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Abstract: Interfacial tension between liquid soil and aqueous solution of surfactant can be obtained from theoretical
and/or experimental data. A correlation factor(r) between adhesional work(Wac) from theoretical interfacial tension
and detergency was 0.93 at lower concentration(0.04% ) and 0.37 at higher concentration(0.1%) but a correlation fac-
tor(r) from experimental data(Wae) was 0.95 and 0.84, respectively. There were, therefore, good correlation between
adhesional work and detergency at lower concentration but large deviation between them from theoretical and experi-

mental one at higher concentration.
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Fig. 1. Representation of the free—energy change
process for soil removal.

>d3tst, Al59 A 3%, 1994

o] AfevAZ UehlA Hd, G.(State 294
Aol 1A )-G, (State 1614 AHfollidA}) ol 8].
State 104 AR AoliAs] & G& UAY
2xsh A4 dhstel ohest o] FojAlck.
Gi= ATt Actor (1
(S : substrate, O : soll, a : air)
7|43} oo AEFAA
Ayl 299 3719 AEHA
7o A AT 2 9de] AW
Yo - 2R F719) AWAY
o714 B7sk o.d7be] ARAEL
o8 2 A(D)E that 2ol Aedd
G1=Aso7'so (2)

¢ 3 A7 F(state 2)
AR A gAUA G, Fe b o,
GZIAsoysw+Asoyow (3)

FAE 4 9

Yo s 7145 ARBAA AR AR
Yoo ! 2505 ARBAA SGA2e) AR

Sk Fetaa s FRA(W) (AGGAG)

o|n g
W= AG=Au(Yewt You7s0) 4)
o714 39 z7E SHA R ¥
W.=AG=YutTw 7w (5)

ojch.

of o ods} AARAA 45t AW
& AH FAo] 7hs3ht, 713 —’F%"—‘i(m) 714
3 soil(y,) 9] ARAHLE AH FAe] &
FowkesAl & o] 43t x4 9 Yol =8 AAA
Biato] AEno AAAHE EAHY 5 Ut

Fowkes2lo| A= EA[7be)] 2H4-8l #3¢] A
TS B ARs 34 AR e 2uR

2.2 vehfx gt
r=r'+y’

7y 9 ERAEE JMAE 209 EA7Y AA
A (r,) e Yo 2 thg3} o] vehiich

71z=71+7’z“2271 ¢
(Zy-rn EA], 2719 a9 §)

o]71¢ FowkesA o 2 vehild



Alkyl Polyglucoside A& A ¢] 2|4 75 #3 A7 (1) 459

e

1
Ye=rtr20r -y D -2(r0- 79 (6)

£ 1, 27} w54 o2 (°=0)
Ya=ritre 2ty 8
o|Z& LAt AA Aozt A
ra =yt n2(rl- y 7 (M
A 2 fd A 2ol AFA 48 A
HYL o]F gltbd, Young—DupreAle] 2]s)
7s=7s. 171 cos B (8)
A (8)% (7)ol dilsha
z

Wo=r(1+cos@)=2(rd-rD) 9)

(33 $gd 94 y(1+cosh) =W,o]c})

cosh=2(r 7 ()7 71 (10)

Eﬂa
z2 a4, 7|27 2RE BSA Al Bk AR
(D& 78 71 gl £4 AR 24 AR F
Alell 223k A](11)& Extended FowkesAlo]z} k).

