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Study on Interfacial Properties of Environmentally
Friendly Non-ionic Surfactants to Replace

Nonylphenol Ethoxylate Surfactants
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Table 2.1 Examples of Various Types of Surfactants

Surfactant Type Examples
RSO; M’ (Sulfonic Acid Salts)
Anionic ROSO; M' (Sulfonic Acid Ester Salts)
RCOO M' (Carboxyl Acid Salts)
o RNH; X (Amine Salts)
Cationic _— -
RN(CHj3);3'X (Quaternary Ammonium Salts)
Zwitterionic RN (CH3):CH,COO" (Alkylbetaines)
o RO(CH.CH-0),H (Polyoxyethylene Ethers)
Nonionic
RCOO(CH-CH-0),H (Polyoxyethylene Esters)
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A28 w=di s o 54 E(NPE)

1940@ o] =<9 = (nonyl phenol, NP)o] 2 A= Ao, NP
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Figure 2.1. Structures of estradiol and NP.
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Table 2.2. Summary of Some Surfactants to Replace NPEs

T+ 54
9l
3 b
A = i@l
1l =L U]‘
7 H = Lz o
=& <
53 24 S =4
F | =P
5= A] A]
2 =7

Linear alcohol ethoxylates (LAE)

[C9-11 Alcohols, ethoxylated (6 EO)] VL| N | H| H L

[C12-15 Alcohols, ethoxylated (9 EO)] VL

Ethoxylated/propoxylated alcohols
[Oxirane, methyl-, polymer with oxirane, | L N M| M L

mono(2-ethylhexyl ether); Ecosurf EH-9]
Alkyl polyglucose (APG)

[D-Glucopyranose, oligomeric, VL| N | M| M L

decyl octyl glycosides]
Linear alkylbenzene sulfonates (LAS)

[Benzenesulfonic acid, C10-13-alkyl VL| N | H| H L

derivs., sodium salt]
Alkyl sulfate esters (AS)

. VL| N | H | H| L
[Sodium lauryl sulfate]

Alkyl ether sulfates (AES)
[Polyoxy(1,2-ethanediyl),

alpha-sulfo-omega-dodecyloxy—,
sodium salt]
Sorbitan esters [Sorbitan monostearate] L N H| H L

# 'VL = Very low hazard’, 'L = Low hazard’, 'M = Moderate hazard’, ' H = High hazard’, "VH
= Very high hazard’, 'Y = Yes’, 'N = No
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Figure 2.2. Surfactants in solution.
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Figure 232 AHE&AA 27 HAZ8 o A
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Figure 2.3. Transport mechanism of surfactant monomer to the
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Dil-in-Water Water-in-0il

Figure 2.4. Types of emulsions.
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Table 2.3. Characterization of Macroemulsion and Microemulsion

Macroemulsion Microemulsion
Droplet size 1~10 pm 0.01~0.1 pm
Appearance turbid clear
Stability unstable stable
Formation mechanical energy spontaneous
Additives surfactant surfactant & cosurfactant
Interfacial tension 1~10 dyne/cm 0.1~0.001 dyne/cm

E) 52 lower phase pE + excess oile] H& S o] F

Ak, 2=7F F7Fgkel wel AaAdo] FUhste] iR F oAM= W/O
UE %2 upper phase pE + excess water’} H&H S o] F& 2740] EA)
stA Aok 183 1 Aol 2% 9o A= middle phase pE©] excess

oil, excess water?} HES o]F = 34 ddo 2 EA3H, 53] middle

phase pEo] #& Hy9o &3 odS X35t S W &5 A
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O(EO)nH

(adn =6 b)) n=12 (c)n =18

Figure 3.1. Molecular structures of aryl surfactants (styrenated phenol
ethoxylates, SPEs) ; (a) SPE surfactant 1(A), (b) SPE surfactant
2(B), (c) SPE surfactant 3(C).

