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Abstract—To investigate the characteristics of the adsorptive separation of copper by an anion surfactant, sodium
dioctylsulfosuccinate(SDSS), the surface excess concentration of SDSS was determined by the static method, and the ad-
sorption heat of SDSS at the gas-liquid interface was also determined under the assumption of ideal solution and mono-
layer adsorption. The removal rate and the collection efficiency of SDSS and copper were determined, and the effect of
pH was discussed from the solubility products and equilibrium constants of copper and its hydroxides. The Langmuir ad-
sorption equation was adequate at very low concentration below 3x 10~"mol// of SDSS, but above this concentration the

Freundlich equation worked well. Copper was effectively separated at pH 5-6.
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Fig. 1. Surface tension(a) and surface excess concentration(b) of SDSS
solution.
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Fig. 2. 1/T vs. 1/C;, of SDSS solution.
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Fig. 3. logI" vs. logC;, of SDSS solution.

Fig. 1(b)2] ZA7}E o]g-3}e] SDSS $g42] ‘sxo w}E ¥
o) WA S =G A3} Fig. 29 Zo] FE 3x107 mol/! o] 3}ellA
£ AAFA} el Langmuirdlel] B2 SRS Fao
2 AAE 5 vk 2z 2 olike] sEdAe AAdBA A-
37 ot St HEAS FARYE 2K 458 ¢ 5 3+
A (4% Fig.29] A F89] A2 Re FAEY e 16
x10™" em’/mol2 o) Hc}.

%7} 3% 10 "mol/l ©)A}e| A= Freundlich E—*lé] 7HAd 5}
logT" ¥} logC,& SAI%+ 2} Fig. 33} o] AA.02 FAHIc}. 2]
Ae 71&71¢9F AR o2 RE] HAAY Tt o BAFEe] WA
€t A )2 BN 5 Qo

r=mC*, m=10""% n=114 ©)

w2hr] SDSS2] =848 3x 107 mol/I2) wl$- 3ulg-Nelr= 7|
EFAo] Langmuir&F A& k=27, 1 o] 4] oA Freund-
lich&F3A& -85 & 4 Qirt

32. 72| U SALHE S5O pHOIEY

B9 Foll FATHE Jole HAFS Lol ANYA EAel 9
T 71 FREE ARG 29 o) 3} Sal] AT &
ol &3} gfol o] AYeh, ol7e] 7| Xl FaAtsIel $4 BelHc

A7 4 Sleh. mreh SDSSe) S Felo] £} 7| X FAEY
SIME SDSS ol &3} Felo] & S ogfo] ach.

ol 489 FolA] F=)i Cu”, CuOH', Cu(OH):(aq), Cu(OH);
W Cu(OHE 59| 2% 33502 A Zold, 2 FeFse
pHol w2} Wigich. pHol BHE Cu* % 7 $4H81E59) S8 49

Table 1. Solubility product and equilibrium constants[17]
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Fig. 4. Concentration change of chemical species vs. pH by solu-
bility product and equilibrium constants.
[0: Cu™, ®: CuOH', V: Cu(OH);, ¥: Cu(OH)?", O : Cu(OH),-
(aq)]

2.5 T T T T T
2
cu’ Cu(OH),(s)
2.0
< 15} _
]
£
Yo 1.0} 4
S
»
© o5t 4
0_0 1 L 1 L
3 4 5 6 7 8 9
pH

Fig. 5. Cu™ and copper-hydroxide concentration vs. pH.
(Total concentration of copper=2x10™* mol/L)

o] Cu” FE= F43] 2taslw, pH6. 7oA Cu™e] 99 %7} Cu(OH),
()2 AAF ] oF 1% Cu™wt EA)8HA] e}, = pHE-100]4 =
A Tl CuOH)(9)Z o] JHHc}. wefr] SDSS -4l 9
& 7219 712 FAEe]olA pH6 o|stell A= Tz} & e)=h}
2 o]3e] pHlM & £2]7} B7Fsshe o 4 9loh

