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Abstract The massive use of the chlorinated organic compounds in the pharmaceutical, pesticide
and dye industries has led to their overexposure in environment. Due to the bearing carbon-chlorine
(C-Cl) bonds, chlorinated organic pollutants (COPs) are generally chemically stable and highly
resistant to natural degradation. They are also highly toxic, carcinogenic and bio-accumulative, thus
delivering significant environmental risks. Electrocatalytic hydrodechlorination (EHDC) represents a

promising technology for COPs treatment. It proceeds by the in-situ generation of atomic hydrogen
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(H) on the catalyst surface via water dissociation. These H" are highly active for the
hydrodechlorination of C—CIl bonds, which enable the conversion of the C—CI bond and CI atom to
the C—H bond and CI, respectively. Overall, the EHDC process can significantly reduce the
molecular toxicity and chemical stability of COPs, and improve the biodegradability of the
wastewater. Compared to the hydrodechlorination technology driven by Fe® or H,, EHDC technology
is superior in the aspects of (1) mild reaction conditions and controllable process, (2) low chemical
input and (3) high reaction selectivity and few yield of toxic by-products. Palladium metal (Pd) has
been preferably developed as EHDC catalyst, owing to its robust performance in H* generation,
adsorption and activation of C—Cl bonds. This work reviews the research progress achieved in the
EHDC field, including the rules to design active catalysts, the insight into the electron transfer path
and the interfacial reaction mechanism as well as the strategies to tune the performance of Pd-based
catalysts. We also summarize the remaining challenges to the scale application of EHDC technology
in practical environmental pollution abatement, and put forward the possible development prospects
for this technology.

Keywords COPs, Pd-based catalysts, catalyst modulation, application feasibility analysis.

2022 4 5 1, 55 B S A GRnls G in BRAT 3 7 38 ), WK 158 TS ey i g 5 /A LTS
YL (chlorinated organic pollutants, COPs) J& ¢ A PEA HL15 Ye W) o () —FP, J& T 815 Yo ) & 1k, 7
C—Cl# M FEAE, COPs 43T 25 Fa e , R ME A SRR D3 oh, AR ML D IR TR R0R, A1 5 = 2k,
TEIR 7K AT« =B, PR XU 5. COPs 15 4L i Ab 38, B HiTAT S A2 I Sy . S Al 3222
A b | eI E R FN SR (Fenton) S AL S5 B0 AR SEHL, I COPs #4 46 H Jo 8 TCF 1 CO,, HyO F
GBS T b JEE ) 32 R ] M Bk (Fe®) ™A H)®) A5 B IR I AL 2 R, BL Fe® £ 2 i ik 44
COPs i 1 Fe° 2% Ifij i) &0 Ak i Ji [z B A5 21 B, 52 B0 5. T 4 2k, B 4 1k in &0 5 (electrocatalytic
hydrodechlorination, EHDC ) £ AR & 18 Ji ik (1) —Fh, HJ2E il of IR IK 8 H 710 5% %%, o isinfe 24
i, BRI 2R A2 B 9T B B DGR, B B BT T (1) B S5 RN, 2278 5 i T 35175 (2) 1 72
K=yl 5, BEARAT B2 R0 7 AR B AR (3) B A5 (i . o Al ialnl; (4) I8 s G KU

H T, EHDC #0432 4L v 78 = R0, A2 AL 700 A F 2 N 5 S WL B A i 7. 4 4L 772 EHDC R
HAZ O, R H TS Y ) I R AL R TS PRl AR R TS YIS AL | TS e I R A e R
e PR S L BT v T T R R 1 A E A AR A A B AARD B K ) COPs A2 it 58 B R 1 H
. 2 4 I % B A BRI EHDC W M, Sl TR SR L 25 L AR AR | S TETRION A5 R G
— T, TR AR TG . BRI APE. AR SCER S EHDC @l rh 4 Ja S A0 R Y 268 | PR LA
o Pd FEAEAR T IR 45 SR AR R A I ST AT 1 ERIR, T S A AR Tolb Ak A E () BE 22, 2
H T IR T RERY & JR .

