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Abstract

In order to improve the adhesion of water-based adhesive, gemini type nonionic reactive surfactants were synthesized and
applied to water-based adhesives. The surfactants were synthesized by using maleic acid and polyoxyethylene cetyl ether hav-
ing different length of ethylene oxide and confirmed by FT-IR and 'H-NMR. Their appearance was light yellow wax. The
cloud point of the compound was more than 78 C. The measured critical micelle concentration (c.m.c) was 1.0 x 10*~7.0
x 10 mol/L and surface tension at c.m.c was 25.9~32.0 mN/m. As the number of ethylene oxide increased, the emulsifying
power was improved. The foaming height of each compound by Ross-Miles method was 1.4~4.5 cm. The synthesized surfac-
tants was then used as an emulsifier in emulsion polymerization of water-based adhesives and its physical properties were
evaluated. The solid contents of prepared adhesives was 59%. The average particle size and initial tackiness of the prepared
adhesives were 164~297 nm and ball no. of 20~32, respectively. The peel strength was 1.8~2.1 kggmm. The retention rate
of adhesives viscosity was evaluated to 99% during 30 days. Therefore, synthesized gemini type nonionic reactive surfactants
are expected to be applied as an emulsifier for the high adhesive force.

Keywords: Water-based adhesive, Gemini type nonionic reactive surfactants, Critical micelle concentration, Solid contents,
Peel strength
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Table 1. Used Materials in Synthesis of Surfactants and Preparation of
Adhesives

Materials Assay (%) Makers
POE(5) cetyl ether 99 SFC. Co.,
POE(15) cetyl ether 98 Ltd.
POE(10) cetyl ether 98
POE(20) cetyl ether 98 Shgrﬁi
POE(23) lauryl ether 98
Acryl amide 98
Ethyl acrylate 99.5
p-Toluenesulfonic acid 99.5
Maleic acid 99
Poly(vinyl alcohol)500 (PVAS00) 95
Sodium acetate 98.5
Calcium acetate 98 Samchun
Ammonium persulfate 98 Chem.
Sodium carbonate anhydrous 99
Butyl acrylate 99
2-Ethyl hexyl acrylate 99.5
Methacrylic acid 99.5
Ammonium solution 30
Benzene 99.5
Vinyl acrylate 99.5 Junsei
Isopropyl alcohol 99.5 T.C.I
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AU F vlo]& ¥ESA ARG A ] AL BAF uf oAl ASAL
o|=9] ¥rHs=r) 24z} 5, 10, 15, 20715 7F2 POE cetyl ether$}
maleic acidE ©]-&3to] F/dsqict. F/del #sh RES2AlT TS
Scheme 13} Figure 1o YR} POE(5) cetyl ether 46.27 g (0.1
mol)¥} maleic acid 5.22 g (0.045 mol)E &2 benzene 200 mL S}
33 §AE WHATIEA 70 CE 257} 45T $ Hul AR
% p-TsOH 1.03 g A713 370 CTolA 6 h Bt HHA AT HES
FH ¥ NayCO; 0.64 g (0.006 mol)E ¥l 30 min 52t WRAIA F
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Scheme 1. Synthesis of dicetyl POE(n) maleate.
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Figure 1. Flow chart for the synthesis of dicetyl POE(n) maleate.

£ A $HES DCP(SMOE, POE(10) cetyl etherS AMESH A
DCP(10)M, POE(15) cetyl etherE A3 Al DCP(15)M, POE(20) ce-
tyl ether® AFE-H W] DCPQROMO.ZE W3tk

