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1. RBRF &
1.1 % #

AREBRTIIAKBEE L TA > TR EE L THERAL 2, FEEERE LT3, BA 4
> HEREIEMR (Lauryltrimethylammonium chloride), A4 A > M REIEHER (Sodium
lauryl sulfate), g4 F+ > HREIEMH (Polyethylene glycol lauryl ether) # X O
RE S HEF| (N-Dodecyl-N, N-dimethylammonio-3-propane-sulfonate) ¢ 4 ¥&3g % FH\»
720 WINDORELHRDFFRENL D H W, I b DFM% Table 1127R7,

FEEHRIKBEBIZ LT OFIETERL 72, T2 b b FHERKTEHEE L 721000ml ) £
277 A 2ARNCFTEED REFEER % AR, KICHEBNEEKE ANTEHR - 7248
T WS (Branson # 2210] B) THAL»RT5FRERBL 2, TLBEBED
REEERIKEREZERT 2358, ULOFETE-2KBEHRE A X7 7222 HWTHE
BAKTHERL TERL 72,

1.2 EREEL

KERIT 7 A N~w s —i (BFHRERES, CBVP-A3RRERAG) TRIEL 2,
BIESE OB % Fig. 1ISRT. B2 AN YT B85 2 2 ERKOE-> T3> 7
NAT—PICBERARHRE L —EITR- 72, ZOBERBOREL TV 32— VRERHS THI
EL, TNEFREHREL L7

TANNIVE =R Fig 112§ & ) RBRKRE»BE7V— 325 Hick-T
KHEBENZHUET2HETH S, TobbLbTHBBRTELEINTAE 7TV — F 2BRIIR
BREIEDT T E, REICHLZERICIED T, ZORKRIC7TV—F25l-k6NDH
&> TRERNEZRET 5, ZOWE TR EL O RIEBICKE BT B,
ZZTHBNZNHEE/NISTH2H, BE7V—MIRET 28EICT € b > T104MH

FRHEFRICHPIT CHEL, S HICEBKPTCISHBERESRSE THRFEL2E, T
I— N5 7T THISHEREAL 23N EHWE, bEDARBZANL Y 7 AERIIHE
THEICHE7V— P EREET L > ERBEKREACEFRERSHETL (Y, RSP
TEZRLIZLDERAW,

Table 1 Characteristics of surfactants employed

Surfactant Molecular formula Molecular mass [kg/mol] Remarks
Lauryltrimethylammonium [CH41(CH,),,N(CH,);] Cl 0.26389 Cationic
chloride surfactant
Sodium lauryl sulfate C2Hzs0S0;Na 0.28838 Anionic

surfactant
Polyethylene glycol lauryl ether  C,,H,s(OCH.CH,),OH | 0.582 Nonionic
. (n=about 9) surfactant
N-Dodecyl-N, N-dimethyl- C,7;H3;NO,S 0.3355 Amphoteric

ammonio-3-propane-sulfonate surfactant
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Water in

[ l=—Water in

1= Water out

1 Aqueous surfactant solution
2 Glass vessel
3 Platinum plate

Fig. 1 Schematic diagram of experimental apparatus

2. RBRRRBIUER
2.1 KORMEEN

FHEEERKERNORE RN 218 2 A1 KNRERS) 2 EBILL TH L LEIH 5, Fig. 2
13 —10~100°C DIREHFHIC BT 2ERBKORERNINIBELZ KL 72D TH B, M
NRDEREERNZBEDHME & 2P L T b, RERTITBEDSTFRN 2 KL
2YNTHY, FFHENEIAREEICEBERLIZT TH LY, S TFORERITEE LRI
HoTHL LY, BRONEL» LRHICHFEBTICET 2HENKRE SFEEHIEN
BEDLCTT A, BRELTRARNZEED EFIC L VETT 2 (Kondo, 1995),

Othmer & (Othmer and Gilmont, 1948) Iz X 1, REEHDBEEIC & 2 25kid kR
TEREINSG,

b
G0 = a(l——TTc—) 1)
DT T RERTRLE, o, b HEBREIC I E BERTH b, % = T Eq (ic £\ T Fig. 2

NDKDRERNNDT— 5 28§ 5 & Fig.3 %82, 22T T RRKDERIEE (T.=
647K) 27z, K& Y Eq (D3 T4, WMELHRZE52, EHELLTe=0117N/mb
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Fig. 3 Correlation of surface tension of water