1 1
ns=rstn-2(r1 -y 9?2y - y)? (1)

Wa=n(1+cosf) =[20r L - y)TT+[20rE - 72)?] (12)

L L
Temrt 74 (e -0 (13)

D= | (WIWTO T, |

| T~ (D |
v = ¥ (14)
| - S, |
r's= 2
DA AT BRRES 1 P YRS
= 23F AAG, Do r1Ate FEte 5
stof A(14)o] e, LA BAY H3 34
e Qg 4 9.
oot ol 29 H¥, 714, ABRAA 449
A A37e olgstel 2t EHgdst oA
FH RS 79 F 29/7)0, eq/ARNBAA 5

1l

oX o Kl

A 4 7 /AREHA 55 Aolel A4 A

& A5 ARGAAY TR w2 AF

/ﬂ_
o 223 d& 78 5 glenE T 297
3
alwd 5 9lg

w
uz
ek

3.1 27 Y A
3.1.1. Aj2

H]2A 8w A}8-8F n-dodecane, n—tetradecane
I oA R o7 AM43 palmitic, oleic acide Al
drichA} §5A1ekE, F9stde) 18 Fejae 55T
FLzolAl Ao v vhor AF wEFLE
AAANZ F 283t on, 1A A 1EAHE
%A3}7] $i8ke] AR ethylene glycol(¢]3t EG),
polyethylene glycol(Hd -22}ek 400; o¢]3 PEG-
400)-& Junsei ChemicalA} 1§ A|ek& AF4-344ic).

3.1.2. AHENF

APG o]9joll & Agel 149 559 AWZAA
2 polyoxyethylene(7mole) lauryl ether(LA-7),
polyoxyethylene(12mole) nonyl phenyl ether(NP-
12), linear alkylbenzene sulfonate(LAS), sodium
polyoxyethylene(3mole) lauryl ether sulfate(SLES),
sodium lauryl sulfate(SLS) So]n, o] Z Ao
2 AzE Zleg 43L& Mo AAsA A}
L3591, ol59 Exlg, £E 52 Table 13 7

| 2 7
Z2) & Tensiometer(Kruss Co. Proces-

Table 1. Molecular Weight and Active Content of
Surfactants

Molecular ~ Active
Surfactant Weight Content Maker

APG 0814 440.6 >70%  Lucky Co.
APG 1214 464.4 >70%  Lucky Co.
LA-7 502.4 >98%  Korea Polyol
NP-12 734.1 >98%  Nihon Emulsion
LAS 344.2 >96% Lucky Co.
SLES 420.4 30£2% Sun Jin

SLS 288.4 >90%  Sun JIN
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Fig. 2. Contact angle of sessile drop.
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Table 2. Interfacial Tension of Oleic Acid by Sur-

factants (25°C, dyne/cm)

urf
Conex

0.04%| 057 0.61 2.92 | 2.95 |4.05|5.2314.44
0.1%| 0.63 0.63 1.35 | 1.72 [0.92|1.56 | 2.92

APG0814 | APG1214 | LA-7 |NP-12|SLES| SLS [LAS

Table 3. Surface Tension of Paraffin

(T=25TC)
n-alkanes |Contact Angle(degree)| y3(dyne/cm)
Dodecane 25.3 24.7
Tetradecane 26.3 25.4
Average - 25.1
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4.2.3. DA B BHE =X

Palmitic acid?] H&4He 73 gelaz) 7o v
o dglw, f2AlHe Slide cover glass(1.8x
18.1x0.15mm) & Ap&3}+4ic),

LFdA X524 E-EG, -PEG 4003 EG-
oleic acid, PEG 400-oleic acidZ o|43}e] H&22}&
T A(13), (14)F o143t nANs) 3%
g 9 a2 FHRES AEsgdd. 283 a1 g

Table 59 viebujgict.

4.2.4. A|HHD 2atgl ME

ARA /el AE, AFd/ed, 29d/helAH9
AL dF 2 aAANE FAAE(y)H 2
TAAE FGS & AADA dglstd Tz,
o]&% A(5)el digdsle] RFA(Wa) & 299 A
71°“ %‘ﬁfﬂ' dg A& o] gh& Wac(Work of
Adhesion-Calculation) 2 #7])8}% Table 6o v}g}
Act.

