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Drainage Process of Foam Bed in Continuous
Foam Separation Technique

Hideo Maruvama*, Akira Suzuki*
and Hideshi Sexr*

Abstract

The enriching mechanism of surface-active substances in foam separation was studied by
using a bubble column equipped with a U-bent tube. A simple mathematical model was
proposed which enables one to obtain the change in liquid film thickness or liquid holdup of
foam ascending in the column and overflowing through the U-bent tube. The volumetric
flow rate and the concentration of the surfactant; sodium n-dodecylbenzenesulfonate
(SDBS), of the discharged foam from the U-bent tube were measured, according to different
feed concentrations of SDBS and superficial gas velocity. A model parameter expressing the
characteristics of the dehydrate process of foam is estimated from the exprerimental measure-
ments. The liquid film thickness of the foam layer decreased exponentially with the
increase in foam height from the liquid-foam interface. The influence of experimental
conditions on liquid film thickness is also discussed.
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Fig. 1. Schematic drawing of experimental setup.
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B EBE L v 7 id - ) LY, HHaKs v 7 D HLRERAR Y 7 (PA-TIA, Cole-Parmar
Inst. Co., USA) %\ ~C 0.5mL/s D—ZHR B CTREH D~BREYEB L, BErEHREBR
Dt BHBEO—HITE FTHOBHH O L he —2 2 — 2 —CHEORECAS L L. %
O, BRXBERBL, BEREEN TS PEHCELLOYBRALLE, UFEr@- @it Tsi
Gy —EEEABRCERL, *0EEYAZ L) - THKEREYRAIE L2, ¥t Tx
DEFWHEBELAE L 7o, BRBEEYHERNT5VBIE-—BEAE»HHX2,3,45K L 6cm
D5 mE LI, SDBSEEOTEEISHIET (BAHYE U-best 30) 12X - T 220 nm i1} 3
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I, e BBFDOHFAR—~A KT » 7 (KSBWEEHTORBOBRIR) THH, REEHEY
BREShERTY LA TAREE, FOXRBCIhboWELYRELTV5cD, RIEkKEL B
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THIZLT % Allen DR, (Allen, 1900) * BE—KEOLARBEHEAL, IbrBEHOKX (AFH,
1958) iIo X - CEMRBLEXT > &, FHRARIKA TR I3,

do=Usd/ [{(4/225)(0L—06)* * ¢°/ (1101)}'" + €6(1—€6)**] (7

Z T, owlg/em®), po(g/cm®), pui(g/em s) ¥ L U glem/s?) X F M FHKEE, 7 ABE, BH
ERIVCEIMEETH S, [BIBH KB TH 5 LORENLD, LOHER d, & JIEKREHREN
WS, & ol
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HFROBA—I P v T I252 % SDBS JRE ¥ H ARIERENKE
Fig. 2 3 KRR E w, OB X HADE( X RDIEROERTH 5. B4« DHEHETITRh-1cR
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Table 1. Experimental conditions and figure symbols.

Key U,(cm/s) Ci(ppm) Key Uy(cm/s) Ci(ppm)
[ 0.0268 8 == 0.0537 8
O 0.0268 10 O 0.0537 10
[ ) 0.0268 15 [ | 0.0537 15
© 0.0268 20 I 0.0537 20
(] 0.0268 30 i | 0.0537 30
A 0.0397 8 @ 0.0666 8
A 0.0397 10 & 0.0666 10
A 0.0397 15 '3 0.0666 15
N 0.0397 20 ¢ 0.0666 20
A 0.0397 30 P 0.0666 30

0.20 v v v -
9o
0.5} ° 4
<o
— o
9 °
g 0.10} o a <
el a u
= o A a
A
0.05} g o A,
a % o
o
I g
0 A , A , "
0 1 2 3 4 5 6 7

H (cm)

Fig. 2. Volumetric fiow rate of liquid in the foam within the column for various feed concent-
rations of SDBS and superficial gas velocities. X axis represents height above the liquid-
foam interface.

