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Abstract: Oxygen evolution reaction (OER) electrocatalysts suffer from high cost and low efficiency. OER is a four electron-proton
coupling reaction, which requires higher overpotential. To reduce the overpotential of OER of electrolytic water anode and improve the
current density and stability of CoFe,O4, a simple water bath and calcination method is adopted to improve OER by preparing CoFe2O4
with different calcination temperatures as a non-noble metal catalyst. The materials were characterized by XRD, SEM and TGA, and
the electrochemical results illustrate that CoFe2QOy4 calcined at 300 ‘C has the optimal OER performance in 1 mol/L KOH solution,
which can produce a current density of 10 mA/cm? at 1.58 V, and the Tafel slope is 96 mV/dec, after 1 000 cyclic voltammetry scans or
current-time tests, its OER performance still maintains high stability.
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FE G0 I BRRL A TE 04T i T EBRBE I R b E s
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P54 H A K R SR — Rl DL AT i P
B KM AR M (hydrogen evolution reaction, HER)
FIHT4E M. (oxygen evolution reaction, OER) P Hi
4k ) B . OER 1E A F A= S0k st . K BH A L
A 76 FL 4 J A SRR Tt R /K R AR 2 S i U AT
Fo B N, 51 T AR 7.
fR AR 28 b, JKAE BRI R A F A AR R (0y), A
= A BT () BT (HT) 737l 38k A1 Ha i J
HL AR % 5 28 AR AE S (H) - {H OER i Ha
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KA T AMELF (387 5 OER A Ak 1% T 52 s i
A& AT /D (1]

45 M1k, N B T4 B E 4R
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WA T LA E A R
TR B ) 2% S AR B AT S A R BT, 2 TR B R A
TAH AR AT IE Ve AL HE, B J5 75 B K #2587 21 4 A,
PR T HTEvET i M T Tk A= BA, K g
B 5% 45 1L 5 AT LA S A 9 o A Bk SR MR 1) S5 5 1 e,
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F B S Mk 4 U R A4 G 1 ) (Nafion,
JF 5 BUN 5%) WL H Sigma-Aldrich A7 i
2 W%k (FeSO4-TH,0). T4 R % (Co(NO3)2-6H20)-
To/K R (CoH04) To/K SEERINE K A [ 24548 B 4K,
FIRGNE R AT ASCHTA A I o 4l fi
FH B TG 75 H all a2
1.2 CoFe,0, ##}ayHI%F

CoFe,0y 1l 2% S0k [33]. Kl 1 Fros il
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Bl 1 CoFe204-X M &M FER
Fig. 1 Preparation flow chart of CoFe204-X

BN 50 mL 25 8 F/K R B 28 58 A i, PG Bk
TRA RSN E] 50 mL 0.8 mol/L ] CoHy04
TR, ¥ BT AR A YIAE 60 C 7K R B4 B
20 min J5 FH 25 BT /K AT 7K S RE BRI 3O BUR,
A5 (0 B b BHE 60 °C L2 MR 48 b 1 )5 I
LR B Ja B Bk KR8 258 U, 40
7£ 200~ 250 300 Al 350 ‘C G KA B FEM K
120 min, FT 137~ ¥ 4 A CoFey0,4-200. CoFey0y-
250 CoFe,0,4-300 1 CoFe,0,4-350.
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i X 5 2657 911X (XRD, D8 Advance, £ [F i
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BTHRR.
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78 B4k % TA/E 3 (CHI-760E, i Jk Ay 28 45
BRARD) b, SR A S A () = bR AR R AT AL 22
o A8 FH B BR B M (GCE) %A F H A% A4t N H oK
HL A% (SCE) 73 AAE N TAE bl X AR A2 L L
2, H GCE ] 0.3 um. 0.05 um &AL 58 R WKk
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5%) IR A WP S 2 A 2> 30 min BLE
SO 7 S84 g AR AR, SR )54 5.0 uL HELAR
BB £ GCE 3R [ I 78 7 U b M, Al 4703k
214 0.29 mg/cm?, iz )5 7 1 mol/L KOH Hi fif i
HOGE AL TR ) OER i AL v 1 47 AL 22 DK, HR
A ZE R R BL 500 mV/s B4 6 3 28 AT 95 AR
223% (CV) WHR, HEAT 500 Rl 415 PR 35005 1 4k 751 /5 DA
10+ 20+ 30+ 40. 50. 60. 70. 80+ 90 F1 100 mV/s K]
R OGEAT CV N, A v A
B AR AR o XA AR FE 1) CoFe 0,4 AL
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FErug = Fsce + 0.059 2pH + 0.243 8 (1)