A7) AA/ede] AW (r.) e A7 7
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Method(2 ¢ 3.3.1 #2)2 A3l o] 9=
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Table 4. Surface Tension and Its Component of Liquid

(25C, dyne/cm)

o Contact Angle v 7t 14}
Liquid 0.04% 0.1% 0.04% 0.1% 0.04% 0.1% 0.04% 0.1%
APG 0814 - 50.8 49.6 21.9 22.0 6.8 6.5 28.7 28.5
A | APG 1214 52.1 48.8 21.9 22.3 6.8 6.2 28.7 28.5
¥ | LA-7 53.7 44.5 21.0 24.2 7.8 4.6 28.8 28.8
Z | NP-12 60.1 58.9 25.3 25.9 8.3 7.7 33.6 33.6
A | SLES 68.8 67.4 19.5 19.8 13.0 12.4 32.5 32.2
A | SLS 794 59.4 14.4 23.5 17.7 8.7 32.1 32.2
LAS 711 62.1 18.8 22.4 14.0 9.9 32.8 32.3
" EG 86.9 25.0 22.5 47.5
;H PEG 77.7 30.5 15.1 45.6
Water 108.3 24.6 47.9 72.5
Soil | et 29.0 28.4 0.1 28.5
acid
Table 5. Surface Tension and Its Components of Solid
(dyne/cm)
. - Contact Angle § )
Solid Liquid (degree) Ys Ys 7s
Water-EG 375 43.3 62.5 0.2 62.7
Palmitic Water-PGE 400 37.5 48.7 50.5 0.002 50.5
Average - - 56.5 0.1 56.6
EG-oleic acid 43.3 39.8 20.2 15.4 35.6
Glass PEG 400-oleic acid 48.7 39.8 20.5 11.0 315
Average — - 20.4 13.2 33.6
Table 6. Work of Adhesion of Oily Soil on Glass(calc’ d)
(dyne/cm)
. Yow Tsw 7so Wac
ol Surfactant 004%  01%  004%  01% 004% _ 01%
APG 0814 5.7 54 1.1 1.2 11.7 -4.9 5.1
APG 1214 5.7 5.1 1.1 1.3 11.7 —4.9 -5.3
Oleic LA-7 6.7 3.5 0.7 2.4 11.7 —4.3 5.8
Acid NP-12 6.7 6.1 0.8 1.1 11.7 —4.2 —4.5
’ SLES 11.7 11.0 0.01 0.02 11.7 0.01 0.7
SLS 17.5 7.2 0.9 0.6 11.7 6.7 -3.9
LAS 12.7 8.4 0.04 0.3 11.7 1.0 -3.0
APG 0814 13.3 13.0 1.1 1.2 20.0 -5.6 -5.8
PAG 1214 13.3 12.5 1.1 1.3 20.0 -5.6 6.2
.. LA-7 14.7 10.1 0.7 24 20.0 4.6 -7.5
Palmit;
| NP12 12.8 119 08 1.1 20.0 6.4 -7.0
SLES 204 19.7 0.01 0.02 20.0 0.4 -0.3
SLS 29.0 14.1 0.9 0.6 20.0 9.9 -5.3
LAS 21.9 15.8 0.04 0.3 20.0 1.9 -3.9
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4.3. MAE Test

AuFAE ¢ ol th APGS} elAdZAdAeke] A
AEE 3.3.39 Wg o]8sto] nwalgo).

APG grade % A& o] 48 APG 0814, APG
1214 2%} W8 AWEAA 5539 Bz 4
H HAE Table 8o, AAY v Testyd ZAz:
Fig. 3ol vietuiglct.