1 & BEAE4L5] (Mental-based catalysts)
1.1 Pd HEAEALF

4 B (Pd) 75 EHDC Sz v e 33 i 08 S M B, A JHC 328 ¥ ki Ay OF 5 285 A0 4180 3o A A 00 ). o i
Pd A Ak 57 % T I 037 H A KO J80RY T R L (HT) ) b 2 i 28 C—CLgE, i S0 7 M B, LARE IR
COPs 53 By REVEMIEE k. Pd SEAE (0512 T A EHDC S )i i # 4 A i (1—4) AT

Pd+RCIl+H,0—Pd-RCI+Pd-H,0 (D
Pd-H,0+e —Pd-H+OH" @)
Pd-RCI+Pd-H +¢ —Pd-R-H+CI (3)

Pd-R—Pd+R-H )
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Pd I 5 A A 0 S0 BE T O E T AN J5 T 15 5, P URR Y L BILE BRI [ COPs Jf:
AL C—CEEP 7L HR, H S Pd FEAEAL R 1] 3204 g e v (&1 1), HAR 7 i 5 7 AR 8 3 S 2 1l
EHDC J i 203 1) G 88 ™. Pd 76 H™ A= b BA WA B35 A0 % (1) Pd &1 7™~ A= HYd AL A7 #2415
(2) Pd-H'45 & REIE 7, BE M i A =S (HER) , Bk /> H'LL H, JE 305 M 45 2%, 380 B 4 R
Jiang 55 (O BIF 5T 2 W], Pd S TAT b )™ A HBA I PR 007 0 R R O B A A R I, LA g R R PR AT Y
Pd( 110) /2 {2 #E H"AE A 4 B AR & 10 . Zhao 55 BF 58 3R B 17 R Al 7~ F1 8 HL 7 #9 P W) B 23 0] 3 &
C—ClHE R % AL AT H'B ™ £V, A, Lou 2 ik £ i AE P 5 37 5 24 i 1 19 15 B (82 L ml LA™ A S 22
H, 2 S B 8 g T Mo i .

(a) ()

s

H" 7 2

H" generation
s

@
il

(110): 78 B 72 H A PEAL S

A large density of active sites for H generation

B 1 (a)Pd FEAEAI A L, (b)PA(110)-77 H R i dE 7 sl
Fig.1 (a)Indirect reduction route of Pd-based catalysts; (b) Schematic illustration of the H" generation on highly active sites-
Pd(110)7

1.2 9F Pd &4 8 fE AL

Bk Pd JAEEFI A8, 4R (Ag) . Hi (Cu) %54 @ )R Bl — % A9 EHDC 76 1k, 5 Pd A [H], Ag. Cu %4
JE R T () AT DL 20 0 Z A IS W2, L% rL R L S5 24 C—CLL R, ¥ 53 COPs i@ ik
H 1) (B #2340 JE SE LB S0 (14 2) . Huang 5542 Ag AL R 32 B0 IR T AR A P ZERE 22 1M1 9 COPs ik
35 Ak A R RE, DT 3075 2 50 AR AT 2 B 3l T B AR, COPs 78 Ag 3R 11 1Y JIi Ui J H A & A TE#%,
SRR N BE 25 5 kU, EAh, Ag X T R A BAF B SE R, COPs 78 Ag 3% I Y WK I & #4545 DG A .
Ma 255145 19 Ag JEA AL 7R B 551 AT 520 3,4,5,6-DU S0 nH I F R v 4 37 5% 5 4o 605 1 i 42045
B R FE (—COOH )™, Lou %5 % 105 Ag Tk & (13.7 mg-em™) | & LR HFL(26 m?> g ") FIIL
FER) Ag FEMEAR T, 78 H R R 0 i S8 b e R AR S i I U e, Y R A A AR R 3K 96%—99%, HL TR
BRIK 33%1Y, Gk A IR S Ag FEAEAL It Xt COPs ELAA R A7 A PR RE, Liu &40 17 X & 2 IR R
U RGP E BRI Ag AN KA, LR 28 38 bl it n L 67 T 5 36, AE DR AR S B0 3 28 25 1 R BT ol 45 1Y
AR 2 | ARGy B TRELAS RN SR, N Ag 25 S REFEIED CUES BB I AgCl T 23
PRl A E S B 07 FH e 36 PR AR AR

