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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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1. $M %^*H3 f-j?-^ ^ H [ 6, 7, 8, 9 ]

^i^^-^i^l (surface-active agent -^-£- surfactant)^- 7]}2] S.^ (Surface)

• 31^(interface)^ H^"*^-i" 7^1 J I -f-*|-*H 4-n-°flM^l(free energy)!-

<a(work)-i- ^tj-tflt^, =. ^J-^S] ^^^-^(interfacial tension) ^~§r

L*&tt(surface tension)^

Wmin = / X A

A

^-(performance)

(maximum charge)^.^. tl^f- ^ 4 - b JL^-(efficiency),

(effectiveness)e}ji 5 . ^ * M /

interfacial process

^ ic group) ^ ^
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II

ex) R —C — O — Na (soap)

R— OHUSOs— Na+ (alkylbenzene sulfonate)

2) ^
ex) R— NH3+ Cl" (salt or long chain amine)

R— N(CH3)3+ Cl (quarternary ammonium chloride)

3) Zwitterionic

ex) R+ NH2CH2 COO" (long chain amino acid)

R— N(CH3)2CH2CH2 SO3' (sulfobetaine)

4) u

ex) R— COOCH2CHOHCH2OH (monoglyceride of long chain fatty

acid)

R— C6H4(OC2H4)x OH (polyoxyethylenated alkylphenol)

^-S. long

chain hydrocarbon residues, haloganated ^ T T oxygenated hydrocarbon,

siloxane chain -f- ° M ^^--ty it-sr ^^-^r ^-c-i4-

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) AJkylnaphthalene residues(C3 and greater length alkyl groups).

5) Rosin derivatives

6) High moleculor weight propylene oxide polymers

(polyoxypropylene glycol derivatives)
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7) Long chain perfluoroalkyl groups

8) Polysiloxane groups

2.

A- ^7) °l^-#(Electrical double layer)

H ^ 3l^<HHeK£. MS. 4 ^ - ^ #*Hl t - ^7|JSj s)-xj ̂ (electrical

charge)^

l^-(counter

°l ^7|o|^.4-(Electrical double layer)^:

7 ° i ^ ojs.^- Gouy(1910), Chapman(1913), Stern(1924),

Graham(1947) ^-S] <^^ ^^^Icf .

% ^r Silt- Von Helmholtz(1879)7)-

^ j ^ ^(neutralizing charges)!-°1 ^ r ^ ^ 3.^°fl ^ | | 5 | ^-x|-ti]-x]f- 3.71 ^-f-

3i7li3!>££ ^^S^^S.^-E-1 7)0)7}

ig. 1).

^.g. ^ 7 ^ ] . ^ ^ - ^ x ^ ^ o]^olcf.

Chapman(1913)<H|

(screening effect)

(Fig. 2). ^, * ^ ^ 5 . ^ ^ f-Eflofl o)^-«-^^(diffuse layer) o|

- 5 -



Solution
phase

(a)

Distance from surface

(b)

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.

Charged >x»-T
surface

Solution
phase

(a)

Distance from surface

(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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3.711- ^ i
charge)^ ^J^^j-^yl ttfl^ojcf. ZL f̂l̂  o) o]^.^. cf^j Stern(1924)^l

o]$.s\jL 014. Stern^ o ] ^ ^

Langmuir
^•(Guoy - Chapman S.^$] ^$-t Ji^L Stern layer)3f
Fig. 3, 4 4 ^ •^ •^BUS. ^-tflol^-^ ^.^4.0] # ^ « f t ^«^ (diffuse
layer)

Stern layer^-^^71^ S.^AAo\]tfz]Q JL£^ °J
(Vander Waals^] i ^

K Stern layer-^

] -T-5.7)- »£*|-7|

(effectiveness thickness) 4 -̂cr Dedye lengths}- f̂1 ,̂ 1/k

1 e r £E0 RT 3̂

k 4TTF2 2 ]
i

I # (static permitivity)

F : Faraday

Q : °JJ4V^ i
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Charged
surface

Solution
phase

0

0

stern plane

0 I—l

Diffuse layer

(a)

Distance from charged surface

(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.

