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Abstract

Foam separation is an effective technique to remove or separate very
dilute ionic or floating substances from their solutions. The principle of
this technique is to convert a surface-nonactive material to surface-active
one in the solution, selectively, with the aid of a surfactant and thus to

adsorb or attach it on the surface of rising bubbles through a liquid pool.

This report is contained research status of foam separation technique
and thus theoretical backgrounds, the kinds of surfactants using for the
foam separation technique, their characteristics, general structure and role,
surfactant  absorption mechanism at liquid/vapor/solid interfaces,

effectiveness and efficiency were interpreted with well known models.

Ion flotation and precipitate flotation which are applicable for the
treatment of very low radioactive liquid wastes were analyzed on the
effect of pH, foreign ions, initial concentrations of metal ion through the
recent presented papers. As the result of technical analysis of foam
separation technique, foam separation technique seems to be applicable
for the treatment of very low radioactive liquid wastes such as laundry

and shower waste.
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7§22 (foam separation)”|&2 £AFol F8] £FLE Holgle o]
o} FAHEALSE agHR AAsAY BIHAIE €A, 1 dYs
ARBYAE ol gt TA-YA EE JA-AA 9 AUE T4 £
Foll FAste 71l o]5& FHAL oE 422 B 2P Ue A

o)k,

AFEE 7led FHAFRE FE T35 AA, =AdHse HE, YT
e FHEFE AMEEZ] A7 AEHs A, dFFoER AHEEHe
hemoglobin, albumin 52| %%, T vlgtE2 Ry g, IYE, A, 3
E 47, febE 5 FEEAY 35 Fol AR chekstA ol &= firll,
2, 3, 4].

AFEE Y AHL 53] YL Relo adHe|n, M| &z} wi=
o, A7} A @™o Zow, el E-deo| choFstn S840l F
Wolste, H&u|7l AL AA Aol HAejveks Helth5l  AAMA U A
&z 9 $44 HolAs 1982y Gregory S[40]c] FA#HFF Cu(ll),
Zn(ll), Cr(l)o] 29 Aol 2149 pilot plantS |2 S4 glid, 7o
A28 AEFHEELS P 1m, Fo] ImAIATEA dd 15X tFoE
190ton®] #AFE Helslgow, FEol29 99.6%c|AS A A7t ct

¥, Koyanaka[l11}]:= Sr-90, Zr-95, Ru-106, Cs-137, Ce-1447} E3E £ o]
Cuz[Fe(CN)s], Fe(OH):%5-4 5% A, octadecylamine acetate, sodium oleate
o AHGAAE Al43td pHE A IHA THHLES Adez 7}
Z+ B3}’ slgde).

AFRe] 712 AA dAERe] F7 € AAN de WA w2 AF
By, e, S0l 2y, A, AATA
H, % FRel= 1] F2E v F ded, o7
StE o] HA 2 19594 Sebba[12]ll 2Js] AHFo BF ATFNAFE] AIX

gow, 2% 1963d Baarson®} Ray[16]oll 9|&] FHFAH o] FF49 A
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23 G AAH ) Fo] AL wAY Ao, ol W)L B, 33}
A Exo] thFslnz XA LS Fo|r) HadNE B HgF xzjuby
o) Wastth ol5L WA AT EH YA SLESs] 2 AAS
wro oste] AeHn Ak ol HAL FUEZold FAF W o
stol Halgod, T de ANBAA W st a&Ho|x B
2 ghol]g} w A HolojA Bk MYt Helwrdo] Wasichy A zch

olgid FAEH WA N AHele AFLEd A el X a3
Hd 2oz ddEo], & RuXeiEs dAzA o|2F Yz HAFAHY
o] o}gd el FHE Fid o] J|&9 AL AE Hristda, T
o de), oA, 2454 T A WEE EHsAH



A2 AFRHAEY olEd WA
1 AW B4R S5} 54[6,7,8 9]
) AR g

A" A Al (surface-active agent %2 surfactant)t= # ¢ ZH(Surface) =
2 A9 (interface)ol] WA S 7t X322 F35le] AHf-ofu X[ (free energy)E &
FAY Eole LS k. A Edo|W HdubH R JF AldHe| F7I
A HASE B3, Adold HE Holx Ye E-o] o]F FAHE B
o}, Ade o9 "HAG Afeluxls F AL AHES dAsied Lo
F 259 d(work)S JElUH, T Al7te] Al® A3 (interfacial tension) 32
E AR (surface tension)S HAJch o] AAZAAE F Aztel] AHo|
PAE o Y3 48 L e S o F,

Wmn = 7 x A
714 Wmin : F49 4,
4 : Ald A,
A : FA AAIEY) d9F

AHEA A 2] A5 (performance)?] HEE HdlE HIE 71K 27] ¢l
28%" AHEAALY < Ee ol TAGe] Aol
(maximum charge)e 2 &}, HAx= & &(efficiency), Fx= &
(effectiveness)zt 1 EEH3}w, ol2i3t Ndog FALo|d HIPAeolA g
¢ AxS] aFE FUY & s "AHEAAY vE"E ¥, aAG ¥
o] #Ago] interfacial processE Fsle AHEAAY 2o ax&E ¢
et

A

. AREYA S YHEd T2 R FH

ARYAE Sl AgYol e 454 d(lyphobic group) F2 7
T A"EE 78 A¢Ad(yophilic group)s 7HX= FARE = gich
AY 25, ANEL o FH7HA 55 WA 25487 AFAdy 72



WAe FERCLH NAD £EoN ERUBYE FAFES ¥ £E U
YRz AFHVE o] FTL L& IHE AT A wo] 7)o
Sote] A54we) 4o vhet ARBAAL TEH Zo| 2HU

O
I
ex) R —C — O — Na" (soap)

R— C¢HisSOs— Na' (alkylbenzene sulfonate)

2) Fo) 2 AHBAA : FHE}e THIA FES He 2
ex) R— NH;" CI' (salt or long chain amine)
R— N(CHs);" Cl (quarternary ammonium chloride)

3) Zwitterionic AHEAA| : kM3 2 FHEE Ev} A
ex) R" NHCH; COO’ (long chain amino acid)
R— N(CHs):CH2CH2 SOs™ (sulfobetaine)

4) vjo]2A AHBAA : H3E duds FEeol e AFLAA
ex) R— COOCHCHOHCH;OH (monoglyceride of long chain fatty
acid)
R— CsHy(OC:Hy)x OH (polyoxyethylenated alkylphenol)

e JAFddel viste @ol dEAA @kARL, dWHSZ long
chain hydrocarbon residues, haloganated % oxygenated hydrocarbon,
siloxane chain 5 o|9 t}23 #Z& F+x2 & zZtet}.

1) Straight chain, long alkyl group(C8 - C20)

2) Branched chain, long alkyl group(C8 - C20)

3) Long chain(C8 - C15) alkyl benzene residues

4) Alkylnaphthalene residues(C3 and greater length alkyl groups).