B » TRREBEDKREBCBED L TWDZ LRBRITE 2D, F—2onikh FEECI#L T
WA, SDBSEBED A \VI M ATEEENNKBEREC VW 5BEYELTWE0E 0D
RAaLHET 2 L 3ERECH 5, £ 2T, Fig. 2 OfED w, % (2) R L » THEHOHEH~ —
AMET » 7CBEL, ALEZORBEE L STERERLLEONFig 3 Ths, BHEBOE —
AMET o TRRE 2 HPORBEIREELLTVBDT, Wh—LFT » 7HKEVRE, *
DEILBIHREFOKRGTELRECZ LEXERL VB, ZoRMLELALERMRIIKRD
2HTH B,

1) A—FBREETHIUE, Ine,: HO 7 ry FZBIFTERCK->TED, (3) XL TERAL B
KARBIEYTH S,

2) WHPDOEA—-AVFT7 v T EZ2HHBI N AEEEEL H SDBSBEOCHINEETH
5,
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Fig. 3. Axial profiles of liquid holdup, ¢, in the foam within the column for various feed

concentrations of SDBS and superficial gas velocities. X axis represents height above the

liquid-foam interface. . was calculated by eq. (2). Experimental conditions were the
same as in Fig. 2. Lines in this figure were estimated by fitting of the data to eq. (3).

RARREBICB T BBR—NET v T EBKRBIC S A 2R EREOEE

Fig3nidwlhe:Ho e, F AEBEEYTRTZ 0D, (2) ROTHELE->TEFOTH B
ICEE P LENZThBERREETICBI AW AL VT v 7 e(0) B2 CHABRE a % K20
FHTOWCTRDLIENTESR, ATy V2 LERT — 22O TT»THB e(0) &
X U a AT H SDBS BE Cu(ppm) L OBEFRERLIONFigd I VS THB, DL

0.25

0.20}

0.15 r ® " :

X+ )
e

€0) (-)

Opo b
o

0.10}

0051

Co (ppm)

Fig. 4. Change in liquid holdup at the liquid-foam surface, ¢:(0), with equilibrium bulk
concentration of SDBS in the column for various feed concentrations of SDBS and
superficial gas velocities. .(0) were estimated by eq. (3).
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1.0
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Fig. 5. Influence of equilibrium bulk concentration of SDBS in the column on dehydrate
parameter for various feed concentrations of SDBS and superficial gas velocities. De-
hydrate parameter was detemined by eq. (3).

W, (2) RTRbLLAEBFEETFAD A5 2 -2 TERT -2 2 EET3 L, WKOHEWLHE (B
B ARELTCV503FE L RPOFAFEHARE CHY, ¥ AEHEETRCENLHE
(RERE) 2XMLTWAIBERVIENELNTH D, HEKREHCEIABA—A KT »
7 (Fig. 4) wowTik, Co 23 10 ppm LI TOEBE CF - 2 REPTEEL - TV 50, Th
BEDBE T, SDBSREOHAMS e.(0) OHWINRL R EEE TR, —F, B
KERE (Fig.5) © Co iz X 2 FLEHBEAED 5 xR el %2R L, #i 20 ppm L
ToOEERE CRAEHABEOHENFETHLIORLNL, BREFKR T/ NERETELLY

102
1073
£ ﬁ A a
o A A
L a A
w a A
107} a
10-5 . i - . " . N
0 1 2 3 4 5 6 7
H (cm)

Fig. 6. Liquid film thickness, ¢, in the foam within the column for U,=0.0397 cm/s. X axis
represents height above the liquid-foam interface. Feed concentration of SDBS was varied
from 8 to 30 ppm. ¢ was calculated by eq. (5).
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AIG BRI BHE IR 1) B 13K B O BAGRR

Tovs, Tods, W ATEERBOEENILAE RV X e(0) TOWTEFETH B, BiEDE
EENIAFEEEFBEOERBAIERTHL S DT, <20 ppm DK X AREBENEBIC KW
T, WEBFFEALETH Y, RERORERERE L (BRI ERT I ShT), BE
CANDFEE « F—DERI D, REBEESRTTIARDBA—AF7 » 7REBCRELTE0 L
WETE S, 0,>20 ppm DEREEDEEIC B\ TiE, WKITHEHNEETHD, B2l +r—
NMET o TEBY LB ETABEBL TS Lbnb,

