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Abstract

In this paper, reactive surfactants were synthesized by using acrylic acid or 3-butenoic acid as nonionic surfactants, polyoxy-
ethylene(23) lauryl ether (Brij 35) and polyoxyethylene(20) stearyl ether (Brij S20). The synthesis of surfactants was confirmed
by FT-IR and 'H-NMR. The surface tension, emulsifying property, and foam power and stability were also measured. The
surface tension value was 35~41 dyne/cm at an critical micelle concentration (cmc) which was measured as 1.0 x 10%#~9.7
x 10 mol/L using a surface tension method. The emulsifying power of synthesized surfactant was measured with benzene,
soybean oil and monomer. Also, the initial height of the bubbles and the height after 5 minutes were measured and the values
were compared with each other.
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Polyoxyethylene (23) lauryl ether (Brij 35) + acrylic acid —® B35AA

I
CH;3(CHa);¢CH,(OCH,CH,),;0H  + “ o —— CHJ(CH:)mCH:(OCH:CI'I:):;O'—‘C\/\
Polyoxyethylene (23) lauryl ether (Brij 35) + 3-butenoic acid — B35BA
I |
CH(CH,);4CH,(OCH,CH,),00H N ——>  CH;3(CHy);6CHy(OCHCH,)500 C\/
OH
Polyoxyethylene (20) stearyl ether (Brij S20) + acrylic acid — S20AA
° I
—————»  CH;3(CH,)CHy(OCH,CH;),0——C
CH(CHy) CHOCH,CH )5 0H  + /\)I\OH PR S X

Polyoxyethylene (20) stearyl ether (Brij $20) + 3-butenoic acid —> S20BA

Scheme 1. The reaction mechanism of synthesized reactive surfactants.

2 AFellMe F2A Alxel | o® AREEE Hlo] 2 AHE
A1 polyoxyethylene(23) lauryl ether(Brij 35), Polyoxyethylene(20)
stearyl ether(Brij S20)%& acrylic acid %= 3-butanoic acid9} ¥Hg-5}o]
G84E& 777 Sste] ¥ AMEAE AdseItE 18
I FAEEES §A oFE ERIg] flste] FAEEHES FT-IR
I THNMRS ©]43l 725 gRlsiolon, dd3leEe] earks 24
olof] & AWEAS vwsy] A& THFY, AAN] A E S (critical
micelle concentraion, cmc), 7318, 7]13Eg 59 24& F4sITh
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2.1 Az H ER

2 A3 AR Blo]2 AAZJ A1 polyoxyethylene(23) lauryl
ether, polyoxyethylene(20) stearyl ether= Junsei Chemical Co.%ll*]
{15} © ™, 3-butenoic aicdi= Sigma-Aldrichol 4] Ikl w3t
acrylic acid, p-toluene sulfonic acid monohydrate, benzene, sodium
carbonate<= Samchun Pure Chemical Co.ollX] Z+Z} -qlsto] A ¢l
o] A&t

2.2. Polyoxyethylene alkyl ether acrylate2| &M

500 mL 47 Fombe ZEkaFe] vlo]AAEdAl polyoxy-
ethylene(23) lauryl ether 0.1 mol B=+= polyoxyethylene(20) stearyl ether
0.1 mol¥} acrylic acid 0.1 mol %+= 3-butenoic acid 0.1 mol& E1L
=1l p-toluene sulfonic acid monohydrate 0.01 mol¥} &1 benzene=
70 CTeollA 5 h §<F HH-& J3sic}, vhgo] &5 ¥ T sodium car-
bonate 0.01 mol F{] ¥ 1 h 85 A & F2wj7)Z5 o] gaf] &
2 AAREE A & IdsFTWIR A SRl 9keA Al
HEGAE Di=TKScheme 1).
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(ppm)= EAIFSITE HEst A 23 FEA= Jasco Co.2] FT-IR
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3.1. 'H-NMRO|| 2[5t 2kSd AHHEMA el &M
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Table 1. '"H-NMR Chemical Shift
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Chemical shift (ppm)

Surfactants CH= CH= CHy=
CHCH,  ~(CHa)r CHO-  {(CH.CH:O)r CHCHC=0 CH=CHC-0  ('O8C (0 (om0 CHLCHIC=0
0.79 1.15 1.42 3.59 6.1 6.30(1H)
B3SAA (3H) (20H) (2H) (92H) (1H) 5.85(1H) ) i
B35BA 0.89 1.25 1.6 3.64 ) ) 3.1 5.92 5.19
(3H) (20H) (2H) (92H) (2H) (1H) (2H)
S20AA 0.80 1.19 1.46 3.60 6.0 6.30(1H) ) ) )
(3H) (32H) (2H) (80H) (1H) 5.88(1H)
S20BA 0.82 1.23 1.50 3.59 ) ) 3.08 5.83 5.12
(3H) (32H) (2H) (80H) (2H) (1H) (2H)

