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BRI ACR IR, B2 TR . WA, H AP HUEBRERSCR EERH N E, #Feh it
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Anion exchange membrane-assisting electrochemical reduction
treatment on Cd-containing wastewater: Principle and optimization

WANG Weimeng'? WU Weibing' ™ FENG Jijun***
(1. School of Material Science and Engineering, University of Jinan, Jinan, 250022, China; 2. School of Chemistry and Chemical
Engineering, University of Jinan, Jinan, 250022, China)

Abstract This article studies the treatment on cadmium-containing wastewater by anion exchange
membrane (AEM)-assisting electrolytic reduction. By comparing the influence of AEM membrane
on the changing trends of the solution pH, voltage, cadmium removal rate and energy consumption
during the electrolysis, the chemical principle for the electrolysis was revealed,the reasons of limiting
cadmium removal efficiency were found, the electrolysis reduction process was optimized. The
research found that the diffusion of H" is the main limiting factor for the cadmium removal
efficiency. In the research, the anion exchange membrane was further used, by utilizing its selective
permeability to ions to limit the diffusion of H" generated in the anode compartment to the cathode
compartment. The reduction of pH of cadmium waste liquid was inhibited, the hydrogen evolution
reaction and acid etching of the electrolytic metal cadmium were weakened, significantly improve the
efficiency of electrolytic reduction to remove cadmium. The residual Cd*" concentration after
treatment is reduced from 200 mg-L™" to 1.06 mg-L™", the cadmium removal rate reaches to 99.99%,
the charge efficiency 98%, and the power consumption is 270 Wh-L™".

Keywords cadmium wastewater treatment, electrochemical reduction, anion exchange

membrane, electrochemistry principle.
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Tk =, & X2 &m0 7 B0, b A B R 4 il 0% 7 T8 O A AR R AR L
2 R ), SR T o) A B 1 P VR R R A VR ik 40—50 gL SRS B 40—60 g L7 U
PR AR S AR, K BHRRGAR Fo it & R iV, CdTe JERSEYE AR L AR A5 ARSI T, B S 4 K T 4R A4 1
FH RS, JCE S B B vk AR 7= CdTe W IR IE S A Ol CdTe A5 L b (%) [l A T, 4R 4598 B K B 5 i R
KRB, LN CdTe W 1Y FL B Hh CdSO, YV ETX 0.3 mol-L(33.6 gL ™), K 5 CdTe i i H it 114
(0] WA h R FH R V25 1 CdTe T2 ol i 4 8 35 B VA T~ ©). X BB TS T 5 £ N Tl 2 1 K i 5 4 41
M ERKHES. W fa®E EEERMAES S KEREEL T ANK, FEERESKE
P, ATk, it A SO0 LR TR 0 PR CR AP R R I 1 FE AL, B 51 Sy S it HE AR S o A oS R
febrz —, o (75K 258 HEOR E ) (GB8978—1996 ) B SCHILAE Tl JK /K v 48 64 fe 12 Fe v/ HEOHk 13
0.1 mg-L™".

FEXHR I W B AR 3, Tolb 1 O & & T AL2= DT vE vk  BRAARYL | 2R BEL | W FN g 7 3 #7255
Z Tk AR DTE R Tolk b & & I, — eI B Cd(OH),. CdS. Cdy(POy), S5 XME Y, Fiim o ¢
B.UTKE . vk b uE . IR A R DO UE VST A3 S, 4R R BR AN 98% A2 AT, IF H A K A TS
Ve, Gt B TG G R AR 3 E A R AR S AR R TUE , SRR IR B 99%, (R 1k ASWnE 25 U
b, BEAE U0 1, I BRI RN S T A8 2 = BT P T Ak B R R PRV, (LA A W R 590 A D T2 AR
R PRIME, R T 22 R SAS v () [ R~ WS4, BEAE BORFEAD, A Bl T & SRR WAL B T
i, R B T BRI B4, METCRE Ay ) 0 18 e B AT RO S e AR > TR R R, R e S
o A A P S S SERE Y, LB AT [RIB IS . AN UE AR R R R R R () & R R B O T R AR AR I K Ak B
U LR M LT KA R T AR S &R MU S A, kR B IR K R Al 4 JE i E R B
A E S, B JFEE S e $R BE T R AE 2L B, ok B AR E L AT RO A b 3 R Y A
B2 SR E 40 V224G I i FUR R ) S A Ak A B A BRI B R T, Cd R BR R IA ] 99%. 5 IEF
FEL PR S DR 5 T R 4 S S TR A OG, IRHR BB 32 Cax i s i, PR A VK B RS A A P VR
BRI SR, FE SRR, B BHARAT S A BAAR AT th 4 Jm 0, T pH 2 AN B I, AN 1S B
fift A8 S BT SRR TR, 8 2 TR S AT 1 4 A, Ak SRR I AR B vk B R MEAR K. T AL, R LA
S T A SRR R MR BE T, T B % R AV M pHL B BRI EE | 42 Tt pHL A SR AR 9 - SS 4he fE
(‘anion exchange membrane, AEM) & — Ff X B 29 ¥ 3% $& M i85 1o 1 %5 FH &5+ A B4 /E H 0 & 4 F
JIEERe A A Bl FE P, 5T ABM 5435 S 5 1 BE AR >f BEL 1 BE AR 28 i i HE ] B B 10, o] 2 3] B 1k
B W pH 2 B2 R0 B Y. SR, 3B A& BIP), SR AEM A AT CE R FEEREAIRE] 90 mg L', KBR
R 92.9%, IEA TR B HERCRE.

