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2t & A7olME associative macromonomer24] B]o]- &4 vinyl surfactant ester(alkyloxy poly(ethyleneoxy)s ethyl acrylate)[VSE]
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Abstract : Associative acrylic thickeners were prepared by emulsion copolymerization using nonionic vinyl surfactant esters as an associ-
ative macromonomer and their rheological properties were investigated. The thickening efficiency was shown to depend on the chain length
of terminal hydrophobe and degree of ethoxylation of VSE. For a given VSE, increasing the content of VSE enhanced the efficiency of the
resulting polymers as a thickener. It was attributed to the intermolecular association of terminal hydrophobes of associative thickener in aqueous
solution. The chain transfer agent caused to reduce the molecular weight of associative thickener, resulted in decrease of thickening efficiency.
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Fig. 1. Schematic representation of associative thickening
mechanism(micellar bridging mechanism) in dispersed-
phase system.

o zdd wE $484 24 2 FIAFFE 5 A

) Tohard| 9 A& ol Al(chain transfer agent)®l
Ak, $32E A FetEkAl(ethyl acrylate/
methacrylic acid/ VSE)4] Bl&2 ¥4 3t VSEY FF
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w3 VSES £5E 1A% F FaFA v 9 AlEHelA
Az 58y ofad FHAY KA4IA

2. A9 UH
214 o

VSEZ #4357 9@ blol2A ARSAAZE YA
(Zyll A ATE alkyl(R)oxy poly(ethyleneoxy), ethanol [R =
12, 16, 18, n=5 9, 20, 501& AH&sisich TEFA=ZE
methacrylic acidMAA)$} ethyl acrylate(EA)Z Junsei Chemi-
cal Co, ltd®] YFALE Abgatgeh. F3AZA sodium lauryl
sulfate(SLS), &0 p-toluenesulfonic acid(PTSA), 7§A1A] am-
monium persulfate(APS), A& o}A n-dodecyl mercaptan<
YIS ALgEGTh w1 @AY FEE TAs] Ast
o hydroquinoned AH&-33 T

Mg Y
. VSE(alkyloxy poly(ethyleneoxy)a ethy! acrylate} &4
AP X VSEZ Azd7] 8 % 2He| 7tsd
%;H a3E gl °‘°ME“¢' ARG, EEA,
T, HFEY7], $%7)18 AAS 47 flaskE AHE
% H A7) W) B3 1000 em’d $5719)
25-50 cm’e) HEE 3ld afdoz wreEo]
-2 Mzsl9ith Table 19 VSE &4 712 A P—% 8323
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Table 1. Basic Recipe for Preparing Viny! Surfactant Ester

Components Amount
nonionic surfactant [R'O(CHCH:0).H]" 0.6 mol
methacrylic acid(MAA) 0.6 mol
p-toluenesulfonic acid(PTSA) 7.7 gram
hydroquinone 05 gram

* LE9 : R’ = laurvl(12), n = 9,
LE20: R’ = lauryl(12), n = 20
LES0: R = lauryl(12), n = 30
CE20: R’ = cetyl(16), n = 20
CE30: R’ = cetvl(16), n = 50
SE5 : R’ = stearvl(18), n = 5
SE20: R’ = stearvl(18), n = 20

4ol shetalg theat 2ol trehhgichidl

T{ O
Il
CH=C-C-0-H + ROCHCHO).H

carboxylic acid alkyloxy poly{ethyleneoxy). ethanol

R O
AT [
— CH; = C - C - O(CH:CH:0):R" +  H0

VSE [alkyloxy poly(ethyleneoxy), ethyl acrylate]

R : hvdroxy or methyl
R’ : alkyl (C;~Cx)
n :6~50
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Table 2. Basic Recipe for Preparing Associative Acrylic
Emulsion Thickener

Composition Gram (g)
ethyl acrvlate 875
methacrylic acid 0.0
VSE* ) 175
n-dodecyl mercaptan variable!
DIwater 2165
sodium lauryl sulfate 438

Subtotal (pre-emulsion)

DIwater 1540
0.25% ammonium persulfate 215
pre-emulsion & 9% 18.8%
0.87% ammonium persulfate 495
Y 2] pre-emulsion 81.2%
0.87% ammonium persulfate 16

® VSE : vinyl surfactant ester (associative macromonomer)
variablel : 0%, 0.1%, 05%, 1.0% (wt% based on total monomer)