Table 2. FT-IR of Functional Groups

Frequency (cm™)

Surfactants
C-H (alkane) C=0 (ester) C=C (alkene) C-O-C (ether)
B35AA 2,920, 2,873 1,724 1,644 1,105
B35BA 2,917, 2,882 1,735 1,642 1,113
S20AA 2,915, 2,883, 2,850 1,730 1,641 1,113
S20BA 2,849, 2,883, 2,915 1,732 1,643, 1,650 1,112
B35AA B35BA
e o
d = a
f\E/ILD/P\/D%;CHCZcm—?Z)mCaHa g/f : O%CHZ(CE””CH’
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Figure 1. "H-NMR Chemical shift of B35AA.

3 A|7199] 0.80~0.87 ppm, -(CH,),-©] 1.25~1.29 ppm, -OCH,-©]
1.46~1.58 ppm, -(CH,CH,0),-©] 3.57~3.70 ppm, 3-butenoic acid°ll <]
3t -CH,-C=0°] 3.0~3.14 ppm, CH,=CH-CH,-°] 5.83~5.98 ppm, CH,
=CH-CH,-°] 5.15~5.21 ppm©. = YEFHLIL acrylic acidell &3+ CH=
CHC=0°] 6.00~6.12 ppm, CH,=CHC=0°] 5.86~5.92 ppm, 6.26~6.31
ppm O Z YERTE F 71R]9) HYseES] AHERE fARH &
go] H9a1, olF Fote] WA AEAAT A E AE Els)
glom, dsdtE BT AdolA A AEE ZoRnh HE T4
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3.2. FT-IRO| 2|5t & AHEMFe| &M

AAEAA L] T o5 Flehr] {3l A ATE Table 2] W
ERfI FT-IR AFER A 3kae] 8 SAaE AvE,
C-H719] A& %9 T3 2,840~3,000 cm”, A2 2] ¢=07] H=
£ 1,720~1,780 cm’!, &S] ¢=C7] ¥ FE 1,640~1,680 cm’’, o]

CDCls

50 0.0
ppm (1)

Figure 2. "H-NMR Chemical shift of B35BA.

9] C-0-C7] ¥+ 1,100~1,110 cm™ oA YEbt) o]9] Axz 1t
A AREGAT FEHASS SRIEHIATH

3.3. Hydrophlie lipophile balance (HLB) A

ARLIAE AL e Aer1eh 719 oA Adxel w
2} AP B2 AR Y AEE FAE YUEbd A& I T. DaviesH&
o]-gato] AL o] 2 (1) o= ALtei

HLB = 7+ > (hydrophilic group) — X (hydrophobic group) )
AE/d A 2] HLB #+2 Davies®] 2 2ol €]3te] B35SAAS

10.8, B35BA= 10.3, S20AA= 6.9, S20BAS 6.4% AALEITE HLB
7F 6~109 wi= O/W ol FaAl ARgo] 7hssi.
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Table 3. Surface Properties of Synthesized Reactive Surfactants

-7 -

A - A - ASE - A3

Surfactants T cloud (C) 7 eme (MN/m) cme (mol/L) I max (mol/cm3) Amin (nmz)
B35AA <0 39.61 9.77 x 107 2.6 0.64
B35BA <0 35.80 1.02 x 10 3.22 0.52
S20AA <0 40.32 55 x 107 3.14 0.53
S20BA <0 38.28 9.55 x 10° 3.45 0.48

B35AA
B35BA
S20AA
S20BA

omoe

Surface Tension (mN/m)
"

IS

) 3 3
Log Concentration (mol/L)

Figure 3. Surface tension of reactive surfactants.

3.4. EHEE

AW A Q] TEAe =4 10°~10" mol/L EE2] AHZAIA|
TEAS THE F Wilhelmy plateH]S ©]-8-3te] S78FITh 7+ wks-
3 ARBAAA ) FALH(7 ) S S5 YA FEE Figure
3o YERISITE B35SAAS] EHAHS 39.6 mN/m wWe] AAu]ds
T 9.54 x 107 mol/Le] #kolth B35SBAS] EWHAE2 3594 mN/m
Q] wjo] A AAEEE 1.02 x 10* mol/LY 7He YERHSITE S20AA
o] 37482 39.97 mN/mY w2l AAM|AEEE 5.62 x 10° mol/L
9] Zrolt}. S20BA ] FWAH L 38.82 mN/me we] Am] As L=
9.55 x 10° mol/L2] #k& LFERHSITE & Zolo) w2} —logleme] %k
= fhashs A4S 1 4 9, AE s wdo aijdshs
dAFe] A717F HopAA] LTt ol S dHAdEo] Sl |
BE HYlth Aol B9 23 S ) 9 2ATS H A GO Al

