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Abstract

This study focuses on the optimized synthesis of microgel thickeners Received: 17 February 2025
derived from sodium acrylate-acrylic acid copolymers through inverse Accepted: 3 May 2025
emulsion polymerization. The primary objective was to enhance Page Number: 124-139

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 Keywords:
copolymer thickening performance. The addition of acrylamide Microgel,

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
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Optimized Synthesis and Enhancement of Properties of Acrylic.

Polymeric Thickener,
Acrylate Copolymer,

direct latex viscosity. This study demonstrates that the strategic Composite Hydrogel,
combination of advanced crosslinkers, nanoparticles, and comonomers Inverse Emulsion
represents an effective approach for developing high-performance Polymerization

polymeric thickeners.

Please Cite this Article Using:

Sabzevari, A. R., Sobhanimatin, M. B., & Kabiri, K. (2026). Optimized Synthesis and Enhancement of Properties of
Acrylic -Based Microgel Thickener Copolymers via Inverse Emulsion Polymerization. Iranian Chemical
Engineering Journal, 24(143), 124-139, [In Persian].

00000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000


https://doi.org/10.22034/ijche.2024.414677.1347
https://doi.org/10.22034/ijche.2025.507116.1504

(O, 5 (5,09 5mm) Gj)g).io.o dasaseble L;Lb)o.al),S uo|9.> dgugd 9 Lagd jodaw
1V PFE:(VFeF) M,J@:g»ﬂb)lmb_'o)lqbpw dL“-U|)-‘|u°~;'g;“3*€'° O i

ESTSp—— O8O

d DOI: 10.22034/ijche.2025.507116.1504 This journal is an open access journal licensed under an

Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

59,50 s dile o youls o5 olas Sgaty g Aty yw
09219 (g gol Cyguml 39 poudy gy Sals ;S Tasly

TGS asS e lon ez KT (g ly s L e
e olRAINS ¢ Sy (pwkien 09,5 ¢ yorhy (i slels )
Ot (ato oLy (gord (odign 09,5 ¢ pocly (pwiige Jhobiwl Y
OlRl (oon9 s 9 youy oBidghy c0n)) 9w 095 pouly (owiiges JLeilo Y
a.sabzevari@meybod.ac.ir :,55 e Ly

VESFANYA el b Al g jlnd St Ll ol o,0lisS 4 gy i dy iagd s il o
VEFLYNY Gl )6 08l stmmetzel (Gl Gl pony Syt wibimesl STl ST 5T it
VYL VYE s et ol Saes 5 el pands 035 izl cdallao Syl Lol Gita izl
Jloolitwl iy jiiw Lol L olyo ol (FLdaly) SOelsd, 5 (Suisoc Ll
ool o jols wilodnd o SS9l s 560 g (slojlo s
9 Sl LS 50 1 2)5 /1 ol guolio yo Ceo do [ e 5T apigosty
Sooldi] (zmijoliss) o7 koS50 Sl A 50 5 Cuzeijbil) 5T koS
$pALE 59,005 ol ~IT S8 gmijolisS Ao uzmijdil jlwdSCds
Jleolaw] .o ils ofyand [, () IPM S e v o Fe/FPAS 4 )/FTPaS )

olgunls

isSes | it e i iy 0 L e b i s il gl

«§ yoek Bamocdale il g (12 HZ uslSys 10 /8 ) KPa 4 < /FOKPA ) 0,53 Jsdo (o pslp ~V
(Sels ST podysS ol i s ol L ST ogize 05581 k5 Lo parclysS  Ftiasdile o
(SRgalS Jig,0e0 i a0 i e [ ST o TP L oy oSt g iyl ks S
gyl ygeasls rarly b pedisece poSSY 69,005 50 Sl ~F Sli8 5 VAV 4 JEY 1 G ok
(8 0575065 5 O, S9il ¢ prgi jlwdSoid folse oS i 45 Ol ylid sadlllas ) il o0

49,
9
il YU L gy (sloodivoc Bl wdsi ol e 6 B0l, Wil o

Sy (g 09,5 e oSS (e

o 4 olow!

