WOTE T KR, 2021, 45(4); 453-461
Journal of Zhejiang Sci-Tech University
DOI:10. 3969/].issn.1673-3851(n).2021. 04.003

REAEBELNEVIERITEELF
HE&AESITERERE

HEX,F

(TR IRFGRAEMH S IHKB ZHARESETREEZERE, 4H 310018)
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Preparation and oxygen reduction performance of carbon black-loaded

phthalocyanine covalent organic framework derived catalyst
XIAO Longfei, LI Nan
(National Engineering Lab for Textile Fiber Materials and Processing Technology,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: With cobalt tetraaminophthalocyanine (CoPc (NH,),) as the structural unit and 4, 4'-
biphenyldicarbaldehyde as the linking group, the Co-COFs/CB precursor is grown in situ on the surface of
carbon black by Schiff’s base reaction. After that, the transition metal/nitrogen/carbon(M-N-C) catalyst
with high oxygen reduction activity is obtained through high-temperature pyrolysis: Co-COFs/CB-X (X =
600, 700 °C and 800 ‘C). Transmission electron microscopy, Fourier transform infrared spectroscopy and
X-ray photoelectron spectroscopy, etc. are used to characterize the microstructure, functional group
structure and surface composition, etc. of samples. The characterization test shows that exposed active
sites of Co-N/C, pyridine nitrogen and graphite nitrogen exist in the Co-COFs/CB-700 catalyst and
effectively enhance its oxygen reduction activity and stability. The half-wave potential of the Co-COFs/CB-
700 catalyst reaches 0.841 V, the limiting current density is 5. 96 mA/cm?, the number of electrons
transferred is 3. 78~3. 96 and the HO, ™ yield is 2. 5% ~14. 1%, indicating s that the Co-COFs/CB-700

catalyst has an oxygen reduction activity of nearly 20% Pt/C. The oxygen reduction pathway is a reaction
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pathway close to 4 electrons, whose stability and methanol resistance are better than 20% Pt/C. This

shows that Co-COFs/CB-700 catalyst has a potential application prospect in the fields of fuel cells and

metal-air batteries.

Key words: cobalt tetraaminophthalocyanine; carbon black; covalent organic framework; oxygen reduction
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(Oxygen reduction reaction, ORR) i3 ¢, /™ 5 [H 5
HRDWARRL ™ o R T K v i v R e M AL
K RAAR Y ORR AEALFF THRRE R 1t RN 42 25 <
FE b A R A I R

—HLURS &8 Pt HATA YA A & ORR
TR B AL ) L (H 2 Pt BB R AR TEIG BR P 55
22 W 52 VEAR ARG /D L LA 1oy B A 1) R, BELAS
THARRR R A SR s S T Y i
V428 (Fe,Co Ni 48) S S AE T 5l b f H 5
FHUPERE R AP AR O 85 0 IR A L i R AE)
A T AT {2 07 A R b A s ) s T D 25t
o T AR A A0 IR 15 B AU T A ELAR E M
D B3k 4 I /R0 AR (MEN-O PO 4 )
fik3% (MPc, M=Fe,Co,Ni) &/~ 18-x I:#i K I
g5 BAA A oE vl AN R Y 42 )8
O B R AL AT, AT LAY 5 HAA AL 5P RE
Iz R AR

HANAHUELL (COFs) & — A Z LA R B
A LRI R 2 AL DR % BE AR A DL e Ak g
WAL At S5 U LA T I R R
COFs i+ & il 757 & B i k2= 4548, 51
AAHRY 4 T 1 1 o0y RRABAE R — 28 1 A e i
IRAA B RN 45 COFs ik A b v L fph 7)o

Syl ARAS E PR e PR R A MEN-C il
51, DA DU 22 3 46 K35 (cobalt  tetraaminophthalocyanine,
CoPc(NH,) ) R &5 HIHATE 4, 4 -IRHE — HIE Sy 3%
FEPAT 3 2ok A I B W A A B R T A A K A B
Co-COF's/CB Hij SR {4 , 28 5 i #4 /i 15 21| Co-COFs/

CB-X (X =600.,700,800 ‘CHEfkH . 23 Co-
COFs 45 Co JET  JERL Co-N/C MR & A B A
TS A R S ALY ORR JE M Ao 1t LA
KBt PR BE, 3O AR B AU IE Bt 4 8 ORR
AR T 2%,
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1.1 SEeH#d