5) Rosin derivatives

6) High moleculor weight propylene oxide polymers
(polyoxypropylene glycol derivatives)



7) Long chain perfluoroalkyl groups
8) Polysiloxane groups
2. Ado Ao ARBYA F&
7}. A 7] o]% Z(Electrical double layer)

ol AdeME: Az & F Aleds Ar|H  sHdH(electrical

charge)o] EdgAA LX7F 4 &A%t olHG ELYAR] LXWE
of Ao #Fo] 53t —‘?—1 A, ofd ¥HS 2 Y F3E
A o] AHAA ZRAEE [FUEA slo] LAF EXste LA EH

Aslel sl $59 o2 &, Aol &(counter ion)E LA EHE I3}
o Belzm, L $59 o]&(coions)e TAFTHozRE WA =tk
A= AAZNA] g 47 2P Alolo] FFE el FHui| A o] F
o) X]A =3 o]Zlo] A7|o]%F(Electrical double layer)& FA3A =}
Al wrolSd x|z Y o]EL Gouy(1910), Chapman(1913), Stern(1924),
Graham(1947) 59 @7 Aspolch. I, A7)e|FF 249 Ajzea
¥ 4 3l Von Helmholtz(1879)7} A|tgt upell 2J3lH, S-AFe e F
A A 3}(neutralizing charges)Eo| 3l E ZTHe| @7l EAXE m7|9HF
AE FAS d¥E wjdsie, A7|ERIAELS s EHeZHE ATt
Ho| el et FH3] FagtchFig. 1)

a8y AAZ oA es d2 AR EA9 EFo] dojuhr] wE e
°F7re] Aol o]l EFHAMHr= AL APsH FHAGR ool I F
Gouy(1910)2} Chapman(1913)cl] 2J&] R &5 o] Eo] At A+, Aol
9 & ddE Wz iE Ayt HelHo ode £7|de F73]
Zasichzl 2 SR Ees ez Ao sl ch(screening effect)
(Fig. 2). &, sl3d" Ed9 Fdlol o]2EAt5(diffuse layer)o] EAgcta
shalet.
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Fig. 1. Helmholtz model of the electrical double layer.
(a) Distribution of counterions in vicinity of charged surface.
(b) Variation of electrical potential with distance from
charged surface.

Solution -
phase

Distance from surface
(a) (b)

Fig. 2. Gouy-Chapman model of the electrical double layer.
(a) Distribution of counterions in vicinity of charged surface.
(b) Variation of electrical potential with distance from
charged surface.
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o] A %2 FAUEE 7t HHY3l H °
FE 2] HA ¢ AzldAMes FET wdH, = Il g 2t A
£3], stddel] wj¢ AHI AHeldAe Bl At A,
SHYell A YA Z7|E FAIEHeH, 2 FAAE Y H(point
charge)2 7+F3t7] WjEolch 224 o] o] &L thA] Stern(1924)o] o3|
Bose] 25 do] 7tx del o|&H Yt Sternd o|FE5F SAZF
AR F& F FE22 ro AZEAY. F,

EER

2

R oot
i)

o
L.

A

s Langmuir &3 e 24, A ZH ZsA FIAHA A Aol
%(Guoy - Chapman ®49| Z4-& Mg, Stern layer)d}t

«Fig. 3, 49} Z2YHZ Atho]2 9 RAbFo] Este o d(diffuse
layer) o] c}.

Stern layer=AAd7|H  Erldevx|et BEAA FHIH  FEeuA
(Vander Waals§l T+ #FAagel 9jh7t BA s, 2452 38 o3
e dd mde Yol WABIL k. REAHQ FHAAR Fevx|s}t FE
3 add, FARA) AZHY A2 55 A o|2E FF stEAE
XA "t Stern layerd] A F (A Ato]2F)L stddel| ozt
A ZRIAL 37t dIrIE ok olg AWA Fo FAEF FIEFA
(effectiveness thickness) #-& Dedye lengthz} 3}9, 1/k & Yegbdg. =

1 € €0 RT %
= ( )
Kk 4rF, 2, GZ,
i
(=
e, =

gAY A FAE S
S0 FRAE

€ : LAY oA 2 #HE(static permitivity)
o : AFUiellAe] A&

F : Faraday A<

G: dAT 1029 &5

Z : o] &7}



stern plane

Diffuse layer

Distance from charged surface
(a) (b}

Fig. 3. Stern model of electrical double layer.
(a) Distribution of counterions in vicinity of charged surface.
(b) Variation of electrical potential with distance from
charged surface.

Stern plane
Solution
phase

Diffuse layer

Distance from surface

Fig. 4. Stern model of the electical double layer, showing reversal
of sign of charged surface caused by adsorption of
counterions in the Stern layer.



1/kZ &% e ol&7t ¢ %E°ﬂ Rbu) & 8}
& (static permitivity)ell wv]&|gtcl. A7 <
(dielectric constant)E Zt& &viel A4 @2 {FAATE Fe B3
o} ZL 3EANA B A W HHzA SAdi}e) dge w|
BtE7A 2, §AFe] A o] EAstes A A71H A Aol
Ao oS YA ALstd HrlolFEE ¢FAUch Grahame
EHell 7bF Ztzte] Sle HMHREEE JHA Adel2d FAE AuvE o
(Helmholtz W FHHPIE)} 71& 7izto] Qe 22 39 o)29 F4AS
Avte H(EASS Al 235l Helmholtzo] o] FHHPEH)S +¥3l:
o E4% 22E At skl chFig. 5).

Jo

P
B o %
Y

3 il
o fr £

Fig. 5. Grahame model

. A4z /7)AH, AA/AH AHA A F3}
1) Gibbs &=t

Ade doHd G F35 F i A (absorbate)2] oF2, EH 22 AWHAY



< 5% AR ¢ & k. &, W 5 AWAYE A4F A
B4R FYEEE polt sted Gibbs F24E ol &std AW dyd A
2 F39 AMBAAY s ALLF ok AHEBAAY EFEE FE
AT A L Fxo| oz} DepA= S, X F 7| 22 HEAE W
Lidg g

dy = -Zfid#i, 21)

q7]4 dy : B EE

Ii 11 A& EdRYSsE

)
B
o
i
13
Lo

(21)9] Gibbs &3] (Gibbs, 1928)2 R E FHF A ol&slE 714 4
HEE <l 3efolnt.