OR; OR,

| |
|

O(EO)nH

(d R =2, R =6,n=10 (¢) Ry = Ry = 6, n = 10,
(f) Rr =R, =8 n =38

Figure 3.2. Molecular structures of non-aryl surfactants ; (d) Double

chain surfactant 1(D), (e) Double chain surfactant 2(E), (f) Double

chain surfactant 3(F).
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O(EO)nH

(g n="75 () n=10, () n =13

Figure 3.3. Molecular structures of silicone surfactants ; (g) Silicone

surfactant 1(G), (h) Silicone surfactant 2(H), (i) Silicone surfactant

3(D.
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pendant drop tensiometer (DSA 100)E AM&3t o™, 25°ColA 1 wt%
AHEAGA =84 30 uLE A A2 3 slide glassol dropdt #FH-E 10
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AN4g 23 2 1@

NPE thA] Hleo]2 AAZgA ] EA4Z5H 4A, 7I& NPE AWAZEA
Aol AW =4S Table 4.1 YeEFH At NP8~10-2 nonyl phenolol
EO7} AWEgA 2, CMCE NP8
5.20x10™ mol/L, NP9 7.17x10”° mol/L % NP10 7.72x10° mol/LZ %
e st om, CMColAel ®™A=2 NP8
29.77 mN/m, NP9 30.32 mN/m % NPI10 3059 mN/m= =A%t} 1
wt% APEAA FE&NI n-decaned| HIF AWML 7zt
mN/m, 0.319 mN/m % 0439 mN/m=Z A= eH, NPE AAEA A
T EF 10 min W2 FY AWGE ol =dstdnh. AFNE F A
F 97 dro] & wj7bx] A A 700~800 sE FAEITE 24 h

o] F3AF Elue 55~60 %E 7153k

b7y 8,9, 10 molee] H#-7+4

FEOA whol A&

o

Table 4.1. Summary of Interfacial Properties of NPE Surfactants

(mol/L) (/o) (mN/m) (sec) (%) °C) number
NP8 5.20x10°° 29.77 0.239 8154 55.45 <0 12.3
NP9 7.17x107 30.32 0.319 7187.8 58.41 <0 129
NP10 | 7.72x107 30.59 0.439 731.2 60.39 20.9 13.2
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1. CMC Measurement and Static / Dynamic Surface Tension

4% NPE tlA] vlo] AASAA 9Fol diste] AHGHA &4
o Tk W& RFWAHS FAHM e, 1 A3E Figure 4.1°] e
WAtk Figure 4.1 (a)~(c)= oFEA AlWEAdA 35 (A, B, O)2 FXq
e xuds agizen, CMCE (a) 1.19x10* mol/L, (b) 1.94x10*
mol/L. & (¢) 6.65x10* mol/LZ &4 o, CMColHe ®wHe
(a) 3895 mN/m, (b) 40.06 mN/m % (c¢) 4391 mN/m= <A A
NPE AASAGAS] #Hut A4 SAEJY. Iz ow AHSAH A7}
S71/& AW wgd w, AWLIA] EO E57F S7tETE AW
A RFHEY] F97F Frkete] A A GREAVE AWl =8
9 7] (packing) ¥ ™, wlo] Al Aol o9 CMC ¥ CMColAe] A%
Hol F7MeAl |H16,17]. AAZ ofdA AHEHA A~Ce 7
EOE + 27 6 mole, 12 mole ¥ 18 mole®, EOF-7F &571 =
CMC % CMCellM ¢ HFee] Srtet= A3E YEhATH
Hold A AWMEAGA 35D, E, F9 s&dd wE xudy Adds
Figure 4.1 (d)~ ()] vEtHlem, CMC 2 CMColA e xwHgsy A
= (d) 9.07x10° mol/L, 33.76 mN/m, (e) 9.50x10 % mol/L, 24.75 mN/m,
(f) 1.21x10° mol/L, 2852 mN/m=z =A<t} EOF7} 47}