Fig. 6%, Bl LA -1 F 7 » 7OBIHAOEY, X v EENICH» D 2T uigken
DEEERE X § TEbLLALLDTH B MAEFE LT, ¥ RZEEEH 0.0397 cm/s DS ITHOWT
DRERDO B H R LT, BHEEF O SDBSBEAINT 5 &, EEENOETICL - T, X bHEHE
RIWEHRET D, BEREACEFAREREZZVTh T~-8 ym BETH -7, LHvL, BB
WO LERT O - T, BARELLTH BHESDBS BEIC\TRAE LB, ABUCEERE
EE&HETER, 6em FACKTR 1 m UTFRETEA T 0L T, & SDBS Bk
WTRELHEOBEE XOBA I ERHT, 6em EH IV TH 4 um DE I F -
TWBZ EMbhb,

SDBS J#IBENBEFR—I k7 v T OBER%

FEEROEESTERIEC R THHBEOBE <-4 F 7 » 7RBBRCEAAYELY F 25 2 &
BB/ ERYTHD, RETMLOLEHOME TREEETRYETEE, BE—-ALFT7T v 7H5%B
VWIHEBEE IO, Thbb, KFEOLIGEKEEL Z LATE S, BANTCEESE
CIDBRMEREB A~ FT » 7OBRER LN Fig T Th %, HishD Cf/C L BMR (¥
TR S HRERE L OW), ThbbfBE FIBSER IR CE LT » o %K E L TR H
EhibhrRLL TS, WA—1 F7 » 7OEA L BRROHEINEERGEAN CHA L HICHIG
LTkD, TOBRMBEIEE»LHEECIE - TELL TS, —EOBEKSHE SIIKWT
X, BA—A F7 v 712 SDBS BEMEVIZE/NTHEH0, BESEERFELEECHRET
HREERYEORMBFRLELTHEMTHISEE LD, LrL, REEHOLEH/ NIVHED

10°
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Fig. 7. Dependence of enrichment ratio, C,/ C,, on liquid holdup in the foam within the column
for various feed concentrations of SDBS and superficial gas velocities.
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BRCECTE, HOBREBECETDL EREREES L IIRRE LRy, BIENTIEEK
%, —H, BERERCSVCTRHEKAREI N THD D, WA— VT v 7H8+5/88L e s,
AWM EBETHEER YT 5 2 EBET A LEND B,

%

B L U580 Qi@ x A, RS ERIRC R TER T A REOKENE
KBRET, Bohied — s 2BERRE T v 2BRTI LI o TR LEREE, UTo
BB,

(1) EEREELLOEE LR —A V7 v 7OBRTIREERIC L < fEoto0

(2) BA—AVF7 o 7LOBEORBIT L LT, BRPOREESABECL > Tk, ¥x
TERREIEEREEY S 2 T b o T,

(3) WHRBEEICETIRA—ANT » 713, 5 SDBS #4810 ppm Ll EoEE s
VT, BEOHMKAL LB EMLIEY, FOERThEEEECIEhoto,

(4) TEKOBIKFREL, #1220 ppm LI FOEBE CREEEFNBECRENFEETHDL DK
ML, SREERR T/ DERETELL D51,

(B) 7 AZEHEEEEA 0.0397 em/s DB E, WHFAEIC KT UK€ L OWEE 23, SDBS
BerdrbbTlT~8 umBETH-72, 6em EH B W TIHESDBS BE T s TR L
PEEE L ym LT EFTRAT 201 LT, BSDBSEBERRWTREIRLESOEIERY
4 ym OEIXFR ST,

(6) AT TH - EREEICHITZ SDBS DBHERIL, WA~V F7 v 7R - TS
BERICHE > TENMLL, SEERCSCTRBREAREIVNTH DD, Bh—1L FT v 7
TaNELRD, BCETHEKYHHETALERS B Z LB LML,

# &
AR O KBHBNTH o — K (RALEEHEL) By EL I,
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