At daate] sx7F Yyde] o o,

dpi=RT dn a

27 &4 Uk o7]A,
a: HaAF i AEY 85
R : 7|A 44
T: Ag2x

o]t}

u} 2} 4]
dy =RT 2i[i dIna
1

= -RT 2.7i d In x;
1

= RT > d(n x + In f), (22)

714, xe HIAAA 1 ALY EE&, it BFEATE 44 v
At

2-4 8 Eool A
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dy =RT ( [1dlna+ I, dn a) 2.3)
o] Hu, of7)4 AR 1& &9, 2= £4¢ 4% vehdeh

107 Moja}e] sutgalels fo) 2 $49 BFEE YRet & 5
dem, 849 E 28 xr G E e &5 gk 2#A (23)42
dy =-RT IodIn G
y : dynes/cm & ergs/cm’
R : 8311 x 10’ erg/mole * k

I : mole/cm,

(2.4)

7} =, o] A2 wlol2A AHBAFATE LR e 2-4EA Sl
dutx o2 HEs & Gibbs F3A]olrt.

A AL L33t R4 8FE AF = Debye-Huckel o] el 9
st ohg3 o] PO =Hrh

Infi = -k

Z. + Z ! (1/2 2 CZyp ) (2.5)
o714, k: Ag, Zi: o]&7} o|th

£-o| 2As] 111 HaA2 Lo
Inf, = k/yC

-k dG

dinf, = —— (2.6)
2/C

102 M ol3 59 11 A B A2 A$
ITav = I = 12

A" FAAE FASE A4
dy = - RT ( [A+dlnaA+ + [gdlnag)
IBE, ap+ = ap = ac = C x
dy = -2RT Iod(InC, + Infr)

-1 -



= -2RT LLd(InGC - k/ Ca ). (2.7)
25°C BAA k ~ 10|22, o 49 B @NAF ()5 F WAL
< FAdd. a3=z, )
dy = -2RT IodIn G

= -4606 RT I, d log C, (2.8)

ditg oz A Ao] e ol2A AHEBAAI S U= ALY
o W&l Gibbs F342 o3 22 iz At

dr = -2303 XRT 7I2d log G
A7), Xt ARBYA) B2y NN BE(C)7 Wee] whet ERolA
SEE WolE ARBAAY BAY ke Foloh

2.9)

AREAA 7L A e 11 AHAHY sjpgA) e

dy = -RT [,dIn G

- 2308 RT [; d log G
Sl A AHBAA 7L opbd Unbo] o) FAto] wWE ¥FE W
o] L 3|npg-ofo 4 u]o| A AHBAA | HAAE ol

(2.10)

2
T‘j'riu

NaClz} 72 E74do] S4of 1:11 & del=dl& 3%
-yRT I.dInG
= - 2303 yRT I, d log C

o
=
I

o714

y = 1+G/ (G + Crna)
o] A oldgden B &
dAE 7Ha ez Yzw.

Rere FFEATs 12 FH i B2

A& €4, 27t L o7} o] &e] SAUe EAFAY AHBAA ] T
7} 10°M & 23sts A% d log G d(log G + log f2)2 oo

e EAS

25° C EolA log 9 gtE& (25428 fx=d Ayt %
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- 0509 |Z+ + Z | {1
1+ 033 ay1 (2.12)

log f2 =

7|4 G4 F o] A7 T &,
I = 172 2 GZ, (2.13)
o, a& o] HIFAH (A" )|t}

2) &% 3 T} (Effectiveness)

BHA /A FE A/ AR Aol ADEYA FHe] W@ &
(effectiveness)& S5 XA EF5T raolAe XHHJsE( ~ X9
TE)E 99 Ak diusbd o) RS FEFo] FHUR o] RS Qe
gtol7] wi el

ol 24 AWBAM F3APA| F2 o|2E, AEEY Cs', K', NHy
3 2 Ado]&o] A A AL E, =3 %°‘l9\1“ Na', Li,
F 59 A¢xd s axpyez FA}ch 22y tetraalkyl ammonium
salte) A% deimor Fazasl ReHio)

T, A A g E FFaIGrF 2. dibfez g
S8 Aol g HHLS AHANN 43 ¢ Adchthydrated hydrophilic
group)d] FEd e 9sjx ZAAcr}h Carboxylatest: X5 Sulfonates
1} Organic sulfatesol] v]dte] 2 FFaxs zteoh

ol&g AdHEAA Y vix¥ 279 £ Aes ZE, WHE sPd
AREA (A, CoHaN(CHa)s".C1oHn. 505 =& C12H25N(CH3)3OH+.C12H25
SO5)Zt el WAL Af £A9 FASEAY HFaz FHEAHI A F
7hal™, Aol fgActe]l FAMEo R F s} 7‘1—4 AL filmes A
g ok 2 oeolfe ol2AY AadEd LaAde A3dYe 2%
as TdAeR gt C16H33(OC2Hy)xS04 -Na” £
CsH19CsHs(OC,H)OPO(OH)0l 412} o] polyoxyerhylene groupe] $
As4ge]  HE} S RE¥Rez AfHUE o ;6}—:—
polyoxyethylenated group2 &4 oA coile] Fefz EA317] o

-13 -



b

oxyethlene units=7} F7tgel otet FadwHo] S 22 &9
oxyethylenes ¥ {3} n]o] 24 | polyoxyethleneted material®] &%t 3 3}
2] Zo|st Fotgel mat FaAasst Sohcl. AHAE FREA
HE ol AWBAAY FLA FA A EZLNaCl, KBr)S H7lsld
g /37 Aol Faeko]l FlsiAl ®Hh. 2 olFE FL9 ionic
strength’} $ 713w AHel| wld® ionic headzte] ¥hdE o] 743l W&
o|ct.

A /AA AHZ YA /7)H] B2 JA /YA AHANX ] FFHFE v
w3 27 MM, Al Hste o AHBAAE FHAA]717] At
YA QoA AHBAA FE F, "FIHEL"E S 2ol HY
stk 84/ F7], 58 /heptane A Ao A AHEAHA Fxo ulE FF
€L 24D Ay Agdd U dadAY 7t Sl wet d
PPz FUHtE Hloh vo|2A AHIAAY FHaLL YytHoz
agAdcd 22 5o B2E 7 0|24 AHEAA - vlsted wi¢ =2
a2 o)t ol2A AHEBAAI FAZH, ojn] Alde A& AHBAEA o
<3} ionic head7Zt H71A ®blEo] zh-g3l7] W], 2 FASHA
bHE o] AdBAAI Had FdA aAZHoR o]Fdt:= HF
Ao A7t S = 7] dE o)t

1} ole A5 Y5 WRE Fhasel AY de wAA 9
ok 2eu A3sl EA49 Avelee] neY A FRasel Fvtel
ol 2 olfy, AxsA 29 Aol oaled AWEYA] Halrt
F45tsl7] MR Qo2 APk oRL ofn] FAY ARYYA o]
3 RAEPOR FReLE AYBAH o] abolo] AIA g o] Folx)
7] wgolch.

