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Abstract

Zinc-air batteries are widely considered as the next-generation rechargeable batteries due to their high energy density, low cost,
and high safety. However, internal short circuits caused by zinc dendrite growth and bubble generation by side reaction during
high-speed charging can deteriorate battery performance. To address this issue, a zinc-air flow battery with an electrolyte flow
has been proposed for high-speed charging, and previous studies have shown improved cycle performance. Optimization of
operating conditions for practical use requires elucidation of the behavior of the zinc electrode and bubble with electrolyte flow
during battery operation, but this remains unclear. This study utilized operando X-ray imaging to investigate the zinc electrode
and bubble behavior of a zinc-air flow battery during charging. The results revealed that when charging without electrolyte
flow, zinc was deposited in a dendrite structure, and the dendrite growth rate increased with the charging speed. In contrast, it
was observed that dendrite growth was suppressed, and dense zinc deposition was achieved even under high current density
conditions when charged with a flowing electrolyte. Furthermore, the voltage fluctuation due to a decrease in the reaction area
caused by the bubbles generated by water reduction was successfully suppressed when the flow was present. This was achieved
by removing the bubbles through convection, which prevented the increase in overvoltage. Overall, it can be said that the flow
of electrolytes has a positive effect on battery performance, as it helps to achieve a more uniform deposition of zinc and to
prevent voltage fluctuation.
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1. #

=R =a— s ZAOERIIANT THAERBT R LFX —DOEANED 5 TEY, TOHEEZ R - 5
fild 2 REEDSE AL OEEEIN RO SN TWD (@R, 2017). FEIEEIL, 7 T4 KA —, Fy v
%, BKEE L EOWER R I5Ee, EiERIH LI b2 d5iE (BBl RENRDHD. Zoh THE R
DEFBETAL R LT, BARH ) OFERENL L, HAVET RV —OEXIZLVELZHINTHD.
BUE, EEMIEZEEmRE LT M) UA-FEERS ST VT AL Py 7 270 —ElAEL S TWD
(V5 Hfh, 2020), @iBUGMERMEZ @R THIFT 27 MU U A-fEEITIEK ) 2785V, @flizeA 4 o

JERLBME AT T2 F VT AL Ry 7 27 o —EMIIRE - EHa X MCRERH L (AH, I, 2016).
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JREEh, ERMNZZERR, TEARRICKER LT U » LKERE VD ZIREMTH 5. EMIEWEIC R OiEE %
MAna 2 end, BMFERORYZAMIEWE CHA T, iAo VX —EEX, fekoEEfAEER T
HDHT U U A-RiEEERO 1005 Wh/L %2 k& < [\ 6000Wh/IL 249 % (fH, 2011) (BRAbe S
FH%, 2010). F7z, KREMREITFKY A7 PR, BEMENREWNZ LIz, FREEME L e LT 2 #ifz
FEROWA A NBEREFTDHZEND, MmoOZEKER S i L CRERBE CORKRENAIHETH D (Liuetal.,
2015). S 502, #ENXY FU LA A VERIZHNOND Y F T LRI/ YL e EDO LT A XL L L TEE T
ZHTHLZENDIEIA N THDLEL, REENRD ONHRIEBEHA RELE LTRSS G,
2001). 2oL, FEFRHZHSASEAECRGSEMS (T RI4 8 THRET 52 LT, REEFREABOERNE T
DOREMEERLZ L, EUMMEEL L KT RIS 2 85N TW5 (Mithaetal.,2018). 7> RK7A4 Mx
FHEAAT HIIRFL AR U B IR E ARLC & 0 JEEHEE & 72 o T2 RIERNICEB W T, Yo r— A 4y (Zn(OH)?) 23HTHIE
U CRMICEITT SN, WS EHET AL THRETHEEX LTS (Luetal, 2018) (Yietal,2018). F7-,
FEBRFIZEISUG & L TKDER DNV, KENSBEAET D Z & TEMMEEME T T2 2 e85 TS

(Heetal., 2022) .

N 2SR BIMOFEEBRHICT > R T4 M &4fld 5 Fike LT, o RmeE, BIE~OEINAIOE,
A F MR OER, EARITEN 2 ERETS LTV D XuandWu,2022). Z 05 5, EBREREENC L 57 o K
TA ML, BHETOY U — N A ORE G EE b TH LT, T RTA O AT S &
RIS, BIAERRI) DR ASCZE SN & OBEARIR DZFE 72 E OFRE G [FIRFZRR TE A FETH Y, Zhasf+
L e UC, EHANTICERE LR o 7S L 0 B A il S 5 7 v — R 2 [ A B R SN TV D (R
F, 2001) (Yuetal., 2020).