Acid No, = -26.11 X Asx F x N

A AAd 48" 01N FASJYESF
=
[5)

0.
EF EF &

F: 01N 2} o o} A
N: A BE §99 2% 55
S: A8 FAg)

2.3.2. 23 ol3 ¥ ZHMS Y ME £X

VSEE AHg-3te] #3t 388 388 23849 pH 2 shear
rate] w2 HEM3LE Brookfield Viscometerst Rheometer
(RM180 Rheomat, Mettler ToledoAH& o] &-8te] ZAabsir}.
Brookfield Viscometerg Al&3te] Hrg =8 mo)x=
spindle No. 48 AM&-3le] 25ColA 50rpmo2 =4 stg ),

2.3.3. &IEY of33 ZHA 9 BXj2 &N

BT ot2d FHAY Exge WE Axo wgs 23
k7] 918tel GPC(gel permeation chromatography : WatersA})
2 A% 2 EAF ¥ E 2439y

Axd ANEEF tetrahydrofuran(THF) £wo] 02%2 =
F 200 ,LE FA}7)12 #H8ted Ultrastyragel 28-S AbL s
2 GPCol 3lstel BA% 9 B3 B¥2 23590
") THES 48 1.2ml/min®.2 3921 retention time
of & Eazke] 7}%M(standard curve) & SodexAle] poly-
styrene standard® st}
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2 FA%H BA
3, 50~60% Hs&S el waty FEEA ¢ VSE
o Hzt&S uestd AL Fysiga

Az AFY 2849 1% +89 HEZ Brookfield Vis-
cometer(spindle No. 4, 25C, 50rpm)2 ZA3}od Table 30l
e

3.1.1. VSES 244 Uchy|of Eia
A%4 WG9 GA%7t OE VSES ASHA S8
s

F% ot2d FHAY pHY wWE 1% 49

=1

10
08

TS FREAW} AXNE 43S BYY. & 2
o] BAAE 7k VSEZ A3tlol % 254 2y
F7b Cipllauryl), Cilcetyl), Cis(steary)2 Z7}842
F7t 2 A& & F Atk

AR USRS F84 2R Qe 2%
o B o8 FH AAE Yehdth B AFA A
&% F3A= VSEY 254 2ors} e 28 9
ojed AFA worly EAel 3 oA =d gHE
Uehdth VSEY &4A 9dr)e ehagel ol VSEY)
HLB(hydrophile-lipophile balance)?] zto]& Xo|n VSE®)
2o wet 2 pHAME 3] o3 Ax A4 Fast
g2A Jebdd. & VSES x44o] 7Axw VSE9 HLB7}
daste] AFA 2o 9§ associative ZHEANT} AR
T AeE A7y,
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3.1.2. VSE®| Ethoxylation HTeo| ¥g

A4E Yehd: ethoxylation B E7F & VSES AHL s
A FRE okad AYY FHAY pHol WE 1% 89 A
= W3t Z3E Fig. 39 Yehidt VSES 444 weir)g
G&F7F Cp, CsY A% EF9A ethoxylation 37HE4:7}
10mole ©]3tRTH= 20moled] A$7F 28 &7 2 AL o
T AT F494 e polylethylencoxy) AF&o] ZojAw A
T4 LD REA ] FSl A5A7Y o] B ¥
At mebx VSEY ethoxylation BE7F Z7Fshe) wa} =
A7}t F7het g

12y Table 39149 Zo] ethoxylation *7F2%7F 5001
Bfole F89 ARrt Age 7asls AL ¢ 2 Q9o

R

4

2
n

o] o}z
OJALZHE e o] VSEE AT 24 ZHo| n)x)=
ethoxylation §-7Fe49] HH o] ZA3l= AL o

3.2. S Mo e 58y ZME| o £2H M

A FHAZ @4 dse mumAzy ethyl
acrylate(EA)$ methacrylic acidMAA) 181 VSEZ2% CEX-
MAA(cetyloxy poly(ethyleneoxy)y ethyl methacrylate] 2 A}
&5tk FHFA(EA/MAA /CE0-MAA)S] u)=2 ¥ 3}A 7]
UM Alzd 8Y olad 2749 £89 TE Rheometer
2 Z743}ld Table 40 Yl
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Table 3. 1% Aqueous Solution Viscosity of Associative Thick-
ener Prepared with Different Type of VSE

Emulsion Polymer

COMONOMER Wi% Viscosity (cps)