#ato] 2 @) ekl

I max = (1/RT)(-d 7 /dInC)y
= (4.606RT)"'(- 8 7 /0 logC)r (2a)

Amin = 1014/(N F max) (Zb)

R oAV AIAS 8314 J/mol, TE= ZAHl 2%, (-9 7 /6 logO)re=
log Coll thet 324 718715 Yebdth NS ofRIFER < 6.023
x 1070t} Hol B 29 FE(L )@ 4 Ha D (Amn) =
Table 3] YER|SITH

3.5. Cloud point &8

ARk, 27 S0l FaE e Algds degx el ARt

of Zstch LEE AP AAAD Ut 9%

4 AMBYAE 271w AR FEAOR WET AL Ry
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Figure 4. Emulsifying volume of monomer with synthesized surfactants.
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3.6. {31

AAZA 2] 3122 Rosano 9t Kimura2] W& o]-g3te] &7
3FAtE 200 mL Bl]o]A 0.1 wt% FE A 87} galE =8 50
mL®} =™ 2-ethyl hexylacrylate?} vinyl acrylateS 22} 25 mL
stal wA7)E o]&3te] 3,000 rpmolA] 10 mintt WHEA TR HES
F718wQl AT oF=fell A 22t f3Es Sl B,
A, olFfels] 8k SHA ARk sge wet AAE] f3)
Aol Zadt= AeS B o1 Figure 4014 Ewxm o] 43188 A
& o2 B35AAS B35BA7} 70% ©1d2] #318S Ko™, S20AA
9} S20BA= 5 W7k 5243 sl o T o]F 50%71A] FhAs)
Aok HFlelA ] falke S947 Alke] S5 wel A48 f3)
S B0, B35AASF B35BAE 10 h 3 60% ©]
S A3 TE S20AA %} S20BAE 7] F3lE0] F
Figure 5ellA] KolF=al Qi) diFf-olx& B35BA7}
A AHT} 65% ©1°d2] 3128 Figure 60114 1.
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Figure 6. Emulsifying volume of soybean oil with synthesized surfactants.
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Figure 7. Foaming power and stability of synthesized reactive surfactants.

ojFtt 71 AZE polyoxyethylene(23) lauryl ether= /st #H-g-/d

AFEZA7E o 53 fkEs Bk

3.7. 7|==

Figure 7 71328 4 7|¥ M5 57938 dijo|d}. Ays By
B35AA %} B35BAS] 3¢ 27]9] Zol7t 242} 7, 7.5 em@] V|EHS

7H5. 01, S20AA%} S20BAS] %7] 7] ol 747} 3, 6 em®] )%
2l UeERlSIT Brij 359] vlol& AdEAAE ARESISlS W7t &
71 713 o)l 95E-E Btk 5 min $-9] 7] elx= B35SAAS}

B35BA2] 7933, 6 cm? 7]|Z8E 7F5.0m, S20AA S S20BA Y]
713 #ole 72 2.4, 5 em®] 7]E™E LERYIT) 3-butenoic acid
Z o] 83t H97} acylic acidE ©]-8-3 AHEAA| KL} 7| Ego] £

O, polyoxyethylene®] 7|57} B2 Brij 355 AHE-3S w7l o &
ek 71x2EE YR

4.2 =B

2 A3oA] polyoxyethylene(23) lauryl ether(Brij 35), polyoxy-
ethylene(20) stearyl ether(Brij S20)2 acrylic acid %=+ 3-butanoic acid
oF HESAIA WA AMSAE FASIAT BAS vlaeksich

L3S WA AMHEAN ] AR 77~80% 2 HEgo] T
Hlom, WA} )9 4 LEISIH: Cloud point= 47F4] B4
0 C oJsk® 43 on], HLB:= 6~10 912 gho® AXE Tt

2. 25°CollA YA SI=ol a2 B35SAAS] ®HdHE 39.6
mN/m% W 2] JARAEFEE 9.54 x 107 mol/L2] Fhelth B3SBAY
EAEH2 3594 mN/mY W] dARAEEE 1.02 x 107 mol/L2]
e UERIZITE S20AA 9] AR 39.97 mN/mY W] QA=A
FEAE 5.62 x 10° mol/L2] Ffolth S20BAS] XL 38.82 mN/m

o] A= TaHAI

Fo] dgtow FRE ST ool A

EHUTH2017020997).

10.

11.

12.

References

. M. J. Rosen and J. T. Kunjappu, Surfactants and Interfacial

Phenomena, 4th ed., 219-233, Wiley-Interscience, USA (2002).

. F. H. Kirkpatrick and H. Sandberg, Effect of anionic surfactants,

nonionic surfactants and neutral salts on the conformation of spin-
labeled erythrocyte membrane proteins, Biochim. Biophys. Acta
Biomembr., 298(2), 209-218 (1973).

