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Abstract
This study focuses on the optimized synthesis of microgel thickeners derived from sodium acrylate-acrylic acid copolymers
through inverse emulsion polymerization. The primary objective was to enhance polymerization efficiency and improve the
thickening and rheological properties of these materials by employing optimized synthesis conditions, novel crosslinkers
(diglycidyl ether derivatives), modified Cloisite plate-like nanoparticles, and acrylamide comonomers. At equivalent
concentrations (0.3 g), the use of a long-chain crosslinker (poly(ethylene glycol) diglycidyl) ether compared to a short-chain
counterpart (diethylene glycol diglycidyl ether) resulted in a ~13-fold increase in apparent viscosity (from 1.39 Pa-s to 20.2
Pa-s at a shear rate of 10 rpm). Incorporation of Cloisite nanoparticles as reinforcing agents, up to an optimal concentration of
5 wt%, led to a ~7-fold rise in storage modulus (from 0.65 kPa to 5.61 kPa at 10 Hz) and a significant improvement in copolymer
thickening performance. The addition of acrylamide comonomer to the primary copolymer backbone, forming a terpolymer
with 40 mol% acrylamide, increased the polymerization conversion yield from 62% to 93% and produced an approximately 4-
fold improvement in direct latex viscosity. This study demonstrates that the strategic combination of advanced crosslinkers,
nanoparticles, and comonomers represents an effective approach for developing high-performance polymeric thickeners.
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Table 1. Comparison of the performance of inverse emulsion polymerization, solution polymerization, and suspension
polymerization methods in the synthesis of acrylic-based thickeners.

Particle size Thermal control Process

Method type Particle size distribution  of the reaction  viscosity
Inverse emulsion 50-500 nm
. . ; . Narrow Excellent Low
polymerization (Precise particle size control)
Solution polymerization pm to mm Wide Moderate ;/legr}}lf
Suspension polymerization 1-100 pm Narrow Poor Medium
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Figure 1. General schematic of the synthesis steps of (A) Poly(NaAA-AA) and (B) Poly(NaAA-AA) + Cloisite®30B
nanocomposite by inverse emulsion polymerization.
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Figure 2. Comparison of the chemical structure of new generation diglycidyl ether crosslinkers with methylene
bisacrylamide crosslinker
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Figure 3. Formation of crosslinks between poly(NaAA-AA) chains by diglycidyl ether crosslinkers
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Figure 4. Comparison of apparent viscosity changes with shear rate of crosslinked poly (NaAA-AA) synthesized in the
presence of 0.3 g PEGDGE and 0.3 g DEGDGE (swollen in water)

oy Gl L 5,05 53,15 RIS 5 (s ) Setdly 4t 5, 955 o e B USE 8 a5 jsb e
SVsb IV Y 00 Y] asoss ST jo a5t &g a0 Slidsd opl 4o edd jiw o Jje, S pled 4o by
2 B5,Sen Srmsky S5y Sty USE e Jb e 53 5 oml B sleie s o ilol Gy o,
dazs b IVVIS o ol s 1) st S G L oMl 5515 50 tals e Vb by lacie s
53 PEGDGE _5,e &Ylasl oosS o) Jole 90,0 Jlade (il dige jwe ,0 o plil sl tolosl auls
Ao e a5 0l aseiee b J55,S0e 5,05 (59515 oS (ol el Jole ilise polae Sl o) 9 DEGDGE
Clal Cools b laSes b J5s,5e 3w gl ylie aigs DEGDGE ) o5 +/% s PEGDGE o5 + /¥ 5L
lS a0 5 oo sl sl S obogl o olie ol 51 Sl oS iy aliEl el (6 ST Fims
S oy 4l 9 5l G (B ST ey Sl (nl 55 00 S o0 S350 bawgd Pl i azgs LB
pygie diged 5 0lb (55 531,5) lag] (Saias cbale i a0 g wigd b Pl 50 Jol job 4 atils i (9,5

Ivylat oo Spols (O o
sl Jule 5l yieS polde ;0 PEGDGE L ool (gl aSils diged a5 a0 lis 00l 3w 59,500 diges 90 dulie
5 Olaslis (plo,ls DEGDGE b ool glaSils diged 4 Cond (im0l (59,515 (oo, OYlasl sassS
G yonds (6B puziy o )0 03985 oy Al jle 4SS S yleie 4 PEGDGE IR 4 4 FOW PRVARW 35,500 Sldlas



sl &St nl Hpa 5 63515 oo Vb el 4l )0 sl Siml yerhy o pad lasl JBs g 03g S
9 009 frda yesh laay ()0 (B358 JoSge S8 le S S lyie 4 DEGDGE jlu a0l ot

Lol oS jl aSGl (pl jea> 50 (59 50)5 Azl j0 )l (6 VL Gab glasil JBs el
Chle 5 gilw el gl g (Cloisite®B30B) cujels wiile dxiws wlyd ol 1 Y-

Poly(NaAA-AA) aly youlyoS SO3gle5) (oles g (Supd
3P Mgl oo oolatnl 315 ¢ cil alex 5l Gl mlio o sloo S jeb 4 é.‘.l..)ﬂ slrosas cdalé o34 sl
Cloisite®30B <o 55lS" aiile azman Ol b 5l oads i ld 59,500 (69 0,5 olsm dgpe B b gy (pl 5l .05
g57d°"" C)La‘ 0)5 9;[; u.,‘ ol ede ol solawl ool jueow ‘51.14‘5] 4;[.» GLQJ)SJX“" G)L“’ w)g.s.als 5;[; LS‘)-.’
e Sloed wzge 5 03,5 Jos plicdsal wiile o wilie 0l 55, 2 ez E55 poisel LSl 58 5l oas Jlosl