7 = Frug — 1.23 2)
A A OER Wit A, V; Erpp N AT S B H
%, V; Escg N SCE HIMK L, V; pH N HLE A W
() pH.
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2.1 XRD 7k
%T CoFes0y -
CoFe,04-300 }2 CoFe,04-350 (1) 41 i A1 & 7Y i3k
7 XRD W &, & 2() AR, @B 5 X
BR [6] 1 CoFe,O4 #4 KL K & 5l 1y #5 #E ~ H

CoFe;04-200.  CoFe204-250.
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K2 (a) AFBBSIRE ) CoFea04 XRD Xt HEEl; (b) CoFeo Oy [ TGA HiZk
Fig. 2 (a) XRD comparison of CoFe2>Oy4 at different calcination temperatures, (b) TGA curve of CoFe204
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TGA HH 2k CoFe 0, £ Ny S48 1 #49 fift
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ARG AR E B TE 46% A7 o

2.3 SEM #1 EDS 4347

T RMEIRITES . RSFS SR AR AT 50 1,
#E4T T SEM. EDS ik, Wik 3(a)- (b) Fram AT
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K3 CoFe204-300 ] (a) (b) SEM Elf&; (c) EDS BEIEIA; (d)+ () EDS JuEK &1
Fig. 3 (a), (b) SEM image, (c) EDS spectrum, (d), (g) EDS mapping images of CoFe204-300
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PR CoFey04-300 [ SEM [, SR 1 Fr il 46 (1044
BEAA NS T7 R TS, FF H B H R ] 5%
VLG e B T FLBGURA Y] 1Y 28 17 (%) A7 78 A5 153 1 47
RAFR| 78y 5. Kl 3(c) MR 1 R TRIIE
At SEFE > RETr. B 3d). () RHT
Co. Fe 1 O JLETE CoFe;0,4-300 32515341, LL
SHTIESE T A4k Co. Fe il O JLERKIAFAE.

# 1 CoFez04-300 ] EDS JLHR & it
Tab. 1 EDS spectrum element content of CoFe204-300

JLER i /% JR T Eb /%
Co 26.52 25.12
Fe 49.48 47.59
0 24.00 27.29

e 100.00 100.00

24 BEFEMENRF S

DL AR R M AL 75 19 GCE 1B 8 TAE FL %, 1 mol/L
KOH ¥ Wi AE 9 Hi A Jo %5 7 3 47 OER 14 fig M k.
K 4(a) NHAFEHE R 0.05 Vis, MARTEHE 1.3~1.7 V
A ] 5 B 4 46 7 i OER A% 4k il 2% . by I AT 4,
CoFe,04-300 I 5 A 57 () OER 3 1%, AN 75 EAH

XA 350 mV IS AT () BEAEIS 2] 10 mA/em?
(1) LI, FELUAL 5 BE KR R B, AR B 300 °C 4%
SEIRFE AR, BT OER [ HE Fa A7, A S2ie 45 5
5550k [34] 3L

N T 15 B [ER E CoFe,Oy Ml A 771 () B 52 1
1, 14 FITE 1.215~1.315 V EALTE B N A FHE T
1) CV Hi £k, CoFe,04-300 [ CV #hZ& i1 4(b) i,
FRAE AN 1.265 V B[ CV I 285 7 XUZ HL faf FE
Ui, K FHOSUH 2 B 300 43 i A 1, an B 4(e) B
7N, B RIRIZERI R E A (Cq) 5. RIS
AR E AL S R A (ECSA), ECSA Jy i)
XL 7= LA 5 ARG S AR LA (— R
B 60 uF/em?) . Ca 5 Ry KB INFE 2 PI7R, Ry
TELBR 57, 3R BH R AL ST T SR T APUBR O, AT A AL TS
Pk 22, 2 RS K I CoFey04-300 HLA i1
T -

N T HE— 2T A F R E CoFe,O4 #4 KK
OER Jx N 3l /7 %, % LSV # ¥ kb 3 J5 it 5 W
Tafel &} 2. & 4(d) Fr 7" N CoFey04+ CoFey0y-
200, CoFe,04-250. CoFe;04-300. CoFe,04-350 it
177 1) Tafel #hZE1E], 0T DUE H e 454 300 C 1