Charged
surface

Solution
phase

Stem plane

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.
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^(static permitivityH

(dielectric constant)*

7f7fo) 7K)

(Helmholtz

ig. 5).

Grahame

Fig. 5. Grahame model

1) Gibbs
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polt * H Gibbs

-§-"11/ £ • £ • § • 7)Ef

dy :

Ti : i

= RT d In

R :
T :

d 7 = -RT 2 f , d In as
i

= -RT 2 / i d In Xift
i

- 10 -

(2.1)
i

(2.1)51 Gibbs ^ - ^ ^ (Gibbs, 1928)^- JJL -̂ ^ ^ ^ ^ i o)-g-^^ 7]-^-

= -RT S / i d(ln xi + In fi), (2.2)

44



d r = RT ( / i d In ai + T2 d In a2) (2.3)

d 7 =

7 :

R :

I :

1- * * x 2 ^ C2 S.

- RT /"2 d In C2

dynes/cm -Sf-cr ergs/cm2

8.311 x 107 erg/mole ° k

mole/cm2

(2.3)*]£

(2.4)

A
Gibbs

^ Debye-Huckel

In fi = - k

, k :

Z+ + Z. ( 1/2 2 OZi2 f (2.5)

In h = -k7"C2

d In f2 =

10"2 M

FA+ =

-k dC2

2/~C2

? £ 5 ] 1:1 A+ B"

/B- = / 2

(2.6)

d r = - RT ( fA+ d In aA+ + 7"B- d In

-3-, aA+ as- = aC2 = C2 x f2,

d 7 = - 2RT 12 d (In C2 + In f 2 )

- 11 -



= - 2RT Ti d (In C2 - kfQ2 ). (2.7)

25 °C

d / = - 2RT 12 d In C2

= - 4.606 RT T2 d log C2

oil cfl^H Gibbs - f r * H £ 4-5-4 ^ ^ -

d r = - 2.303 XRT / 2 d log C2

(2.7)4]-f- (

(2.8)

(2.9)

d / = - RT / 2 d In C2

= - 2.303 RT f 2 d log C2 (2.10)

1:1 JL

y = - y RT 12 d In C2

= - 2.303 yRT J2 d log C2

y = 1 + C2 / (C2 + CNaa)

IS .

*41* t-'S, 27]- ^-^ 47^
71- 10"2M* ^ 4 * 1 - ^ Tj-f d log Q^- d(log C2 + log f2)S.

25 °C #ofl>H log f2s] 3M; (2.5)4]±.

(2.11)
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- 0.509 | Z+ + Z. | fl
log f2 =

1 + 0.33 afl (2.12)

1 = 1/2 2 QZi2 (2.13)

2)

(effectiveness)!-

^ °1

Cs+, K+, NH4
+

F ^5-2) ^ - T - ^ 4 nfl-f J L ^ ^ ^ . 5 . -S-^-^cf. ^LSJM- tetraalkyl ammonium

salts)

-g-«aj 7fl̂ «Hl>H ^ - 4 ^ " ^ ^ ^ ^ l ^ M i ^ ^ ? ! ^ ^(hydrated hydrophilic

group)^ ^ -^^ r^^of l 2]f%A] ^^J^cf . Carboxylates^ JL-f- Sulfonates

M- Organic sulfates^l a l * H ^ ^

, CioH2iN(CH3)3
+.CioH21.S04

C9Hi9C6H4(OC2H4)xOPO(OH)2<HM1 -̂ ^o ) polyoxyerhylene group«>l

polyoxyethylenated group^- -r-g-^ ifl°fl^ coils)
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3)

ionic head7j:

oxyethlene unit

oxyethylene# 3.^-sl-^- ^ M ^ - ^ polyoxyethleneted material^

f )fr ^ \ ) i o n i c
strength7}- ^-7}^ ?j|^ofl ufl^s} i o n i c

^. H|

1 7). o ) ^ ^ l ^ ^ c f *HJ-fjLOj ^ S } - ^ ^-aj-JL^-ofl 7 ^ ^ ^ - t - nl*|*l

7] Ef o ) ^ - ! - ^ o j ^ ^ l ^ ^ i ^ l -8-^ofl

^-^711 €• <3$=-a- n l ^ l ^ l ^ ^ . ^ , water
strucrure-breackers(Urea, N-methylacetamide)# «)o |^-^
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OJH ^ H b ^-f %-*k£.-&-& # ± . * H , fructose, xyloseSf ^ structure
formersl-

