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Abstract

Piezoelectric materials have gradually attracted the interest of researchers because of their ex-
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cellent ability to improve the separation and migration of photoelectrons and holes. The alternat-
ing built-in electric field generated by the piezoelectric effect of conventional piezoelectric mate-
rials (e.g., BaTiO3, ZnO) provides a strong driving force for carrier separation and migration. In
addition to conventional piezoelectric materials, certain unique materials, such as layered transi-
tion metal disulfides, bismuth layer-structured materials, fibrillated zincite-based semiconductors,
graphene, g-C3N4, and metal-organic frameworks, have piezoelectric properties and are consi-
dered as novel piezoelectric catalysts. This paper reviews the recent progress of these novel pie-
zoelectric materials for piezocatalytic and piezophotocatalytic applications. This review is ex-
pected to provide a comprehensive guide for in-depth understanding and development of more
novel piezoelectric catalysts for emerging energy and environmental applications.
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1. 51§

AT R A R Tl AL, S MRS BT IR K. BN R XEH 1R S
5, BB ORNEF LS. ERFMABEERART, KHMESAR R HAE A 15 f RN 1M 4
R s R RO AT B PR S G,  [RIIN I REE i el D o AR AT i AR SR AL . RIS
ERIBT, BATEZS A T B R R LA I i A/ I DGR TR IR BB FU B . TR IR RE S
R A R RUARHE T R A/ T RO AL P B S Bn B2

2. ERELCFERSEN
2.1. [EEE{E{L

R FIMESTE T R R R, ERAACEOR ISR, NI 51 H AT BAS
REFEAFENIC TR P 1], WK A LSRR QHEE G [2]. Wb i i a4k 5)
(7 P ATUBRIBE R BRI ) T, SEIIRT R T 2% 1] FL A (R0 R P AN AR, . 506 fee A B R AL AR L, T P
WRERIAE WG T, BEAEAEATT b AR UGRS3 2 BT 6RO B2 A 13

AR A S8 R A A T 2n] AR R < o H PR NS ) (R B A RSN R oA B
H37, K5 e Al h'Ia R AP RLER T FER . XA Gl R S AR R OB, TE RGOS T E(ROS), HE—2 %
BOUKBI R A5 CO, HIE E A B FTHEE[2] [4]. 2010 4, Hong &8 A[5]E KHRIE [
ZnO THEFHER BaTiO; i in 7EE 75 BEUR R P~ AR I R B IR BN N/KfRAE A Hy, FE3R H TR LIRS B 2 51L
FE-BERUN (piezo electrochemical, PZEC). il /MH NI AERT, < FEUE A 4Esih: e, FFER
TH] P SN AR RN L F, et ) 2 TR HL A 2 A% R sl SR JR S OBz . BB S, Hong 25 A [6]4IE | PZEC RN
AN T1E R BN AL T, 7E BaTiO; i A7 7EMIE L T B AR IR TERE(AOT) e kL. 2013 4, Starr
SN[TIFIRER 2SR 2 FHUIER H AL AR S0 TR B A R AT T — R B b, 2% I s
AR I, T R A R R SR ANE 2 R B R R SR ST 1 T R N
2015 4, Starr 2 A [8] 1 T s FARAL L FEAG 0 R AR G ORI I B AR T 3, B B ) P e P A X )
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A2 ROSLHE FELAREAL) . 2016 SE[O] BT R IR T HZ R E MoS, 9KAR I FELEAL N, T8 I 5] N AN
RN AE , 75 I 2 I HH R v T PR AR o B 2018 AR LISK, V122 s HEURT R, 845 NaNbOs [10], Pb(Zr—Tiy)Os
[11], BiFeOs; [12], ZnSnO; [13], ZnO [14], ZnS [15], LiNbO; [16], CdS [17], HHZkuHF704F A s Hfi
171,

2.2. [EEEYeiELL

W FA RS AT LG YA TR 45 A A & S G 1 S E R T S ARGER 1A RO k. K AR
FERIASAE N 227 AR HLZ(IEF) . 3XFh IEF Aot 3 M AE AR AU G AR 2R (1 anig S5t 1 3k 3h 77,
MR T EATT R A 4 B A ) AT %) B2 o 3 () B 0] FH 0K O e AL e 1 i 2R A AL | PR 9 e
HDGHEAL” o Li S8 N[18]J1K 1 —7Ff BaTiOy/Ag,0 EE AL, FHdied [F] i 75 B IO A S A2 il
T A VLGRS P B 0 a] B 7 8 BT P O R PR AR K BaTiOs 40K sl A 1 1 R R Ak Fa A7 v] LA
=R N HL, K BaTiOs GRSz 7 PR AR N e B T Ag0 70, A 2+ 1 &
Y. IXFHILR AT LLIE R BaTiOs/Ag,0 & &M G AL T MERIE IR B .