LFUb =075 /o515,
2.2 FEEERIKEBRORERN

FEEERKEBOKRERN % 5 ~50°C NIREHE TRIEL, #R% Figs.4 ~ 7ITR
T WTFNBHA D FEEERBENRMIC & ) RERNIZEBIT 5, REEERRES
BRI 2/VRE (CMC) Ll ki % ERERANIZIZF—EIC L 5, B A HEBLUHBA
F EFREEERKERNEE (Figs.4, 5) i3 CMC UT O REEEFIBRE T3 RE
DEFEE TIIREIC & 2 A % HEIIEBHHT2 025, CMC AHE TIZIBENEWIEER
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Fig. 4 Suface tension of aqueous Sodium laury sulfate solution
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Fig. 5 Surface tension of aqueous Lauryltrimethylammonium chloride solution

ERAIBKRE MERL>EO SN B, LrL, WiELIES A HnBE (Figs.6, 7) 1213
BENEWIZER UEEFBE TIREERAINE 2 32E@RA»BbN s, ZHREEICS
WP LBEIRHATH 5, F kA 4 >~ HREFBEERAERD CMC 3o b o & H
BLThEN I Ewz rizERICET 2,
2.3 [AEFHEICBIT 2 RmEEEHORER

FEIEER 2 FUKBBRORERADETIZ, REICIEERSRET 2 726 TH 5, Gibbs
DFAERIC L, BAERL ) 0 REEEHOBRER & REHRS & OB KRR
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Fig. 6 Surface tension of aqueous N-Dodecyl-N, N-dimethyl-ammonio-3-propane-sulfonate solu-
tion
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Fig. 7 Surface tension of aqueous Polyethylene glycol lauryl ether solution

¥+ 5% (Nakagaki, 1987)
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p=°+RTInx (3)
2 Tx IREBERDOENGETH DY, KANL JichF£EN S (Watanabe, 1997),
u =+ RTInCs (4)

Z 2T RREEEROREERT > & v, Co l3KBBEP O FEEEFBETH 5,
Egs. (2), @)% &b REEERIORE R & BRENBEFREIFLNS,

___1( do
r=-—pr(72) (6)
—% Langmuir ORFESEAS b SHAE COBMMOBER AR TEI N D,
I kG
0 =70 =1+, (6)

22T O FEEEANC & 2 AT EORE, [ 13EEROEMRERS & O L I3RE
FHEHTH S, Eq. 6)% Eq. GNRALEST 5 L KERMIIARNE %2 (Kondo et
al., 1987),

0 = 60— RTT.In(1+kCs) (7)

Eq. MTHRETEER 2 & F L WEBKOKRERS 0, 13 Eq. (1)TH 2 505, —F Figs. 4
—T26Woh% k512 o3t InC IZEEFR I L VEBI(CMO) MHETIHIZEMBEFRETRL
Wh, 1T CGATREC, CMCIZIEWE kCs>1 L %> T, EqQ (MSRDE iz 572
HTH b,

o= O'o_RTPooln(lsz)
= (00— RTTwInk)— RTT.InCs (8)

ZDORIHES T o 3 InCs DEBOMEE LY H 5 HEMRAER T & BETFEES L 25Kk
bNd, —PlE L CmEREEMER (N-dodecyl-N, N-dimethyl-ammonio- 3 -propane
-sulfonate) DKFEHNHAED CMC FHETH o 5 InC, DEAIE % Fig. 8 1257T, B S
ICEMRBRIBH LMD, ZZIRIBRL T Wwhilho RENEERIK AR OBAIC b R
DRV LNTZ, TN DFER L Eq. @1 AW TH LN REFEEFOBEHMESEE [ #
Fig. 91", H& Y [LIZIEED LIS VEMMER R LN S, B L4 4 >, &
A A EDIRICBEKFEDS L UZ DMEIHMEIZ/NE (5> T35, A A TR
SR O BIC 1k X BARIE A b M2V RO 44813 T 0% B “Fediz TREDLL
2bNDTHS, £72 Fig. WIBEFEHER k NTV=727 0y F THb, WTIOIEH
FIKBBEDBELIZTERTCEUTE 2, 2% ) LIZEENRE LS}, BESEWIILY
INEK B, T2 T LIMITIEA A >, T, &AL A B L UM A 4 > RS
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Fig. 9 Saturation adsorption

DB F DEIR/NE V. TL =7 ZAROBRIZTRRTREINS,

k = ko exp (%) ' (9)