ARG X LA GY AEM BRTE R iff 30 T Ak 380 3 ok B8 5 A2 K T P e D R 1 b L,
S T 240 55 i 2 7K A BEASCAR 1) T AR D DR, T B R AR T 5. IR B, s o) L R T L 9 R ISP A
T pH (B K 2 7 Cd> il 3 JF 35 1 Al 2 A &0, AT LUK Cd> ok B8 vk B B A6 1T 9 200 mg- L [ 2]
1.06 mg L™, 22K F] 99.99%. A5 A oA ok 4k 252 i T Hi figf 148 L5 i 2 7K 1) Ak BRI e 208 31 HE
JFE ARG T 5 7 ).

1 i%\%ﬁﬁj\(]ﬂxperimental section)

11 SEE RS

SIS ALK CdSO,(fh2F4li, [ 25 F A AL~ R A BR S 7)) 5 KoSO,(fha4li, [ 24 5 P Ak 2 it
FIA BRA T ) s HySO, (4 >95%, 3 FHA T H AR T & R ARL T )5 i Fs IR & 48 A (MMO) ¥k
JZ AR BRAR AR ; BH 25 734 I (EDAL, 1 ZR RYENEH A FRA 7)) 5 M4kt 848 4l KL ol 1 A4
4B A R R i 4

SERGAN A WU AR RV AR B IO LR A BR S Rl i) s 1 A FL IR (SS-6010KD, R 58
AL FHRAHAD, AR/ 0.04 A BT AR K 40 V A HL I B 2 D) A8 (PZEM-025, T
B E B PR A PR F)) SE IR R FEL s HL Ak 2% TR (CHIN140C, 1ifFRAEUER A FRA A, K
I BELAC R T F A 2 P s B AU 1 b K (MS-H-Pro”, b4 FRANAS A BRA )5 pH i (5 #E PHS-
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3C, AL H R AR R A FRAA T ) 5 75 P ML (X0-5200DT, 1 5 Se KA A5 il 8 A BR A 7] )
ERAL B IR 2 Y E BE T (1 AA-T000F/G, H AR 1) 5 3 & SHAHE B 7 8608 (Gemini300,
Tl g%H]).
1.2 SEEa
FYG HERS: FL 0.3 mol-L'(33.6 g- L") MY & SRV WK, I HySO, 81715 2 pH 1.2, B 47 % 5 e
0.2 mol'L ™" ) K,SO, ¥, 1F 0 AEM S35 B (1) FHAR I W, H A 2 AR R W (IR rLRHL, B AR REFE. JCHE AN
AT 2B A A 1 R

B Gk AR S I FL R e
Electrolyzers for electrolytic removing Electrolyzers for electrolytic
Cd without membrane removing Cd with membrane
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Fig.1 Schematic diagram of the experimental device for electrolytic removing cadmium
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CA& WL H R Bk B, & @ m I TE AN . B 2 X 17435148 Cu A48 Cd i) Cu i
(Cd/Cu) 53 HIAETC 0 A1 25 5 v v Hh i i iy Ze vk F9 45 IR %2 (Linear Scanning Voltammetry, LSV) [t £k. 1R 1]
&, B 7E pH=1.2 WML T, 76 Cu v LTI &8 Cd By AAARER P2 1T T H. R A2, ZEA S
KoSO, R, A Cd/Cu J7 L HEERERH Cu Jr SEMET L, 2 IR FH HLffe i SR B 22 T A7