A % o IS S ST A P
ok sS (Sladigai o395 (oly> rizan 5 558l (5555 (55, 2 Cloisite®30B asile axiio S8 5k jlada 55k
slaJisSee ol 69515 Ol 8 IS8 85 J1E ) 0590 O 40 00 p)9 Poly( NaAA-AA) 4l
oy s > 3 1Y Jodome j0 15 0,3 9ib 5l salise molie (g9l> Cloisite®30B- Poly NaAA-AA) 0 jsslS

2 o lid

0 5 10 15 20
Shear Rate (rpm)

w51 a5y Poly( NaAA-AA) by sy b 5505 (69 51,8 &l i 3 Cloisite®30B wiilo axivo ly3 9l o 1.0 JSi
(& 43 pygin & yg0 a) PEGDGE +/Y g yaud> 35 oo

AR



Figure 5. Effect of the amount of Cloisite®30B nanoparticles on apparent viscosity changeswith shear rate of
crosslinked poly(NaAA-AA) synthesized in the presence of 0.3 g PEGDGE (swollen in water)
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Figure 6. Schematic of the formation of physical crosslinks between polymer chains of poly(NaAA-AA) based
microgels by Cloisite®30B nanoparticles
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Figure 7. Effect of the amount of Cloisite®30B nanoparticles on storage modulus changes with frequency of
crosslinked poly(NaAA-AA) synthesized in the presence of 0.3g PEGDGE (swollen in water)
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Figure 8. Effect of AM mole percent on apparent viscosity changes with shear rate of crosslinked poly(NaAA-AA-AM)
synthesized in the presence of 0.3 g PEGDGE (swollen in water)
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Table 2. Effect of AM mole percent on conversion of inverse emulsion polymerization.

Mole percent of monomers Conversion of

NaAA AA AM polymerization
90 10 0 62%*
72 8 20 85%
>4 6 40 93%
36 4 60 96%
18 2 80 99%

*QOptimal Conversion
Ao, a5 slaigs a4yl ioli8l o po aingn Oy a4 bow do 0 e ey 0 AM Jge s o oS 5 8, YL L
e b ol pla) 0 AM Jeo 7. T L diged ,0 7.9+ oYL & Poly( NaAA-AA )aigai slp 7. 7Y 5l Jos
oS P i A ey 00,5 oo Jeol> 1A% 4 S0 had a0 AM Jee LA Gl ladigad jo aS o ls asll
Eyoge (rl 4t )1 g ly el gl slaailels (gl (Aali8l 10 AM pegige ol okl 5l las (VL lass,s
ool Hlas A IS jo a5 jsb les Lol sl STy byl jo (Bl OV same g ol glasglS axg LB alS
ol S e oy RS O 5 550 sla 59 ,8e (g ol (591,85 AM jagise Joo 1 ¥ e 5l ity Shl38l scaslonss
S Saws cbale plys Jol> diges (AM jogige Joo 7)) AM jodigen jo aS 5l aalsl Sl b ialS
s JS o9 ol @ azgi b (Joe 1F Sl ) AM aoys oS5 Gl b ass i liad g5 5l (5,59
Sl > cpl 4o 040 oo atwlS wiloles ;o sals soliiwl NAAA) &L ST wows Jgo Hladie 5l ¢ Souml i youls ailolos
J315 s (g el JLid M jo 2alS 4l 40 g o0l S (6 peuds 4SS 40 99290 (FCOONA") slo e 795
S g 3s,5ee 50 2l iz ol (mals bao,s oS 5 nl 50 5 nl 5l ol walss (g5, 6 renly 4l 515
2 509 00y )5 4 2T slaailols g0l (59,1, Gl sl Dl 9o b 9 5 Cands 5 (010 g Sl ams g

\Y



O USS jo bgwypm ol mls clls 8929 3xU jlews Jlade 4 Poly( NaAA-AA )l slo oSSY 0 euds (59,
S5 g (AM Jse 7+) Poly( NaAA-AA )asly s yorly s nS5Y ool 55,55 Oliuis duglin & )50
sl 00 03,451 syt comm o AM g 75 +) Poly( NaAA-AA-AM )asly s (s oy

55

e 009 AM
== 40% AM

50
45
40 -
35 1
30 1

Apparent Viscosity (Pa.s)

s —a

0 40— 0—0—0 T ¢ 4 T T ¥ ¢*
0 2 4 6 8 10 12 14 16 18 20 22
Shear Rate (rpm)

NaAA-AA- )Gl o 6ok wSGY 9 (AM Jgo 7+) Poly( NaAA-AA ) b g ey b (50 (69 51,5 Ol i’ dng o A JSC&
(ST 39 p e« youds WwSIY & yge0 49) PEGDGE /¥ g jgua> 15 i yidw (gl 45l (AM  Jgo 7.+) Poly(AM
Figure 9. Comparison of apparent viscosity changes with shear rate of crosslinked poly(NaAA-AA) (0% AM) and

poly(NaAA-AA-AM) (40% AM) synthesized in the presence of 0.3 g PEGDGE (in the form of polymer latex, swollen
in water)
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Figure 10. Effect of crosslinker content on apparent viscosity changes with shear rate of crosslinked poly(NaAA-AA-
AM) (40% AM) synthesized in the presence of PEGDGE (swollen in water)
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Figure 11. Effect of aqueous to organic phase ratio in polymerization on apparent viscosity changes with shear rate of
crosslinked poly(NaAA-AA-AM) synthesized in the presence of 0.3 g PEGDGE (swollen in water), and comparing the
efficiency with the commercial thickener sample Carbopol 940
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