St B A%, 254 AEd 2ot FATFE AUBHA dRALe

rlo

A & &8 (hydrophobic interaction)el] ]3] &7]/& AWl =" s}

Al sfH st R AaAasHol Hojum, CMC %3 ZFAgHI8].

dejfew, Fo A5 s delrk o &3, EOF7F =57 ¥ 2 E
=

Bt CMCollA o] s ol Al vetut=dl, ol AMIdA ] &
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X oA] Figure 4.1
(@)~ @Ml YeEtW o, CMC 2 CMColAe mwHadde (g) 141x10™
mol/L, 20.19 mN/m, (h) 1.46x10* mol/L, 20.62 mN/m, (i) 2.17x10*
mol/L, 2158 mN/m=, EO§7} &57F 571 +5 CMC 2 CMCe A <]

EWgH o] F7hshe A9 R,

9, 2ol F2A0] els) ANE NPE oAl ol ARBAA 9%
ol ¥ 9 F= I' @ o £ (a) 3.84x10° mol/m? 4321 AZ (b)

3.04x10° mol/m® 5463 A% (c) 142x10° mol/m? 117.04 A% (d)
2.03x10° mol/m? 8155 A% (e) 221x10° mol/m? 7513 A% (f)
3.08x10° mol/m? 53.85 A% (g) 3.29x10° mol/m? 5041 AZ? (h)
3.06x10°% mol/m? 54.22 A% (i) 2.37x10°% mol/m? 70.07 A=, EO%-7}
Bt Aadss, S A5 AMEY ZHort FEFE ANIAA
BAEo] F7)/8 AW Hu A dAse i 2 4 9 F2 o0
5 7HAH[18], o1& AF dyets XS & 5 U

NPE Wi wjo] AWSAA 9Fo w4 IFHAHS maximum
bubble pressure tensiometer (BP2)E o] &3}o] =433 2™ Figure 4.2
(@)~ YeEllAth AoolA & & dRo] AUMBAA 952 AU
BAC sE7F SEFE ZugEoe] it AEFS Bk $4 %
WAY T2 E x=9 surface agex 10 ms~50,000 ms W= 7] E7}
= F Az Ade] AAEE AFS UeEAY. Figure 4.2
(a)~ @A CMC o]Hde wZdA+= surface age’} S7Fstel] wat X%

)
)
i
1B
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Figure 4.1. CMC measurement of surfactants using a Du Noilly ring
tensiometer at 25°C ; (a) A, (b) B, (¢) C, (d) D, (e) E, ) F, (g) G (h)
H, () L
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Surface Tension (MN/m)

Surface Tension (MN/m)

® 1.19 E-6 (mol/L)
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Figure 4.2. Dynamic surface tension of surfactants using a maximum
bubble pressure tensiometer at 25°C ; (a) A, (b) B, (¢) C, (d) D, (e) E,
() F, (g0 G (h H, @) L
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2. Foam Stability

AES ALGE &2 AA, 7A=8EE 237], EOR (enhanced oil
recovery) & 2] ol AREE AL lom, 53] AsF ML Zh Al
t} g8k 7Igke] 2] el AHEAAAL] AE HAES sk
A& wg F88th dE ol AR, FHAA S A

713F &t 1A Holok s, FAEY HAEX AR ARRHE A 7Eo] &
&2t 33 HojoF FrH21].

AFES Ao r s, T8 2 BA
(foam film)©| wi<=(drainage)ell ©lal S ETh & THAS 713 AWEA

A= Aol = A e BAste] =R AEE vbea, Wi

rlo
~
)

ry
ot
ul{f
o
t
[40
=
)
u
i)

]
oot o Ee ZUAES Uit Ao AHGAATL
unstretched region®l 4] stretched region®. = itsto] A% whe] FA7F &
A= o2 Qlal AFo| SkAstETh ojw] w FAY HHE AW A
s mE FuAE A 717l HldEbsty] wimel EHAE V&7t
Ui ZAY #ow 5 gudY daso] Uy AU Ao AEeHrt
o o e 22].