Table 7. Work of Adhesion of Oleic Acid on Glass(Experimented)

(25C, dyne/cm)

You Yew Wae

Surfactant 0.04% 0.1% 0.04% 0.1% Ve 0.04% 0.1%
APGO0814 0.57 0.63 11 11 11.7 -10.0 -10.0
APG1214 0.61 0.63 1.1 11 11.7 -10.0 -10.0
LA-7 2.92 1.35 0.72 0.71 117 -8.1 96
NP-12 2.95 1.72 0.80 0.80 11.7 -8.0 9.2
SLES 4,05 0.92 0.01 0.01 11.7 76 108
SLS 5.23 1.96 0.04 0.9 11.7 6.4 88
LAS 4.44 2.92 0.02 0.04 1.7 7.2 8.7

Table 8. Detergency and Work of Adhesion with Oily Components on Glass at 0.04, 0.1% Surfactant Solution

(Oleic acid : Palmitic acid=9 : 1wt.% )

(25C, dyne/cm)

Wac(calc'd) ‘Wae(Experimented) Detergency(%)
Surfactant 0.04% 0.1% 0.04% 0.1% 0.04% 0.1%

APG 0814 5.0 5.2 -9.6 9.6 90 93
APG 1214 -5.0 5.4 -9.6 9.6 87 90
LA-7 4.3 -6.0 -7.8 9.4 83 87
NP-12 4.4 4.8 -7.8 -9.0 83 85
SLES 0.05 0.7 -6.8 -9.8 70 87
SLS 7.0 -4.0 -4.8 -8.5 65 84
LAS 1.2 -3.1 6.3 8.2 70 80

~
i

Detergency (%)

Surfactants APG
0814 APG
1214 LA—7N

LAS
Fig. 3. Detergency for fatty acid soil by surfactants.

o] 13& B 01% %54 Samplegtel] A&
3 Aol AR APG, SLES, LA-7 o] 943
A vebdar, 3 52(0.04%) 04 AARe APG
0814=APG 1214>LA-7>NP-12>SLES>LAS>
SLS o2 el

2 AAYR Fadne] AAE A 2A
Oilzh AAAL] ADRY (r..) & HAEZ4L 043}
o 2(11)el 93] 7% 3} Spinning Drop Meth-
odE o] &3l AEF AwgHzloz T3 2izg
=(Wa)o] gxof we} & zo)7} g}

a4, A ARBAA s AFY 2
$RU59) ARASE Table 89 data o] bl
AArst gl o n] Table 9o v}e} i),
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HA AEw(0.04%)4 ARFH] Adge =
7 Batol(Wae)d A&ghow 78 F3d(Wae)
o] AA AAH Az o}F AT A}A ]
& Table 9, Fig. 43 Falo] & & slx, ol A
A r= 27 093, 0.950]c}). &, Wac gho] Wae
3t #owl SLS samplee]A] deviationo] A
vehd o] EAejt.

A5 (0.1%) N AA ARHg F2dte] &
A= Table 9, Fig. 59 vhehd uksh o] Wae 3t
AR AREge] ARAS(r)7} 0842 2 A%

Table 9. Correlation Factor between Detergency
and Work of Adhesion(Wa) at 0.04, 0.1%
Surfactant Solution Respectively.

Work of Adhesion Correlation Factor(r)
(Wa) 0.04% Conc. 0.1% Conc.
Wac 0.93 0.37
Wae 0.95 0.84
-10 100
-8 90
-6 B 80 _
g S
g2 60 &
20 50 §,
5 2 40 8
R Wac(r=093) 1204
—0— ac(r=~u.
Z 61 ——Wae(r=095) 120
8| —— Detergency - 110
10

APG APG LA-7 NP-12 SLES SLS LAS 0
0814 1214

Fig. 4. Correlation between detergency and work of
adhesion for fatty acid soil at 0.04% surfac-
tant solution.

—10— S 100
-8 \’,\\ 90
g -6 80
3 -4 0 R
= -2 160 %
<0 50 &
S 2 &0
] 40 5
5 4 130
B gl Wac(r=0.37) a
gl | " Wae(r=084) 120
10 [ { —=— Detergency 10
APG APG LA-7 NP-12 SLES SLS LAS 0
0814 1214

Fig. 5. Correlation between detergency and work of
adhesion for fatty acid soil at 0.1% surfac-
tant solution.
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