W, RGN A AR R RS SRR, FEREZZIIKRE, Kb kR
RN ZnO, BaTiO; F1 NaNbOs)ZH A%, 1M 5 H Al WOE AW Cu, FeS Fl Ag,O)2H k. Kt HA1K
5 BRI R AR B AR RE, RO GHE AR R VR R SEAE T B — A kb, a7 DL ]I 72 A T H AT 5
Hififo e Al W AMUAE G R P24, Rl 7E N AR S SRR i T =2k, DMk a0 &, TR IE R
A BB FIR B2 BiFeO; [19]0

KT R AR R B AL I SR AT AR B . B 1(a)fn T 2013 4E 5 2022 4R 6T R HifEAL
AR B AR B . ZECES T AR BT, RIALE YR AERAEIR LT,
PRAE L - JGEATE REVR IR SR 2 A0 Je o ARV A B R ARDO B0, (HZ A 4 Bfe 1 1R OK
&, IO RS . [ 2(0) B8 T 2013 HEE 2022 F KIS AR FIRNE S H(CLE 2 ), 2 e ES
B AR RHREMSEH AR BT . BUR BN, BT, SRR RS W E 4 i
40.21%- 16.37%F1 3.91%. B VAEGE I A RLAh,  FEEE AR e apt B E g v 280 A 7R AE AN T B
HTRLE AR o5 AR TR R 39.5%, R BT FE N SRR R RHT L B AL R A 2 H 2

WE .
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Figure 1. (a) Publications on piezocatalysis and piezo-photocatalysis from 2013 to 2022; (b) The proportion in percentage of
piezocatalysts type from 2013 to 2022

& 1. (a) 2013~2022 FE X T EEBEENXFEBLELBIHI; (b) 2013~2022 FEEBEXTIZEE L H 5L
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3. R4 E MR E E B A
3.1. G R

L4 5 AT RS ABO; LA AR (A: R ekl 4 )8; B: iIE4E), SRR (BaTiOs) M,
ER R B M BE(PD(Zr < Tig)O3) o FLARM (045 5 42 8 e B8 Eh FE A4 kL, 491 G0 8 R 7 (KINBOs) 8 IR 41
((Na, K ONDO;). 4R (AgNDOs) . kR4 IE(BiFeOs). HI ZnO AR ARASERT R4 2L F1 GaN. JEH
EEY RN 5 )5 PVDF) M PVDF- =% Z /& (TrFE)) (£ 1).

@O BaTiOs &8k HL ABO; F5EkH KR I LA -, & BURE(T.) N 120°C. 1E BaTiOs sfRZiteH, 1
AN TiET5 6 A O JFE TR B\ AR (TiOg) [20], Horb Ba> 7T fb i (1K) 1 34 . BaTiO; 1 H K4k (Py)
IS TiY R OF B FHIRS B 5%, SLJ5 MK BaTiOs (W FREE: Pm3m) BAT Xt Bk, (HBZ R i,
A TiY B AL T TiOg (e, PUJT SRR AREE: Pdmm) i) Ti* B 7 B S A O, AT T 1% i
B, FFAS0011 5 M 2 ZEM Py (K] 2(b)) [21].
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Figure 2. (a) The mechanisms of ferroelectricity (inversion of polarization by applied electric field), pyroelectricity (generation
of electric signal upon temperature change) and piezoelectricity (generation of electric signal by applied force). (b) Cubic struc-
ture of BaTiO; and tetragonal structure of BaTiO; with P along [001] [21]. (¢) Schematic illustrations of atoms and charges dis-
tribution in the unit cell of wurtzite-structured ZnO [24]. (d) The «, f, and y phase structures of PVDF [23]

2. (a) SREEMECEIEMBIAERILREE), REMERBREZN~EBES)MERMCEIRMPA~EBESAIHN
#l. (b) BaTiO; B3 5 45F0 BaTiO; BTN 5454, Hep P 3B[001] [21]. (c) £F5EH 4540 ZnO R R T MBS H IR
E[E[24], (d) PVDF B9« 0y FEEEHI[23]

@ LB R TN SRR P63me), HAWMARA. AB B, ZnO & —F it R 2] BER”
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iR EHATE . 1E ZnO fAZEHF, Zo® F1 OV ¢ MhiZEHER, FHH MR OMEES, KILEE
A AR A B i o N Ak 3, TE SRR RO R A A B SRR R H A A (E 2(c)).