7 o RIS ZE KB A R & LIEHENED BN TEY, Yu b EEREE (10 mAlcm?) THEHE & i
VIR LIZBROEMAFm S, EARRTEENIZ: LT 900 ¥ 7L (60h), TEMHEITEER 7.5 mL/min (23T 4725 1 7
Jb (315h) L7320, BRERAERBIS D Z & THA ZUEgEN ) 95 Z L E2FGEL T D (Yuetal,, 2020). F
7o, 7 u AR B OIS T, T ECWREIR o T OREIMERUETH D Z b, &
FEEMESMORGEIL B IED ST 5. Khezri HIF, #io 7 o —RIHESHZE K FEEMIZ I3 1T 5 TS % O A5t
L C, Exsitu @ SEM X° EDX 73T 21T\, BElitss B CEMHR IR O S 2 1842 L T\ % (Khezrietal., 2023) .

Pbo X9z, 7 a—Rligh2e K B2 B9 2 BEFIF eI T B M RER AR > M SR 0D Ex-situ /3T 23 W L 4T
W5, —HC, mERRR BN EIZ M 7B ESR R OB ITIE, AT v RBIERIC K 2 BRI EI S C ol
EVRREEN DN M IE L 72 5. AT RBIED 1-5& LT, ANEEFMEE)SEWESE T CRIZSATRE R
RTURXBA A=V TRBD. AT R XA A= 71F, BRALFNE & FFEHZ L0 XSG
ERETHTIETHY, KRUEFOBMNHELR 25T 52 LN THS (WE, A, 2021). F7-, Yufit
SIITER D BRI D G 1l U T SN2 BB R LA LT o R XA A= 7% FE i L, BRI AL —
REDINST v RIA RBRE LIED A 2 L, REROBERBENESWVIEET Y R4 FNOBKRMITELS, E
STV RITA MO TEZ EEHLMNT L (Mfitetal,2019). —5 T, 7o —RIMEHZeREMIZ63 5 42
TR XA A=V I HATONTE LT, BRRITEIZME T2 2 eS8l 3 ST, E7z,
ERRITENIRIEOBREIC L 0 EHMERRIC R L 5.2 5 & PSS,

= ORI T, 7 a—BIHESHZE K RO FEEEREZ R 1T 2 fiEntisE) 72 & QNS B N O K a R B O g %
HYE LT, BEEMBROART V R XA A= 7% FE i L. $£7-, FTEROBMHRITEISIE: & NS FeEH
EraEZDHI LT, EMRITENNHEMEEE 2 D NIKVEEENC G 2 2 B2 Rt Lz

2. REAF%

ABFFETIE, Aiko@Y, 7 n—RERRZ A 31T 5 FerERF O HEniBAEEh 72 & DN BP0 KIa 5B
iz BN & LT, BERRO AT o N XA A= 0 72 Fiffi LTz, RE TITABIFEIC V2 figh2e < o
Rk - MEROGTEER O R T o R XA A =D 2 T DFEIZOW TS,
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2.1 EffwEs

BRI, AKERE D U w7 2OKVARE (KOHaq.) 26 L, BRI s E R AR AR L 225 6moliL & L7= (Gilliam
etal., 2007). EMEOAE, BHIKIZKOH Ry b G bRk T3, M%) Mz, v~/ RXF v AH
—F— (FAUy, RSH-IDN) IC L VBHE LGRS &2 = &L ClioT-. £7-, RERBRAEFEMT212h7-0, &
R TSN A A R BETh 5. £ 2T, BLHEEN 2 BRI B FIYAE S8 -, B> KOH aq. 2L
IR (MMEBKT3E) ZAafE0 15 FENX, v~/ 3 F v I AX—F =2k 1 HEHEITo 721, w00k
% (Eppendorf, 5424R) (T X 2L NEEEITV, EERGE 7 A NVE—(EEA ML Y ARTH LT
RV HEEN AN BRIIR AR L 72 KOH ag. 2 FHL L 7=,

2.2 ZESHEER

ARFGETIX, —AR_—s3— (Toray, TGP-H-090) T T& 7= 4 24L& (Gas Diffusion Layer, GDL) @ ki
LaosCapsCo0; (LCCO) Ml {175 S 7= 2e5M A L7z (B, 1EfX, 2010).

