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Removal of Mn(//) Ions by the Flotation Method
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(Received June 28, 1974)

Abstract

In water treatment recently ion flotation is introduced for the removal of heavy
metal ions, dyestuffs, radioelements and other matter in waste water.

However, it was difficult to remove Mn (/) ions even by the flotation method, espe-
cially if its concentration is low. Therefore, some fundamental characteristics of the ion
flotation of Mn(/7} ions in dilute aqueous solution, 0.1 mM/¢ were studied.

In this research, ion flotation in a narrow sense, foam fractionation and precipitate
flotation, which are the three types in “so-called ion flotation”, were chosen for the re-
jection of Mn (/7) ions, because of their usefulness as a separation method in waste water
treatment.

In ion flotation, sodium stearate (NaSt) acted as the most effective collector followed
by sodium palmitate (NaPa) and sodium oleate (NaOl). Suitable amounts of addition at
natural pH were 3-4 molar ratio to Mn (//) when NaSt and NaPa were used as the col-
lector, on the other hand when NaOl was used the molar ratio was 2. An excessive
addition of the collector however led to a low rejection rate. The most suitable pH
range was found to be pH 8-9 in each case.

In the foam fractionation, sodium dodecyl sulfate (SDS) was used as the collector.
While the rate of rejection in this case is mainly dependent on the rate of foam forma-
tion the rate of rejection suffered depression by the ionic strength of the solution and
other cations.

In the precipitate flotation, anionic collectors had no effect on the rejection of Mn (IL),
but cationic collectors, octadecyl dimethyl benzyl ammonium chloride (ODBAC) acted effec-
tively. The fact that Mn hydroxide was rejected by cationic collector, but not by anionic
collectors may be due to the fact that Mn hydroxide carries a negative charge.

In the other experiments, an ordinary flotation testing machine was used for ion
flotation, and the results were excellent.

It was confirmed that under suitable conditions more than 99% of Mn(//) ions could
be rejected by the ion flotation.
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S AT L e R & LT, b < & D BRED I T S isdoiu T 2 IR (PR
) B D, SHUEEARFR RO R MHCA e oA FUHL T, Filighdy & A, 0
ﬁlﬁfﬂ"f/)ﬂii /-‘i'lfWJ;LH\ 7e 5 Mide s S 70 S b BRI TR TH O, BIAEGENO BR A e LT

HHDTHS, IHEMEEA 4 v CHEEA o8 v A S TRKEIC, S & S5 o S EER A
1)!114\‘(4”—[-‘(U'" (scum) 5D RKBEEH LA E L TR A HCHE S0, HD TR
R G A A v R TSRO RTIEERIC XD RS /e 7 5 — & (foam) W &I 42
AA v EBRBZIE TR TE 0k It d X 51l TE T, ARk Tl o A
Bk UTCHIN, #BFEx 7 5~ 2L UTEIERBTA 281095, Shbix, Sebba? ik b
A v {F# (lon flotation) & MfEh, B CEREETHEEARPOTEEGIE A+ /@I R, RO
A RS o TEN R AZIOBE T LB BE I O LB Fe SV IR <SS 2SI A B T B2

DA FVEFRENS H]m i, BRI X » Th U0l B R X Tu 508, i
it Karger® B 5 AOWHEE W X o THFEOM—A Ve Sivie, Fis Liuig, RIEASTEE 7ok
WA A vz Ah Ll Tlnlllxi‘é TPtk A4 VIRHEE U, Ei S BTG A i E oo (A A
oy, 7oy Ak LTCEI TS }J {Lé{(Ld 43 (foam fractionation) & L Cusb, ¥ Fo SiainG:
HIL/L DRI TH D LdBa /L U &4, 2 THiLA (collector) iz THEEFEC X b [EIY
35 T EC L P R g (precxpltate flotation) DL E 2 Hir, W @4 FE 8 (ore flotation),
BB - 1%:88 (macro flotation), MCRIT7%# (micro flotation), 4 T~ % # (molecular flotation),
W35 = m A FiE#E (adsorbing colloid flotation) 7¢ & D EE A M TO 5B e T T %24,
FREAA LS ALH D, EELLDEEE G, KR T, BB AA v EREEL
T, SHAEFIHT L2 X0 BV A A v &S5RI 205 ik 1 4 ViR LWy, LI T OR%
T <,