R-COOH Comonomer VSE 1% Visc.
40 MAA 50 EA 10 LES-MAA 2500

40 MAA 50 EA 10 LE20-MAA 1,500

40 MAA 50 EA 10 LES0-MAA <100

40 MAA 50 EA 10 CE20-MAA 3,000

40 MAA 30 EA 10 CES0-MAA <100

40 MAA 50 EA 10 SE5-MAA 2,500

40 MAA 50 EA 10 SE20-MAA 3,500

* Brookfield Viscosity at 50rpm, 25°C, using spindle No. 4

4000 -
--e— T-(LE20-MAA)
»- T-(CE20-MAA) -
~ 3500 - -
] 3 — & T«SE20-MAA) * .
E_ /
.t .. ..

g 3000 : .
®
& 2500
K2
‘E 2000
[~
&
2
> 1500 - e _
=
]
% 1000
[~
£
® 500 -

0 Y- T T T T

3 4 5 8 9o 10 1

Fig. 2. 1% aqueous solution viscosity against pH for associ-
ative thickeners prepared with different type of
terminal hydrophobe of VSE.

(LE20-MAA, CE20-MAA, and SE20-MAA)

3.2.1. VSE(CE20-MAA)2| &2 Hg

FoEd 24 A CE20-MAAS] %o wg g ofad
zZx7 e W3S Rheometer2 =43t Fig. 49} Fig. 590
el Fig. 49 Fig. 5& MAAY %& 1As1 EA%
CE20-MAAZQ] 8|2 WA A ZHAY EAY && L

Ast MAAS CE20-MAAQ] HlE ¥3A7 SHA4 qzm
1% =g do) o] ATrEL(shear rate)ol] e FEWIGE B

o Fo.

Torakd Ao AT ¢lo] B3 shear-thinning profiles

Uetylen] CE20-MAAY o] Eojd+E FHEH7 571
ahe As ¢ ? AT o] AL VSEY 444 Bw7]|o) 45

gl 9@ A wgze o8 HEA} AN
71 el EJ& g2 24 ve HEY FEA F4
A A4 VSEZ 7MY 2 9% vAE AL & & YU

FHee, A8 A A4 3, 1997
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Fig. 3. 1 % aqueous solution viscosity against pH for associ-
ative thickeners prepared with different degree of
ethoxylation of VSE.

(LE9-MAA, LE20-MAA, and SE5-MAA, SE20-MAA)

Table 4. 1% Aqueous Solution Viscosity of Associative Thick-
eners as a Function of Monomer Composition

Monomer Composition 1% Viscosity(cps)®

# EA MAA |CE20-MAA'| 50rpm | 1000rpm
1 30 40 10 2,55 290
2 52.7 40 75 1,650 300
3 55 40 5 630 200
4 575 40 25 305 130
5 60 40 - 130 58
6 55 35 10 2,150 240
7 60 30 10 1,620 215
8 50 375 125 3,400

9 50 425 75 1,700 290
10 50 45 5 740 180

! CE20-MAA : vinyl surfactant ester
* Rheometer(RM180 Rheomat)
Soap(SLS) : 25 wt% based on total monomer

3.2.2. Carboxylic monomer(MAA)2| ol 2 M

VSES] g uAstn, MAASH EAS v|E #gAZl THA
o] AEH3lE RheometerE 274;}04 Fig. 61 uWehidch
Fig. 6914 MAASQ %ol Eo2+E FHAAT F7183

gukA o FAM carboxylic FF A7 F8HE @E%
AEA7E AL & LA Apdelt wzE &34 IAFY
ZAAE carboxylic ZEFAEZAN $& pHoME B4 =X
Fout =& pHolA AlEo] 3%, Ssl=lo] $4 A& Belth

et AFAol E MAAY Fol %7}%‘-’?% Al A
AAe BE v FAATI AR A WE 4 G4 g
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~e— EA50-MAA40-VSE10
= --®- EA52.7-MAA40-VSE7.S
= 4w EASS-MAA40-VSES
> 10000 —v-- EAS57.5-MAA40-VSE2.5
%’ —-#- EA60-MAA40
[~]
=
8
At
2 1000 -
(2 Aeaa ‘-\\\‘
@ A aa '§§‘
= Y aa .
8 Al SN ”hl”'A ‘\\I\
g. v .. AA\\.
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Shear Rate (1/s)

Fig. 4. Viscosity dependence on shear rate of associative
thickeners prepared with various VSE/EA ratios.