[ (a) 0-10r(c) « CoFe,0,-350
120 —CoFe,04-350 chgiojaoo
100 CoFe,0,4-300 0.08F . CoFe,0,-250
& sol CoFe,0,4-250 o CoFe,0,-200 .
= (o CoFea05:200 - 0.06r v CoFe,04
Q -
. _COFC204 E
£0.04f
T a0l ' =
S 20+ / 0.02f M
0 0f —— v v
_20 1 1 1 ] 1 1 1 1 1 ] 1 1 1 1 ]
13 1.4 1.5 1.6 1.7 120 1.22 1.24 126 128 130 1.32 0 20 40 60 80 100
Potentia vs. RHE/V Potentia vs. RHE/V Scan rate/(mV - s71)
[ (d) —CoFe,04 119 mV - dec™! [(e) — CoFes0,-350 () N
L9F " —(CoFey0,-200 98 mV - dec! 3t CoFe.0,300  150p ~ ——Before stability test
2 CoFe;0,-250 193 mV - dec ! CoFe,0,-250 —After stability test
= 1.8¢ CoFe;0,-300 96 mV-dec™! 4, —— CoFe0,200 & 100l
R~ —CoFe,0,-350 109 mV -dec!  § o0 8
£1.7 < 2 «
= g1l g 50l
= = <
1.6+ S S
o
Q-1 —
1.5¢ & 0 0
-1 0 1 2 0o 1 2 4 5 6 7 13 14 15 16 17

log[J/(mA - cm™2)]

=<1073/s

Potentia vs. RHE/V

K4 (a) CoFe204-X 7E 1 mol/L KOH ¥ (1) LSV #h£E; (b) CoFe204-300 fE AR5 R ) CV #i4k; CoFe204-X [ (c) 1
WA LA AL A TR L (d) Tafel #HIZR. (o) i-t HIZK; (f) CoFe204-300 2273 1 000 4~ CV & HT /& HI LSV 2k

Fig. 4 (a) LSV curve of CoFe204-X in 1 mol/L KOH solution, (b) CV curve of CoFe204-300 at different scanning speeds, (c) fitting

curve of scanning rate and capacitive current, (d) Tafel curve, (e) i-t curve, (f) LSV curve of CoFe204-300 before and after

1 000 CV stability test
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# 2 RENREE CoFex04 1 Cq1 5 ECSA
Tab. 2 Cq4 and ECSA of CoFe204 at different temperatures

FE i Ca/mF ECSA/cm?
CoFe0,4 0.01 0.14
CoFe304-200 0.63 10.44
CoFe204-250 0.04 0.67
CoFe204-300 0.80 13.31
CoFe204-350 0.16 2.67

CoFe,0, [¥] Tafel £ A 96 mV/dec, ik T KB4k &
J 2k 200 250+ 350 ‘C [J CoFey0y. i LA AR,
Tafel {E /1N 3% B 2 A7 80 e 10 W (i A0 s 1, BA
PRI OER Jx N5 /3% B, A T4E 5 4 5¢ SCiik b
CoFe,0, HL/EALFH OER MEAEAE T ELds, sk 3
Mo G5 R F WA B CoFe,0,4-300 B A #AK it
37 A Tafel {8, IESE T CoFe,04-300 #4 K} 7E Bl 4
KOH HLfi 1 BA L R 1) OER £fE.
CoFe,04-300 2 fit UL B A B 4f (1) OER fE 463
P, ATREA LA R TR [ @ Mk ) 45 i A L B e
KR TAR, AL Rk AR SR T 5 2 35
PEAL i @ S B FL R A BT r R ot o, 3
KT RS HEACTE AL S Bl AR O 1k &
I A RIS O T DLE I I S FL R R R i, T8 T