@ Ak, FEECTEVE R GV T A BRI 5T S5 A FNE ) i 2 I R HiPE . PVDF 2 8 O H
REWZ—, H[-CHyCF-] AR, A =P FEZ HAA(aw p 1 y) [22]. PVDF & HRFE T A
TRV SBAHBAELE, EFE BARFN p AH. BAH R R T PATHES, SR AL b M 5 e PR B AR A A S ) e F
PERE(E 2(d)) [23].

Table 1. Conventional type piezoelectric materials

= 1. EGRERMR

Catalyst Representative catalyst Characteristic

BaTiO3
ABO3-type Pb(Zrl,xTix)O3
KNbO;

The BaTiO; of the cubic phase entails central symmetry but lacks piezoelectricity
because the Ti*" ion is located at the center of TiOg

In the ZnO crystal structure, Zn*" and O are stacked layer by layer along the
Waurtzite ZnO c-axis, and their centers overlap with each other, hence the nondetection of
polarization in normal crystals.

piezoelectric PVDF certain flexible polymers exhibit piezoelectricity because of their asymmetrical
polymers PVDF~(TtFE) molecular structure and orientation

3.2. FIBYEEAR

FATVF 2208 R AR R T IS LA B, SRR & IR — 0 AL Y0 (TMDCs) I B A 2 504 2
JE A, 2 i T AR SO AR TR BN SR T 2, R R f k. BR T TMDCs Z 4, &7
2D FHRL, B R SRR N TS BT, AR 2 1AL A A SR T RN S R AR B T B T . B,
B T YERPRL, B0 S0 (Gr), AR RRIE A ER AR AR, (e AT I L T DA E e R B
A B m e e SN A o R PN SR SR A R B THAE Gr e PRI, i 2 s, w2 R
R BB A R BTE BUE BV TT I T IS s A . BRI, AR Gt s RHE e s AL 7 T ORI ST 48R
TR, ELSR 7R I FEURDRHE) H BT B8 T R R A J g T

fE BH LS, BARER T X T R EROGHERIZRE, B RS S AR &
HALSE . B RITIE PEREAINII[25]. ASCERI A4 T TMDCs 42 R G5 K 5535 7 s A (i A0 77 A T H
JERPRFE ZYERRL .l 2 TSR PR R, A B HL T i BB AT A 4RIE, DU T AT
TR BRI — B AW ST 3

32.1. ZHERTESE —RELIEEBEWLTI(TMDCs)

H Gr BRI AR, 482K TMDCs RO — Ml BTa s kL. 2D TMDCs [k 2 508 MX, (M
= FESE, Bl W, Mo, X=Te. Se. S), HARRMMAELEH. I M WAL A5, TMDCs 7] LALS
v R 2 Tl 22 RLGERE), B 1T AB(= AR 0 RR) 2H A (7S 7 W FR) AT 3R AHGETHARRTHR) [26], PRI R AF I HF
e WL REAN TS BRPE BT I 51 S TR KR

BA =R [F @A 3B (MoS,) IR T4t B W ] 3(a)fs. MARIAER T 1T-32 MoS,.
2H-XUZ MoS, Fl 3R-XUE MoS, FIMALE AL EI[27]. B Fii) 2 ) TMDCs J&3K H VI ik 48 (5
1 MoSy)f 2H A, e di s A a1 3(b) A1 3(c)Fzn[28]. /2R MoS, /2 HH Mo (B (L BR1A)FI S (48 LBk AA)
JR - HE B AE— RS LATE B S-Mo-S =R /NI TE ARSI T UK (4] 3 (b)) o B S8 55 YA 48 T RL S — 2 [29].
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FEEW, S Al Mo Rt SN ZE E 454, TR MoS, #.2, BA SRS 24 1w IR E[30], B
Ut 2 Ra e v [31], PfaE ik ®)] 1100°C [32] [33]. MoS, M BRAR KFERE EELH T 240 MoS, /& —Ff
HotRE s (R Bl Sk, BN 1.2 eV, SN 1.8 eV FISRERT, B8 E #e B 544k
[32] [34] [35]. TMDCs MR FRFHECAEVT 2 OURE RIRER, WSS EAEE(33]. JEHIRINZ32]