- EAS0-MAA37.5-VSE12.5
7 — - EAS50-MAA40-VSE10
g “ v EAS0-MAA42.5-VSE7.5
. ‘ = ¢~ EAS0-MAA45.-VSES
£ 10000 | A% MAAS-VSE
8 l\\\
173 A
2 N
> v S
= Vo SO
£ Ve M
£ vty
2 ., Py AT
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Fig. 5. Viscosity dependence on shear rate of associative
thickeners prepared with various VSE /MAA ratios.

hydrodynamic S¥ & %7} AAE Aoz yzgy.

3.3. AHEHOIX(Chain Transfer Agent)of mz 3|3y
SHHe +2H Mz

SRA PHA FUFAY Fe uHen, AzolHz
AH83 n-dodecyl mercaptan[CHs(CH);,SH] 9] Fe B )
T2 A7t 0%, 01% 05%, 1 %S AFRdte] A2 338
SHAY 37 BExg 2 HZH3}Z Table 59| YERA AT
A %240121]«] Fol SNHEFE ST Exgg 480 A
stelth LEAe HEF BxEe WA, 22, Moju
o 2EAY B57159 oy <o) —4 E3i},
< ANEE BYHeT ZASTY Holdy
}.

Bk AlE Aol AY o) 2AY Azols

oy o\

—*— EA50-MAA40-VSE10
E —4-- EA55-MAA35-VSE10
2 10000 - k\‘\ v EA60-MAA30-VSE10
R
v..
§ v . ~
- . L]
> v OAN
= e
2 . ‘}\.
5 R A
3 Y. Ne
@ 1000 - v, ‘}\'
w v\
3 v O
54 ‘\\
@ v
s LA
o v\
< :t-
2 )
— "y
100 T T
10 100 1C00
Shear Rate (1/s)

Fig. 6. Viscosity dependence on shear rate of associative
thickeners prepared with various MAA /EA ratios.

Table 5. Effects of Chain Transfer Agent on Viscosity of
Associative Thickeners

Composition M 1% Viscosity (cps)
EA [ MAA | SED I pone | (x 10 | 50 rpm | 1000 rpm
50 40 10 0 211 2,550 290
50 40 10 0.1 128 1260 100
50 40 10 05 121 960" 300"
50 40 10 1.0 43 45 43"

* CE20-MAA : cetyloxy poly(ethyleneoxy)20 ethyl methacrylate

° DDM : n- dodecyl mercaptan (wt% based on total monomer)
¢ Mw : number average molecular weight

* 2% solution viscosity

£7h Z7kete] Al Eapgol ZoiEA AT HebA Table
5IM & 4 gl%o] ArdgAel o8 A gavss
hydrodynamic A& 3917} so}A 2R EH} Basteg

4. 2 £

€ F79AE wol24 vinyl surfactant ester[alkyloxy
poly(ethyleneoxy), ethyl acrylate]—a— ol g3l F8&A 3Py of
A% FHAE ML TEEA SHFA(MAA/EA/
VSE)9] H] &S 4AsA 0}"’ VSEY $H7E& <ty &y
& SHAS FEFAY 24 2 A2A A9 ke =25t
Az SHA9 1% 5494 458 nas 23 453 2o
1) VSE¢] 5§49 43

VSEZ o] &% +44 33y ojaz 34+ VSE9 EA
(274 Zer]9 Eh_—r, ethoxylation &) ZH g7} o
& LY VSEY 2424 0] AAFE Z VSES HLB7} 7
28F associative 24 297 AR D I, Fx A ojx)=
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ethoxylation 271259 HAHe| EATHE e &
019}
MAN

0) A 249 9%

VSE(CE20~ MAA)E 23 WAz 893 FHCTE
dge FT ¥ P_i 20 -MAAY %ol F7ESFE ST

273 F itk =8 VSES) %ol Ze
A3 EAY U452 AE7 27
o oA MAA«] %ol z7}‘5"“% 4“—*0‘011*1 d& we &9
3

w7 AR AE B3 2 430 ¥ hydrodynamic ZH4
H7h ARE Aoz 47T

3) Az Aol A g o] W AFY FAA ZH8%

AzAo|Ae ol 2SS HEE THA B A G
o] AopRE AE ¢ F AN AR Al oja EApkel]
AolAw FEAAl A hydrodynamic zAg377t ZEA
Lh=

412
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