A2 AIE MR R T AR R, 98/ T AR SRR R
R, OREE T AR M AR E T

KRR e M2 PR A B OER HL i A6 71 1 53
— AR R N T VR ORE 8K AL A AR
SE M, BT R (i-t) X CoFey04+ CoFeyOy-
200. CoFe;04-250. CoFe,0,-300. CoFe,0,4-350 7
B PEA B 1.58 Vi AL R EAT 7200 s Wi, dn
K 4(e) 7. 45 LR B, CoFe,04-300 5 5E 1k
B if. XAERNTE 1000 s Rij A4 T LE SO ) 3 72
Hh AN BT AL 5 EIH U B R R AR B R R B 1000 s
J&, CoFe,04-300 ] HL L % & B AR A /IR FE T F#,
H 2 A 55 B R T AR E IR R T B 1 Bk
fH. CoFey04-200 A 75 /i B FE AL % B 3 i, H 2
TE A B B TR) Y BT KR B D A B R AR AL
FEAEZ) 200 s J5 1R & AIK T CoFey04-300 1 HEL it %
J&; CoFe;04+ CoFe,04-250 1 CoFe,0,4-350 [ HLIR
5 AE JL N 1R P B IR B A DS, X e g B i B
CoFe,0,-300 F& 52 14 f 4f» @ IT LSV WKk — 25
ST EE T AL FIAE 1.25~1.7 V BIFE R s A7 [X 8] P i3E
17 1000 > CV 1 2 M AT J5 () OER ¥ 14, 25 R
W 40 Fion. PSR EAERE TR
Z2 0, 1 WA e R L AR B ek, DL B g SR IR
CoFe,0,4-300 HA 5 B A

# 3 CoFeoO4 HLMEALFIRT OER T fE HLHL

Tab. 3 OER performance comparison of CoFe2O4 electrocatalyst

OER MEfE
- PA—
OFR fi 4L B P . Tafel 3%/ B
7]11’1
(mol-L™1) (mA -cm™?) (mV - dec™1)
CoFe»04-300 1 10 350 96 /'
CoFe504-CNTs 1 10 410 — [6]
CoFe504/CNTs-500 0.1 10 390 91 [31]
CoFe;04 (300 C) 1 10 382 97.6 [34]
CoFe;04 Ak 2T 4 1 10 340 107 [35]
CFO/NS-MCS 0.1 10 361 119 [36]
3 & T35, LG IV Y AR S ) 25 THT b 5 v I T

AR H KT A e v i D ) & T R A
CoFe 0y kL, Hrp CoFe,04-300 AEERENHEMAL
SR REAK AR E 1, 7E 10 mA/em? B HLIREE T,
it AT AN 350 mVe SEM EAE H A ASHE ) 37 5 44

SO T SR, A3 A A SO R A, I HL
FLERHIAFEA R T 721 Oq HIRET, 055 1 X # A2
P FR ek, PRAE 1 2544 IO REE 1, IXAE/3 CoFe,04-
300 A3 22N T H AL AT SR AU A SO R i A Bk
ARy OER HUREALFIAAAE IO RCR AR RRAS 1o



148

A TR AR

2022 4 339 %

il % TEE 2] @t 7 — Mg BB, 4 5Kt
FE AT 3 — 2 HoA — 76 TMO 1) OER 14 6E.

SE WK :

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

LAN Q Y, LIN Y, LI Y P, et al. MOF-derived, CeO,-
modified CoP/carbon composites for oxygen evolution and
hydrogen evolution reactions [J]. Journal of Materials Sci-
ence, 2018, 53(17): 12123-12131.

HUNTER B M, BLAKEMORE J D, DEIMUND M, et al.
Highly active mixed-metal nanosheet water oxidation cat-
alysts made by pulsed-laser ablation in liquids [J]. Journal
of the American Chemical Society, 2014, 136(38): 13118-
13121.

LONG X, LI J K, XIAO S, et al. A strongly coupled
graphene and FeNi double hydroxide hybrid as an excellent
electrocatalyst for the oxygen evolution reaction [J]. Ange-
wandte Chemie International Edition, 2014, 53: 7584-
7588.

FER, &, R, EM R B R = 4T 0 R
CoFe204 @NF K &4 K1) il # 5 #r S8 1 REOT 7L D)4
2Tl T, 2021, 38(2): 61-68.

HUANG Y R, YANG W W, YU Y S, et al. Ordered meso-
porous spinel CoFe2O4 as efficient electrocatalyst for the
oxygen evolution reaction [J]. Journal of Electroanalytical
Chemistry, 2019, 840: 409-414.

M, 1575, 52 4. CoFeo04-CNTs K E G4 KHI
% RAL L ARMEAHTEIERE (3], i TRk B
SRBHERRL, 2016, 34(1): 81-84.