A F IFBORED L L, (DR, W, e m ol Sk Sl < T AR
DIETCTTRLIEAF VIREE S i 5 D00, BEBEEFRRELST D L8, )
BB THD &, B) A4 v OIRRE CRIFLHHERTHE, KEOHMBRKONE#HT5
Ll ERBTOND,

Mn# D A F IEIC DT, FHE LY OISR BB, Tl kv, =254 9
Aol VBRSO A BIH S LA, Mn' 23 50 mg/d LL T 95% L o Mo wrdst
D ERTEDY, Mn* 28 10 mg/l EORPHEOL SR TN HF LD LEHEETH -
foo HHESTBHEE A LRNASCRBA A v ERIRL CEBABE R TS o LCEHL, o
v4vm A3 FUE, AT TV VIBEO LS khﬁWDT%)ﬁAh%MMH&Lt%ﬁ®m
W Mn D) © A F /BB TRF Lic, FREA4 VHIRAIE L TEF oAy -0y
A, BAFVIIFIE L CH I EF VA AFANRVOALT VE= T A S A FifnTges

2T M)wﬂ,, PP ORD D MR L B0 ClgT5

2. EBRBEHEBRUAE

21 8 ®
Mn (/1) % & U, R Mn Cly- 4H,0 2 208 A R L TER L oo Il
LTI A v AV F U v A (Cully COONa: NaOl B ALY, b 3 5 wEF b U & A

(CisHay COONa : NaPa E0gE0), AF 7V v+ b Vw4 (CyHgs COONa: NaSt L BgE), FF



3 RPN X B Mn () 1 % v iR 5 W 3

RS b U Y A (CrpHys SO4Na : SDS &G il L ok, Tt 2 47 00 o &
FNXy oA TFTve=waArsr T A F [CgHy N(CHy), CHLCH,CL: ODBAC & Wit 1321
i KK s 'H SEPFRTTCHB LU 72 b % i w o, NaOl L2388 s %R X & 50 mM 5 %,

NaPa th=F L7 /0 a —/VICE X4 8mM ¥k 7mM %%, NaStil=5F/17/ba— il
B X 8 mM BHi %, SDS 1k 50% =54 7 o — A —KIEEE (KR mwétlmmM
WA, ODBAC ii=F A7 a — V&2 10 mM B AFRIL, 2 iAo By
L, ILICEEAIE LT AEROFROTH 65 % JHu 7z, pH @iy, e LT HCL ¥ 7‘:.03;
HCIOy, 7429 &1L T NaOH Tk Z g - 7,

2.9

22 EBRESR
B IKCORT L 9 Ao g A U o, IR ik oy T ABLCA R 970 ml (JERE 9.5 em) C
BBh, BWHEIT ALIMBESR XML CORBATHMEE/%E, LENO. 4, EE3cm O v 4 —J5

5 AR AMGHE X D BT E R D,

Flotation
cell

N2
Hum:dmer Filter Mercury Flow Trap
U-tube meter
manometer
%1 RO R e o
2.3 A i

B e Mo () &2 0.1 mM (549 ppm) T, BRI EHED pH I HE X e 5K
500 mé AFBL, R, DOTEET A% ERL, IEORKRC TS, B&Er il
Ii’[‘jbf:t IATHIEDHRMECISD X S A FEE A X i, &S0 —

HIBEHES %, T o RlRBAEREML T, (?ﬂf’im% 278 o o, DB €y b IS TR VK

nbt Dapy T v SRR Tgws, BFROES ;‘)r)r YA TUBRRE T oD Mn P A IRE L 7o, B
@ pH L, FFSEEE BT s X OV IR % J'?&itt IEMECAE L e, BRBEFR IR L DB U 12,
R = (1—C,/Cyx 100 (1)

T R: RER (%)
Co: RER] 03t 5 Mn )%
Ce: Wil £ 310 % Mn i)

3. ERERERFLIUSBE
3.1 HRARMBOEE
B DU I 23R I s JE TS DTl s ST o fe & S ORI O 1R I
i3, AA A viEsTh et b WTERLTHD,
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%2 NaOl ¥ hnfi & bk £ X