ZZTE RFREEEROBREZANK—, k IZEHTH 5,
Table 212k, Iw ko BLUE DE%EH TR, Table 225\ 5h7% & ) ICFE
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Fig. 10  Arrhenius plot for adsorption equilibrium constant
Table 2 £ ko, I and E obtained in this work
Surfactant T[K]  k[m*/mol] T.x10°[mol/m?) ko[m®/mol] E[J/mol]
Lauryltrimethyl- 278 1.12 9.17
ammonium chloride 293 0.77 9.44 0.186 3832
303 0.77 8.34
313 0.94 6.84
Sodium lauryl 278 2.92 5.32
sulfate 283 2.38 6.08
293 15 6.23 0.0458 9228
303 1.87 5.47
313 1.76 461
323 1.46 4.39
Polyethylene 283 3464 34
glycol lauryl 293 4964 : 3.12 13.7 13718
ether 303 4461 2.9
313 1896 3.07
N-Dodecyl-N, N- 278 56.77 3.31
dimethylammonio- 283 73.95 3.19
3-propane-sulfonate 293 84.97 2.8 9.88 2344
303 59.00 2.94
313 66.77 2.68

EHEROBAE T A NVX—I3IEAL 4 > TH B polyethylene glycol lauryl ether DA H*
—BREGZA—FT—BICIIFE LRREE W2 b, 705 BIRE TOREFEEHK % Eq.
O HL3RHIUL, ZDRETHREFEEFORARZ Langmuir NIEESER Eq. 6)%

HWTRHBZ LD TE D,
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2.4 RERNOFTHEME & ERIME & o ok

Table 2i2RL72 ko & E 8LV Eq. (1), (7), Q% HWIUTH 2I8E T LiEHHIBE
Cs CORBEBRNVFETEL ULNE I L CRHEL2RE RN DFHEE & EHED I
% Fig. 1LICRY., BL2+£30% NBEHBHT—HL T2, COBRENREZELS
FRELTE, 2.3 TRLAEL ) ICHREFEERKERPBRBREEZ2LDTH b7,
EBROREEESIKERIIETERBRR L EZ I Wit tBbh b,

i B
FEEEWEOFEIC L ) KB RENORERNEAZ b IS R EIC FEEER KR
ET2ZLICERL T, KIEMHOWEBEREICREEEDEIRE (HET D2 &9
LT3, TNLNDBRZHATE 2 BFWREREET 2 HBWHR L L TLREEOREIE
B2, SREEEFKERORERACRIZTEERBRES L NEENKGFEE2E
BREYICKRETT B & & bic, Gibbs &R & Langmuir DUEER 2 @A L, SR ORE
ER#HAELUTOER 2B,
1) REEEFAKARENERENZZDBEICED CMC £ TRAL, 20#%IZ2IZ—EL
b, BRCIEA A HEFREEERAKBEED CMC (3 s B L Thi N/ v,
2) BHRERE & RAEFEERIZBENEMC L VBST 5, BEFEERITL =
ABAORITITITNE, BEFZ ANV —DHHI NI,
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Fig. 11  Parity plot for surface tension
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3) REFHEES & URARER285 2 & TCMC UT TORENEE THRERN
HEEDTRETH 2,

4) Eqgs.(1), MEAVWEAEERS L VIREFEEENEL M2 = & TREEHOEDE
1T£30% DREETHETRTH 5,

Nomenclature
a =constant [N/m]
b =constant [—]
Cs =concentration of surfactant [mol/m?]
E =free energy of adsorption of surfactant [J/mol]
k =adsorption equilibrium constant [m?3/mol]
ko =constant [m3/mol]
R =gas constant [J/mol.K]
T =temperature [K]
T. =critical temperature [K]

% =molar fraction [—]

=adsorption of surfactant [mol/m?]
w =saturation adsorption of surfactant [mol/m?]

=surface coverage of surfactant [—]

7

¢ =chemical potential of surfactant [J]

#° =standard chemical potential of surfactant [J]
c

=surface tension of aqueous surfactant solution [N/m]

0, =surface tension of water [N/m]
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Surface Tension at Gas-Liquid Interface
of Aqueous Surfactant Solution
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Experiments were performed to investigate the effect of concentration and temperature of
aqueous surfactant solutions on the surface tension of the solutions. The results are analyzed
by using the equation of Gibbs adsorption isotherm and Langmuir adsorption isotherm. As a
result, it is found that saturation adsorption and adsorption equilibrium constant, where both
are calculated from surface tension data, decrease with increasing temperature. Further, the
adsorption energy of surfactants can be obtained from Arrhenius plots for adsorption equilib-
rium constants. Using these results, the adsorption of surfactant can be obtained from the
equation of Langmuir adsorption isotherm, and the surface tension of aqueous surfactant

solutions would be estimated with +309% accuracy.