IREAE, A, AES. Z k=l EERELD
R i) 28 S e AL S BRI ATE B e (3], ARER AR, 2018,
32(21): 3731-3736.

KANAN M W, NOCERA D G. In situ formation of an
oxygen-evolving catalyst in neutral water containing phos-
phate and Co** [J]. Science, 2008, 321(5892): 1072-1075.
FE B MOF MR AT AL A B FE AR & B RAE S HEH
MEALTERERIBTIT (D). &t WiLITE K22, 2018.
YANG P, GE X Y, FAN L L, et al. Activity boosting of a
metal-organic framework by Fe-doping for electrocatalytic
hydrogen evolution and oxygen evolution [J]. Journal of
Solid State Chemistry, 2020, 292: 121696.

FIRUE . AB2Oy B it A1 BUARZE 9K 25 40 1 1) % S F
1B AL BEBIT 7T (A: Fe, Co B: Co, Fe) [D]. Jb5%: b 5THE
HIK#, 2018.

PRAL, X, AR, 55 HEALZ MRK A FE 2E e 7).
FE LS5 K&, 2009, 31(5): 779-783.

LIU Z Q, CHENG H, LI N, et al. ZnCo204 quantum
dots anchored on nitrogen-doped carbon nanotubes as re-

versible oxygen reduction/evolution electrocatalysts [J].

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

Advanced Materials, 2016, 28: 3777-3784.

ZHAO Q, YAN Z H, CHEN C C, et al. Spinels: Controlled
preparation, oxygen reduction/evolution reaction applica-
tion, and beyond [J]. Chemical reviews, 2017, 117(15):
10121-10211.

R b . B ARG A AR R A S
REWTFT [D]. 5 &: H BEHR, 2017,

FENG J X, YE S H, XU H, et al. Design and synthesis
of FeOOH/CeO; heterolayered nanotube electrocatalysts
for the oxygen evolution reaction [J]. Advanced Materials,
2016, 28: 4698-4703.

LIM, XIONG Y P, LIU X T, et al. Facile synthesis of elec-
trospun MFe2O4 (M = Co, Ni, Cu, Mn) spinel nanofibers
with excellent electrocatalytic properties for oxygen evolu-
tion and hydrogen peroxide reduction [J]. Nanoscale, 2015,
7(19): 8920-8930.

BT, REN, 25T, &5 SR BN 9K R
RSO P IS P AT 9E 3 R (0], bl B — Tk R A A,
2016, 33(3): 181-187.

OU G, WU F C, HUANG K, et al. Boosting the electrocat-
alytic water oxidation performance of CoFe2O4 nanoparti-
cles by surface defect engineering [J]. ACS applied mate-
rials & interfaces, 2019, 11(4): 3978-3983.

5T B R\ TH R 25 AL R <6 R SR AL 1) 45 ) R )
PE I BB ST [D]. A HE: H ERFEEAR KR, 2019.

LU X F, GULF, WANG J W, et al. Bimetal-organic frame-
work derived CoFe2O4/C porous hybrid nanorod arrays as
high-performance electrocatalysts for oxygen evolution re-
action [J]. Advanced Materials, 2017, 29(3): 1604437.
MAHALA C, SHARMA M D, BASU M. 2D nanostruc-
tures of CoFe2O4 and NiFe2O4: Efficient oxygen evolu-
tion catalyst [J]. Electrochimica Acta, 2018, 273: 462-473.
LI P X, MA R G, ZHOU Y, et al. In situ growth of
spinel CoFe2O4 nanoparticles on rod-like ordered meso-
porous carbon for bifunctional electrocatalysis of both oxy-
gen reduction and oxygen evolution [J]. Journal of Materi-
als Chemistry A, 2015, 3(30): 15598-15606.

BURKE M S, KAST M G, TROTOCHAUD L, et al.
Cobalt-iron (oxy) hydroxide oxygen evolution electrocata-
lysts: The role of structure and composition on activity, sta-
bility, and mechanism [J]. Journal of the American Chem-
ical Society, 2015, 137(10): 3638-3648.

Z=i, Tk BH, ZERH, 2. NADH 7E40K £/ b Rntng &2
AR EHE AR L R A (0] B TR
2847, 2016, 33(3): 175-180.