82 FUEAGE & LT NaOl &% vy, B a2 2L S ofiRTh 5, &KiFAGeH
k3 4, EREEREENE 16 4, BSREE 942 mé/min, EIEFIEINEL 32 mg TH DS, FHNHEIR U
FTHATOFER KD pH & pH (9 pH 6.30) T, 1Z#EHO pH IXRKPImiRF & L TERFRL I,
BrERIL NaOl OFEIEAH T B0 B <t b, =42 OGO ERIZFA T 59%
270505, WmER e 2 Eicin ERFERIFEATE T LHD D,

# 3R, HINHFE LT NaPa # iy, HInE2A IS aofiftemlic, EHosk
flix, NaOl Olp&FAIEETH S, BRERL, Hinmnd e/t 16172 £ TRREMEOHMmE &
LIWR LS BHMN, =416 2480NT TS AETL, TORSOCRINEDHINE
ELICBRERIIR D, BALE32 DRRERITRATIG WD, Tl RICiENE % 5
T % &, NaOl Ol & FRERERIE T T 2EACH 2,

AN, NaSt ZHiH & LT s TS 6 oMEE R L 1o, Erogku,
NaOl Ol L FHETH S, NaSt DEIMEN AL 32175 F T, BRERIEMENET &L L
BICREL7D, HRNENE/LH32 ORRAREER 8% wrd, ILICLHEMELXHET L, NaOl
*° NaPa DI & {#ERERETT5,

100 I
—§' soF 3 093
s I /
o oeof 8 oV
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&
E 20} gS
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NaSt CONCENTRATION (molar ratio)
% 4 NaSt ¥ & Bk R
AN DN TE 2D &, NaOl KRBT A4 bL, HT S RIEL TR D X 5 7o i
BROLEELZLR TS,

HOl == H*+ 01~ (2)
_ [HAOL] _ Lo
K = [HOT] = 10755 (3)

ZTCHOL, v AvinTaRbt,
¥ fo NaPa, NaSt © X 5 I fdFUg N & — AR T 1 4 v b L, Wi d 5o
EEZBRBY,

RCOOH == RCOO" +H* (4)
_ IRCOOTTH*] _ . 4z
K= "Rcooa ~ 10 (5)

ZZTRUE, 7AerFiwrEbLT,

NaOl, NaPa, NaSt D\-FhoBH b, FEEOBEWK O pH L, HmEoRns &by
YN L T B, 2R @Q~B) R Lientis T, MlFo—WAEEks L HEH T 5
R LSS BB Tk OBRERE, NaOliw 2w Tk b2, NaPa & NaSt i 2w Tig =L
H3~4 B ) ORMETHEOR Tk b, Th XV BECENT5 &ﬁ‘x('_o THREFRKIZELTL T
Y, FMERO pH $E e b 0T, HIINFIORMEOEEC LT ELET S,

Mn#* & g5l & ORICA R X 2 IEIEE & BIE O BAFIERT 2, A v A VR 10728, 3

1 VBT 1072, A5 7y vk 107 ”’137)6 Lichdo T, BIRERD b, NaSt>
NaPa>NaOl OJE-Clasie 4 BEs ER 2 o3 <, B X 5ERE D L O TR U
TE 5,

B 2~4 B X, SMmicirdE®Riy, NaSt 2l & L TG ER—F L <, 2T
NaPa, NaOl Dl & 7c» Tk b, HMERFICIES < SIS & B 8L T %,

NaOl, NaPa, NaSt #ili#l & Uiz Mn (1) © A A4 v 883, $liH 1 A v i B0 E8R )
TR DWW M) & A H 4 & LCTEIRT 5 A TH B, SDS HiiHl& Uik, Mn(/)
ERFUARBEA & v 3T A BEEMNI N X » TR &F2bh, Mnl)iL7 5 — 4
ELTHIRERAZ LD
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H5 PNIAIGH & LT SDS % v,
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%, 1FEEHEO pH 1k pH6.25 225 pHE4S & 0"
@PW@O,NMHIMRgNﬁt&mbﬁ: 3] o