Cu S ALF, A% (KGR, JosE 1k, RSkt ) vz i F EHDC k. 5 b Cu 3 4K HL AR X e,
Mao 25 i F Ak S TR 0 45 1 3D A4 880 Cu JEVA (GR-Cu) FUAR X =5 LRI T 548 53 B It
SPERE. 78 Cu WL IK 22 M@ 3 L 79 B 4205, 20 min PN AT T R 97.33% ) =4 Z M 12 (500 pg-L™) 19,
Gan ST 5 R, HA F 5 Cu-Ny B A7 MR+ Cu AR, ZEMEML 1,2- A ORI O
(RN H A 99% [ BE BRI, vk 8 L IR ACR R ik 64%, B8 T Niy Ag Fl Ru 55 4 J& 19 4 fb 3R e
Liu &5 W Cu-Ni W4 @ BB AE A6 7 ok B IR B i X = M (TCEME B PR, 76 1—4 Voem ™ HL
JE DX TE] A, Cu-Ni X4 & AR AR 2 T 98% MG T, iX F 245 45 T Ni Xt T Cu HL 25 A 4507,

& B (ND B A BRI ™ARET), &84 (Co) LA IE MM H IR F45 & 68, AR T HW ™ AR
S AL H Ni T Co #8244 1T I R THE AL 70 A B S PERE. Yin 28 4i)3E T —Fh Cu-Ni X4 & i1k
A, Ni R A HF i i 2 im0 Cu B3RS 5 A, Liv 08 T —Fh 5 85 F Cu 9K A1 7%
AT, Cu GK P FE R B 78 24 S o A IR B2 A, DTN R T 5 2,4~ U i it 580 s I AH G 19 L
F i 5 R 0 NI AT Co Lk BV i Ab R E AT 9T, Xu 55 L8R T B 7R AL A 380 H i 92
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Ni. Fe Fl Co k71, i 85 Ni Ak 500 % 52 £ R B0 e P B A 1k B Y. Li 248 7K B2 285 1 45
(4 5 J5 F Co AL (Co-SG) FHAE BUK A A 5] L A A 38 -S4k 2,4- — SR F R, BF A 2 T A Ak 7™
A, B AE AL HoO, LAk 5 i ¥ 2 B0 1 S R BE Y. Wang A58 11 AL R IR Cu-Co 40K 2R b A
P SRS T T B AT s, B A 1 11 A O ST R R T S L KR (21.61% ) ). Wang 454l
) A % 3D 4325 B4 Ni-WC HL AR o 384 5 A1 H A 5 8%, S8 T s IR U B, 3 h P 4-4 1
() EHDC R0 A 100%, R I T [7) 4 254 1) Pd/CP,

Ag/Cu/Ni %

[#%1211(Route IT)
4363 i (Indirect reduction)

R-Cl jgf2I(Route I)
B $%38 JF (Direct reduction)

B 2 AE Pd BEAE AR B H D R ] A D A

Fig.2 Direct reduction route and indirect reduction route of metal-based catalyst(excepted Palladium)

2 4BEAEAEFJEE (Palladium-based catalyst modulation)
L E T, Pd B AR S RE IR 4A 1 7 X R B S RO A 4E | T4 A i 4 K 3R A AL
PR LR 7 =018 3).
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N F AR ;
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N 3 z
&5 5
& 5 YR A
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S X
N NG
R - gpkmim \ T4
- 54 Nanodendrites \ % 2
Ny e
EN
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PAEEAHE AT 25K B
Modulation strategy

» ok
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2. LTSI

Electronic structure modulation
B 3 Pd LA A 4 g
Fig.3 Modulation strategies of Pd-based catalyst
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2.1 EAERIRSH