33. BN oy

712 TRz AR Bl T Fool ) BelAAL
ALY 24 25719 B0z Adel 2 o) sEE 2] u)
Foll 7P5slet. 7| Toh Jah Bek 49 ) shaEa) |z
o &0z 35l 47} 7| xel FAY g, o7l 2 B
sol geldrkn sk BelS s vhe st o) o)

U 7137} A 2 44she St 7| ZERT 43 4 gle
F spahpe) kS 27129 4% £502 ANA He 44 T3
el Bekge) & ot gowl, 7 Ee} YEShe o] HE F U
UEEZEEEERE P EEES

©9) A% B4YsE 7| E5E 0, V) 7127 Abgeh Eab A

R=—v‘;—f=fﬁc a7
o174 Vi Ao & Aoz, fi= vjel A5z 7| £} A

25158 H35A M3E 19974 63

0.5 ' . .
=) pH [SDSS)(mel/L)
% 0.4 ® 55 4x10’ ]
£ o 58 2x107t
s 0.3}
)
=
2 0.2
®
i}
§ o0}
«
=
5]
© o0 1 : L

0 200 400 600 800

Bubbling time (min)
Fig. 6. Change in concentration of SDSS with bubbling time(Air
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Fig. 7. Change in concentration of copper with bubbling time.
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Fig. 8. In(Cy/C) vs. bubbling time in Eq. (18) for separation of SDSS
(Air flow=1 L/min).
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Fig. 10. Effect of pH on collection efficiency of copper by SDSS in
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Fig. 12. Effect of air flow rate on collection efficiency of copper by
SDSS in the bubble-foam adsorption.

HWAHAK KONGHAK Vol. 35, No. 3, June, 1997



372 AAF - ubgd7) - A7

0.06 . .

-4
[SDSS]=4x10 "mol/L
pH = 5.5
Air flow rate=i L/min

0.0 0.4 0.8 1.2
n(c’/c)
Fig. 13. In(V/V) vs. In(C’/C) in Eq. (24).

12 EABIc}. 3 Umin o)5}e) LY F7) f2kell e} x
Axgo] 71 & 4+ et ol lhae] FAU4E 4
$7125} 49 ol k32l A% WS Zobol we} 42 B
AAge] 2290l 7|5k Ao Az

35 SEHEY S3g

SDSSS| gL vl$ et gefolmz, olbgalo Syy
% Qok. g BEE RAO] BEE ALY 4 Qo] ERYEA
Sy WA ZAYEA Byl R Shet XA o} = okt 2
o] SeH17).

My =41 +RTInC 19

Hy =41, +RTInC, 20

Ex4s} AH RA4o] Aol 91 o 5 4pe] SDSsY] setE
HAL M2 3ong ofgy) e ks of A7) HYew
BAA o] Loixlc.

— =M, A= gy - pg @1)

3% FHAYolA] foamater} FHATHO 2 =)o} et foamate
o F3F Ve EEA] $ Vool 2, foamate?) B% C,= ¥d
3o FE Ceo} 2t} & foamate®] ¥ Z}E dV,= B4 )
ZHa #3 - dv,et 24 =lo] dV,=dVe=-dV,7} "k mla A7
F<t #4 9 2] SDSSS] 7Hazke foamate 2 Hj2E)E oks) o
BE FALR & oL 2ot

(Cy V)= (Cy —dC, XV, —dV,)=(C; +dCy)dV, (22)

23} 6| 23-8 F XS} dV,=— dV, BAS jelale e Aoz

- @3)

A Aol A @& NSk 71 TN G4 Hzdoo Sug 2t
7 Vi R GE EASe, 4] (23)% A ohes} o] Wek,

In— (24)

SEER AYAHE o183k In(ViIV,) o) In(CIC)E S AIshe]
AABA7L Qs 2 A48 712719 A @z e A AE

