta 4
PEAEF], ROWIREE 120 °C, RMNEE 6 h) F, %
221 HBeta AL ARG ER A A M, 25 WA 5.
ATLLE Y, HBeta EMEALAR ZHKA SOV T & 7K £
MR R, B R mEM, MG s
PEARUEL R38N, JUT AR . FEAE AL PR (0
Hawa, R THmm T a b (99% ) f
Ta &+ (100% ), EI™%H 99%, BHITEIZKS
R Z 1, HBeta #EALH A RAFARRE M.

TERAEM RN A5 T, B8R T A AR &
P B S R 36, 2SR LR 3. Fi# 3 %1, HBeta
ALY 55 FE bk & RN FE B T X3 M, X I Sk
R L TR R BURR . TG Oy FE AT A H I L
fRIE(Ta) , Ll 72 (b, Ne, TTh) siW T
e (Md~g. MI~k) #RFFE] T HAERKE R,

£3 FEEGRIE"
Table 3  Scope of aryl ketones

FY  EYW W BT B U ER%
1 Ia Ta 100 100 100
2 Ib 1b 100 100 100
3 ITec e 95 100 95
4 Id 1Iid 96 100 96
5 Ie e 100 100 100
6 It If 100 100 100
7 Ig g 90 100 90
8 Ih Th 100 100 100
9 i Ii 100 100 100

10 Ij Ij 100 100 100
11 Ik Tk 96 100 96

OB AR Ta (0.5mmol) , /K (1 mL, fERFHN) ,
AR (10mg) ; @GC IENE .

2.4 {E{LHLE

FH P FR A AR B R e R AR A SR T (&’ 2)
2 B AZ AL AT HBeta b Beta i fL 7 A THE L)
Fig Ly, AR 1) S 55 R T PP SR R R 1 18 2 T Beta BE
PR AL s oo LR R — 8 i AL
FIFAE S5 RIS PR £ HE 7T 41, HBeta fEALAY S
FEBLIE KA B N G P A7 a5 R 12 S 55 R HH 0 A iR
Rl I, S56 SCHRREDY, W TR
N AL S FR AN 6 T
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Fig. 6 Reaction mechanism

H &L 6 AT DL, JUR B Jed #3) HBeta (94N 11,
Bif 5 W2 B0 BI04 LT RERR R AL s ( BAS, 55FR Ao
R ) b, JEM ArC=C-BAS &1 (1)
IKTF-FHE BAS 36105 Y = B 3= i a5 I A g
\mm%%@$ﬂwﬂ(2> Wi, MEETE BAS

I PAT I B R RS R, TR AR e K
éF%ﬁémm(3)omE,ﬁ§MM%wm%
BAS iR, T U W) 05 A, ] A Ak 7R 45 3
TEAEH (4)

3 #it

ARICLARRMY 5 1 8RR AE W 41 HBeta AL,
TEMFIE R AET i%?%ﬁ%ﬁ%%%@%ﬁo
IR Z G T A HLBCHR | s PR A AR A0 5 5 £
%%M%@m,ﬁ%,ﬁ%%%%ﬁm%%,FW
RATFIMFEE, KRR TIZ T ZRREIRIEFE. [
i} HBeta fHE A0 77 75 HE AL 7 ZE AR K 5 1 Z B FR
T 4 WARERA BT E (25 5 A TS 7™ =475l

ik 99%) , RIH TSI EE M AR, 43
X IR ﬁm%%@#%ﬁm@@M%mkﬂ iZ
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