Pd 2K UKL 5 7 2T B, AT 4%, & EHDC Sz A8 S A AL R 30 38 A 127 340 SR F ik it
PIRN G BT 2 A3 S — R I STk AN B Hy, 558348 S50 R A ) [PACL 4. EHDC %% 5% Pd 4K
WORE R 52 ) B Sk, Shu 55 G B 38 5 70 BUTE 22 BE ik 49 K 45 (MWCNTs) | i Pd kL CRi 42 6.4—
13.1 nm) XF T 4-52 8 AL 15 PE G PA(100%, 6.4 nm)>Pd(60%, 9.5 nm)>Pd(29%, 13.1 nm). /MK )
KB 2 T AR T R T AR AR R L (A4 EE) SR U SR AR B 22 B A P, Yang 45l
i Ni 540 PACKIAE 2 (8.910.23) nm) T 8 f2 % ) SO AL T, o vl DA $ s A Ak i S PR BB, 120 min P 1T 52
B 99.5% A e (20 mg L) By B &) Zhao 55 {8 HI 2R 2 EL e (PDA) /A A ML A7 J2 45 Pd 442K
SRS, IESE T PDA R W] 45 44K Pd 45 4345 75 TiO, AN K K1, Pd (KR 2K 1.5—2 nm. 7
1.5 mA-cm™ 1 1 mmol 4-CP ) 255 F , TiO,@PDA/Pd Hi b 35 ¥ M 5 s i 1% M, 35 %) T 23.96 min ™'+
() BT . BRAOKBURLAN, Liu S0 645 T —FP & S 8BE 1) Pd 90KZL. A0 LT PA/C, Pd 4Kk L3 1fi
FUE A, HLUE & I Ba AL, B0 1 X SR 400 6 W% FRE AN A A 7 M 5 [RI IR | 7= A L PR B VR H A e
TR X R Pd 442K 4 EHDC MR 4 w5 iy R RS,
2.2 R

RS Y Pd JEFRSE AR A IE A 2k R IR /b Pd R, 42 5 R PR SR T A5 s ms 72, Rk T
AR RS 1) T I 2 R ORI 1) A1 7 2K 3 BRI 4000 o7 A AR L T 4 J8 57 50 DR 40
B AR T A8 S5 BN, 7242 100% B FE R FF R Z. 1UAb, AN R 4 Jm Be 057 A58 FE5 5T 1Y)
JUART % H, - 235 4 {5 454 Ak 790 2 1 EL AT B 22 (%) W B4 i, T L2 B A 30kt B 36 0 198 O oA X s o i
e, M B v A AL T PR Chu 286 Pd 43 BIAE SIC 618, & PLAR T i 24 Pd 1 Ak 75 76 14 B8 15 42 o
Pd JE T AL e P 0 S b, AR I T 22 18] 4 IR RV FH AR R b 34 558 Tk - 11 2% 5 1 S0 A 10, A
£R11% Pd S U EIVE R RIS T 45 1 RS 5 I P40 1 ot B R0 5 2 T 7= A0 2 T 1 O o 3 79 1 S e
AR A A SR RE i, [ B AS B2 A HL i 2 B LB B 2544 . Huang S5 Pd,an, 467N P, 52
16 1GO I+, AT i 32Tt Pd WY R FR0R =ik 14 4%, JF Hpeag il &l 75 R A bR b 2p B4, i@ it
Pd-O it {57 A R 1) 55 245 #1555 1 PR TS5 A2 T M) P, 109 H 2B Bk 2 55 AL 50 5. Mao 45
FIFHZ B A4t il a2 Pd il £ 1 IR T4 800 Pd SEFE AL R (A-PA-NC), X 4-%0 B 54 £k o 28 19 19 1ot 00
PR35 98.9 mmol g h, HEFEMEL 100%E2.
23 HTFEEIEE