2.3. EEANS| =

T AP vjo]R WA F3AlE ARgste] HEAIE Alx
g w71 ARE3E 5314191 POE(23) lauryl ether(Brij 35)2] 50
wt% = thAlE ek A2 Figure 201 YeERAAEE =43 54
9 F AE Hre] Alxsk=, 9 w7 kel S 53.10 g,
PVAS500 3.40 g, POE(23) lauryl ether 2.60 g, acrylamide 1.30 g, so-
dium acetate 0.30 g, calcium acetate 0.20 g& 217 200 rppm®] HFE=
75 CollA 30 min 3t RESAIZIY 7 S7F 53.10 g, A4
A 2.60 g, ethyl acrylate 21.60 g, butyl acrylate 112.70 g, 2-ethyl hexyl
acrylate 19.70 g, vinylacrylate 13.30 g, methacrylic acid 2.70 g= 37}
Sk 5, #&7]2 3,000 pm O E F3IAA ZeldAS AxIIh 5
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[ PVAS00 } [ amide ] [ Brj 35 } [ acrylate } [ acrylate } {DCP[“)M]
Sodium Calcium Vinyl Methacrvic
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Figure 2. Flow chart for preparation of water based adhesive.

<k RESAIFALE o] F 30%2] YEYolrE At pH 72 F3HA]
2 & FAARAAS Ak Az H2A 2] HE-E POE(Q23) lauryl
etherE ©50 %2 ARE-3E Brij3sA, F71eE Alvud vlo]& ¥4 7|
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DCP(10)M-35A, DCP (15)M< DCP(15)M-35A, DCP(20)M DCP
(QOM-35A2.2 Y3}t
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ARG A ] T2 A4S 98 FT-IR (480 plus, Jasco), 'H-NMR
(Avance 500 MHz, Bruker)S AME3F3 1 B 2 QAn|dss
Z7oll= A48 =747](Sigma 70 Tensiometer, KSV Instruments)Z-
ARSI HEA Y] B o= A 7](Zetasizer Nano S, Malvern
Instruments) 17 %= A3 7](KPU-050, KEE-PAE Trading Co.)¥} ball
tack tester (KPB-801, Kee-Bae Trading Co.) F=7|(DV-E viscometer,
Bruker)E AHE3FATE FT-IR 42 KBr HA3E Alxdte] 45}
Atk 3 'H-NMRS ©]8-319 chemical shifts Z4t% 1 =
+ CDCLE ARSI 4% ARUE vlo]& W83 AHE/ g
o] 54< Bk $18) AE, HLB, 94, 2wgE A5
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glsha] B4 W 5 skl AFE S5tk A7k AR 1 g
dlell ghiEle] Sl freliks Felehet] B Qs KOHS mg 55 &
St AR 1 g2 oleh&d) oEHlZ27F 1 : 2 vol% HIER 318 3l
100 mLell §3lA12] & FlEzedQl Areks 2~318-8 YTt 0.1
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N-KOH-ethanol -§--& ARg-3lo] 2|A|2ke] oaf g-olo] EEao= 30
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A AgER o, AFeE ) 53] o) wkEslo] ks UER)
Ak 4% T e o] 43 Bake Ak & HA Ad(AnH
HAREATE 551 ) S ol Gibbs &3S o8-8t AlH&s)

FCmx = (1 / RT)(-dy / dInC)T
= (4606 RT) - 1 (-0 7 / 9logC)T 3)

Amin = 1014 / (Nrmax) (4)

T+ Kelvin &%, R 7[APdS2 8.314 J/mol|™ (-9 7 /9 1ogC)T
T log Coll tist e 71&7]1E YEhal N& olRrtER ¢
6.023 x 10%0]t},

245 |3
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3sst ® 30 H A 5 =, 2019

7)
A7)E o]-&3lod 3,000 rpmolA 15 minZt 34 Hck
F3d AEE 100 mLe) mlAZEkage] 718 5 A2oM W gk
% 25 h B AIREe] S5l wEt S Sk, S SO

sl Fu7t aHE HlEE Tetol BAISITH

24.6. 7|23 3 J7|ZOHY

A A 2] 71FHL KS M ISO 696:20082] 71740l w2} Ross-Miles
Hell 9Jall S ATH7]. 0.1 wt%ed] AlaE A 8BS 50 mL
3 5 200 mLe] 0.1 wt%2] AAE/IA 58NS Fao R Hojry
Z|E2E WA F 71E FolE S8 5 mino] A F9 7|E
FolE 43l 712 S HERISITE 53] o) WHE 573t
A E EABHAT