. D. A. Edwards, R. G. Luthy, and Z. Liu, Solubilization of poly-

cyclic aromatic hydrocarbons in micellar nonionic surfactant sol-
utions, Environ. Sci. Technol., 25, 127-133 (1991).

. H. K. Ko, B. D. Park, and J. C. Lim, Studies on phase bahavior

in systems containing np series nonionic surfactant, water, and D-
limonene, J. Korean Ind. Eng. Chem., 11(6), 679-686 (2000).

. H. Kunieda and K. Shinoda, Phase behavior in systems of non-

ionic surfactant/water/oil around the hydrophile-lipophile-balance-
temperature (HLB-temperature), J. Dispers. Sci. Technol., 3(3),
233-244 (2010).

. J. C. Lim, Effect of Cosurfactant on Intermediate Phase Formation

in systems containing alkyl ethoxylate nonionic surfactant, water and
lubricant, J. Korean Ind. Eng. Chem., 16(6), 778-784 (2005).

. P. G. Nilsson, H. Wennerstroem, and B. Lindman, Structure of mi-

cellar solutions of nonionic surfactants. Nuclear magnetic reso-
nance self-diffusion and proton relaxation studies of poly(ethylene
oxide) alkyl ethers, J. Phys. Chem., 87(8), 1377-1385 (1983).

. S. Laha and R. G. Luthy, Inhibition of phenanthrene mineralization

by nonionic surfactants in soil-water systems, Environ. Sci. Technol.,
25(11), 1920-1930 (1991).

. H. Saito and K. Shinoda, The solubilization of hydrocarbons in

aqueous solutions of nonionic surfactants, J. Colloid Interface Sci.,
24(1), 10-15 (1967).

G. Chigwada, D. Wang, D. D. Jiang, and C. A. Wilkie, Styrenic-
nanocomposites prepared using a novel biphenyl-containing modi-
fied clay, Polym. Degrad. Stab., 91, 755-762 (2006).

P. G. Nilsson and B. Lindman, Water self-diffusion in nonionic
surfactant solutions. Hydration and obstruction effects, J. Phys.
Chem., 87(23), 4756-4761 (1983).

M. Akram, S. Yousuf, T. Sarwar, and K. U. Din, Micellization and
interfacial behavior of 16-E2-16 in presence of inorganic and or-
ganic salt counterions, Colloids Surf. A, 441, 281-290 (2014).

. M. Bourrel, J. L. Salager, R. S. Schechter, and W. H. Wade, A

correlation for phase behavior of nonionic surfactants, J. Colloid

Interface Sci., 75(2), 451-461 (1980).

Appl. Chem. Eng., Vol. 30, No. 2, 2019



246

14.

15.

16.

17.

18.

BrE

z7 5T

. o]/\l-ig .

[e)

-2

rlo

A. Jonsson and B. Jonsson, The influence of nonionic and ionic
surfactants on hydrophobic and hydrophilic ultrafiltration mem-
branes, J. Membr. Sci., 56(1), 49-76 (1991).

A. Guyot and K. Tauer, Reactive surfactants in emulsion polymer-
ization, Polym. Synth., 111, 43-65 (2005).

H. A. S. Schoonbrood and J. M. Asua, Reactive surfactants in het-
erophase polymerization. 9. Optimum surfmer behavior in emulsion
polymerization, Macromolecules, 30(20), 6034-6041 (1997).

J. I. Amalvy, M. J. Unzué, H. A. S. Schoonbrood, and J. M. Asua,
Reactive surfactants in heterophase polymerization: Colloidal prop-
erties, film-water absorption, and surfactant exudation, J. Polym.
Sci., 40, 2994-3000 (2002).

H. Kunieda and K. Shinoda, Evaluation of the hydrophile-lipophile

3sst ® 30 H A 2 =, 2019

-7 -

&= - e - Al

20.

21.

o

- Qw3

o

balance (HLB) of nonionic surfactants. 1. Multisurfactant systems,
J. Colloid Interface Sci., 107(1), 107-121 (1985).

. S. G. Oh and D. O. Shah, Relationship between micellar lifetime

and foamability of sodium dodecyl sulfate and sodium dodecyl sul-
fate/1-hexanol mixtures, J. Am. Oil Chemist. Soc., 7(7), 1316-1318
(1991).

F. O. Opawale and D. J. Burgess, Influence of interfacial proper-
ties of lipophilic surfactants on water-in-oil emulsion stability, J.
Colloid Interface Sci., 197, 142-150 (1998).

R. C. Pasquali, N. Sacco, and C. Bregni, The studies on hydro-
philic-lipophilic balance (HLB): Sixty years after William C. Griffin’s
pioneer work, Lat. Am. J. Pharm., 28(7), 313-317 (2009).