S84 A35A H3E 19974 63

T 3, b A 2o g4 O BAYe) FewAr)
EAEo}

HEH ] 3FAUP e ex 27] SDSSY] HE 4X 10 molie] of
sto] Fx9 A7bH W3} A3E o]88ld In(V;/V,) ol In(CI/C)S
EA3}e] Fig. 138 2+-& AABAE Adc). o] A4 71¢7] m=

vV,

Aln —\? 1
4.15x 1073} 2] (24)% v|azsha =m=415X107= ——
Aln -2 o
[

olm2 25°Cel|A] SDSS2| AlHF2d-& 1=1920 calmole] Hc},

o] 3k 559 go) AHYA 244 sodium dodecylbenzene-
sulfonate2] F%<d[8]2] 4210 cal/molo|r} Fo]L AlAYA EAlo] 3}
132l ethylhexadecyldimethyl ammoniumbromide®] &2td[10]2] 3700
cal/mol¥c} 212 gho 2 viepytr}.

257CollA Alatel SDSSS] FAdS o]gsle] FAA o 1A
49 FEBAE T A QDEFE C=255C,2 EAE X
A9 FEe A BAA F29 25u) o]kl e & 4 9lc). ol AL
ZEe 7o) & $H3] Z2A slo] Tkl FulE= N EAE oA
WA E 28 3} foamate & RAEES 250 o]AloZ ¥ 1
2] AAZ 4 98-8 epdic.

5d &

71Z F3tel] 93k go]2 AHEA EA sodium dioctylsulfosucci-
nate(SDSS)e} 1-2]9] Feld] A7 £ 79 AAE 2431 o
3} it

() = B2 FRPHS) Wsks} GivbsFAA L2 78 SDSS
9] HHe) FE= 1.8x10 "mol/] o]g]c}.

(2) SDSSS] 7| EFAL 310 " moll o]3}2) F& ST
FA 34l Langmuir F-3 2 3]0 w2y, 7 oAt Exile
Freundlich §32 2 Ajz}sich.

(3) SDSS & Fe2lo]22] #EjA|lA By ok Aoz FAF 4
Asdet.

C, _3 fGh ¢

h =7V

@) 7219 F2) 582 pH, 7|AF3 Soll 2&s}e], pHS5-6004]
7P A3H o2 ¥e)=h pHS olatalxiE A9 ¥elHx] it
Z1Afregel wlgslsic).

() 3 ezl B3 N APAFA 2 RE 73 SDSSS] Fatad
< 1920 cal/molo] %1t}

AB715
C : concentration of chemical species j [mol/cm’]
D :foamate flow rate [cm’/s]
r : average bubble radius [cm])
F  :feed flow rate [cm’/s]
f : collection efficiency [-]
G : air flow rate [cm’/s)
h : height of liquid in column [cm]
K :adsorption equilibrium constant [mol//]
K,  :equilibrium constant for Eq. (7) [//mol]
K,  :equilibrium constant for Eq. (8) [(//mol)’]
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1. Wilson, D.J. and Kennedy, R.M.: Sep. Sci. Technol, 14, 319
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: equilibrium constant for Eq. (9) [(/mol)’]

: equilibrium constant for Eq. (10) [(/mol)]

: solubility product of Cu(OH), [mol/l]

: jon product of water [(mol//)’]

: adsorption rate constant [//mol-s]

: desorption rate constant [1/s]

: number of bubbles per unit time [1/s]

: flow rate of bulk liquid accompanied with foams [cm’/s]
: removal rate [mol/s]

: bubbling time [s]

: trajectory volume of a rising bubble [cm’]

: volume of bulk liquid [cm’]

: surface excess concentration [mol/cm’]

: equilibrium surface excess concentration [mol/cm’]
: saturated surface excess concentration [mol/cm’]

: chemical potential {cal/mol}

: surface tension [dyne/cm]

: bulk liquid
: foamate
: equilibrium state
: standard state
: surface phase
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