1)

site ] £ ^
groups

PH, ^}sH^^ -frJf, ^^8- Aj-̂ fi] ^-^, -y-i- $.£• urea -f-4 ^ ^

micelles^]

• °]-S- j5L^]-(ion exchange)

ig. 6). A}*i-§r n^<>\)^ ^ l ^

pairing)
*)1^ « o | * o ) #«j-^(Fig. 7).

^-(hydrogen bonding)
8).
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i

© Solution

Ion Exchange

Fig. 6. Ion exchange.

er"

Ion Pairing \ \

Fig. 7. Ion pairing.
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& 0 V R

N.-H

R" H

•H — 0 '

N - . H o:
Hydrogen Bonding

Fig. 8. Hydrogen bonding.

electrons)

-S-^Adsorption by polarization of n

^(electron-rich aromatic nuclei)^- ^ ^ -

sitel- ^ - ^ J lx f l^^ 7J-SI ^

1968)

^"(Adsorption by dispersion force)

^. London-Vander Waals

l*t l- 3.71 S.

ic bonding)

2) -§-£• ^-^(Adsorption isotherm)

, 1973a.)
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n0
= n2

s xa - m s x2

m
(2.14)

= X2.o " X2,

X2.0 :

xi, x2 :
m :

is, n2
s :

i n0 n0

« 0, o| £]£.^,

n2
s =

m

x V

m
(2.15)

= C2.0 - C2,

C2.0 :

C2 :
V : ] (liter)

Langmuir

(1)

(2)

(3)

f - i - i^^ j (molar surface area)
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(4)

. Langmuir type -S-afr
3-f "fli Langmuir type ^ * H

Micellization

CMC(critical micell concentration)

micellationo] •yHM-^, ^^^1^1 ^ l ^ * ^ ^ 1 ^ l Jg-S.?} ^-

sitel- 7fx] ^-<Hl^o| ^ . ^ j . ^ . v^^-oflvi^l site!- ?)-*!

D-̂ c- BET(multilayer) isotherm 4 ^ - Freundlich

isotherm(n2
s = k C2

1/n, k, n = constant, n£- Jl^f

7^)7^14,
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3)

7\.

A12O3

sodium alkanesulfonates 2,-c- alkyl benzene sulfonates°|

Fig.

I

106 EQUIL.BUIK CONC.OF SURFACTflNT

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

Stern #
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-g-^ (aggregation)^

.^ / °11- hemimicelle^akamatsu, 1968)

(cooperative adsorption, Gils, I974)ej-JL -f-g-i}. o| 7j-f

F i g

1

I

region 1

- i
region2^

—©
—0

- ©

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

micelles

(ionic strength)?^
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:££.

, Rg. 10^ 1-

514. oj
4 ^ ^ (pseudolinear)^

| ^ (Point of Zero
Charge, P.Z.Q»1 ^nfl <$*}

<HJ

(units)?}- ^-7)-^-4 *l-C|sJ-£. l^*^] ?>7)

7\7\ % ^

^cfoj 7^ol7f ^ 7 ^ H 1 nfE). Vander Waals ^k«!"-§-

4 # ^ ^°)7f ^ H ^ ^ r ^ - ^i^n *44<H ^r^JL3f

1971). D-A^, A^^^^A f - ^ " i ^ 4 ^ ^^flS. «]•
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, polyoxyethylenated nonionic^-