fibfitfE DIERITIL, HRIEEFCdH D Ca(NOs), » 4H,0 (B L7 A /L A%, HiEE 98.5%), Co(NOs), - 6H:0 (&
T AV LT, W 98.0%), La(NOs)s + 6H,0 (& 17 A /L AFE, FEE 99.9%), Mk 7 = g (MRl T3)
EIRER, 100mL FREOBMK LIRG L, 7 = IRiEiiKsiiZ i Uiz, R L 7oKgkE, n—4 ) —=
SR L—%— (EYELA, N-1300) % WTZRE L, 80°CIZT 4 BT TV b L=, B L 7= 1% 12 I
B & T 52 L CROMARGEHRIESYE, 7 U BRIREAZST-. Bl = UBERIMEAZ KT 7 Ry v
N—NTEXE (BFEEE, MINI-BS1) (27T 700°CT 2 RefifEsk 3% = & ¢, LCCO it #457-. = D%, LCCO
fikiil 2~ 7' 2T 4 7D D FEkT 2 B9 5 Z & T, LCCO iy AR 2 #57-. LagsCansCo0s 1 XRD (Rigaku,
minflex) (2L Y, FTEDRERHTH D Z & ZMER LTz,

LCCO filiin Az, HEMH & LTh—AR> 77 7 (MulcanXC72), 731 >4 —& L CPTFE (Fluon AD911E,
By 61 %), Wi LT=X ) — (BL7AVAFE, G8995%) 2@l GONRAAT Y
—%, TIIREERICE AR Y v — LIZit LiAd, 60°CIZMNENT 52 & CTTIVIMEICAT ) —DEy%
Y\ CHERE S, g 23 R - 7= 7 L D I GDL 23, Ry b L AEEE (NPa & A7 4, PCH-100-
DAH) (2K D 46MPa, 340°CC 20 ZyBIMBVINES % = & CllitE %2 GDL _LicizE &8, 2oz Rl L 7=,

2:3 ARSGUFXEAA=DVYT

LICART U R XA A= T ORI 2R, @ fiae X #R8EieE (Rigaku, nano3DX) PIZ FEMEHKT
R A AT, FRERBHELZEERT D Z L2k Y, RO NT U R XA A=V 72 FE i LT-. 112
X SR 2 nd. XBRRIIXmARE X A RETE DRiREmAEE A L, ¥—7 v MERICITEIR )
DFRVVELR RO X a5 vie7et ) 77 V2 Uiz, SRIRERILIE VT = — T 28w L, R 7ok

j Inflow
k_l_)

1 Rotating | e-
T target

l ??E \ Filament

Fig.1 Schematic diagram of X-ray imaging. X-rays generated by an X-ray source are irradiated to the cell, and the intensity of
the X-rays transmitted through the cell is detected.
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Table1l X-ray imaging conditions.

X-ray generator target metal Molybdenum
Acceleration voltage / Applied current 50 kV /24 mA
Frame rate 7.5 frame/min
Pixel size 2.16 um
Exposure 6 sec

Zinc electrode

Observed area (2 mm X 10 mm)
(2.6 mm X 3.6 mm) /
Inflow Outflow .
4 Z Zinc clectrode
X ," \ Air electrode — R
’ T e H
e \ (2 mm > 10 mm) X Airelectrode” | 6 mm i
,/ \\ i //’//'
(a) ’ N (b) “7 10 mm

2.2 mm

Electrolyte layer
Lamination layer marks

1 mm

(©) Air electrode (d)

Fig.2 Schematic diagram of cell (a) front (b) diagonal direction for zinc-air flow battery, (c) the observation area for X-ray
imaging. (d) X-ray imaging of zinc electrode after aging. Cell is consisted by a zinc electrode and an air electrode.