JIANG H, GU J X, ZHENG X S, et al. Defect-rich and
ultrathin N doped carbon nanosheets as advanced trifunc-

tional metal-free electrocatalysts for the ORR, OER and



ERL R, MG, R, 4 T CoFeaOy 146 S HIRIEAT UL RE 149

HER [J]. Energy & Environmental Science, 2019, 12(1): 1602-1608.

322-333. [32] WANG XF,LIUZH, GUO ZG, et al. NiO-CoFe» 04 elec-
[27] HANL, YU X Y, LOU X W. Formation of Prussian-blue- trocatalyst prepared on Ni foam by one-step hydrothermal

analog nanocages via a direct etching method and their method for efficient overall water splitting [J]. Journal of

conversion into Ni-Co-mixed oxide for enhanced oxygen Materials Science, 2021, 56(14): 8575-8587.

evolution [J]. Advanced materials, 2016, 28(23): 4601- [33] GAO Y, ZHU W H, LIU J W, et al. Mesoporous sulfur-

4605. doped CoFe204 as a new Fenton catalyst for the highly
(28] A 572, B, B B H 47 22 1R 1 H R A0 R Bk efficient pollutants removal [J]. Applied Catalysis B: Envi-

PR i 5 F TUERE [0, 46 TERE, 2021, 40(3): 1395- ronmental, 2021, 295: 120273.

1412. [34] KIM K H, CHOI Y H. Highly efficient CoFe2O4 electro-
[29] PRASAD J, SINGH A K, HALDAR K K, et al. CoFe2O4 catalysts prepared facilely by metal-organic decomposition

nanoparticles decorated MoSz-reduced graphene oxide process for the oxygen evolution reaction [J]. Electrochem-

nanocomposite for improved microwave absorption and ical Acta, 2021, 395: 139195.

shielding performance [J]. RSC advances, 2019, 9(38): [35] ZHANG Z M, ZHANG J Y, WANG T, et al. Durable oxy-

21881-21892. gen evolution reaction of one dimensional spinel CoFe2O4
[30] ZHU G X, LI X Y, LIU Y J, et al. Activating CoFe2Oy4 nanofibers fabricated by electrospinning [J]. RSC Ad-

electrocatalysts by trace Au for enhanced oxygen evolution vances, 2018, 8(10): 5338-5343.

activity [J]. Applied Surface Science, 2019, 478: 206-212. [36] OH T, PARK D, KIM J. CoFe>04 nanoparticles anchored
[31] HUANG Q S, LI C H, TU Y K, et al. Spinel on N/S co-doped mesoporous carbon spheres as efficient

CoFe204/carbon nanotube composites as efficient bifunc- bifunctional electrocatalysts for oxygen catalytic reactions

tional electrocatalysts for oxygen reduction and oxygen [J]. International Journal of Hydrogen Energy, 2019, 44(5):

evolution reaction [J]. Ceramics International, 2021, 47(2): 2645-2655.

WEVERERE[RERE[RERERERERVERVERERETVERERERERERE[EGE[REREGELEREVERERETETERE[ERERERE[E[E[RE RS

[

E IR RS BEEESE
202 FEEZRBMASHREHETRSEH

6 H 28 H T, “ARARIBHIRIE U A 20E K AE BSOS Bt 3 Bl i JT 2847 . WA PR AR
T E R 2 B B RONIE R, MBS T ARERIRI ST T A #0A K R P IS R S & 56, 0 dr
T H AR R T2 R A ZE B, BT 55 FAR, SR R3S T AR R S BT S0 AR 2R AR 1 s AR AT
S, B T A e BN AR AN E AR S, T A RBUMRER IR, SR A1, BB g, AT
A *T“?ﬂa Ty it 7E A B FRIE 2, D9 A R 7 22 T 5 8 45 5 A e 7T L FH AR R 22 B I ST A
AT R WG . RITAR . SHEH . RRIE RET5. TﬁtHF” HRINREAL = J2 & AL TTN L
ﬂ&?ﬂﬂxm LR RTINS BEETESN T 2 KVHERKIREDT 5.

IR, #&E&E‘%ﬁkﬁﬁﬁﬂé%ﬁﬁﬂ, i AT AR u*1iﬂﬁﬁﬁﬁ’~]§ﬂr§?§\ JRURR TG BEL RS AR,
FEHTE AL, SIS, B0 Ry w5 BT sfeddm b, B s B B> S 8 45 A I KPR BOR K
FH BB, BRI RRETI S —+ K H T