84 Al s 7|8 o] 2EE oA AHTAA LA HuE A
$, NA /A AdelM FHEEL ks F7h@cHBoucher, 1968). 17
W, FEFaels 23A 0 & Ad¥E mAXGgLn,  water
strucrure-breackers(Urea, N-methylacetamide)Z ujo| 24 AHTAA 4
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Hol| HrHE AH$ FEHASL 43I, fructose, xyloses} ZH& structure
formersE H7IAZ HFfolls FHEE0] F7H3cH

o 2/ ARAe) F1

al
L
=

1) &3 7T
AfAA A”AMN ARBYA FAE Thee) Aol s BaA 3
e

A3

A Ag7lqls), = FEW site =

M dfm

LA Edel QA4 T2
E9o] 7@ sEwAS} 2L §

R

PH, A2 FF, #S Algy FA, ¢F &2 urea 53 #

A7 9 77, 25

FEAuels AWBAAE DAEHA FAHE ST YwHe

=
micelles®] Yerjrchs wdoled F9st weon tge) Y UEs I

o}.

« o] 2 EZ(ion exchange)

FAA el QA ol oled wLeA W ARNBYA o)L
of Adell 4 Mz ZRHFig 6). AU AolA AVBYAY 25
Hre] AF FAAWH AFste] LATUAY FRATFERE o] £H, 2
4 ES 25w Wl we TAEYe] LA FS

Aga]17ke) Edo] vhehde).

4

(<]

« o] 242 ¥ A(ion pairing)

Alolgls TA el AWBAA L o)) F2H(Fig. 7).
4 ZA¥H(hydrogen bonding)
DAEH FAS} AW BAAzEY LA 3 F2(Fig. 8).

g
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LR

Ion Pairing

ONONINO] | o D %

Fig. 6. Ion exchange.

Fig. 7. Ion pairing.
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R _R Gk revr B0
NdH

R i — Cd0
N4 H- 0

Hydrogen Bonding

Fig. 8. Hydrogen bonding.

e -AAe] BFo] 23k FA(Adsorption by polarization of rx
electrons)
a7t 5833 w3kA FY(electron-rich aromatic nuclei)$ Zt& AlHE
A Foz FetA A siteF Ze TAFEH e FE(snyder,
1968)
24tH o] 93t F 2H(Adsorption by dispersion force)
DA ZH} AHAZ YA Alo)e] #A4-3}l+= London-Vander Waals 43
of] —4?& 2 o] AL dtdo g F&FE EAY EAFe] Ft
£ FAx7 an, d5dez® dejuis FAV|FY Pt ol
g 2T FAUH REAeE SuHE FHAATFoAE s
H, o]2mFr|FlA ZAEH UAFsld EAse= LYF Y
3 272 A AWBAA o]2o® A== 7]l
Az A4=r)
« 244 Z ¢ (hydrophobic bonding)
ARG AL Lgdte] 40 g RE WAHASF, THZEH ot U
T AbEelyt £ on| EH| HetEd AWBAHA A4S A

‘mln_v_

-

7

-?‘-‘&Sﬁ‘-nﬁ‘-'

R
2

242 F2E Agste ditA whfolth. 224 &&qedA 1A F
Ao FAEE 2 o Aoz AAF 4 glthAveyard, 1973a)
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Ng AXz _ s s
= F N2 X1 -Im X2 (2.14)

m

-

Aq71A, no : FHA fAo| FEF
dxa = X20 - X2,
x20 ¢ FAA 24 %9 2EE
x, X2 : FEAPYo] dojr}r] Aztx o 1E U 24 ¥ ERE
m : F3A FA
', no’ : FEAFYAeN A FAA S FA@T FAE 1 Y 24%

o 25
ARSAAHE 97 HgAE ofF o DAFHAN Sul(dE Dur

o& o 7Z3lA F23=ch
A, ng dx2 = ng Ay, ®, dnp : SR A 24 R 2] B sle])

0’ =0, x =10} 5|27,

dny 4G x V
- (2.15)

m m

714, AC; = Co - Gy
Cao @ F&A 24 %9 B-5 X (moles/liter)
Co: FRARYPAE A 24 EAIEEAA)S] EFE
V . &9 Huj(liter)

AHBYAE o4

¥ Z¥she gl A TAFHA B FAL
AREYA ) B5E e &
o

[e)
.
FHAS TGS AT A4l <

&3 gde
EE SR} EEHN & F Ut a2tE n’E Goll WEtd EEESYE, F
SEAAE & 4 Uk Langmuir tyupes 2412 ofFo 7oA A&
o}

(1) F3A 7t d4sict .
() 243 gv] 2% 52 Z9A(molar surface area)e 7
=

.
° -
() £9 EE AT BAso] o Axolt) X, £4-g0, £2-807 A

SAHgo] it

- 18 -



(4) F37o] YUERE FRolTh

ol W o] YFelE BT AREANAE T U= HF
£2 442 Langmuir type FH5A3E Holw, o Az 9x %S
7ol Langmuir type F254< Ztech SF2F3FM Y E WA
Il 718t ¢ ohsHd 2o

« Al A A 2] Micellization
o] 2]3F 7 ¢ CMC(critical micell concentration)o]d} %ol A F33A
o 71&71E #ELeZ HA e fdel Hoh  dysty, o<
micellatione] deojupd, WAArelA AHZAYA Y FE7F Frhsivee
AdEAA 2 B w4 Yo Fr1stA 7] A Eeich
£ Tald
ghof AlHEA] o]&o] FAA EHI} Z2 Rzetd, FI3FL FiH
o, $249 71&7x FHage)
« F2A Y BT YA

F2lY A siteg 7HF R A9 FEL F2eUR] sited 7FE e
18] F3te) vldld ¥k & 7|&7|E Zerh oy A|sl ¥HE=
siteel) A F-3F e & BET(multilayer) isotherm 32-& Freundlich
isotherm(n?® = k C; n k, n = constant, n< XF 1Rt} Ao &
A& ¥t
« Z2usl A s AL
AHZAA Zhel| Supgkoz Az e] AL3l= AL T2FIAAY
71€7]7F i 31, SHHYE o|Rr|E ot

27U FL e4shx B FHEW BoBol BE £ Fas:
A%, FAEEAe A g ANAY, oGEEL 54 U S
oY WAL ELEES £ & s|elHel Fa AL E rhh,
ARBAAZL v 4D HHgAA oY FHEHL ojEdez F
Welrlsk s olRTh oY WAL €5 FAM EE o5 AWV
g A8TW glojNE YIS shel, ol By HEA Ao

Wojx) 3 gt}
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b

3) 34 Ed S4o e 3

-ll

7}, 7ZskAl sk E EHeA e T
74stA AR FA R Ho| AWEBAA I FAYH o] Fo] oA,
ol2# A, A2FAAY dUEo] doidr). MidY R 3 E sldd {3
Edo) ol2AAHBAAL E2F3F, odF E9, ddgRsE HI ALO;
o] sodium alkanesulfonates E+ alkyl benzene sulfonatese] & %sle ¢

AYAHA 58 FA7|TE R

Fig. 9%} 2& el SLFHAE AZA A¥ FAYHS Wxax
dckz A7 5 siek.