Pd FL 45 K ] 8 a5 T I I ) RON A SR AT R, LR TR g I AR M S e | 4
J& AR 4 JE B 446 T BOA . BUARXT 3R] A M AR O S 10 11 208 Pd SR MEAE R L L, BR TN
CHA FE—E TR LA RE R B e Ah Bl B A VR L B 28 P AT EL AT A i A A AT PR RN
Bk, [ BT AT it m e . B S A R T R o A L R MR RE, W LR B A M EH(C) L &8 . & JE A
(ALOs. TiO,. MnO,) . 4 J& ALY (TIN) | & JEwAY) (TiC) P 5. Gk b BHERE 0P BRAL 271 o Fn 3k
() FLBR &5 4, AT 34 A2 0 Pd BORE, i B (CB) . 2 BERR 44 K 45 (MWCNTS) FSURL IS 4 5k (GAC)
AR Ak, A(N) B 2% C b FH Tl 45 R F 243 8 Pd FEAEALTR], FL R L PA/C RO Ab I ST T 3 i sy
412 459 IR Ni HAT = 4E 7 AR 5] AR S5 4, FLIREE =538 96%—98%, Jf IR T RAFHYEE ., 1k
21k RE. Mao %5 il £ 1 #8 41 Pd@Ni-foam it 5 I 1/ 3 8 5 547 31 2 46 Ni-foam M F L Pd/C B 44 £5 1
4.4 4%, HA S5 PERE = 2R TR IRHESL R PA-Ni JFF R 1 S 208 PA-Ni J5F 8] 5 B[R] 8500, DA K 8 7=
A HPOL HR, UK Ni 109 Pd 5 i, AN AT B 4 0988 itk 47 HAEZE K T ks e KUk . 4 )
S AL WA Sy v R 2 AT A 0 G T ) B B T O s e R, e B AR KT NDWEIR By
MnO, 1] 43515 Pd i A1 Ni it JE B A4 5% 285 B A0 E 7 AH B4 . MinO, — 7 T A k38441 FH 8 U B 1Y)
23 AR P, 53— 7 THIAE A FL A AR 3 9 R PA? AR R PAE L Li 4R DL NiCo-MOF 1k
Sk o () J2 0] 4l B R /N Pd RSO B TR SR H B B, 8 AR AR T P, 7E 40 min X R FE A LR
KRBT 95% LA O H R L R T A5 5 5 0 4 s AR AR L, AT ORAR Pd LTS5 R O HOEAF P A
() ff I AT Sk, 2 AR 42 I8 Pd-TiO,(HL F 1% 3 J7 ] : TiO,—Pd) H 4 3 57 5 235 i Ak 7] 104 o 42 395 12
EHDC %R g i g B0 A W00 FA& 4010 Pd/C ALY, Lou 2] Pd Al Co-MNSs 51152 12 1 bRl
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Vi FH R SRR A 77 A 0 S TR S5 M TV 1 - 45 09 Pd 2 THI, 76 Ni J0UR [ B %o G885 25 22 10 110 38 U0l o6
& PA/NI (4 3.5 i, i PA/C ¥R )2 Ni i 3K LB 9 6.8 £512. Li % & B Pd 5 Ni2P P [q] v] B & 45 7+
4-5 B 1 EHDC %505, NiP AR Pd° 724 H'IHAE ik PA> iy 7= A 19,

W DEE Pd 5 Cul*l, Agl | Into4 il PO 85 4 R A 4 AL R 1T ZR T AR I 0 R 4 T AR AR T 1 e —
P by B S, b Pd 55 At 4 8 BRI 4 b SR 2 19 4 LU 02 DG . Peng 55 & 3 Ag-Pd &
&SR Ags,Pdgg B HLA i iR 1Y EHDC W6 M, 15 24 19 Ag Eb 5] 11 55 48 4k 3906 7= 0 2 B 1 W ¢
JEL SR T A W ot A R B ] EHDC Jiz 7 3 58 (1) 1 5 25 B8 2 — ). Chen 48 W 2 t Pd-Au & &
Pd;Au; A 4 UK HAT e (1) EHDC 20%, & B F 19 Pd VR = R0 A2 0 M 07, o 1 My 4l
Pd 11 7.83 350 AE 4 SR 4B 250 (W . B5) v] LARKAS Pd 14 e, 45 4 DT 32 w5 FEH i AL PEBE . W4 R Il (B)
JRF L P RTINS 2, ATIB47E Pd 19 Ak 25 (Rl Hp, iR ERU Pd R 01 B (P) (1948 22t {2 {8 Pd-P 44
fEPERE LAl 4 )8 Pd & HE M. B P LB 28 B[R] 4% Pd 40K R (1) L T4 4, HE e A T M S £ T R
Al Pd/C., Pd/B. Pd/P FI4f Pd 40 K HE.
2.4 Al Pd FAHE AR TR VA A R i — R A HLECIR T RE 1k

AR 2 A AL TC AR ) BB P 2 30 A1 Sk — b hy i % 1) A 42 S mee, 3 aod A rp i) N2 O, S P 4§
JCR A 7 4 JE R A6 HL T, NI & L T AL R i B (AR ST 0 2, A HLEL R T RE AL AR T
PEALTIAS B (R 2, 18 BEE 1 R ST 1YL TS e R0 S A B RE 1 IRl 44 i EHDC B, oK
Pt IR AL (CTAB) ISR 1Y Pd 44 K UKL, W Inb i v b Ak R0 BRI 2,4~ G0 HHY IR 1k B8 o PR G e fe ikt
RIS QEAR, U 2 FEE A AR I A T FE A6 A 4 i, Pd 36 T C A PR35 Hh i 1) N-Pd LA/ FH AT LA
AR T Pd K Uk Y EHDC PERE. MLEF R R, BeBciR 251 A 3 Bl (1) H 2 800 ——34 s
A HMREE; (2) L2800 5 (3) 72 (13500 —— 2% fiff = o 1) 5o R 6, R VR B 57 490, Fam 55 1) T 28 K 14 2R
G YT ZFE(PEG), 85 b4 RH 18 19 25 KM, AT k38 Pd 5 8 /K 22 ) O 358 1) o d A% 38, JF 4
Pd/C £ 2,4- KB 1 B Ak 22 58 i B 7 A 3 PR IR R 50K 2 4—5 507