1. Cuin 0.3 mol-L~ lCdSOﬁl pH=1.2
0.04 2. Cuin 0.3 mol-L™" K,SO,, pH=1.2
3. Cd/Cuin 0.3 mol-L ™! K,S0,, pH=1.2
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Fig.2 Linear scanning voltammetry plots of Cd-free and containing solutions on different substrates

2 ZEEL5HE (Results and discussion)

2.1 BB acH st g

R R I AEM BRI T 485 IR R A = 0 R AW (E 32), BB K258 90 um, 3
W IGFL ([ 3b), BT 3053 b BA AR AT BH AR 7 7. ) 3c—d J& AEM i e BH Bt v V8 SO 1k 13 i 25 4k
FLAEE. AT LLE Y, Bl SO ¥R B2 38 i, J5Erl BELZE ¥ sk /), {H RIS 7E R 25 SO, 1y 27K v B BEATS /N T
5Q-cm”, AIIA N H] T HLA# I 5 AEM J5E ER B A BELRH OC 1Y e 2 401 R AR /NPT, A8 &80l e 1 FL BEL & 3K, TR
T FH T VPR B AR /0N 1 o R B AR A K I AR B A TE] 3¢ i AEM % EIS( electrochemical impedance
spectrium ) 115 H U85 31 25 H il A5 32 0o/ 52 30 AL PR 0, X SO, B2 - R i B A A 3R WD B Xof

SO, HA BF iy 1 .
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=2 <« YA - 29V S30F
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B3 PR T AR ai Al K g 1 AL PR fE
(a) IELSHIR I (LA 5k, 2. 3850, 3. B 1), (b) TE TR SEM IR, (o) HiL AL 2RI, (d) IRHLREL S K,SO, Wik BE G R 4]
Fig.3 Structure and ionic conductivity of anion exchange membrane
(a) Sketch map (1.polypropylene main chain, 2.quaternary ammonium group, 3.counter cation), (b) SEM image, (c) EIS plot, (d) Diagram

between membrane resistance and K,SO, concentration
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2.2 JG AEM JEAY HAL i d B

Bl 4 25 T A AEM RIS FEL A i 5 53 0 aod R v s W pHL R FL i rBL S i b 4y £ AR kB 3. AT LA
B, AR 3 AR B FERYBE T, WIhh CA MR BE e, BAM i 4 F R AT 1L e . B
I ARPEAT, CA> e BE B Wi/, CA> /K fif Xt ¥ W pH 2% wh 1 F 855, i 2 BH AR & A b7 480 g, B+ 1
Wi AL ] 5 8 pH AL 1.2 Pl SR R 0.5, [RI I, Bl A AR RS, B R R R W 7.5 VR R F
4.5 V. 3X F2 BRI N A IR 2% 1 H A SR AR Y 4 R B o IR 2 LA R (1 S), SEBR BIR T S 5 R
N7 P F AR 2 T AR, 00 F AT T AR ARG T 3 U B T AR 2 1 R R 2L e B B T, Y pHL 1 ik /) S 32
Sz, iR AR R RGO I, HLUE B I . R RO BE AR ATk BEIRDN, 4 JE 4 03 R BE IR A2 CdP
FRCH I, R R BELE n, PR R R T T R R AR 3G . T L, AR BT, CA T, R A
TR B 5 W I Sl BEALPE RS O, M D S B . [RIBs), B % H g -k BRSO, PR Bl G 4 4 i B i
AT A A, WL B A B AR 2 T B A AR S R W B & B e A A ST R, T BT A TR AR Y
FEL O DT MR 2 T U /DN, AT S R T AR T . AR 8T 2 RS MR Ak M BT, FE A TR Cd SR TH AT A R
H 0.2V, FERAR Y CAMRIETT, BT &0 it b 5 06 SR 25 308 in el i v . ol T I B BEVR WO ik
BEAIR, R BHAR AT SRRSO HO /D, W pH AN 0.5 FRAIREY 0.4, FE e & B BT, CA> ik BEARAIR, 17
BARAV VR pH(0.4) X5 A7 H 1Y) 4 i 0 J e ok 38 048 O, 4 i 0 1 P A AT o 3 23 5 R J o i 3R A S A
P A FEL I B R 1 B AT SR PHBR AT 4, VAT pHL RN AR AR , S b b s o A 10 e Kk o A, 31
IR HL AR RR AR L AT