LOG ADSORPTION OF SURFACTANT

4

LOG EQUIL.BULK CONC.OF SURFACTANT

Fig. 9. S-shaped adsorption isotherm for an ionic surfactant onto an
oppositely charged substrate.

199 : FE o2 %ol A AHGA A} FAI 3A FE2HA 9
Stern ZoA 2] s AUE & TRIAL Ao dA s}
« 299 : Fxto] F43] F7H3ch 2 o] f= FE A oln] FEI AW

[=]

gyl FHER AT AMBHA £54AETe) s
g e F2os ARNBAA 0|25 43AE WEANOR
SRR

- 20 -



2FAdete &% (aggregation)& CMCol3te] AHBAA FZolAE U
o & 92om, o]F hemimicelle(Wakamatsu, 1968) =& A3 &%
(cooperative adsorption, Gils, 1974)e} v §-&c}. o] A$¢ mAEH H
Al Asts W F 32 AR AWBAYA o] AF FA ol HAY, o
" Aol 2 Wil o] s wA se, 2-94H 2] ERLAe TAR
ol AHEAA o] Z2R3 T FAFIE At 1-997 299
Atel el R < Fig. 10¢] “eRH KAt

Lt tedodl

/

4

@(P(\)(P
!

g
4

\
BB

$Ta4T 86449

&

region 1 region2

Fig. 10. Adsorption of an ionic surfactant onto an oppositely charged
substrate by ion exchange (region 1) and ion pairing (region 2).

3ol SeEHde 71g7lE gadt 3 olft YITa: AW
AA olee, FAmA W oju) F3HY AWBYA ol YA
e TRk st Yol WRel, oY AYe) FAL AW

A o] 7] o

%*31117} lﬂlﬁm‘ o ¢dSF %i“o‘ﬁ £ FAZH A7)= ?4”01\4. o
AL CMCZA oA dojdr. 1 o]f& AHE

*31117} micelles Fe] Hri= D&a‘ | 2224 Fae] Heis}7] EH—‘?—°I\'+
T 2o 35Sl l%*é Ayt zbe] Adznbddel] u)ste
%%’ (5, axdd Abee] o7t gAu, A-RBAA WA M2 Fa}
A shdE ol&ddo] 270 e I o] sl&dW, FZ & o] 247
(ionic strength)7} & o 2ygdhe] $AL dofubA] georn, mehi
-9 EAsHA oA "k LA o]2AZE e FFHAL
Lyoz A =9, 1-dge4e 4 44 Zwel F4Ho=2 o
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W7tA FL AWEAA o] L 32 sHE w7tA ol2mFH ¥
ole Aol ALHch old) FASLAY serE HaH, Fie
S-3 T2EFFMY 3997 2 HFHZE A& FAoloh
fA o o]2A 7|7t YF E&d, Fig. 109 1-dd} 3-o4 US4 A
7lf4 Az AL g oA =M, F ool FAF2d 7E&7)7F A
2 A s Aol Uk o] A 2D 7l $AHe] G} J=At
A dejyx] gedm Idod, F249 Fe= FAH4d 3 (pseudolinear) 9
Helvl @ =

WM Rs e shdE 2A FIAEHe v|AYF Adsage] FHbEE o]
A AHEdA ] FARaL£L StemnFol4e] ErlMdo] <J(Point of Zero
Charge, P.Z.C)o] = A} AHBAYA Y HYPFEE o] &3l FHYLs
et

ARBAEAY L2449 Zol7t ST E FHa42 UM 1 olF
, BF Aste asgdwe] WAL Y wEYe) st $A/FA 3
t BEe] A7) dEelnt. E AT Aot FEFEF oj2nd

T ol el g Fiasd FUkgd FHAFNE ALl wet F
7t Ev #42T F dod, asdy Holrt Frlstvets obFd Wit ¢l
+ FE Ak ole FFA-8Y AdelM FH A (adsorbate)] ) AR}l
ot Faah 2ebx)r] wgolch. wtef, FAo] s FaA =29
of #xo2 FAdohd, &9 XYY AbS(straight - chain)e] He]7}
Frhstiste &3 dejzwAd F39 AD2AAY 25 St 9
ot shusb, ARl s 3" Aed SdHES Aed dis
(units)7} S7k3tch steiete Wl ¢bv] QEd Aoz AAAH.

AR

!

¢

sroz Faste A% FHAFE V54T o] £we] wul

Hol wsle] Fw) 5T Aolol wetd AHH F, 54T
77 245 FREW) FAE AVLAAY Fe Hojn) )

_\;Lri
r_s_i_‘
[+
™
i
X |y

X
A Ewel WA widsAE A%, AP $2sicid), °—F L 710 %
A 29 AL, 25T Holst 7P§Ml a}z} Vander Waals 43 %4
571571 W Eell, A& Zol7t B ALE AU Fatsted FEaH
+ %7kcH(Connor, 1971). 23y, AHEA A FHEHAA]E gz 3]

[+



A8 £A4Y olewte ARAY, T Lsante] FREUY ZaiA 4E
48e T A% FHEVE A Lo
e FREFE F2Y Aolw, 4L BALE F
o},

Blo)] 24 AFBYA = o)A AdBAAYd: ¢33 & J)FE FF
ok dSEY, &9 2352 A% silcado] ool o] o)
Aoz FiashE HbY, polyoxyethylenated nonionice &&HA Zwo gle
-SiOH 7]8} oxyethylene@el & AL} 427 e s Fa3dch ol
& 739 FA2 polyoxyethlenet o] Zolol ule} wj¢ 245 Jef & e}
Wk g2 Al&E9 polyoxyethlenewhel o7t F7184-E Fase Fa
3}3l, oxyethylened] §afo] Frigte] met oy FAEAL Jehy, ¢
7] polyoxyethyleneAl& 2] #-% A3 FA =4 =

FAA K de| o] &A AHEAA T} 3"-—‘1’3}‘—" 4%, PH7F ¥&s+5 1
EHE A 4o F32 JAHAAL, F& 7o o $5=z Id "
. dAustd, FEYFo sle °o“37‘l'(pr0t0n)'€°] AsE 91 e 1
3 T332l WEoln, 2 A} FolA AHREAA 9 FAL
Al =3, Fol2A AHEAHAY FAL F4dA "ot PHIF 5
kot PHO) 932 carboxylatetto]i}, nonquaternary 42 4-&
et Atelle tigo] A3 Jepdel. o] AH-¢ PHE wigtes wid
A" FaA ] A F2E ¢ de oGS FAHIAA, F2FHF o)
v} &4k (dispersion force)ell 47t F2"  UEE W3 AAH o
=3 PHe vlo]&AA AHABAPAAE 9FE v]HA W& PHelA kA=
£ &4 3lt polyoxyethylenedt® 22 Fu|& oo 232 A, &
o7 ddd FHAEHA FAHEE 37| E 3ok