2.5. YRS 24 MY

Azt A B 7 e ¥R, Fadeny, 2]
A, FHuaE, deds 9 A ARs sielth

25.1. 182

FARAAL] L ALt w2 FA SHYHS Akt
7] KS M 37052] H2HAl Al W S3 agel 2Jste] AEEk
HAIAE & o] &-38te] 5715 AAS EFrlE HAIE ol83te] Al
F1ge& ¥ 105 CTY 4F £ 1Ax7]o)A4 180 min 59+ 1%
At Azl A AlEs dAA O Yellx] 0= WA
7 & FAE &R o8t 3AMA] H5ta the A o® S
AbEete] 1R S MEE(%)E ERASIT

Solid content (%) = (Wa / W) x 100 )

W, Az T ARFA, W X% A9 ARFAE rjdith
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o] AE B el T3k AlHEIATHIS). AlEES AT EXE T2
25 mm, 4°] 300 mm= A2 F AlFH 50 pm=E T LA EXEA
205 AZel L5225 £ 1 T Aeolld 24 h AF F v A9
HE AHESISITE Ball tack testers ARSIl ZHARS 30°2 |3 &
AN BAL 21T Steel ballS TE & W] A w4 A&
o] 717} 1/ 32 inch®IA3E] 32 / 32 inch®] A& AMR38I9 T, B
=8 Hds] HEaL 5s ol FHo1A o= B T P E ES 2
e oz si9lt 53] o) SAste] 7 Als HE AP Hwk
T 27142Es Feklh

o

254, ZCi@E=D} gejZde
S TE KS A 110790 &ASE] Fo] 25 mm, Z©]7} 250 mm
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Table 2. Appearance, Yield, Acid Value, HLB and Cloud Point of
Syn- thesized DCP(n)M

g3 SRR Az 9 54 601

Table 3. FT-IR Spectra of Dicetyl POE(n) Maleate

Frequency (cm™)

Compound  Appearance \E(i;:})d é:‘ﬁi HLB po(ijnltou((}C)
DCP(5)M 88.5 5.6 11 78
DCP(10)M  yellow 86.6 3.9 13 80
DCP(15)M wax 86.2 34 15 85
DCP(20)M 85.7 22 16 > 100

C-H c-0 Cc=0 c=C
DCP(5)M 2,850, 2,916 1,115 1,728 1,646
DCP(10)M 2,848, 2,917 1,113 1,729 1,646
DCP(15M 2,849, 2,916 1,112 1,730 1,645
DCPQOM 2,850, 2,915 1,112 1,730 1,644

Ql AT} EAF AMEete] AlRHE AREIRILE Al2E 50 ume] F
AR dA3HA EEAZ T AZT|oA 25 £ 1 °C2l AFEfollA] 24 h
x50 ]a;jr% A2t AZAI7 AEAS =71 AEE

of 180° H=2]A W S = 300 + 30 mm/min

ko3
o
o sz %@6}1 BAAE TR,

255 A o8y

73] QFgAdell Bk A 3705091 2] A&t
AlFsEaict Azxst AR AL 27 AEE —% 3t 5 30 days &
QF & 25 £ 1 Coll WA & 7 A5°] AxE 43 A-A&S
ofefje] A& Fall Axlsto] Hrketial S, Mzl Ak &4
9 =¥ A HskE S48tk

Retention rate (%) = (Va / V) x 100 (6)

3.1, AlHEMAIS| &Y 2 #AMEa

dst AmyUE vlo] v AWEAAS] B, & Ak
5 A3 A¥E Table 20 YeERSITE g ARy F Hlo]& RE
d AREAE BT vl ehavfoln 82 85~88 % A
Rom, A= 2~6, Griffin] 202 AAFE HLB 3+ 11~16, =
| GHe 78 T olAtolrk