Br/NF A HLECIR SR, iR — 2 K4 FA HLEAR ——5 B 2 5 9 (conducting polymer, CP) {15 5¢
Y CP LAY n- LB R G W), vl AL H B T, % WL S R A YA B O (PED . RN IR
(PAA) . RIERE (PAN) &5 CP i H T H A AL B D BB AL A0, W el T AL I B S L HL 745
¥ . F RS RIE BUHLH, 304 B T 22 A0 g Ak 2 AR A 225 (A1 5O, 2 — 7 v 2550 1) L T T A SR 91,
AR 3 P FAT AL L 9] 22 U (g ok Ll TRk A, 3o R 1 LA B 461 2 i i A SRR S B (HER ) SR 7 1) & A L
RN v ] e ki I U B B 5RO, 7€ EHDC S5, BE IS L A AR R R 2D, (EIZ R
VA SR AR SR T AT P A TS M L ARt L B A TR T o A N

3 N7 H7 (Feasibility analysis of the application)
3.1 HURARETE

JREAR TR B R I R R £ ] B 2 LA 2 R AR A A Sy FH A S5 20 3R H i EHDC 1 F Ak 7 K
HABIR, T il RS W RGN IR T R R R b R T B RS YRGS ) A1 45 4 A IR (Nafion) |
R LI (PTFE) | BRI AIE (PF) F SR A — 9 £ M (PVDF) 4% R 4550 T v, B i FAS Tl S b 2
535 B 53 ML A, BELIBT H (5 a0, AR AL 1. R, Tl SR SR — IRy A S
A2 31, T o ROy A A A7) A RS i kA e A (IR A, SIS AR A A A T A R LA ST
b b B iR LT /N A I S22 i, HORREAR 2R KT 500 mA-em 2 {1 LI 4% 4, B A BIR il FEL R AL B AR il
SR AR A Ak, R, BTG T MU A8 e e T e | EREAR 8 Tl 2R A A 7 2 3
TEDAT I A .
32 TASERJRIRE

COPs I B 35 8 AL R A T 20 S0 R 22 g, P WM LIRS, A 7 2R AR AR I A AL & P i AU 5 3
EHE T2 A e, EHDC i 2 15 il 5 42 7 J&, 1 2,4-— %K B (2,4-DCP) 1 Pd % 1fi i) EHDC 424 :
2,4-DCP—4 8 (4-CP/2-CP) — Kl (P) , 5 245 5| 58 & (I S0 W0 A8 3, DT AR 73 1 2 M A e k.
O B K ) LA HE B AN SR, W6 PR S Ak AT SR 1 (1) 39F — 20 B A1), Sl sk 800 C1nT 3G 5 PR
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F4 52 TG, (BN HEBR Cly BB COPs 7 A= Y KUK, PRl e B A A0 Ak W BEHK T 22 B9 i+ 233a 1,
WNE WARE B96-FL | - PR AN A - A BOR B IBC P R Ah, Ry i 07 R < XURR ™5 44, B DA [ WA
L, CAT HE A 2 R AR B IR I, AL O R e TR (EL A PR e o o, e SRAF S AT 43 ]
WLE A £, (5 H FTFSE v E, i Rt — R R,
3.3 YR AT AT RS A

MoK | R K A T AR KA v i ST i 5, X Al L AR A SN T SR O 4 e AR A L A
SEHG 5 — SR IS LA 5T, R B0 BRRR R T . WEIR R 2 iR . KOH I IS, AR B A i
FEAE R . B AR K HER R IR AL e Ab, BR2h | Rt AL T8 Tl R RAEAE AT i dh . i COD,
HE B KA )8, Hu 45 B 3E A 5 36 B K o /) EHDC 3 72 B 8 32 30 2545 A CL 2 Ak (1 B B4 5, ™
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4 %8 (Conclusion)
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