NaClo]u} KBrz} 72 ZAAsiAE #H7lsted ionic strengthE Z7t4)7]:
3¢, FAA ZHn I A" o)A ARBHAE T3 W E e
wtd, ¥H FAEHA AR ARMBAAA = 3] Hel o]’ A

I FaA A" AlHEAA Y] FFL 299 ionic strength7t ZE
2 zrtsted 38 % aWF SuEE Ao AU ol AFHE of
olx E2 ionic strengthol|A] Wil A= EA-Ttel|s Az ALo] A3
3, FAHAl sl = EAZEe] whbEo] Abast =y fEIACE A

km
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o}.

kel ool B3l Ca?ol Soel Erjsts A Lol AWLAA Y
F2E 37 AUtk 2 olfE Ca) FRERA FAeo THE e
252 A, 2 Al &9 $32 SdE LoleA ARBAAIL F
a17) WERe e BRE,

259 F7te 2€% EHE FaAch zEd, o 4% PHO W
2 dojrts st wlste] AL otk XL FtslH AFAE
polyoxythylenew-& X33l AWBGA L Fao] F7islA ok 2 ol
v #A4-20 AzAes FALAF "HEY Aoz wdHEd

(polyoxyethylenewt o] =4 uh-g-).

) F34 FHEA

Jd FEE §3= e AWTAAY BeEol g FEHA EdHe
kA =™, AgAdde] ERS sl wdse dAate] Ak A
ZExHe] ILAHL SdUss oA AdWTAA AL TH AHsidE
1A o B #r7F AdAg. zeln F3As) oA Ae
Sqell A FatAdo] Fafl At o]t AHHEA nlo]2A EE o4
ARAZAA 7 T3=o] s =&Y A carbon blacke] ¥#4HA 3FAHS AHo
¥ 4 vk polyoxyethylens Z3sta gl ®lel&4d ABBAAZ F2
e F231A 5| polyoxyethylene™ @] coiling 3Abe & ha|glo} steric
barrierg ¥ AJ3le], 53] v|AdAe He] d 7S steric barrierdfF-o] 57

o] Hx| et

ot o o
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A3 2 B

27l F57

A

1 AE

L Belrlee AWBAA ASHT, AAUAL o] SN EE
244 QA B ofelANE AT Fig 15 2o| LHE + ATHA)

7] £ ¥ 2] 7] & (adsorptive bubble separation) & (foam) ¥+ 7| XE(froth)
o] AAME H8=E sevh, Es %A @27t wel 3 Alfoam
separation(H & &)} FAHEF 7|EE2¥H(nonfoaming adsorptive bubble
separation) 22 & 4 9l 2F 7oA FE AFs A e AF
2P L£YFo] Zo}l = EHE AANUNE JIEd AFEEH(foam
fractionation)s} £84 EEE AFE ol&3td Rl 1€l AFF
AHH] (froth flotation) . 2 }F}.

HAEFARLE EL4AERLY 7 2 AAAHE el we} ore flotation
C3FEFAH), macro-flotation, micro-flotation(Z 0] Al| ¥R A),
precipitate  flotation(% 0 ¥-4t#}), ion flotation(o]&%At#H), molecular
flotation(& A} 3 AtH), adsorbing colloid flotation(F&F 2 oj= FAH)E o
9 £ Urolan, B4 AFA et oha b=y Fig 119} 35l
vE s3cn ¥ 4 9ok

Aozl SFSAE Hsted 27)dle o] AT AFE o A3t
& d7E stdch a8y o] WHELS B2 Y AHBAA &8

I BYFo o E o] Fo] EAste AF aAHA Z2lfe] Hx X3}
AAvH12, 13, 14, 15]. LA A:LoﬂL AAA, Ags o 22| F84 dE
of FAFAYI FA FRol= FAH ek A7yt BHEEA o] FA 1

U
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adsorptive bubble separation methods

|

foam separation

] [

|

non foaming

adsorptive bubble separation

Foam fractionation solvent sublation bubble
(froth)fractionation fractionation
micro precipitate precipitate Ion Ion
- 1
ﬂo;r;on ﬂzzzgn ( :,_2?:;;02_} u flotation flotation flotation flotation
Ty (RERRD @AY CleRrd)  Cleva)
Fig. 11. Schematic classification of the adsorptive bubble separation
technique.
B AaAdAE IAEY AYAAE SAY4e AR sz
BEE ol pabid AWRAPY YA J1Ed WEE R B
o},
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s o] 2HAY 1 FAF O o]2E T BAA, F J|-4A AW AHEA
Az BAPAA, ol2o] LHAH FHASHLF AU, e o]0 A
HBAA 2} Ajpsted 37140 EHAAL JHAA ste] el F3 5
EF Pobs £EE IFdEe Ve

AR - BT 0|28 HAEY YR vHEo] IHEY EHS
ALMBAEAE 57]|do] HEZ kg o] Tl F3AA 2 2

45 714,

ﬂl

o] 2F- AL 1959'd Sebba[12]ol]l o & HFol BIF ATl A F-E /‘175}5!
o, HQARAYL Baarson Ray[l6]o] &4 HFo g L= F

5 A A wo] ol&= 17, 18, 19, 20]. HAFAYL o] 2F A v

LA F o EAQI= ohE o] 9 S R HA wow, HE o A

A8 2E F27t sbssich. 2Ev RAAA REEske ¢ FAE

A S g3 WA SdFoz a5 A7 o

Pr i?.

2

2 BaAeA dRaAsts W4 ofyx|gt MEe AHAE AMEdf o}
3t FE 2ol RAMM L Zeitlin2F[21, 22, 23]o] A}&3% ol It
A B ATt o] FF ek o] WL FeClyt Alume £ F o H7lsled
Fude THAIIAY, HAEo] FANLEFsIH FE A7l WHoRA,
AR R Aol nv]sled @2 pHoA T FHAZ 4 3lem, FeClsxt Alumo]
SHEE]Z] dE HHFA A RATF ARAE Jdg e #
o] glth24, 25, 26, 27, 28, 29].