[36] FHT2E[37] [38]1LA L 2 HA e+ AL B A3 44[31] [36] [39].
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Figure 3. (a) Schematic view of MoS, with 1T, 2H, and 3R phase [37]. (b) Coordination environment of Mo in the structure of MoS,
[38]. (c) A top view of the monolayer MoS, lattice, the shaded region bounded by dashed lines corresponds to one primitive cell [38].
(d) Calculated clamped and relaxed-ion piezoelectric stress (e;;) and piezoelectric strain (d;;) coefficients [35]
& 3. () EF 1T, 2H # 3R A MoS, ~EE[37]. (b) MoS, Z5#% Mo BIBLALIFEE[38]. (c) B2 MoS, BISMTME, &
LOBENREXENET—NMNRIGRIT(38]. (d) HHERFEMSEEFERN (e, ) FIERMIE() FRE(35]

TMDC #EHREE H T B AL (R AT H 2 H 20 B TR FRR I . 2H-MoS, E A A L. B,
BT e R 45 K B = S PR e, 2H-MoS, FEig b ] DAZE 5= 2548 rh 2 B tH & HURFME . 2012 4, Duerloo
LEN[A0]E RAREVFZ 2H-TMDC 52 SERR A2 Fe s s A ATTRR S ) SRR E T UL B 18 /K P (1) 25 502 R B i
(DFT)UH& T MR e B RIS PR B R E . SRS, A AR S5 N [41 ]3R5 W JLAR SR 00 e H 1k 1) — 4
TMDC, HRFHRFR B A% B2 R R B i e 7 AT R B R %L, MoS,. MoSe, 1 MoTe, ] HL &
B3N 3.65. 4.55 F1 739 pmy/V. Ffif5, VFZWH50@ER DFT BiGTHEE T TMDC 1) BRI B &R
H[42] [43] [44]. Alyoriik 25 A\ [451FMAZIE R Mo Al W BERE 51, 117 H M = Cr. Ti. Zr Al Sn A9HAh
BB R AR A AN R BR80T, BADITT4HM MoS, i) 1T &JEMARA EaME[46], T
MoS, ] 3R M T HIF AR A O FRES AR [47], T EBEFEME I, #BAT LL5] E Rk i
RigAEL M E S .

T4 TMDC & Bt C7ERRS DA RII0IE, (HEhZ SR04 . 2014 4F, T HIRREAH[48] 1 ARiE
T 4 MoS, I HURFIE I SEIR B 7 . A AT AL 7 SR ES MoS, #fr, FH¥g HAE RS BRI R — R £ — g
FEZEMEEAR b, PR H B BE MoS, B WIS MEas M A MBI S T, Sl 8 A8 mT DL it i 21
MoS, I, HK/NGZ AR ROE G . Gl ] 54 i S AR K= A 5 Ak B o A AT TARIESE, B
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AHUE T JZ 1) MoS, # 7 RIS AR O] UL A= 4iR 3% [ i FE R AT L it b s SR, X T 8UZ 109 A
B MRt o TR BA[491E I A R SRIG T A4 7SR MoS, )7 b I FEL I ) SR
FEM T R RE e =2.9 x 1070 Com o BEAT, W5 1) P AR A P SO0 AR OIS o 1 = EE R AR ME T cos
360 MM o DB T L ST AP A s PR T DAGBE S A IR RO, g5 2 AN Ar A e o ARATTIRIIESE, [
R AR TR BUR S, Herh SO RV AT RE 2 ik, X 50 =2 5 BV 9 MoS, BRAKTE U BREE B X LE .

ERFFIERY], ARG AR, AR RAE[50]. ARSI B HLERE(51] [52], ATV EE
MoS, ¥ Fr il ig . X4 T LN A AR R FT REAE ARSI SR i 1 SRV AR T3 i A
WG R A% = EAE