3.1.1. 75-||9|A|_—| /\EIIEE—{

e 452 AnUE vlo] R AUEAIAY] 2871 T
stEE 323 0% DCP(S)Mell thdk FT-IRS| +4 ZA#E Figure 3]
UERGITE Z7be] A RS 2477 C=C AFe] FT= 1,644~
1,646 cm™ F-Zoll A glaked 1, 1,728~1,730 em'ollA -C=02] ¥ =
7} Yebtor B 1,112~1,115 em™ 9] F-ollA C-0 ¥ IS gels)
Atk PES TARI 5A A FoAE AAF Skl AU
Hlo] 2 W-g/d AAEGA L] 875 Rl & o, FAEES

ZpAEE Z42Ee] 9 Ak Table 30 YERAATH

3.12. +AHIT|SE AHEY

A3t AU vjo] wkgA AHE/dAel st 'H-NMR 4]
AWNE Figure 40 YERITE S AEAANA HolA=
'H-NMR A~ E L 0.84~0.86 ppmollA €3l Al et fjElr]
off et 474, 1.26~1.28 ppmollA] &Hel5a ARE2] wlE 7] 9] 4
Figure 4°14] ¢} do] wlgar]9] 4240 T3k 'H-NMR AFEHo]

(@

L
C=C
=0

Trangmittance (%)

co

CH
1 L 1 . 1 L 1 L 1 L 1

4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm'l)
Figure 3. FT-IR spectra of (a) POE(S) cetyl ether, (b) maleic acid, (c)
dicetyl POE(5) maleate.

e

£
g d ¢ b
i 0 O\CH CH c
s LCH,(CHo)13CH;
B
o o .
~
\/\éo/\%j CH,CH(CH, )13CH;

a
CDCl

Figure 4. "H-NMR chemical shift of dicetyl POE(5) maleate.

Z}z} 1.57~1.59 ppm, 3.46~3.49 ppmolA YEREC™ 3.57~3.59 ppm
WA fo] WE 7)ol Tl 4, 3.66~3.68 ppmollA] oE @l&Al]| =
o] ofddll7]of thek 44, 3.74~3.77 ppmolA] o|AHZ & wEdl]
o that =2, 6.32~6.39 ppmollA 01T AT F47) EPES Bl
Elaag ﬂﬂ%‘?dl[ﬂ] gk Ase] HAlel thgh n&2 WEe $49]
Aol vlEgth old@GAle|=e] e wE FYE AHG
A S AFEHL 25t A EH oM 3.66~3.68 ppmoﬂ/ﬂ =
e odAlGAto| =) o Y] A ER ] HAS A@3 Hi o
Qals Aol =e] Zol7k 5716 20712 Z7kerell wet k2t 4o, 8o,
120, 1609] #H& 7HAE Z& I8tk webA] FI-IRZ 'H-NMR
Ao oJste] Auyy nlo]& WA AWEGATE HIFHASS
e Sy
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m DCP(5M
70 [ © DCP(10)M
A DCP(15M
v DCPZ0O)M
_ 60
z
E sl
g
z
) 40
L3
9
]
=
w30 - )
=
0 ) 1 1
5 4 3 2 1
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Figure 5. Surface tension of the synthesized dicetyl POE(n) maleate.

3.2. AlHEMAIS] 24 "It

32.1. M7t

st AAEAIAIS] A= 242 DCP(S)M= 5.6, DCP(10)M- 3.9,
DC P(15ME 3.4, DCPQOM2 228 ZAE ) 49 k= 3
4l AnUE vjo]2 vk AMEgAL odAlSAto] =] Hot
E57) SR fadhe A3 Rl

3.2.2. HLB

AEYE vlo] w373 AlAEAIAS] HLB 7k Griffin®] 2y %
2lo]l 95le] DCP(5)ME 11, DCP(10)M< 13, DCP(15)ME 15, DCP
QOM2 1622 A= ATk AaEdAl 2] odalgato|=e] Rrhs
Gt SVl et 5ol Skl AME/dA|C] HLB:= F71s8t
Stk HLB7} 8~16 days 73-%- O/W oA {3212 AFgo] 7hsa}th
13~15% AlA|, 15 o2 7SR E AFgo] 7Festtt.