A-FHFLAT AR T RR (98 V) I 13 22 sa kA= 4
AT BN T PRZE (99, 0%6) 4, 4 - B 2E — g (>
98.0%).CoCl,+6(H,0) (98.0%) . Na,S+9H, O (=
98.0%) N, N-—_HI 3 Z, it (DMAc, =99.0%)
M KOHC=90Y0) I [ g hr T A AR A BR A
Al s =S H e (99. 0%0) FITER (99. 5 %) I H B4 AL
AR A BR 2 7] 5 IR &4 (99. 020 T 1 Rk
AL FNA PR 7 5 N, N-— F 3 /1 ik iz (DMIF,
99. 8%60) FIHIEE(99. 520) Wy A HL M R kS S ik T4
BEZNE] 5 20% Pt/C(99. 5%0) Ak W 11 A5 7 3
(RO THRA R . FrA 25538 5 dr 4t 48
NP SAE IR
1.2 CoPc(NH,): &R

CoPc(NH,), AR 4fg SCHk [ 17 4z 18 i 75 32 1l %5 .
ARGETRAT 28 A AR — H iR (60. 00 mmol) |
JR 2% (500. 00 mmol), 4H & #% (0.13 mmol) F
CoCl, «6H,O(15. 20 mmol) A IR & Wy il A 4 5 B ik
W7 o B IR A 55 B F) 1000 mL BE AR FE
140 °CHE T M 30 min, I FH B IR REEOR . SR
JETE 190 “CHEiE 4 h, FER NS R G HARR R R
Uik SONAS B (AR P TE B Hhoky R B4 49 )
1E 95 C ) HCl K % % (1 mol/L. 1000 mL) F1
NaOH 7K (1 mol/L,1000 mL) i 2 h,
FES TR UEURBR L IR FI AR SN 4153, 85045 2
SR ah [ R, 78 BL2S HEAR T4 J5 459 2] 10 il 56 4 15
(CoPc(NO,) ) . BARALFE) CoPc(NO, ), (10. 38 g,
16. 00 mmoD) AT AZEA 200 mL DMF {4 =SB,
A Nay, Se9H, O€0. 17 moD) 3f:7F 60 ‘C R Hidl 1
4 h, RJEH 2000 mL 2B F A AGE T B O
SEUIEY) . K UTEYIAE 95 “C R, H 1000 mL ¥k &y
1 mol/L HCIl ¥ W A1 1000 mL ¥ & & 1 mol/L
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NaOH /KW HFEDES 2 he fJE¥s = e 0t H

FEF KRB B PP 7E 60 “C EL2s b4 b Tt

AR F W 4¢ i CoPe(NH,), (3. 10 @),

1.3 MEEHFMEENFIREGYEEREEN
7 (Co-COFs/CB) Wy #ll &

Co-COFs/CB [ty il £ % F s R s ) i, H
K5 ¥ F: %% CoPe (NH,), (44.40 mg,
0. 07 mmol) 5B (22. 20 mg)7E 10 mL. DMAc H1
PPk 12 ho ARG 4, 4"-BEAE — HI % (58. 86 mg.,
0. 14 mmoD it Ff: 6 hi KR A 5 HIE R 5 & Pyrex
POBEE BT 3 R VR ARE PR BR Z5 0 W (146
SAE L F Pyrex BEIE 0 700 AU RIS SR 2%
B B MR R 150 °CTN R 48 hs )
SRR H B EIRG B O Pyrex BEEE H UL
TEW I H DMAc, PUEUERR | G007 TS R R I AR
LR B Y LA AR T 120 O TR
733 102. 50 mg B EAE A7),

Co-COFs/CB-X (X =600,700 °C il 800 °C)
#1452 B 100. 00 mg Co-COFs/CB #: it B e & X
frh, SR N BURAE AR AR, AR
0.2 L/min, A5 °C/min (THREHE RN S HINHE
400 “CHAE 2 hs SR 46E2L) 5 °C/min () F i
LN E R BE (600,700 °C Fl 800 °C) I A5 1
2 hi LA 5 °C/min BYREIRGE SR 1 2 50 e
A BAL =) 2 60. 25 mg.