3.2.2. HERGET R EE R LT

FH [Biy0,]* Fr 55 B 18 1/ a8 9] 28 - 356 [ 50 5 M e 1 140 2 R 465 A b 2 R 4 M L A R ) o P 8
M F 8 B R TR AR 5] NBCH R A Al BT Re i G54 o X PRy 1) 25 44 0 B A6 A5 40 2 IR AR T AR
55 M IE B SR AR SR TE S FRIRTSE A AR T L R R AR R A A Y AR A ) X T VAR K PH R
A AT TH R BRI 0 o B 2R G /AR A8 8 570 1T 434 Awrivilius B2 Sillén 24 PL & Aurivilius
B Sillén FHICH) A &5 o

oy e RE SR RTEE 75 41 30 P B0 [ R G e A v A PR K R B WL e ) — P AR A BT I (1 SRS » Lei 52N
[53]Ed A AT B LED (9 W)RS A A HR5)(120 W), K T Bi,WO, HIHs FEOGHEALIE I . 5 H-
JEMEIL AR RhB HIRCE 5 AR Y HEAL AN R AL 17.5 50 2.1 1% . Hu 5 A [54138 5 B b K k& i T
JEJEZ2 10 nm B ] EEA 100~400 nm FIHEHEE Bi, WO, 40K Fr, FFiE I /i RhB W78 7 o OB (b
WEPE, A 70 min P PEARZELIH 98.39%, 43 Al B A FT B HU ALY 1.59 5 A0 2.01 fiF. B4R,
& HLAE AT R G A0 R 24 G — PG BT R K AL B T V2

3.23. ETHAETHNERFSHE

JRF- A ZnS-NSs H Feng &6 N[ 158 IRTEZ N ARG H 8 IRAE R T IR T &
1525 F 15 das (18 pC/N) IR () 8 1 45 70 (2 nm), ZnS-NSs FHL AL 7 1 15 B AL PE R, B E08 R w94 1.08
umol-h™"-mg™'. Pan 5 N\[SSIE7EA B FIRA A KA ZnS il T 2 045H H-ZnS@SNG, Fiiid
MB BT TASI . 548 H-ZnS (~58.4%) 1 [l 4 ZnS@SNG (~89.8%) A Lk, H-ZnS@SNG F I H i 7
(1 Gk B A AL BE(10 min ~100%), 3 U5 R T B AR 75 S AR AL AN URE 1) 25 O G5 R IR T H 5686 < b4,
R A5 K TR HOG AL B I e ZnS HK KA1 2D g-C3N, 48K Fr 4 F % CO, & 5 CHy [56].
FERIHREN AR WG T, W ZnS GKR B R RAL J7 18 72 A AR AL FL 3 o] LIRS DL 80 T g-CsNy
5755, AT HE s OB A CO, It R I RE .

Z BRI CdS B AWM, Zhang S5 AN[17)52H, G548 IR AT BE S35 4T 440 CdS 750
Wtk o RAEFIPGEME T /N CdS (H-CAS)FIAL 5 CdS(C-CdS) 2 [a]ff] CdS AH4E5(H/C-CdS), F5H T
4K R BRI T AL TR HL - e Hy 33 N H/C-CdS (3.19 mmol-g -h™)4 5l /& H-CdS 1 1.4 %
(2.31 mmol-g "-h™")A1 C-CdS ¥ 5.3 £%(0.59 mmol-g "*h™"), TLHH H/C-CAS )7 WA Ak 1 58 S 350 7 8 v 1)
T BEE . BT CdysZngsS Ak, HF H0, FINTH[57]. HAEIRSIF, CdysZngsS i HyO, 753
Bim T IR ZoS A1 CdS, R FHABL S A5 i H R A R T HURRE I IR A . IbAh, VR 2 S5 45
&AW BiFeOs@CdS [58]. CdS/BIiOCI [59]. CAS@SnS, [60]45 7 & FE AL AN IS B e fb b g 2 7
Z N

3.2.4. BT Z4ERRAIRHE R AL
Rodrigues %5 A\ [61 M2 F B2 Gr YURTE S/S10, A HAE AT b )58 & i . K PFM & 1 %
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MERCHE + &IF GoEAHRL. BT Gr i C T 5KE Sio, 11 O i 7 AAE MBI,
BT AR BRI AL, SCHE Gr BRI UK NAE 5 LE 2 Gr L SR RS 5 5 4 % . Feng 58 A[62]
HFES N Gr (NGYVE N S AR 5 MoC &1 m(QDs) E B 2] MoC@NG 440K, JF1 N H]
FAK Ik AL HI . HRYE N S0 A7 B AT DS 300 58 N ENE N A% N i+ N & e, N#$
25 (R 591 52 PR E N AL N 5162 1 B S5 ) R Ay B 201 R o 2 PEE PR AR B 1 o A WUAR BV T T R S AR
7 NG JZ AT LU U R AL, i MoC QDs L) HER. #AT0, WS RIMES S HEE, X2 H/MK
NG ' N A1 C J5 7R A TER . Hu S8 A [63 8 EANA R AR AR, R il 5 A 52 IR 5 5
Zn KR ET REB B T, T2 2D Gr 32BR Zn-N, R AEH 0 (ZoNG), Miide s 7 s IERE. Zn 5 N
JEF R PEZEROR, Zo-N BB, 2 R BRI R s B AR AR, AT 56 I R 1