DRy 77 =5 TNOBMREIERSED ZEICK VR L. R I A 2R 7 (ATTO, AC-211011-
2) BEHL, Fa—7130KBA Y U LIKT DMEO @SN Y b = T o — T 2R Lz

2 (a) ITERL L7=® /LD IEH A, 2 (b) TR FHOBEAKZRT. BAREIL 3D U ¥ —

(FLASHFORGE, Adventurer4, Creator3 Pro) (ZX W ERIL, B ARIEREFD 7 ¢ F A L MIIEMSESPED R
ABS B A L7z, IEMRICZERM, A Hisntk (=7 =, M 99.2%) ZfiH L, EMmiglLzss<m - i
fREHIZ2mmXxX10 mm & L7z, B OREY, X #RFEiE T H O 6 mm, —=— 2  ZaiOEMmEEEE? 2.2
mm L7250 KOG EITo 7. £, BAO XGRS MOBEEX 2mm, E/VER ORI 4mm THD. X2

(© ITENVBEFEROMAX 277, BIEFEEIIX 2 () ORBERTH Y, iR & BARRE 2 gk s L
7=.

FERBRIIRT > a HAsN ) A% > b (Admiral Instruments, Squidstat Plus) % AW CIT o7z, 285 I34E
EBIRE L CAT U LA RS, @i E AT U L RBICRT S a HAN ) Ay Nk T 52 & Tl
L. RERARBREZITOANS, ZEXMBOT— 0 7% BRE U CEMIRE 30 mm/s, % E 50 mAlcm? —iE
Db & TLRFRMEZIT>72. K2 (d) ICo—2  ZHROHEERD X #iA A —T %3, EHORWEREAOE S
DTSR, K% 56D 2 ROy N BT, & P OO TR Z DAL HL WD NELXM TH S, K75
BRI AT o To = — Y 7 B OIEMBOBESE R 2T, BERBRIO@HEMHIIE TR 2 d) LFREETH
ofz. Fiz, BRERED TEICHWVEENBIE SN TV DA, ZHUTESEIRIC X DPRENKEEEZ, 1% 3D 7
VoA —TERILI-ZEICL D74 7 A FNOEBIETH Y, FhitERBELE S IIEERRLOTHD. =
V7%, BEERIRENSGIE (REiZe L, 20mmis) ZAT L, —EBIMEE (50mA/em?, 100 mA/cm?) (23T 50

[DOI: 10.1299/transjsme.24-00098] © 2024 The Japan Society of Mechanical Engineers
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MAhCM? |23 T % £ CRERREZITo 7. 2 2 CEMIKILE 20 mm/s, ERE S 25 OEME S 10 mm,
B, FEMEAREA 1288.3 kg/m3, 1.65mPas & L7-& & (Kuznetsovetal., 2020), Re #3156 Toh 5. —MRITELIL
BRBOIREE & 705 Re=2300 # K&  FEID Z &b, BAERITEISIE FICB W COREBNIZER Ch D, £, it
FEN OB /e 12 1.5mm BLU R O Ne a2 AT 270, ZOBREEIELZNRERSLTHLEDRe
BIL 25 K Th D Z &nh, TRIEOBGERED Y & ELT R3O TR CTH 5.

3. RBERLER

MR EN Sl & FRdER B 2 8 B L7 SRR WN THIEMB D AT o R XA A=V T2 g L, &
EUVA VSO AT 7% DA SY ON Rk N dPay - 7 oy i Oy el

[

1)
R
4
)
=~
B

31 BRERDLIELBEDLLVICREEBI5ALIEE

AR ITEN )N HSA 2 EN 720 & NCAIAZEENC 5 2 DB EZHL NI T2 Z L 2B E L, EHREE 50 mAlcm?
— B CEMIETRENSAE (REie L, 20mm/s) (LS HT-RERBRAIToT-.
X312, EARERTREN L, B 50 mA/cm2 THE L7ZR0, B/VEEOREE (K3 @) &4X7

W

L
o ®

Voltage [V]
el v
(IS B

—
[ S}

—
N

1.4
(a) 0 500 1000 1500 2000 2500 3000 3500
Time [s]

(b)

Fig.3 Operando X-ray imaging of zinc electrode at a current density of 50 mA/cm? and no flow. (a) V-T graph during X-ray
imaging. (b) Zinc deposition after (A) 208 s, (B) 1200 s, (C) 2080 s, (D) 3480 s. Zinc was deposited in a dendrite
structure, and overvoltage increased due to bubbles.
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W

o NN
> o
[es}
-
Q
jan)

Voltage [V]
(3]
(3] (3]

—
o0

1.6

1.4 — : : :
(a) 0 500 1000 1500 2000 2500 3000 3500
Time [s]

1 mm E 1 mm F

(b) 1 mm G 1mm H

Fig.4 Operando X-ray imaging of zinc electrode at a current density of 50 mA/cm? and a flow velocity of 20 mm/s. (a) V-T

graph during X-ray imaging. (b) Zinc deposition after (E) 208 s, (F) 1472 s, (G) 2280 s, (H) 3480 s. Uniform zinc
deposition was achieved and overvoltage fluctuations were suppressed.