40r —u— Potential . . ]
45 & —e—pH -'U"'*\ | 12
50 \'\ N Y
‘ N 10
% 55f \k‘./ I 1 om
% 6.0k /'. \o\.\ ' 0.8 %
2 . K
£ 65 i AN : i
({ \0\. | 0.6
7.0 / o 8
75 -/ I o-.\.,.\;_._. 0.4
8.0 ! ! : L
0 1 2 3 4
O/(A-h)

B 4 JCHR A A SR SRR I VU pH N FE A LT (922 AL

Fig.4 pH and voltage trends during electrolysis treatment without membrane

B 5 FAMRm R A ST B 6 B AR Y SEM iR
(a) 24, (b) BUR IXTORIA, (o) WA
Fig.5 SEM images of electrolysis reduced Cd metal on the surface of cathode: (a) full view, (b) magnified view of the dense

area, (c) magnified view of dendritic end
LR LS TR , 22T RS B ISR B e o 23 mg- L™, Cd* L BR RN 99.93%, HL {4k
BN T9%, MR 2 UIHeR WoR (WFEHL 4 23 Wh. AT UL, JC AEM ARG 5% B3 Cd> Mk BEATS 0t v T HETL
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PR, FE R TE T 5 W pH 8K, Hrimal 28 5 4 8 4 1Y IR JE Toh MU B, I, 45 R & @
ARSI I AT, A ZBBH LE B BT 460 A 1 1 [ B AR 37 %
2.3 H AEM JE [ H A A i
Bl 6 25 T 51 A AEM JE 5 FEL fifk B 4 o A% rh s W pH TR fE F Bl FR oy £ A A8 AR 3. Ol 1 B3
FE b 2 e AEM RS VE T, B rb [m] s 4 1 T R % Y pH 284k, mT LU Y, WU pH T H fige R e ) 722
5 ToRE R BB AR 51 A AEM RS, FLf 0 R BR AR i R R IR 4 A~ SR B B
- 3 -~ [AkpH -o [HARpH

0 Potential Cathode pH AnodepH
i i i
1 | » 110
..-..*...IIIIII.'.‘ :
10 - 1 1 [
1 ~
! ! 8
N !
z I 1 0 m v
3 20r i | \- 16
El ' H =
2 i | =
[a¥) ] i
30+ : i 4
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1 ]
]
Ay, : 1 "0) 42
L ! °
40 n...?hc.._._..:..:g:ﬂ_h:
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B 6 ke fif ik IR PR AR pH I AR AR
Fig.6 pH and voltage trends during electrolysis treatment with membrane

BrBe I, 7E5c®) 1 h N, B Wi pH BEAR AR, BB 28 5 pH S0 R osi/), vl fige o R . 23
JE PRE T, 0046 09 B AR 28 W CaP vk BE 15, CdP 7K i AT L 2% vh s ViR pHL (9 728 Ak, A i 4 s i T FE 1Y
CA A & LAFT WK AL LAY pH 22 V-5 5 T 7E BH AR %, WIHRTA I pH o, K AL 9 H R
VAW pH PR B R R R 2 R D BHAR A HMR B 4 i N 1 PR R L R, R
RELYRE/)N , ]S F A i St 1 ) 4 T o HAT 22 FLA A, WA T B2 WL AR A R 23 L s, 3 P P T i
TR

W B 1L, PRSI BH AR A pH RS 080T B, o fifp R TR AR RS . 1T B2 PR T W B A AR A A £ 46
JE BRI, IR IR Cd” e BB s/ ]N, CA™ 7K XS pHL Y S h A sl 553 , G 1 38 98 R A
R RO BE 2 A i HY, pH R0 s TR LR PR 2, B S0 AR — B DUTE G USRI 1Y, pH B ¥ 1 B,
Eh FAER B | E R —2E W HY, pH T RIS T BrBe T W22, RARE 0.97, iZfEW] 25
T IMERS B B I AFL 0.4, UESE T AEM JREXT H B4 WO PEPE I T, BN 247047 B m e LAY Cd™, i
P00 R R 5 A R ) S AR R LA, R L BRI, FRA e BN AR AN 52 8 1 7 B i, FL T