-SiOH 7}S\ oxyethylenecfo)| aA^

polyoxyethlene^:^

, oxyethylene^j ^-^0} ^7f^.H| ttfef cf

, PH7f

f. PHS] ^ ^ ^ r carboxylate^-om-, nonquaternary

M- -S-iV^(dispersion force)-Hl

# "J-^r^r 5U^ polyoxyethylene^-4 7
E ^ ^ - ^ #

KBr^f 7Hv̂ . ^ ^ ^ « f l ^ - ^ ^ 7 > * H ionic strength

ionic strength7f
D)B)^. J:iz).^ of

ĉr ionic s t r e n g t h ^ Sl
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4-

+2Kr Ca+27}-

(polyoxyethylene^j:^ ^ -^ «}-§-).

i carbon blacky
. polyoxyethylen^ i^^fJL H^- a)o)^-^

polyoxyethylenecf^ coiling ^4>-^.S. ^"oloj-oj. steric

barrierl- ^ ^ * H , ^-*l ^ l^ l^^^l « °i ^ ^ steric barrier^ £-ofl -§-̂ I
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Fig. 114 ^ ^

bubble separation)^- 7-| -g-(foam) S.^- 7l5.(froth)

4 e|- 3.7flfoam

adsorptive bubble

separation)^.S.
^ - e ) ^ ^ -&-°J)#^l **)• ttlr 1 - ^ * ^)7i8}jv})^ 7)#oj 7}#£-1) 13(foam

fractionation)^ ^--§-^ l

^J-^ (froth flotation)^.

-ir-8-^ 1-^51 ^ - ^ ^ ^TH^ifl^- HJ-̂ «H1 ^-e)- ore flotation

macro-flotation, micro-flotation(-q-a)^] i ^ - f ^ ^ ) ,

precipitate flotation(^j^-^-^^), ion flotation(ol^-?-AoVlti)/ molecular

flotation(-M-4Jr4)-*g)/ adsorbing colloid flotation(^^}-l-S.o)H. -^-^lti)-f- "H

H , ^ ^ ^ r «d-TL4°fl «4-2+ 4 i t 4^-H- Fig.

, 13, 14, 15].

4-
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adsorptive bubble separation methods

foam separation non foaming

adsorptive bubble separation

Foam fractionation solvent sublation bubble

(froth)fractionation fractionation

micro
n . .. precipitate precipitate Ion

ore macro flotation „ „
,-,_,„,„„,.„ flotation flotation flotation

flotation flotation i~

Ion
flotation

Fig. 11. Schematic classification of the adsorptive bubble separation
technique.
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o] ,£.-§-

^- 1959id

Baarson-Bf Ray[16]<H]

18, 19, 20].

[21, 22, 23]o]

FeCl3vf Alum^-

^ H , FeCW Alum°)

5lr4[24, 25, 26, 27, 28, 29].

2.

Fig. 12 ^ Fig. 13<H|

3.71 o l^ f

funnels, porosity F, 4-5 .5 /an)

glass wool column^

PI controller7} ^-

5850E)*

PYREX 50mm,

. °lTtH

Mass Flow Controller(Brooks Model

fe cobalt<>l
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AA(Atomic Absorption analyzer) -f'tf

Fig. 1 4 ^ 1960^

Ce-139 -f^ f-^^

500,000 gal/dayS)

Cs-137, Sr-90, Co-60,

DF

"5
10

3000

1

2

3

4

5

6

: nitrogen supply

: valve

: humidifier

: glass wool column

: needle valve

: rotameter

7

8

9

10

11

: fritted glass sparger

: reagent syringe

: drain and sampling

: foam discharge port

: discharge foam

Fig. 12. The batch apparatus
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1

2

3

4

5

6

7

8

9

10

Nitrogen supply

Needle valve

Humidifier

Glass wool column

Needle valve

Rotameter

: Reservior

• Magnetic stirrer

. Pump

: Influent valve

11
12

13

14

15

16

17

18

19

20

Rotameter

Fritted glass sparger

Level controller

Effuent

Discharge foam

Foam breaker

Foamate

Photographic unit

Flash

Dispersion Head

Fig. 13. Schematic diagram of experimental system
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1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.