10

10°°F
5]
2
S 0
Eolot

-15 | =—w/o flow

10 —20 mm/s
103 1072 107! 10°
Frequency [Hz]

Fig.5 Power spectrum at a current density of 50 mA/cm? charge. Spectrum smaller at 20 mm/s flow velocity than w/o flow
over entire frequency range.

[DOI: 10.1299/transjsme.24-00098] © 2024 The Japan Society of Mechanical Engineers n



Kubota, Kang, Kodama, Ikezawa, Arai and Hirai, Transactions of the JSME (in Japanese), Vol.90, No.935 (2024)

RXHA A=Y (K3 (0) 27, K3 (b) NOABSRIET—Y 2 7%, FEERBRETOHEARONE & 7~ .
HEATHIZOWT, X3 (b) A B RT &80, EZHEHAMEERICT v R 7 A MEETHRET 2 F 0 BIEE S
N ZhE, TR SRR T D Y — b A AU NEE SN, BEARPECEZ EDNFETH
HEEZLND., F2, BEIH (AR POXIANRFAL, BATIIRIEOME & & HITEREEN 0.2V FREH
MLtz = ZTRAE LTSI, ﬂﬁﬁf%é*@%ﬁﬁ% FORAELIAFZETHDLEEZLRD. —JT,
C RTCITFRENBEALODLTNRMERNC & 0 EHEROSMIPEH SRS, WEEDNMR T T8kl shi. =
D LG, BEEBOFRRKIIK @@%ﬂf%@ ﬁﬂ&ﬁﬁ%ﬁﬁwﬁ&b AT OBRBEEN EAHT 252
CICKVEEENENT 5 B2 N5, K42, EFERGTE 20 mm/s, B E 50 mAlcm? THE L7ZEEO
BIVEEORIFEN (M4 @) AT RXBA A=Y (K4 (b)) Zad. SerHiIiREi e L CoFRER
k%&bf%ﬁm&%m%ﬁﬁ< BJ—lhe ot ZhU, A A U RESARDNERHRITENC L 0 B — b Shizm
5THhDEBEZLND. Fiz, BEOREZ N IHI SN, Ziud, BREEHEENC LV [0 Thbihs
;&T,ﬂ@@ﬁﬁkiU%kM#mﬁéh,ﬁ$§ﬁ&@@@ﬁiéﬁ$F®ﬁMWW%éhtﬁ%T%ék
Ezbnb.

T, EMRIREIOA I L DEEEBORNERMICTHZEAARNE LT, ERFICBNTHELILZE
JEDRERZEAT — & ;ﬁLHT%ﬁ% JER T AT o 72, X5 IZFEREE 50 mAlcm? THE L7ZBRICE b
TCBIEDORFRELT — 2 ICxt L, FFT ZH3 5 Z & THONTZ T =AY MLampRd. o7 v JJE R

357

Voltage [V]

(a) 0 200 400 600 800 1000 1200 1400 1600 1800
Time [s]

; Mmunj

Fig.6 Operando X-ray imaging of zinc electrode at a current density of 100 mA/cm? and no flow. (a) V-T graph during X-ray
imaging. (b) Zinc deposition after (1) 192 s, (J) 688 s, (K) 888 s, (L) 1640 s. Zinc was deposited in a dendrite structure,
and overvoltage increased due to bubbles.

(b)
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2.8

Voltage [V]
(58]
(S8}

i8]

1.4 : ' : ' ' ; ; ;
(a) 0 200 400 600 800 1000 1200 1400 1600 1800
Time [s]

Fig.7 Operando X-ray imaging of zinc electrode at a current density of 100 mA/cm? and a flow velocity of 20 mm/s. (a) V-T

graph during X-ray imaging. (b) Zinc deposition after (M) 192 s, (N) 600 s, (O) 1200 s, (P) 1640 s. Uniform and dense
zinc deposition was achieved and overvoltage fluctuations were suppressed.