Wiy, RO oH Az & /

AETeh T, BrFEEx SDS @(/’\/JH """" Wil 0

WmTaEebim RS, AL 49RM o . . ' ) . . )
L 7ol 83% DEf#ITiEL 7o, SDS D 0 1 2 3 4

SDS CONCENTRATION(molar ratio)
ZES5B SDS g & e ®

MEHET & & Bk g 1o b O

BEIh, 75— 2L U THIRT ST

E, BRIRRIIESOE LR LD v D,
3.2 pH g%

BAC KAV B L CO BRI A 4 ik, pH &< L kgite s oL, &8
m%m%wwE%Tn%%%am?ﬁ_k#mbhfwéaitm%%@pHm;of,@~@
KR Lo X S iMoo A oF vik B L O BIZE(T 50T, pH it A+ viERORIT K &
e R LETLOEELLND,

4 6 [k NaPa iR w £ 1085 &L, pH 2 A{EXEBiGOMRTH L. KA FI
ek 15 45, IR 15 45, RAURELE 942 mé/min, RITFIA ML 32 mg €, pH DI
HCL & NaOH T 2w 7o, pHS LU OBEHIK Tz £ A LFREShTedownns, pHO L)
FCHRERITE < 70D, pH64 25 pHBT7 T Tk 90% LU EOBRELEAHL T2, FH
pH 8.70 1 % \» Tk B 25 12 99% 158, MG DM Mn 1% 0.04 ppm iS % TUL P
%o pHYLLED 7 A2 ) 8% &, BRERECPETT S,

B TS, NaStifima e/ b4 &L, pH 22 X @B E OB e mL o, KRO (M
1%, NaPa O & AETH S
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L, BREERETTIH008HRLNRD,
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TORERIEN DL, ), 6) RiT ik
HRd Lo pH AT X b s 4 Tk
KIS IENEEE & U CHAEL Tk
b, FFBGHIE L Colxewd, T
KR E U TR e b, pll 47
Ll ok cix, pH o EFE & LI
WHNE A o5 v DG T DR S HIHS
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IRL T, PEEHIT 228 mé/min T,
T A TR &
B iREE e MR L, 30 SRR Y s o
oo ok B THh B, pH oML,
HCIO, & NaOH # Tk I e T
pH 1.28 Tlxdh 9" 0T 5% ks n b
2 TchHsH2, pH RE e dicoh
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11.88 THIzfc O R 78 ) 36% DEREREEz, DR pH 9 /5 pH 11 @i Ttk o3 <
e, MEkE S D7 {IeB A, pH11.88 TotiE N R e b O EE SR, 747 ) HIK
TOREROERL, o SDS ot ciEET5 0 LELbN%, SDSITEEMRETHY,
Bt Th A4 v ELTHEEL T 5, pH4 LTFoFK T, NaPa < NaSt D& BT
PH 2MEL 2 DIt D RRERLETFL T 5 2, S0 &1k, pH O WL Ck H BN
&, Lo THINK A # vies35 Ht & Mo o8pRERNRo bz trilisd, k)
27 g — AL UCEIRT 2 HIE TR A 4 v OEX RT3, A4 villlE e B 87

LHERBD,

T RKNOs i@ & DBKD A 4 vl a2 b & 8 T, BrERCK IFTEEC O THR
FIR e c RO AR

FER T AR pH ¢, SDS a4tk 2 LU, 25 228 mé/min T 30 EE L R

feotc, TORBEEE IICRT, KNO; SR INOMIIIRER 43% 3375, A 4 vl
KITBIWONTHRERIZETL, 14 vilfE 0.05 Tie {BRETE L { /-7, Rubin 589 4,
SDS = X % Cu(dl), Ph(/l) DS THR L, Ma(l) OBz & Tk, A
F VIRE ORI O BRERMET T 5 2 &R Tw 5,

REHATERL T M) iIoonwChbd &, RO L 5 RIENE 2 Hhbom,

Mn#t+OH™ &= Mn OH* (6)

K, = 1034 (7)

Mn OH™+OH™ &= Mn (OH)yug (8)
K, = 1034 (9)

Mn (OH)g(eqy+OH™ &= Mn (OH); (10)
K; = 10 (11)

Bo = 1/A (12)
100 B = K, [OH /A (13)
o B, = K K, [OH /A (14)
é 80 B = K, K, K4 [OH /A (15)
60 il
u'iJ ‘ A = 1+K,[OH ]+K, K, [OH ]
O 40F +K, K, K [OH P (16)
ﬁ zo-,": % pH T\ B AL D 14 B4 % 51 50
LENREIONTHD, 2ORID, K
0 WerbiT 35\ T Mn (/) 1% pH 8 % T3 Mn* &