Waste 1 ank
Waste Tank Valve
NaOH injection Tee
Main Pump
Flow Control Valve
FeCl3 Injection Tee .
Mixing Chamber : "
Control pH Electrode
NLS Injection Tee
Waste Fiow Rotometer
NaOH Solenoid Valve
Electrics., Junction Box
Control \>H Meter •
NaOH Tank
NLS Tark
NLS Feed Pump
F e d , T^nk

18. FcCl3 Feed Pump
19. Flow Dispersion Head
20. Column
21. Baffles
22. Air Diffuser
23. Air Supply Line
24. Air Pressure Regulator
25. Air Flow Rotometer
26. Monitoring pH Electrode
27. Column Liquid Level Control
28. Effluent Line
29. Monitoring pH Meter
30. Foam Breaker Motor
31. Foam Breaker
32. Clarifier
33. Clarifier Liquid Level Control
34. Broken Foam Container

Fig. 14. Flow sheet for scavening-precipitation foam separation process to
decontaminate process waste water
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3. ?

A-

flotation)<Hl

4- -

°.s. oi

ll Cs-137, Co-60, Mn-54, Zn-65, U-238, Al(III),
FeCIII), Cu(II) -^2] x j o l ^ i l - ^ - -g-oj)^ p H5) .

, 32].

0)^-0.

oj:
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7]s. *M/ M^MMi micelle^-

2)

Fig. 15[30]4r Cu(D)6l^- * M * 1 ^ pH^ °§^-§- 3.*]3L ojcf. Fig.

soluble^ ^-Biai)°l^^ ^S- l - M-Bf^4

pH 6-7o|£.5. pH 6 ^ 1 ^ ^ ^ ^ e l o l ^ ^ . soluble^-

soluble^- - i ^ H ^ - o ) ^ ^ * ^ ^ I 4 ^ ^

- pH 6.0pl̂ ofl>H o)=.<^^o): iU-tf. Fig.

Cu(II)

Fig. 16[37]<Hl̂  HJ-Aj-^^^^^t! 144Ce(III)£f 147Prn(III)oi|

^40)rf. 144Ce(III)4 147Prn(III)^ - ^ ^ ^ ^ 4 4 7.64 7 . 0 ^ ^ ^ ZL

pHHl^^ ^SHl-^ ^Hfl^. # ^ ^ 4 . s-xjxjol^oi]x^ 144Ce(III)4
147Prn(III)£] ^I I^JL^-^- 4 4 65% o)^

5U4-

Fig. 17[34]«H1^ -f-^l^o| p H 81] 10"4 M5) Zn2+l

°J sodium sul fa te^ i ^ j^*] -^ - ^-f^ pH«>ll
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Si4. Zn+2ol^-^) ̂ £«H1

99% °}*}2) *\}7j JL^-^- i o j j i si 4 .

- 32 -



50 -

40 -

30 -

10 -

•—-*——•—*
W 9 w

-

i i i

1
1
1
1
1
1
1
i
1
1
1

I
1

I
\
I
\
\
\
\

• after

o after

flotation

filtration

> ft
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Fig. 18. Effect of initial surfactant concentration on Cu(II) removal by ion
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160ml/ min, flotation time 80min, and NLS 450ppm)
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Fig. 20. Effect of gas flow rate on Cu(II) removal by ion flotation(initial
Cu(II) concentration was 50ppm, the gas flow rate 160mI/min,
flotation time SOmin, and NLS 450ppm)
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Fig. 21. Effect of foreign anions on Cu(II) removal by ion flotation(initial
Cu(II) concentration was 50ppm, the gas flow rate 160ml/min,
flotation time 80mm, and NLS 450ppm)
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Fig. 23. Effect of ionic strength on the foam separation of Zinc(II) at
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Fig. 24. Effect of initial Cu(II) concentration on Cu(II) removal by the 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. 26. Effect of pH on Cu(II) removal by precipitate flotation (initial
Cu(II) concentration was 50ppm, the gas flow rate 80ml/ min,
flotation time 30min, and NLS lOOppm)
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Fig. 28. Foam separation of O.lmM Zinc (II) 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(II) at different
collector ratios
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Table 1[38H Co(II)^ ^T]A] pH<H)

50ppm Co(II)5f ^1^1-^x-ll LIX65

pH 10.5 -f *̂fl>M x f l^S.^ : 99.8%-f-

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

pH 7.55 8.1 8.15 8.6 9.4 10.2 10.9

Residual Co(II)(ppm) >10 5.0 2.2 1.6 <0.2 <0.1 <0.1

C8 : 50ppm Co(II) and lOOppm LIX65 in original solution. NaOH was
used to adjust the pH. 25ppm TXlOO used as carrier surfactant.