1.4 MPIRIE

i 3% & 54 s 85 (SEM, Zeiss Sigma 300)
LB ST+ B8 (HR-TEM, JEOL JEM 2100)
SEIAE 5 9 00T 305 i X B 48 — 4 i A
(XRD, Bruker D8 Discover) M EFE 5k B AR5 5
{68 (e L 2T A6 (FTIR, Nicolet 5700) 4 B
Al R AT 25 0 5 ok X 4RO T AR S (XPS,
Thermo ESCALAB 250XD) il 52 #£ 5 i 2 1 i 435
fifi L7 Je 48 CHI760E H Ak 2% T AR 35 A1 32 E Pine
Jie 7 15 25 H Al (RDE) /e 4% 38 £ L il (RRDE) & 4t
DU T A FL Ak 2 PR
1.5 B HRETNR
15,1 TAEHMAYH &

AR SCAT AR 7y = H A AR ZR K L Ak A M
Hod S H B R SR MR B4R /TR R (Ag/AgCD L
e A AR hy X6 R BIE » V CAHE 1 70 T B 1 B R
(AR 5 mm) Ky TAEHH .,

TAEHA A il s B AR T H 0. 30,0. 05 pm
() AL Oy il AT 8™ 5 3 Bk Hit W 3 ThI ' 52

BRIACR I B KA IETE 3 IGCESR T T
F R O T Pedh B8 A3, B 175 9% 6 5.0 mg Y
Co-COFs/CB-700 #4L I A 43 807E 970 mL 14
P KW (Vg 2 Ve = 11 1) Hl 30 L. Nafion (5%
Dupont) IR SR . 88 75 40 min 2465 73K
P57 A5 23 HA S0 (0 A A0 50 3 555 T 20l fR AL
SR A 2 R F AR R L AR R N TS . TAE
HUtl b 4 Ak 57 S 2k i 0. 51 mg/em’, IE T 2026
Pt/C 1B R X} B,
1.5.2 b ek

HLAf T VS MR e B N, 1 O, 1R ATAY 0. 1 mol/L
KOH % i f RDE AR 7E 0. 2~1. 1 V X [] A
RAS FEERA 22 T 28 (CV) L, JHHEE Ky 50 mV/s,
AYRIAE 400, 625, 900, 1225, 1600, 2025 r/min Fl
2500 r/min fY%%5 5 F 58] ORR ALt HH R 22 ih
LLSV), AKX N 0.2~1.1 V. H i ER K
5mV/s, o i B L G 7 O, AT
0.1 mol/L. KOH % 7E 1600 r/min % fifk
T B AP TR L A2 A LR R 0.6 V.,

RRDE HL R F A AR E O, 1A
0.1 mol/L KOH H iy i 75 F8 4k (n) Al HO, =
K, A H#Z N 5 mV /s, #3#k 1600 r/min, H
TGO HO, PR IE AT AT

I,
"TI,+1./N’
21
Y/ Y%= 100,
=N~

Horpo Ty R AS 2 A SR s 1, 2 DA 31 1 2R
s N J& RRDE Hi # A9 2R HL ffz Il 82 R (N =
0.37) s AHER L E A 1.5V,

2 #R5i1TiE

2.1 EUFNEREHRIE

K 1 2k Co-COFs/CB F1 Co-COFs/CB-700 [
SEM L) BAH R 0 Jri 38 A Bl f L 1 Ca)—(b)
Co-COFs/CB f#) SEM B 7] L4 & . Co-COFs/CB
(IS0 LA i SR AR A 32 5 RS 40 4l 29 4E 60. 3~
68.5 nm Z[a], I H A & B A B # Co-COFs 4544,
VLML) Co-COFs/CB & i 2 i35, 1K 1
(0)—(d) 2k Co-COFs/CB-700 () SEM [, 4 5 32
W, @ iR O IS B Co-COFs/CB-700 £ $i 5
Co-COFs/CB #HH A %A= B g 1y 28 4k, ROT A
BN, AFE 42, 1~54. 4 nm, HJF K F Co-COFs/CB
T E R R LR,
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(d) Co-OFsCB-700 (150000%)