Foamscan &A1& ©]&3lA 1 wt% AWMLAA F8&He] AFE =4S 54
stlom, Figure 4.3 (a)~Mell WYeERASATE Hdl AFF 160 cm’ol A

AFFI7L 80 em’® AAEAS W] AR SAste] AL S Bt
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sttt WA ofHA AALAAA ] A AFRTIE (a) 155961 s, (b)
7hgkel whel FAsh o] o
E57F S E AMEAA L B4}
g WA (0)o] T7F8te] =g FS shy] wiitolw, o] HlolE Al AW
244 35D, E, F)o] 237} (d) 106664 s (e) 108842 s () 13580 s <
A3 dAg A A AWMgAY AFTIE (g) 65757 s (h)
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Figure 4.3. Foam stability of 1 wt% surfactant solutions using Foamscan

at 25°C ; (a) A, (b) B, (©) C, (d) D, (e) E, () F, (g) G (h) H, () L
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3. Emulsification Index, Elx4

38 4L 5 wt% AWAA 5893} n-hexadecane

%
nwm Ao] shFulA

T4 7 £ °]&°l 3 min7t E§3 F 25°CelM 6 h, 24
h, 48 h, 72 h &+ #Zslo] Gl o= odde dol& AT .=
Azt o, A= Table 4.2 2 430 YeERITE WA NPE AW

dAIe] 24 h $9 F3AF= 55~61%% HEEow, ofdA AL A =
23~46%= NPE° Hlef w2 f3tes HAAvh h, njopd A 3 Ae) 27
AdAe] 24 h 9] #3432 53~58%% NPE®F FAMeH gk Hith
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Table 4.2. Emulsification Index of NPE Surfactants

Emulsification Index, EI (%)

Time (h)
NP8 NP9 NP10
1h 66.00 69.00 '71.00
6 h 58.00 67.00 61.00
24 h 55.45 57.42 61.00
48 h 55.45 57.42 60.75
72 h 55.44 58.41 60.39

Table 4.3. Emulsification Index of Surfactants

Emulsification Index, EI (%)
Time R ol wjorel ] FEEY)
A B C D E F G H I
1h 60.19 | 50.49 | 33.01 | 63.36 | 81.19 | 81.19 | 72.00 | 77.00 | 59.00
6 h 57.28 | 4951 | 33.98 | 56.43 | 64.36 | 64.36 | 56.00 | 62.00 | 55.00
24 h 46.60 | 44.66 | 23.30 | 53.46 | 54.46 | 54.46 | 55.00 | 58.00 | 55.00
48 h 45.63 | 42.72 | 23.30 | 21.81 | 1849 | 12.87 | 54.00 | 57.00 | 55.00
72 h 44,66 | 3883 | 23.30 | 6.24 | 990 | 495 | 54.00 | 57.00 | 55.00
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4. Dynamic Interfacial Tension

SDTE 3l 1 wt% AHSAA 8 N3 n-decaneAto] o] A|Zte] wE A
WS S43st9eH, Figure 440 YeEATE ofd Al AHEAIA 359
By AREEL 27 (a) 1.430 mN/m, (b) 1.892 mN/m, (¢) 3.259 mN/m=
NPEel Hl&l] =2 ks 7FAm™, o} A AddA Aol 49 B3 AWdd

frol wgets d 20 min A%sb 22590 HloldA AWBAA 3%

A AEZEA Do B9 NPE A& Aol vls] =2 AWEHS 71
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ox
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2 FAH%eH, 53] G H F AH&dal= NPE AH Aol vls vt

< AW % 7P, Fdol =gk AlRM=E 10 mine] A AR A
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Figure 4.4. Dynamic interfacial tension of 1 wt% surfactant solutions

using a SDT at 30°C ; (a) A, (b) B, (¢) C, (d D, (e) E, ) F, (g) G (h)
H, () L
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5. Phase Equilibrium