BB, BHAR pH RR22 N [, BIRIA TR pH JT 4R b T, F i i A DA . ml 8 S DA 2 B 9T 35 2%
A i < e 5, B %8 B Cd™ M BER/ DN, Cd™ 4 HIO By Jod o v figp i DA < Jes i 69042 o 20 R, O < 1 P O
HIT IR 30 S5O 20, H L D80/ ), S8 rhoul s 20 B 2 IR AT Ul i, 94K 8 ¥ W pH B2 1= T i e B
M, — BRFE R AR KB REICT HY, pH 325 T s (RS 1 BRI, b T BN 2 0 PR 8 24 A= 1) o it
FAEAC B 73 ) T AEFNIG AN HY, SR ORAF  25 0R 45 A 8S P18, IR 2 P 9 SO 2 1 L TR BK 5
T ABM R[] BB A, B a3 rh SR Mk B AR, o RN A, B R B vk R
RREeslim, v S 3B 0. e B B Ay e i 2R 8 ) vl BEL 3 S IO IR AN = ) R P BEL, P A 3 9 T v L
BN G S H BEAE n, F A A L TR R

BrBEIV, BHARIA W pH RS R, BRI U pH PR 38 in 22 2 514 pH=10, A A it R gL . 7
W BB, IR 2 A B 48 Ry Ca B & LA R A IE 00T th, HITH FE A2 Wi i, pH PRSI i,
5 B, pH=10, [A]F BB % 7 pH B WIS 0.6. N AEM JBEPIINZE S T AR HR 22l
PE—2P G UE T AEM X HY BCOEAT 5 ZUR BB A 1. 7% pH T, BIVAE B0 3 47 8 A B Cd™, JK i
FEEEW RN, 25 OH 454 i CA(OH), HEUTIE, & Kb Jsid V. Mk, BIH = v i 8 7 ik BE Ak
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JIN, R R BH 2RI BE I, PR R T 5 | R PR T 40 v, Bk HL YR Y e R i AR, AR R
g5

FL A 45 R0, 28 D WROUAC 43 6 6 B T E I, T W rh AR B CdP vk Bl 200 mg L, Cd> 2 By
99.4%, BREAZCRAL 49%, REFEZ) N 23 Wh. S5 TCHEBRAAAHH L, 51 A AEM JE B RSB0 T FUHH (9 4 6 HYMA
Tia) S AR A 180, (E BRI AR 25 rh 5 B Y Cd? Ak B8 5 T B TG A Ak 3RS 1) 3% P 2 (23 mg L) B g, I A TR 3 %
RER B Ca e FE R 3R . 2R AE T, R M AL R (0.2 A) B T BB IV 5 B & fa i o 3, HYH
FELI PR, pH L TH AP, Ca ik SR s 2, e 28 00 RGPk, F A IR 4 B JC Ik ilE AT, Al R P 2
2.4 AEM JRZ 51 B i i R B4 s 2

Xof A 5 A G I E 0 92 b B R b I U pHL AR TR (A fR A 3, JF45 A AEM IR Y e 835 1, 45
A LA 58T, A K L A DR B A e R T AR ] 7 B, 2N 4 BB

B 7 TR TS 5 o IR I
Fig.7 Principle diagram of electrolytic reduction for removing cadmium with anion membrane

B B, LA A il T i UL Teq oM . 1B B, CA R BERCRS, (R TR, Cd* /K i X pH Y
2% v VE IS5 , BAASAME pH G2 1 B et 7 B AR B AR 79 000 174 25 3k P A5, ¥ ik F BEL A 8 19
I R A R BEL AR AR /DN, TR P 482 J Cd BT H 18 IR 45 i il DR P 0, L 3 i AR, 46 35 1 Pl 9 4 ) P e
F B TR