1 Co-COFs/CB #1 Co-COFs/CB-700 g SEM
K 2 k Co-COFs/CB-700 f) TEM LJ &% HR-
TEM K., & 2(a)—(b) iy TEM [& RJ 1, 5 >4
PRI TE 35 R B, RAF o Al e 3 — (R R
42.2~51.4 nm) , S5 T B RS 1 2% B A TR B
AT UL Co 9K kL, 5 SEM (45 AT . A
2(0)— (D HR-TEM E BB FH 2, 7 7 & 134
SAetE SR 2R G5 1 JRFEZ) K 4.5 nm, If H AT
LRI 1) b A v I 1 CC002) (5 T 140 SRR A s 45 8
N A E0 RA 4)SF- 18 TR R 2454 0. 33 nm, AT B2

BT AR Co-COF's J2MAL 5 TE B

(d) HR-TEM ééo&)box{ )

2 Co-COFs/CB-700 g TEM #1 HR-TEM [

& 3 R ANERE S XRD 3%, MR 3 %,
JIFA IRE SR AE 20=25. 3° 7 HY HEASE ) CC002) fY
FRIE DG , 5t PRI A it v A A T T e (e 38D Rl
Rk (0 AR 45 M) T b 28 5T Co-COFs/CB-700 75
20=44. AT Co MR, H T Co(111) df i
g S BN B A 3 47 A5 s Co-COFs/CB-800 &
HA Co(11D) M pyIEEAN  1E 20=36. 5°.42. 6" LI K
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61. 5°AbH L CoO MY FRAE I, AT 8 3 B 0 I 3 M
DA U D RIS G AR AR e R 3 = Y .

e CoO

A Co

¢ C

Co-COFs/CB-800

i

Co-COFs/CB-700

SHAE(au.)

Co-COFs/CB-600

pabouy L o ul

Co-COFs/CB

CB
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B3 REfELFH XRD E

& 4 AR FTIR SGig K. K 4 4
Fro] %1, CoTAPc 7£ 3200 ~3300 cm ™' 4b 55 (4 FHAiF
WU S NH, e 4R shid s 4, 4" — H R AE
1690 cm ' Ab A SR I AT UH TR C= O 1y
fgadic sh g ; Xt F Co-COFs/CB 1L 51, e 1% & 5
—NH, (RFE R IS 2K, 5L C = O M 45 Ik 3h
WIS HAE 1600~1650 cm ™' Z[A[HHEE C = N [y
WSCRFAE U Vi BH 2od 52 B7 BEEIE B, Co-COF's 25447,

Co-COFs/CB
/\MM\,/H

4.4 -BRE R

EL /%

4000 3500 3000 2500 2000 1500 1000 500
BE/em?!

B4 REELFNFTIR E

& 5 2k Co-COFs/CB-700 ff§ XPS 4= Fl &5 45
HEEE . A 5 2% LIE ) Co-COFs/CB-700
FLCILRENEFFEA NLO.Co i R4/ HE 1
AT CONL O, Co 19 543 3k 93.06%6.3. 8620
2.70%.,0.39%., K 5(b) K C1 s Wm0 HEEE . fE
WERMA 3 AT KL 1A TR, Hd T
284.8.285.6 ¢V 1 288. 7 eV AbfI& 4 IHF C—
CHE.CNHMC=08msam., C- Nl
PLA ORR 4405 V007 50, I L A48 2% 1 0 44 kL g
AR E ORR PERE™ . K 5(e) N N 1 s B 9

K, 7] LI ) Co-COFs/CB-700 f£7F 398.9.400. 9
eV % 404. 2 eV =A 0, 7T LA F g Nk
% N DK A8 N, —250E 0 N e R 842,
MERE N A BT ORR AR AR 16 P 0 $2 5, IR B B
N BEE MARLR (1) fitk [~ Hh AR IR e 3 i AU 111
W, AT 4 25 ORR 1 SRR, B 5 () oy
Co 2p I E /3 HEEIE . Co 2ps. Fll Co 2py . MIHFAE I
Ay 5%t R T 780. 8 eV 1 796. 1 eV 4b I, Co—O
R Co—N/C 4 JIX%E R 780. 6 €V F1 783.1 eV
b, Hodr, Co—O BERYAFAE T LLE B F 446 7
A EAL 1 Co—N/C BB B 1E Co ZEH 1L
2 SO A R o 0 7 N SR A L ik — D R v FAEE AL
INF 1) LA e T AR M ) e A U D3
V7 5 3R LR A SR S b R

Cls

SR (a.u.)