LIX65^- -tf-g-^-^.-S.'H 2-hydroxy-5-nonylbenzophnone

Fig. 30[39]^- 10"5M^ strontium carbonatel-

hexadecyl trimethyl ammonium chloride^

5a
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Fig. 30. The influence of collector concentration on the flotation of
strontium carbonate precipitates
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Table () M

50ppnH]

cf. o|7j^- lOOppm
7] « ] ] ^ o | ^ ^ . 5 . 7j;^£}cf. Tfl^SM^i^ ^ i 7 | . 200ppm

. ocj7]oll ^-o)^. ^)^%^xflo] sodium lauryl sulfate7f

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

pH

9.0

initial surfactant
concentration(ppm)

25

50

75

100

150

200

250 •

residual Cu(II)
concentration(ppm)

19.7

16.3

7.5

0.22

0.22

0.32

1.46

All runs were made at initial Cu(II) concentration of 50ppm, the air
flow rate of 80 ml/min, and the flotation time 30 min.
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Fig. Equilibrium 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. II-9
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Fig. 31. Foam separation of U(VI) with CTAB from sulfate media.
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Fig. 32. Effect of gas flow rate on Cu(II) removal by the precipitate
flotation at a pH of 9.0 (initial Cu(II) concentration was 50ppm,
the gas flow rate 80ml/ min, flotation time 30min, and NLS
lOOppm)
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Fig. 33. Foam separation of U(VI) with LAC1 at different initial
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Fig. 34. Effects of foreign anions on Cu(II) removal by the precipitate
flotation at a pH of 9.0 (initial Cu(II) concentration was 50ppm,
the gas flow rate 80ml/ min, flotation time 30mm, and NLS
lOOppm)
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Fig. 35. Effects of foreign cations on Cu(II) removal by the precipitate
flotation at a pH of 9.0 (initial Cu(II) concentration was 50ppm,
the gas flow rate 80ml/min, flotation time 30mm, and NLS
lOOppm)
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Fig. 36. Effect of initial Cu(II) ion concentration on Cu(II) removal by the
precipitate flotation at a p H of 9.0 (initial Cu(II) concentration
was 50ppm, the gas flow rate 80ml/min, flotation time 30min,
and NLS lOOppm)
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j^J 6fi ol uj- At^3 î j] <2B -§-sl- ^"-^- ^"^H^1"?] ^ " ^ V ^ 3fl ̂  -̂ 1 ^1 sJ oft -5] -§-7]"^"^' ^3 ̂  jxL ^~1^^1"^[^-?'.



BIBLIOGRAPHIC INFORMATION SHEET

Performing Org.

Report No.

Sponsoring Org.

Report No.
Stamdard Report No. INIS Subject Code

KAERI/AR-472/97

Title/

Subtitle
State of the Art on Ion and Precipitate Flotation

Project Manager

and Department
Inha Jung(Fabricate facility engineering Dep.)

Researcher and

Department

Myungseung Yang(DUPIQ, Kikwang Bae(DUPIQ, Jongsik Shon(Radwaste

treatment Facility), Younghyun Cho(DUPIC radwaste managenent)

Publication

Place
Taejon Publisher KAERI

Publication

Date
1997. 8.

Page 67 p. 111. & Tab. Yes( V ), No ( ) Size 26 Cm.

Note '90 Basic Research Project

Classified Open( V ), Restricted( ),

Class Document
Report Type State of the Art

Sponsoring Org. Contract No.

Abstract (15-20 Lines)

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.

Subject Keywords

(About 10 words)

Treatment of radioactive liquid wastes, Very low radioactive liquid wastes,

Foam separation technology, Ion flotation, Precipitate flotation