3.2.3. ¥ (cloud point)

S Eof et Bd-2 DCP(5)M+ 78 C, DCP(10)M= 80 C, DCP
(15M=2 85 C, DCPQROM< 100 C ooz yehith g2 Eo)
EA8H= 0~100 o ghe.2 S5t DCPQOMC] 71 32 &
9] #E 7P RAE Atk G ol 2R AWE
A L=t doAXERE T3k AUIAE AHESE A
o] FHLEE 78 T olstE 23Tk

324 BHEE 9 AADEASE
st AmYE njo] g A2l FHAE S Figure 5
k2l A g el Ry, 2

2)-& Table 40 WEFASITE 242

N
)

10* mol/L2] HejellA] AL 25.9~32.0 mN/mE S= Tk 2
& Aas FallA w2 s AEd Al =2 2EgY Asls
2 glaigink wedt Alke AU EEE A (] )= HAERE A
T Halom A T HaA A (A S 57 ARk SRlsklTh

odilsAe| =0 FrREr7E STFETFS emed] gkl Ve
gl o= oldflEAle| =9 Brkart S7FsHAl W EAP)E 2 =
ol AAEA el w2 ARN7E A 5 =l olE S5
SlEiME Bl 2 w7t s w7] wjiEl Aow gzheck

3sst ® 30 H A 5 =, 2019

Table 4. Surface Properties of Synthesized DCP(n)M Measured at
25 C

Compounds c.m.c. 7 eme Fmax Amin
P (mol/L) (mN/m) (mol/em?®) (nm?)
DCP(5)M 1.02 x 10* 25.87 7.76 0.21
DCP(10)M  3.02 x 10* 27.88 7.70 0.23
DCP(15M  4.90 x 10* 28.39 5.56 0.30
DCPQOM  6.92 x 10* 31.95 5.05 0.33
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Figure 6. Emulsifying volume of dicetyl POE(n) maleate in benzene
at 25 TC.
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Figure 7. Emulsifying volume of dicetyl POE(n) maleate in soybean
oil at 25 TC.

325 /31

QrollA] AlAket HLB #hell 2J5to] §4dst A =
AR ARgSH= Agsiths s & 7 ATE &0 Firel
319 A8 A= Figures 63 70 YERASITE #A
A AIZIo] EETFE 3] AA3] FHadke Ade Bl
7 AYZE 10 h F #310] 85% o) fA1%E R 2R
324 h 3 AAAo R F31H0] 73 + 3%S FAEH= AL e

o ool SAA A7) B8] wek fsheo] waA 7
B A BRI 4 9lom] 10 h F 75% o4k HAEew 24 b

Fo) FohE 64 £ 3% FASHE 2 ARSIk 0)F Bl T
a AU wlol e wheA AWl 3} 2l

)
lo
>,



Ay wlole v ARFYAE o &3t AR HA L] Ax Yl

Table 5. Solid Contents of Prepared Water-based Adhesives

At

d 603

Brij35A DCP(5)M-35A

DCP(10)M-35A DCP(15)M-35A DCP(20)M-35A

Solid content (%) 59.1 59.8

59.4 59.2 59.7

Table 6. Initial Tackiness of Prepared Water-based Adhesives

Brij35A DCP(5)M-35A

DCP(10)M-35A DCP(15)M-35A DCP(20)M-35A

Initial tackiness (No.) 16 32

24 24 20

Il itial
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DCP(15M
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Figure 8. Initial and after 5 minutes foaming height of synthesized
dicetyl POE(n) maleate.
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Figure 9. Particle size distribution of water-based adhesives obtained
using synthesized dicetyl POE(n) maleate.
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Figure 10. Maximum adhesive force of water-based adhesives using
synthesized dicetyl POE(n) maleate.
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Figure 11. Peel strength of water-based adhesives using synthesized
dicetyl POE(n) maleate.
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Figure 12. Viscosity of prepared water-based adhesives after 30 days.
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