B 1 Grbb, SRR (e-CN)IE Y Gr BRI, ARG HEIERE, 48 Zelisko 55 A\ [64]H
B g-C3Ny AN AR E A5 # 2 BA I I A AR O IR = AL =-s- IR B 45K, RS T =-s-
=RV A P HL P A S i L — 3K — A AR R A AE T 7 A A BT ARAL D RE R A A AR
o g-CsNy B M T H G A ) 2 . Hu 55 A [65 ]Il 4 7 B B3 AR5/ g-CsNy, JFRIE 1 12.16
mmol-g "-h" FIRRIF AT EUH R A AT AT SO ST, BN ST R B IE B, X AR =-s-
=R TR AR S S A T N ARAL SR . Ak, B 55 T AR M I S B =R
g-CsNy Z (AL I 45 W] LA 3 - AHELAEHS, fRIERTIER, FFAE g-CN, - 3H Hh B S8 AR L 2 4L
gk, HE5E T HLE, IR 1k A TERE, I T HEATHEAE[66].

3.2.5. ETERBHIERN EBEELT

Zhang %E N\ [67]8F 7 T [A145 44 Zr 1 HE 5 MOFs 1 & HLOG#40AFE H - UiO-66-NHy(Zr) Rl UiO-66-NH,(Hf),
HAARACL P B R 2 1 I, (L B S5 B SR AN [ o R MLOF's 78 (A il S0 T 110 375 14 222 57 T DA 2265
i UiO-66-NH,(HE) {16 AL FE1E e Ui0-66-NHy(Zr) & 2.2 135, X% BT /BB A AT T Ui0-66-NH,(H)1)
JE RN B 5R . PFM 45 RIE R, HEMOF B L Zr-MOF &5 2 (15 B &, X nf PLH KT HE-0 4
b Zr-O SRR P BE K o 8 P JB 0 HEAN AN AT LA Ay e R PR A PRI (REAT LA, ), 3 mT ISl e I 3k o H R4 3
TEAEF (1) LR BT, BiFh MOFs B0 HH w5 B AR UL P BRI 2 1 IR, A KT 3% P FF) D R 122 I B
B, Ui0-66-NH,(HO WG MR & (i — K 25 R 1% 2 HEMOF B BRI E B8, AT BAX 43I0 i 44 53 ()
AR T AN RIS R G (e A P R R e AR

B JE, TEPIFIAFITEA 8% MOFs g2 2 Ak v v, B FCAU-17 (FR)F1 CAU-17 (#IR)
[68]. FEIR CAU-17 TG TR, BAT SR R r e B, AT R I H B8 A 2800 e F AL s

4. REERE

RIERR T AR AL, f045 TMDCs. 8RS AR, AF8E0 S Hi 2 344 Gr. g-C3N,
A MOFs, 4K, Hrid s s AR E 2 A TN s AL USRI TE A s, BUAS T T2 K
Ko BIRCERR T RTH RS QA RISV i, (RIX— SO b T D B, 2t —
AR Bt BRI AR ) 2 DT LU R, B DORAGE N . MR 15 AT
IR EE P DM SRS S8 — Hbn i, 3 LU A LU AL R RE o AL A7 AE S+ [69]
HN B P Hy AR NS BB T T, TIAE CO IEJE Ny [B5E % B 455 T R N TR A
BRo X2 FOAFE AL DU & s AT RHR AL 1 BRI AU T L& . ZERIE R UM ARKRIT K
5 % A0 I AL F e AL PR RE B A R BT I S5, 2 — 2D 3RO HEN LR ) S 47 A
LRI F] BERUR FAMAH RIS TAE, G ri AR R R PRAT 2%, B 28RSl T SRt 27 1R A I A
BHOTE R R ILAEHUDEEAR . SAEB R 7. IR0 BT FUMRE X 1 18 i 50) T FL R A AT T F e i A it
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