ARLGA FE&HI oA ARG gy AWLA, =, LYE o] Fo
Z 3EA F Ase 2 #Ho] At Lower phase nE + excess oil 2%
o] ZA15l= 949 2 middle phase ptE¥} excess oil, excess water 34°] &
A= FANAM = Algbo]l Aol wet e do] mlo]aRoH ol 7135t
), 53] 34 dJolrs Ldo] mfojaRo|E A wE L2 7HE-3E 7|
o] 7R wre AAE ke zteth dE24 2% upper phase nEd}

ZA8h= 24 Ao A= ¢olo] mfolmo|H A 7183}

n-hexadecane) ¢ #3B|E 1112 A %] FHUME o] &3] 3 mni+ &
& 5, 01°C ®e7HA 2=-o] 7b
50°C, 60°Coll A A gSs F3ste] Ho meet e e] o] 9 T
£ #Esitk WA Table 44 YEbd NPES| 4% & Ad, e &% %
AolA ode] FF/oF A#glo] O/W pE 22 lower phase nE + excess
oil 24 4 9(2)°] EAtT). Table 452 NPE thA] H]o]2 AW A A
Ba A3 5 vletEA AUEAA E, Fe 25°C~40°C7HA s 2o F7ol

olr
ot
o%
rfo
BN
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oL
K
N
&
o
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o
S
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o] E, FR¥ 34 9ol vehgrh olu) nlobelA]l ARG A E Fol 2%
4 RzZARRAAE Br4se] vlolAzelWAS AR 60°CHTE W
2Eold 34 gojo] FYF & Avh AYEA AWBAA G He BF

25°C~50°Cell 4] n-decane¥} 37 o] &3}, 60°CollA n-decane %
BE %94 n-hexadecaned} 274 o] YERgth AE|EA AHEAAA
[ BEE 2=xdddA 249 Fwet daglol 24 F9el deutth
Figure 4.4. (g)~@°l yebd A& AMSAA G, H, 18] AW 33t
30°Coll A n-decane¥} HHE A3 wjas] B 24 o] yEhd A
A 1 2} 3% g o] Yehd G, HO AW Fhel o @2 AL g9l

=L >~
EIgEail|
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Table 4.4. Phase Equilibrium of NPE Surfactants

25°C 30°C 40°C 50°C 60°C

n-decane 2 2 2 2 2

NP-8
n-hexadecane 2 2 2 2 2
n-decane 2 2 2 2 2

NP-9
n-hexadecane 2 2 Y, 2 2
n-decane 2 . 2 2 2

NP-10
n-hexadecane i 2 2 2 2
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Table 4.5. Phase Equilibrium of Surfactants

25°C 30°C 40°C 50°C 60°C
n-decane 2 2 2 2 3
n-hexadecane 2 2 2 2 3
n-decane 2 2 2 3 3
n-hexadecane 2 2 2 2 3
n-decane 3 3 3 3 2
n-hexadecane ! Y\ 3 3 2
n-decane 3 3 3 3 2
n-hexadecane 2 2 3 3 2
n-decane 2 2 2 % 2
n-hexadecane 2 % 2 2 2
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Table 4.6. Summary of Interfacial Properties of Surfactants

Surface Contact Foam Cloud
M s T Bl sle | Stabilit int

ension ngle ability | poin
(mol/L) (mN/m) | (%)

(mN/m) ° (°) (sec) | (°C)
of Al 1.19x10™ 38.95 1.480 46.60 38.0 1559.61 <10
2 | B| 1.94x10™ 40.06 1.892 44.66 32.2 684.82 78
Al

C| 6.65x10™ 43.91 3.259 23.30 284 554.89 95

H I D] 9.07x10° | 3376 2278 | 5346 | 35.1 1066.64 85
o}

E| 9.50x10™ 24.75 0.326 54.46 36.0 1088.42 42

i)