5 W B ALSEIE TR LR Leq D8/, TR BT SR T L, (ELEEBIBE/IN. B FRUR I AE, Cd™
JEAR /N, FOK AT pH A28 op A AR S5, BRI pH 327 & I 23k 55 A J5 5% 8 . R, Ca* i #E
PAK SO it it AEM JI5 ) SRR 97 FACRAARR 1 BRI R V3 0 28, R SRR FL LA I, L R SR 3 8 7 il
i, H A LE R AR

55 BB, ARSI ST SR HL I Log ARZEIR/IN, BT 0L AL £y, BT HE . E B B, M PR AR 1Y, ]
NP R pH ¥ 0 R, O L B & rb S 1 e B IR AR B A o R B U R BB, LA R R T A
EJt

SEPU Y BE, F AL MR R R AR /DN, BE I, R R IR AT SR A, D T I, B SR pH PR
AN, R S HOL D CA B 2k I s, IR 2 b B B eh S v B R ), T L B S
ST, R AR E PR B T, S P A R TR T LK, A A e AT R R AR L
2.5 BRRTAC Ak IR R AR A0 T 244

Zia bAoA S RN ER B, 51N AEM IR H ik Ak B A Ak B CdP ik B T FE R
AEM A4 5 v, HG 3 B DR T I S S0 R IAE B, 7 R AR FELRRL O PP 5 L R, pHL s P b T, RIS Cd* Ry
A3 SR P I, S P T R A O D < A 0 IS TR e . 6 o, DA R AR e H A R T H A I
S0 AR R U A 9800 B SR U Ay, U, RD RS S BRI U pH A Cd™ g AL 23 SR . O e, 7E 1k
SRR B AT LN 0.2 A B AL FEAIRE] 0.04 A, FEINAGRER VA5 B pH 7£ 2.0 2247, SL 45
RAUNTE 8 Frn. 18] 8a g5t T AL L SR HEAT 2 1&] 6 v BB IV Jim 72 A0 B AR A i U A5 2 A BRAR A pHL Bl FRL
figp A 18] A A8 PRI AR B, Bt P 3L I, IR AL pHL L T B8 B 2. LT AN 0.2 A B E 0.04 A,
5 CA* i S G VE R UF 9 pH JEE N, pH A 2.0 ETHE] 3.0 P A9 IF AL 1 h SERC ] 4.5 h, FEES 5 I8 1%
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W pH VAZERRAE 2.0 ZoAq, WM VA TR R % B 1Y P ok JE 4R 22 T [, Cd> il 2 B SR B i 2 5. A& 8b Xof
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Fig.8 (a) pH changes with electrolyzation time under different current densities, (b) cadmium removal rate and final Cd**

concentration in solution at varied current density of 0.01, 0.02, 0.04, 0.008 A-cm™
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Fig.9 Comparison of the removal rate and energy consumption of cadmium removal by electrolysis with and without

membrane
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3 2515 (Conclusion)

(1) XFEEFSE T AEM 76 H fiff 38 T b BE e v 5 (33.6 @ L") BR4BL 48 1 T 2 v 78 T pHL R FEL f HL TR
AR 1, % B BRAR AT 4207 A RN CA> /K Xt pH 9 2% wp 4 FH 5 RS 1) S0 T R 4 i A4 1 3 o 2 1) 240
JR KA FRAK RN B CdP e i e ) S

(2)51 A AEM BT A5 R BH 1k H 1) B 3 8L, 98B 058 5 0 4 T i ) R JEg ok, E2 s L 5 T
MrassFE8I pH I e, Brimid PP ai 28 ik, 250% T R

(3) 2tk AEM RS 5 110 r fiff i Jir IR 5 S 00, 5 Pl T A IR 38 (AR SR (IR ME 0.04 A R 458 il
W pH=2.0 Zc 47, BRI 2% T BAMS W pH AL T, R T A 2050 R figp s T o3 e ) B i) 5 B3 CdP vk JBE A
PEALHT Y 200 mg- L' F#AKE] 1.06 mg L, Cd* LFRFIE 99.99%, HL 350K 98%, REAE 270 Wh-L ™.

(4) 1o Vi B 4 I VR 1) L R Dt T 0 RN PR JR A A R R T 25 (), S B X Cd> i W2 o6 iy BRI AR A ek,
R P R, A R TR 55 RS TR R, R v P AR TR A VR AR L A 22 A A S T A S R ) Ak
FRRCR, WFIE L5 AR LA A SR T2 B Ak S AL 38 B T Jy 1.
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