LCHAL, pH8» B pH 9.3 % Cik Mot &
MnOH* 23375 L, 7 pH 9.3 2 Big,
F10H pH & AMLFEMOFAERS Mn (OH)bey b HAET B £ 512705 = & 2

Hi - Mn DAL O FEE A - g e
e A+ DTN A #%, PH L LLETHE Ma¥ (g & & 2 FF 1

L7c<7eh, Mn{OH); ARSI gD D, X



9 IR X B Mn(IT) 4 o v k3 BT 5 B9 9

B Mn (OH)agegy 1ZVERD X 5 1B 8 G4 T 5,
Mn (OH)s) == Mn (OH)yag 17
K, = 1078 (18)

L 7epio T Mn (OH)sgugy 45 107 M BL RFFAET5 Z £ CTE WO T, RERHR T
Mn{OH)ysy O E L CTHAETH Z i B,

B 6~8MEBI0KE R ILTH E, pH7 26 pH O whiF TORERD LA, EolR
WAlE A v g O BRI SHE L, o pH 9 UL ETOBREROET L, Mn(OH), AREOHINC
HIEL T %, NaPa, NaSt, SDS ix3" b —1LICHHET B 1 A4 v IlFEITH 57, Mot
XS L0 % X0 Mo OHY RN /EH L, BRERBYE EXEHTHEEREL bR b, &
A # v o, (BERRNIC TS b A4 VIEROYRY [ X5 RAH D, k.
ZE ot Th IR Twv B, —HOERFERARH TS L, COEHAYFEETE
LEZONDBLDLHDHDT, SHEMFNTREHETH D, —HIC A+ ViFRIC T, KR
Wik BB R R L X, AR MEL P T s dnTw 5 23, Mn(l) ©
BEFOREEED LR, MKBRERBIK T LA, 2o KB~y v ara FORE
RIBCIRARD D &% 2 b, HEIE LT A A v itk ODBAC % B\ ici & 2w TR
R IltoT,

3.3 ODBAC [ckBKkB{bTVHYDKE

NaOH % JivsC pH 108 il L 7= Mo (/1) #45 0.1 mM O 7% 500 mé % X < 3R 20 43
HIBE L C, kit~ v vk BREE 5, o3 TFdE-ricB L, ODBAC &%,
5 o fMige b 5%, AR IRIML T 16 il r s Sl lc, FORRERYHE 11 KR 12,
IWBAHIINT 5 & ELWRBER LR <L, HmMEN s 0.1 O D Mn 343
X, BRERIL100% &g o ic, IR €A H0.1~1.0 DEHIFAT 90% Ll EOBRERNBES
ABD, ERIDEMEAIRT EHEACHRBERITICTL, BMENEIL 25 OME o { Rk
TEhe{le oo, WREBEIC X D/H ¢ g (CMC) 1k, 2X107 M TH b, Lk
fpte ke 2 OIS T 5, Licoiso T, ODBAC L ®A M2 DL EHEML 7oMk B hC 1 &
ABERL, A E L TogElZidlcs/e<7/eh, TOMREL TRERLARCETTS,
A VIESIC B T, DGR SR IEINT S L o TUIIEEY S LT o L ad b,

100 ¢
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Wo, CMC LI F Ol il ClEEY B /e d T EARRETH D,

KEgfb< v 4 v ik, NaSt % SDS /e O A 4 v HiFICiF L8 LR TERD T
7, B A vliElo ODBAC TIELRRETE L, coZ & Xh, Kb~y ry ae g Fik
AL T D LRSS

= ODBAC i X Bk {~ v 7 v OFEE, Al oA IR & 58 & gL <, #HL
BT NHEME T HobkERBRNELNRTRD, WREEOREIEHMEEL LS,

3.4 MBEREREBOATEENOHER

AAVERBOEEL L TL, Tk ionamrcfsaEBLInTkh, raRY
Yo TEEMICBA IR T b, EheArsh &b LT 2860, SaHomiE#Es zof &
MTaroLbulfEThs, o T%E 750ml o MS gl AT, M4 viFifter
AL S &g Aie,

FERFHALANC IR~ D L2 F AR TH D55, A A v IFHE 4T T MS M a o
13O L4 <, B L L DT, BINEIRIEINT A & AR R iR, 4
HAT S OB s Te s o o, IEEEEIL 105 TH B, fFIE LT NaSt & L iEiE % =
A4 E LT, pH #AYLI M A O REYE 12 B R L 7o, pH @ik HCL & NaOH ¢