Nl1s Ols Co2p

0 200 400 600 800 1000

Y
(a) XPSAit

50 (au.)

208 296 294 292 290 288 286 284 282
/e V
(b) C 1sR L E

BRIF (a.u.)

410 408 406 404 402 400 398 396 394
Bag/eV
(c) N IsE itk I
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1.0}
- E os)
:é; -1.0F
-1.5}¢
805 800 795 790 785 780 200
BRE/eV
(d) Co 2pR A FHER
B 5 Co-COFs/CB-700 iy XPS &5 4> gtk & 1.0 N,
% 1 Co-COFs/CB-700 fEHIMEXATREE X T 05 =
. TCH 2
FEd C N O Co é 00r
Co-COFs/CB-700  93.06  3.86  2.70  0.39 %-0.5
2.2 EEREEEMR B
6 % 20% Pt/C.Co-COFs/CB-600,Co-COFs/ b7 0795 v
CB-700 i1 Co-COFs/CB-800 PUfifi Ak 517 N, 5% O, 00 02 04 06 08 10 12
) 0. 1 mol/L KOH MU WY CV 12k, ) Cotr600
i 6 AT VA 78 No Mg B il b A i 15}
LRI CV fIZR I BRI i e O, M AT Lo}
LAV P R B T B SR S S A fhA E0s
RIS AT RIS . Horlr, Co-COFs/CB-700 YR E oof
WRJEL I 1 {37 4 0.830 V., & T Co-COFs/CB-600 {1 205
0.795 V Al Co-COFs/CB-800 [y 0.806 V. i i 1] S0l
700 ‘C R4 Co-COFs/CB-700 44k 71 ORR % fE sl
Feflt. TR, Co-COFs/CB-700 480 J5 U4 (14 v 37 A3 1 20
Bl 20% Pt/C f90. 864 VIIE 34 mV, i8] Co-COFs/ 0.0
CB-700 HA 80 1) S R RE
B 7 BAFRAEFIZE O, A 0.1 mol/L 10}
KOH HU# B P LSV 12k Tafel #p% £k T 05
BRI K HO, o iizk. [ 7Ca) Jg A < ool
A LSV i £k, 455 3% 2 A A1, Co-COFs/ =
CB-700 [f) 72 4 L {7 4 0.928 V. 2 i i 7 Hy 20
0.841 V. W BRHLJE A5 HE K 5. 96 mA/cm?. ¥ 75 T oot
Co-COFs/CB-600 (0. 878 V. 0.803 V.5.01 mA/ sl

cm?) fil Co-COFs/CB-800 (0.892 V. 0.820 V.
5.08 mA/em?) , H 4 3 JF P BE e #3202 Pt/C
(0.978 V.0.861 V.6.02 mA/cm®), [@Hf, NE 7
(b)) Tafel 12k 7] A1, Co-COFs/CB-700 HA f /)
i) Tafel £} (42 mV/dec) s ORR [z W 3l J1 20581,
B B SCR N A R IR RE ) X it — 25Uk 1A
g, it —2H5F Co-COFs/CB-700 (1% it

00 02 04 06 08 10 12

HE/V
(d) Co-COFs/CB-800

6 7£0.1 mol/L KOH A& iy CV fhig
2, K H RRDE B A5 21 -4 88 500k HO, - =
Bk, g5 AnE 7()— (DR, HE 70— (]
H1,Co-COFs/CB-700 1B, F5: 3 8k 3. 78 ~3. 96,
HO, 7=#%k 2. 5% ~14. 1%, 3538 T 20% Pt/C 19
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3.87~3.94 Fl 2.7% ~ 6.3%, F B Co-COFs/
CB-700/ ORR 3z Jy =it B m AR 4 iR
2 etk R H 2y ORR HEALH , 2ERA R}
R b R 45 iR 2 AR L T ELAT O AT 5% .