A | F| 1.21x107 28.52 0.223 54.46 454 1358.0 <13

21 G| 1.41x10 20.19 0.152 55.00 11.5 657.57 <4
2]

- |H 1.46x10™ 20.62 0.148 58.00 11.1 1331.12 40
AT 217x10™ 21.58 0.822 55.00 8.4 1330.29 66

NPE thA] Ho]2 AH&gda] 9% AHEA 232 Table 4691 LHERH
Atk HE2E2 A o)k A W] & (wettability) & B7lss A

=2 AFSEM[25 26], I EHQ slide glasseb 1 wt% AlAEA A =8

o] WEZe ZAY At ofYA, wlopEA, HLRA AWMBYA wF
EO /b 57} 371855 5zlo] gasiglon], ot Eugdy gol 7
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A2E ARG A L] AMEH Test

NPE thA] Hlo]2 AHdAA o] AAHS dotrr] s Fh=o7FAH
ATLEKATRDAA ABE APdES xgetdvt. NPE thA Hlo]= A
A 9% T FUAY H AWFHe] w2 vlopdA AALAAA 3F
(D, E, )7 A2 AHEdA HE $RELZ dA4s9 e, NPE
AW AZE EOZF 10 mole F7Fe NP10S AF&3tlar, AA A7 A
2 AR HEE Hlo]& AWEAASl PLA (polyoxyethylene lauryl ether)
9} o] AHEAA el LAS (linear alkylbenzene sulphonic acid)2] Al
49 Ade ¢ st A3 s vluedit 49 Y-S KS M
2709:2006 8.1¢] wet Betslon, A A5 Table 4.7 HERH AT
Table 4.7 et 2 NPE thal wlol& Adddale] A4z
80~66.5%= wgstA yEut. 1 5 HAeIA AWE8A He
37.4% = LASSE fAhsk AlAE S mom HotdA ARSI EE
66.5% = 64.5%% NPIORT % 3 AQd=HS BT

i3

Table 4.7. Detergency of Surfactants
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ABSTRACT

Study on Interfacial Properties of Environmentally
Friendly Non-ionic Surfactants to Replace

Nonylphenol Ethoxylate Surfactants

Yea, Da Nan
Department of Chemical Engineering

Graduate School of Dongguk University

Nonylphenol ethoxylates (NPEs), a representative non-ionic
surfactants, have been used in various fields such as industrial,
emulsion and coating, washing, detergent and metal cleaning due to
its excellent physical properties. However, since it 1s adversely
affected by low biodegradability, high toxicity and aquatic
environment, the use thereof is limited. In this study, the basic
interfacial properties such as critical micelle concentration (CMC),
surface tension, interfacial tension, foam properties and contact angle
of 9 kinds of aryl type, non—aryl type and silicone type surfactant to
replace NPEs. Phase equilibrium, emulsifying force and washing test
were performed.

The CMC values of nonionic surfactants to replace NPEs were
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about 10% mol/L, which were within the average range of the
conventional nonionic surfactants. The surface tension in CMC was
20.19 mN/m to 43.91 mN/m. The surfactants have a foam half-life of
500~1500 s, similar to or higher foam stability than NPEs, and have
emulsification index of 23.302%~58.00% after 24 hr with
n-hexadecane, the emulsification power of the non—aryl and silicone
surfactants was higher than that of the aryl surfactants. Meanwhile,
as a result of washing test of surfactants, the detergency of non-aryl
surfactant E and silicone surfactant H showed similar or higher
detergency than the PLA or LAS surfactant used as the actual
cleaner. In particular, detergency of surfactant E is 66.5%, which is
better than NP10 of 64.5%. Therefore, it can be concluded that
non-aryl surfactant E and silicon surfactant H can be applied as an

cleaning agent to replace NPE surfactants.
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