100 100

I o °-—;9.g [ /_-o—-—-g 6—0
o [ o
2 @ 2% e \
(>) B 5 o—/ °
& 2 o0
& 60} 5 sof
40F ° 40
z 0 |
2 g 2|
u 20 o
[o] TP b T 0 betttius PP 1 Ly A
3 4 5 3 7 ] 310 001 01 0 20
pH ODBAC CONCENTRATION (molar ratio)
FI12E MS @Bk s My NaSt %13 MS %3 5 i 2 BV 72850 ODBAC
Tzf::g B ol fclo pH & TN & B R0 B
P 3R o B4R

BIlcot, PHO U T TRRALEEI T2, pH6~8 DK T 90% DL OB
B, EHIEEGpH IS A EMEREMETL, A4 v EEw w2 Bl E W UHEAERL
foo pH6.60 & pH 713 Ti% 99% DIk E 5, T OO UIE I Mn 481X 0.03
ppm THh - I,

BISENC, HH2» U pHI06 WAL C, il S eic Kiigtb~vavg, ficao
ODBAC OWRINE CTERLHEER L, 14 vigEgE v d Hvcb & @Ehm CmenL
%m%&ﬁM?émohW£%%wrb EFNE05~15 O TIL 95% L _bOBERSYH L
WEN 2L EDRMEC D ERERITIE T U, 14 vIEELLrE HucEo X 5, 100%
DREREPEL 2 kufﬁk#ot# SEMEm & U CORBERILA 4 v iFE el OBH I
DRV, il MS BESERERE DR S Nk Es S <, BIKIEEL L VWS st LB LT
H5H5,

DL H I MS BSR4 v E LT, kv

PRSI RO R AR
DR FERENEO R, AL L CEITD A+ BB EATETH D,



1 PR X D Mn(JT) 1 # v BT 2 BFge 11

4. £ & 0B

Mn (/1) #)% 0.1 mM DBk & R 4z, 2 ORIIGH & B TR X 5 Mn () Bk
MiE Lo, ERIEIS s T 5 NaOl, NaSt, NaPa i & Uiy, —FE o X HIAE
NaSt €, >\ T NaPa, NaOl DI CTH -, 7z, {8 pH kT kol EE 1, NaOl ioun
TixeA 2, NaPa, NaSt io o Tl 24 L 3~4 ML o bh, Fh X vBEREINT 5

ERRBERIET TR HAADS - o,

SDS #ZHiAlE LicBido X 2, HMA A4 v i 7 5 — a8 L TEIT 5 HETE, RER
VLR B & M D Y, FREA S v OHER T TL, A4 VIRENRKE LD
V2o T SERIIME T L Az, NaPa, NaSt, SDS #d#il2# & L 7-#, Mn OH* 23F#E+% pH
B (pH 8~9) Ik DIFEREEIC L, WHITRELORDSH EE2 b DO THBEBEEH D
W, Kl b v v O L, NaPa, NaSt, SDS @ X 5 7cfa o 4 viilH i kT
LT H - 1208, B A 4 VA ODBAC TR IEFEL£CERIED 2 LN TE, KB~
vHvae A FIFACTHELTHS &gk, N oRME® pH 2@ Miciis c L X
v, NaPa % NaSt, ODBAC ##illHl& LT 99% LL kT 5 & n Tk, sREFHAD
MS B g L, A» A& L TEIRT S A 4 vigSiclH ez,

uxm,NhUD@%%V@%@m}LOLTL«T%t# A F v ST EBE A TH

D, KEOLMH LMK UM CEAR 8RB, EHEA 4 v Gl EERERKOMBY: L
LT,§5ﬁm$ﬁwmi7Mwﬂﬂﬁ@:&ﬂﬂﬁ&bfﬁﬂthmfﬁé
KRG D ik, WIFD 47 SRR ﬁﬂrﬂﬂﬁm%mﬂwkiéo$M%&k e 51 dh

to,ﬁ%%&&bfmtﬁwtk+thd£m, SEWFGERT,  SEERRT I TS T B
EEG A, dedilRaEm KLK) b L v iEoE &R L £ 3.
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