10°
100+
=
2 107
o
[a B}
10710}
15 w/o flow
10 [ =——20 mm/s
107 102 107! 10°
Frequency [Hz]

Fig.8 Power spectrum at a current density of 100 mA/cm? charge. Spectrum smaller at 20 mm/s flow velocity than w/o flow
over entire frequency range.
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1% 1 Hz, #yf)yﬁﬁ&immﬁkbt X5 X0, BRI H-> CitE 20 mm/s (I2B1F 5 A7 k
NS L, EARIRTEE D EEEENIHE SN TND ZERG0D. Fi2, NU—AT FVTHRE DB
Hize— ﬁ%%tﬁ,ﬁﬁﬁ_ JTHIRICEET 5 2 E0nh, MEIOARIZ)» Db LT EEEERITIE 7 ) A
RCHDIENDIND. B ) A RTEEEEIZENT CTRT— 27 MAREIBEETS /A ADZ L THY,
T EIRSCEI S ~DARRHETH D Z LG, BEELEBNE L7 ) A XA ThDH Z LITEmFEERBEIZx LT
HERREHEH L 72 5.

3-2 EEREHICEMERBLSEMEERL LS SICKEEHEZLEE

31 HiDFBRL Y, I DIZEEFTEET - 25 E \CEMRIRIREN S RS E) 72 & NS ZIAZSEENC G- 2 55080
fast & LC, B 100 mA/em? —iE CREARKITEISM: (idh7e L, 20mm/s) 228k S H - mEliRa -7,

X612, EARETEN L, EIEE 100mAlcm? CTHRE LD, BLVEEORIFEL (K6 (@) 47
R XA A=Y (X6 (b)) 27, #HEHICONT, T2 RI4 FOREEREN EXY, FESH (L)
TORKNHEEMTHIE S DNEREE 50 mAlcm? TORERERER (X3 (b)) SHEELT08mmBEEREL o
72, ZhHUE, HHEAA A OWMEHREN ENY, BEARNKELSRDZENFNE L TELLND. £z, BE
EENE m&fammmﬁfwﬁ%ﬁﬁﬁ%(ls(w)&m@trk%<@@ R TC 1V REESREE 2 M
L7z, Zhud, XUEOREHRHEN EF L, FTEOH (5 »oKJaniERIsETsZ Licky, EE2mm %
R DRIANLREITHE L= b B2 b5,

712, ERIZFGHE 20 mm/fs, FEIREBEE 100 mAlcm? THRE L7ZB0, B/UVEEOREZEL (K7 (@) &4
FTURXBA A=Y (K7 (b)) Zd. HEMTHITIREI e L COFERHIHTH L7oT > RT 4 M SRR
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&ot&%z%né F 7o, BIEORZLS KB ZHH] S iz

ZCHITH & BRI, #5412 kwfﬁ%hh EDEFEIZE LT — #1256 LFFT 2470, st 211 - 7.
ESk@m&flmmNmﬁfﬁﬁbt%L%%ﬂt@ DOEEZAT — 1kt L, FFT Z2HH4 52 & THED
NIz — 2T NV RT #/7)y7%ﬁﬁﬁ1m,ﬁyfuyﬁﬁﬁ@mmﬁkbk.Hsiw,%
VL 50 mAJem? IR & [ERE, BBl o7 o THEE 20 mm/s (Z81F 5 AT MAD/ NS L, EIERRTTENC
v, BROARENRE LRI L RIS, BEEBNIH S TWD Z Engnd. £z, RNU— z«&%w_om
THIKERBELRMLREIZE 7 /A XThHD.

FERBR AR LT, ERETEIOBIZ L - T, M E) e b NCRIaSEBN R E <2 L. EMRITE)
DIRWGE, HNET v R4 MEETITH L, 8ERBESRMCBO LT > FI A4 FOEEE NN L.
— 5, ERHRIREIN S D5G, ENTEUE TRt /e o7, ZHUX, YU — M AV ORESAINE
R RENC X 0 B— k&, ?VF34b@ﬁﬁﬁ%ﬁéﬂt:&ﬁﬁﬁ&bf%ﬂéhé Fio, ERITED
N HEE, BELEBIH -, 2, KIAORREIC X 28 EEEINNEBARREN L 0 I S =06
mEEZLND.

4, & ]
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MR ENTVDR, Z ORI HZEENIIA LN EN TR ST, EHEED OFSNROAIRNT H 28 i 22
Zil U R S E TR 5.

T ZCARME T, 7 a—BIRSHZE K IO FEEREZ R T B HEAROMT HZEE 22 & NS BN O KTa & O
fRIAZ HANE LT, BRRRREISER D NCHEBEBERE L L X T, IRXT U R XA A= TR FENH LT,
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