2. ¥ 34

Fig. 12 % Fig. 13 AFFA < H& 38 L d5A AYAAE
e STH30]. o] HEe A" AFHY L PYREX glass® W7 50mm,
Fo] 100cme A7|olH, AFELS HAstAE 4£4% Fel25A (Buchner
funnels, porosity F, 4~55 mm)E E3ted A olu] AirtArs 5%
S wAshr] flsted £ E3AIZ ohE, FREE YA HAE A A
7] #3ted glass wool columns THAFHct 44T FEoE ZIAE TF
5t7] #8ld PI controller’t ##% Mass Flow Controller(Brooks Model
5850E)E AMg-slalow, dAA|7te] At F §ALe| AESE cobaltol
29 FEE FA3I] At Hxel AEAHTE FEH AEE Mo
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AA(Atomic Absorption analyzer)® AF&3le] FA4F & Zueo] ol &=

ey PEFES SYsAn

Fig. 145 19604 ©]2¢] ORNLolA uhabg w459 Cs-137, Sr-90, Co-60,
Ce-139 59 FALAE AAS7 AT Aol AHEF XA, d5A oy
500,000 gal/day®] Hz|FE2A Asdte AFUANAY FHole T8 F
72717 et thek TERE o] 43 Fo] AAFo|h. o] AFeA 107
~ 10° M2} Sr-907} Cs-1372] DFE 10°71x] 711z oH, 7H4ulx 3000
~ 75003 =22 £ AARE 249

e
H
L]

LI
1 : nitrogen supply 7 : fritted glass sparger
2 : valve 8 : reagent syringe
3 : humidifier 9 : drain and sampling
4 : glass wool colum 10 : foam discharge port
5 : needle valve 11 : discharge foam

6 : rotameter

Fig. 12. The batch apparatus
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| PR
15
A
%
20 /
1
17
10
2
— : 19
n 18
4
1 13
6 " =
.
o ' 1
ne
» 0
x)
5
1 : Nitrogen supply 11 : Rotameter
2 : Needle valve 12 : Fritted glass sparger
3 : Humidifier 13 : Level controller
4 : Glass wool column 14 : Effuent
S : Needle valve 1S : Discharge foam
6 : Rotameter\ 16 : Foam breaker
7 : Reservior 17 : Foamate
8 : Magnetic stirrer 18 : Photographic unit
9 : Purp 19 : Flash
10 : Influent valve 20 : Dispersion Head

Fig

. 13. Schematic diagram of experimental system
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e
D

©

R R s

ol &

Waste 7 ank

Waste Tank Valve
NaOH injection Tee
Main Pump

Flow Centrol Valve
FeCl; Injection Tee |
Mixing Chamber i’
Conuol pH Electrode
NLS Inj:ction Tee
Waste Fiow Rotometer
NaOH Solenoid Valve
Electriczi Junction Box
Control 1-H Meter
NaOH Tank

NLS Tark

NLS Feed Pump
FeCl; Tunk

decontaminate process waste water

- 30 -

FeCly Feed Pump

Flow Dispersion Head
Column

Baffles

Air Diffuser

Air Supply Line

Air Pressure Regulator
Air Flow Rotometer
Monitoring pH Electrode

Column Liquid Level Control

Effluent Line
Monitoring pH Meter
Foam Breaker Motor
Foam Breaker
Clarifier

“Clarifier Liquid Level Control

Broken Foam Container

. Flow sheet for scavening-precipitation foam separation process to



3. AFEE e A FHo|29 AA.

F&ol 23 AHEAA 7} oA o Hgst
74§ o] HAHH(lon flotation)e] o3l A A & 3]
&o| 2L YEE uEAHEALo|nE 7o) Higle A
AE AHRsle AHEAN EAS L5tz 7)H-4A Al
BolA &F AEH A A A7)

duld o 2 Hhalgd E A4l Cs-137, Co-60, Mn-54, Zn-65, U-238, Al(III),
Pb(Il)3} Fe(lll), Cu(ll) 59 Ho|dAEL §q9 pHY FHo|29 =
5o wetd FHEHHE o] F7|E sheH[10], o] FAH L o]F TS0
T3] E2 T2 Ex @2 pHelA 0|29 FH S Zte A4 AlA A
€ Wleold, 39 FHE olF W IAFAPHolEe e 2A A A=
Zch

—_—

o] H-A Y Aol M & ¥ w|A = U&= pHelw|, 7|t 3
o2 AHTANAY X, BYYE FFEHE JAY 75, IR Lol ®
T ol EA, £7] FF0|29 FTE B2 S we Ao dEA
st oleRAyoz z%lﬂ@ F dE FHoley Ay FEE 10° M o]
3hel Aoz e xx glt}i[31, 32).

1) W7

LAYl EAsl= FHol2 A
Aol gl o] 2R A o3 o] FHES AAH W] AsMA= JA
AA Ao WFHE AT widsls BAo] e AUEHAE Y92
ghel, o202 F&o|2 AHBAA N JEHoE AYICH33]. 2
B} F&o] ojgoz & HKH:— 3o pHO W YolAs Fio|2E FEFI|
W&ol Ao zoly Aoy, FolA AHBAA A FEHo| &I} Fi0]
o] ARYHoR %06}71 Eol] okE Al oF o] AHBVAYAI} £8F
. e, A9 oo E o) AWEAAI} EANY H P, BHUEE
Fabsle AEo Yol FHHAFE] T FrIt WAEHE H9rh A7)



N sH, LAY micelled WAFINE sted 038 AAZTE Fe
S gk,

2) pHe I -

Fig. 15[30]= Cu(ll)o]& A AA]¢] pHe 3¢ no|xm glt}l. Fig. 159
H4L pHel| wE solubledt Fe|()o]29 HEF vebdct.  FEloj29
HAAHL pH 6-70]22 pH 6 v|atell4] T2lo] 22 solubledt HHNZ EAHF
th o] 2F A2 solubledt FTESEol2o] AHBAA Y Hitste EI=H=
Roloz Fejo|&9 o] 2R AHLE pH 6.0u|atel 4] o]Fojo} Fr}.  Fig.
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Fig. 15. Effect of pH on Cu(ll) removal by ion flotationfoam(initial Cu(II)

concentration was 50ppm, the gas flow rate 160 ml/min, flotation time
80min, and NLS 450ppm)
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Curves 1( @ ) with ™Ce(lll), Curves 2( @ ) with Pm(lI),
Curves 1 and 2 with CATB.
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Fig. 18. Effect of initial surfactant concentration on Cu(ll) removal by ion
flotation(initial Cu(II) concentration was 50ppm, the gas flow rate
160ml/min, flotation time 80min, and NLS 450ppm)
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Fig. 19. "Ce(lll) and Pm(IIl) flotation. a is milligrams of surface-active
subatance in 50ml of the solution. Curves 1( @ ) with "Ce(III),
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Fig. 20. Effect of gas flow rate on Cu(ll) removal by ion flotation(initial
Cu(Il) concentration was 50ppm, the gas flow rate 160ml/min,
flotation time 80min, and NLS 450ppm)
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20] Cu(ll)o]23} lauryl sulfate So]2o dia] M=z Agslr] Yt A=A
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Fig. 22[37]2 NaNOs;9| 9j%ol&o] Sajslo] e A$ ™Ce(s
Pm( o AAEZEE vebl ot ool & AHBAA A CTAB(cethyl
trimethyl ammonium bromide), Feo|&A AHZAAHU SLS(Sodium
Lauryl Sulfate), u]o]24J¢l SS(Slovasol 0100)¢] z7zbe] 2=  pHellA
NaNOsol| w3t S AHY A, Fo|2A4 AHBAYA Y AAHLE] §
st} okol A AWYLAA L g, ool MCe(lll), Pm(H}e] o]
A% 7bsAdol @) dEe] A8 FA XY A= Ml
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Fig. 21. Effect of foreign anions on Cu(Il) removal by jon flotation(initial
Cu(ll) concentration was 50ppm, the gas flow rate 160ml/min,
flotation time 80min, and NLS 450ppm)
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Fig. 23. Effect of ionic strength on the foam separation of Zinc(ll) at
pH 5
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Fig. 24. Effect of initial Cu(Il) concentration on Cu(ll) removal by the ion
flotation(initial Cu(Il) concentration was 50ppm, the gas flow rate
160ml/min, flotation time 80min, and NLS 450ppm)
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HAPAYS A4 PHE FREs) 29 =% 2 ohie), YE
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Fig. 27& 10" M9 U(VI)ol &g &ol&A AHEAA] NLSel s
g Ago UV SHA pH 540)ae A AA7 2=, UV 7
S oleRaurt FALAYL o) §3kE ol AARY} $5YE & &
k.