Co-COFs/CB-600 «—

Co-COFs/CB-800

—~20 % Pt/C

FLZE B /(mA-cm)
N N IS W [\ — (=) —_

Co-COFs/CB-700

T2 04 06 08 10
HE/V
(a) LSVEHZE
L1y —o—20% PU/C
—a—Co-COFs/CB-600
—o—Co-COFs/CB-700
Lol 64 mV/dec o Co-COFs/CB-800
e 42 mV/dec
53
09t
47 mV/dec
0.8
20 <15 <10 05 00 05 10
log|j/(mA-cm?)|
(b) Tafel 2%
4.0
20% PY/C
39t
ol
)
ﬁf— 38}
o Co-COFs/CB-700
3.7
36 1 1 L I
0.70 0.75 0.80 0.85 0.90
HE/V
(c) B TEBH
20,
16}
< Co-COFs/CB-700
12
e
s
= 8
4+ 20% PY/C

O 1 1 L I

0.70 0.75 0.80 0.85 0.90
HLE/V

(d) HO, =%

B 7 7£0.1 mol/L KOH ARy LSV k.
Tafel Bk BB FEEBHM HO, =&

®2 ARELFHEEERERXTLL

BER @}zﬁ% %7&% e bR Eﬁ?ﬁi%jfﬁ/
/v /v (mA-cm™?)
20% Pt/C 0.978 0. 861 6. 02
Co-COFs/CB-600 0. 878 0. 803 5.01
Co-COFs/CB-700  0.928 0. 841 5. 96
Co-COFs/CB-800 0. 892 0. 820 5.08

MEFR AR E PEABT H Bk e 2 PF ORR {4k
FIPERE 0 B B b, T A R Ge) SRR AE
Co-COFs/CB-700 {4k 71 i) ORR Fau e o4 A4t F it
PERE. 45 RN 8 fizn . MR 8 (a) myga e Mt 2 ml
PIEH.TE 0.6 VIR LT . £at 30000 s BYTEA,
Co-COFs/CB-700 446751 i) L 37 %5 & T %24 15%
M 20% Pt/C F R 31%, i % B Co-COFs/
CB-700f# 4k 5 9 A2 5 PR 220 T 2020 Pt/C, BLAF,
8 (b) Ay fe W Bk e th &k ge 8 & B, 7 A
3 mol/LH S ,20% Pt/C B E E H I —1 &
Ry AT 40 B 70 HY B M B 45 225 1 Co-COF's/
CB-700 4k 71 (1) o I8 285 3 0] 522 S et St v s 328
Fasrg U] Co-COFs/CB-700 44k 7] 1t FF L i} 52 P
WAL T 20% Pt/C,

100
Co-COFs/CB-700
i 20% PY/C

AHXT HLAL/ %
& o %
S S 3

3
S
T

055000 10000 13000 20000 25000 30000
i 1) /s
(a) i-rRasE tEh 4k

120 -
100 Co-COFs/CB-700
X 80t \3M CH,OH
§
60
2
40t
20% Pt/C
20
0 L 1 Il 1
0 200 400 600 800
i 8)/s
(b) T FRREME AR il 2R

B8 Co-COFs/CB-700 KFRRE M4 Bz M AR
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AR SCUA T R B DU 28 B0 TIREs Ry 4544 BT
A, 4" -HE T A T 2 R A 3 o TR B0 A O e
NS 7E B¢ B 2% 1 JE A AR K Co-COFs, 15 5] /i 9K 4
Co-COFs/CB; 88 J5 fm i 4 fi 15 3] M-N-C 165«
Co-COFs/CB-X (X =600,700 °C fil 800 °C); & ik
B REI X R B, Co-COF's/CB-700 HA7 f L 1Y 44
W RE AR e M EEMIRES ST

a) Co-COFs/CB-700 1k 7 i & 1 2 8 1
Co-N/C . MERER LA K A 88 R 091G PEAL A5, BEE A 5L
PE AR ORR 3G FIREEM:

b) £ 0.1 mol/L. KOH % ¥ ], Co-COFs/
CB-T00M A F (A AL 4 FELAE « 2F= 30t FL 57 DA B B B P 9
B JEHAT 200 Pt/C 408 B o vl I 2 B
UF A GRS g s HoHL T R 4R B 3. 78~3. 96,
HO, %L E 2.5% ~ 14. 1%, iF B Co-COFs/
CB-700f#4L571#9 ORR I PRz AR 4 L FiRfe.

¢) Co-COFs/CB-700 {4k 517E 30000 s fE¥ 5
I ELAT 24 84. 806 IR IR , HLATH BEMERE A AR
T 20% Pt/C, XX FF K i M A e v AR 3 4
J& ORR fEALF A —E S H M H.
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