Fig. 289} Fig. 29[34]& 10*M ¢ Zn(I)9) AAANE Az Zn()e] =3
e o pH 81 HE2ZA JA] o] WY AAFEL) & AL & 4 9
ou, pHell We} B #olE Hojx 3t}

40 o after flotation

O after filtration
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Fig. 26. Effect of pH on Cu(ll) removal by precipitate flotation (initial
Cu(ll) concentration was 50ppm, the gas flow rate 80ml/min,
flotation time 30min, and NLS 100ppm)

- 47 -



[y
8
.T

80 -
70
60 |-

removal'

percent
=S
1

0 1 1 - g i L Iy X

0 1 2 3 4 5 6 7 8 9
Initial pH

Fig. 27. Foam separation of U(VI) with NLS from nitrate media
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Fig. 28. Foam separation of 0.ImM Zinc(Il) with varing amounts of
Sodium Lauryl Sulfate at different pH and ionic strength.
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Fig. 29. Effect of pH on the foam separation of Zn(ll) at different
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Table 1[38]e] Co(ll)e) #AA] pHell tig 33-& velyigich.  Co(l)9)
SHHL of 105HE2A o] UHAME EQ0H I AAEHAN} ¢
sttt X224 50ppm Co(ll)9} AlH&A Al LIX65 100ppmeS A}-&3l
pH 105 2ZelA] AA L& 998%S Ao},

TABLE 1. Foam flotation of Co(ll) with LIX65 Procedure C

pH 755 81 815 86 94 102 109
Residual Co(II)(ppm) >10 50 22 16 <02 <01 <01

C* : 50ppm Co(II) and 100ppm LIX65 in original solution. NaOH was
used to adjust the pH. 25ppm TX100 used as carrier surfactant.

LIX65+ A& 2 &4 2-hydroxy-5-nonylbenzophnone oxime|™, Eel tj
dled= BfAolth. AriAE HAEHNE Folr] 9t ALKl

Fig. 30[39]& 10°M2] strontium carbonate® AAXAFHo] & AAG
A$24 A49 AHBAA hexadecyl trimethyl ammonium chloride®]
ol gt o] vehd gtk 10°M sE9 ARYHAZA 9%l 4
A &S Holx it
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Fig. 30. The influence of collector concentration on the flotation of
strontium carbonate precipitates

- 52 -



3) =7] AHBAA s 4F.

Table 2o Cu(ljol& AAA £7] AHBAA L QLS Helw Yok X
A BAE 5 QUKo AUBAHAY o] FLLE MAZ & o]FoA|
2 9tk E7) Felole¥E S0ppmol B 11 Wule] e AW
AA 5t 225ppmeld wEw|uc HE okl AW e 100ppm
Hre A AA7 & 5z Y&E Relx 3ok, NLSHE7} 100ppmi )
E ASEe AFEYE FAd FAEC] oA fAF oz ARAFHE WA
o] #AHh o]AL 100ppm o]l A= AT foamE FAFA] X3}
7] WEARLE BEHG. AWLYA] FE} 200ppm olAlHE £
A Fo AEFI)o]L 27t Frlsted o|RE U9} 7 H 7y
Fom Aydc

Fol2S d FE|(l) sF4AFE(A)LS ATAE WrdEel AHEAHA glo]

14 gk o7)el Fol2 AHEAAII sodium lauryl sulfate7}
AEdE 25485 8 (B) 2ol Hoj A-AA Adel FastzeA £
7t deoind & ek o7l o) AWBAAI AYsted (O} o] I
Aol = Z|A-AA AHA Fate] HA| 7] WEol A A F o] F oA
@A "ot 22EE AES $33 RN e Hade AdEeA
A ool Hd zre] Hrk  oA7loHE 100ppmel NLSY 57} HAx
Zdelsict.

TABLE 2. The effects of initial surfactnat concentration on Cu(Il) removal
by the precipitation.

pH initial surfactant residual Cu(lI)
concentration(ppm) concentration(ppm)
25 19.7
50 16.3
9.0 75 7.5
100 0.22
150 0.22
200 0.32
250 - 1.46

All runs were made at initial Cu(Il) cincentration of 50ppm, the air
flow rate of 80 ml/min, and the flotation time 30 min.
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Fig. 31[27]e] UVDS A UVDe Fxo g AdEHAY F=
(Cc/C)el Tt edaFo] visaleh. o] AFNHE 24 Y=A] Cc/C 7t 42
g AAL 98%EA Ao AAZUE Rolw ojnth FE F, EE
FAAE AAEEL drh. o] ALE vEAE Yol E2FEY A
HBHA L aAFo]A micelled HAHPGES, AEe Ade] L 5E
2 Balsld AT YEE A D A2 Habe] dejudrim YA
4 9loh.

Fig. Egquilibrium in the flotation system.

A : Copper (II) hydroxide

B : Copper (II) hydroxide covered with a monomolecular
layer of NLS, having hydrophobic properties

C : Copper (II) hydroxide in which the outer layer of
ionic functional groups of NLS results in

hydrophilic properties

Fig. 11-9
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Fig. 31. Foam separation of U(VI) with CTAB from sulfate media.
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A Fgol AFEIE Brh
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Fig. 32. Effect of gas flow rate on Cu(Ill) removal by the precipitate
flotation at a pH of 9.0 (initial Cu(ll) concentration was 50ppm,
the gas flow rate 80ml/min, flotation time 30min, and NLS
100ppm)
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Fig. 33. Foam separation of U(VI) with LACI at different initial
pH values and gas rate.
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Fig. 34. Effects of foreign anions on Cu(ll) removal by the precipitate
flotation at a pH of 9.0 (initial Cu(ll) concentration was 50ppm,
the gas flow rate 80ml/min, flotation time 30min, and NLS

100ppm)
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Fig. 37. Foam separation of U(VI) with LACI from sulfate media
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