kSTl (e SaRo Ll sl yarkysS elyS Ogee g At 3 OV F 0 F) (D65 (6 S 5 Bz oo s ddjle (6 g5
AYENTR VPV FE o o svcigre 4 s )5 imedgil ypmnlppanly sy


https://doi.org/10.22034/ijche.2024.414677.1347
https://doi.org/10.22034/ijche.2025.507116.1504

s YL sol> vy L ol puSSY Ay Sl ()3 85100l &y 508
5 FJ3Nse o2 51 SV 65,005 Odm e 5 ol 65,015
O ygmod uy_w‘)a)mla Jya:m W solawl U&‘“‘ ‘u-’l-?r‘)d
oS ST slmonmoc Lale 5 gl Ji5e s,y (enSSY
LYY Jlo o ohlSen 5 Sily o Jlie gl LY 1Y) T
Frm 53 297 sl @S @ )ly Ogedael Gamli el )
&‘ﬂ YLJ ‘S:.JSJAK” W5LM l) Jﬁ.w‘ &L;j&x saseocdale h_:)
s v acmiborns oty —oshl Lo s b me o oolizul
SeaSa o, LSen 5 (s Yo VY Jlw o 6,505 olisios
socmoclale S s 4 3850 )ly Ogedsel ol ek
i ol ol un Wud YU Sl L pawgel L ST L
s> 50 ool gl camocdale sslialy, ples Seue
SFobiaios ol (599 o 50 09— (Sohls slagh, S ols
el 3o Jsdomo yog—go lyicay sl S ST

L8] asoslanal jluasics lgieas (MBA) ool s ST sy kite
slaisy o blie o0 () cnl 9, 8es 352 5l oalsS dunlie
5 Ao &g od S ST slaosmoc bl jiw Joene

6[.‘3).41949.4) 63L‘>) L.':‘;l )lﬁ ‘U"‘"B) U"‘ ) .w‘o.\&oo)ﬂ (\) Jj»

(el aile) (siég) 5LE 5o 5y OB &5 oty (Censgos]
JoSis an oo Ol a8 (1l 0998 (gamlin yealy 39 ge0nsST
13 85l Cpenl g oo SO 8310l 2565 b 59,500 3
e 50 Sl B3ladl ;5SS L a8 9 Gegli Yee p3) S,
5 ol a2y oled o 4 YU IS L (slooazaoclale
L L) wiile) (2l slasandse 50 e sos9lS 55lnb

20,8 sop (i)l pjly)

dodio .Y

sslatess 4 wes (solge (Sl STaly s renly lacaiasclale
(Bl—baly)) Soieles, ol d9—te 3 9,01, sl
JSas U La g, ool ¥V ]og, o) 0 ol slaasboles
SIS 5 iz QUlg (ol sl sl ;o saman glaass
Sl S an | Lagl (Shg ool a5 ijls 1) O ol polie
)29 5 o i Lite L2005 (ol Gl
ol el 5 —al)T mlis o La-Flec s 5 o
15 ply B0 e i 5 oaiiS sl ol ylsicds bosinocale
5 S plio )3 09 geosliinl laygamgd g lop S (gan Jge 2
s Sl slaosimsdgg 5 5 > slaS093l (s 5
sbadsl> ploiean Loyl cnl i(5))glis dimsjyo )3 0018
2 85 05 o dae S 5 ke olge 5 o o jlonls] sussS S
85> el ogdle 9 sayzmin 35S 5 Ol Brae SIS S5t
ool plyieds Sy ST sloostnsclile (gilug)lo 5 (S

29y Sa bag )l g3luslil 8as 28 ladsle 5 sl
Ol roaly SLa gy L Yoons Laoasmsci Lle 0l i
9 el Ogel iy yosly ((Jodome Ggrsslis oy wiile ( I8,
Oy Slalllas ogb aplonl ()l (S gl gl oy
Fh Ol ot g)ly (S gl Ggal i yonly o5 wiloslolis
Oyl sk VL sloee s 10 9 Vb (JoSIge )2 b (aloyerdy
Sy b gl yoay w3 Joboys (Jle (ples 508 G
029338 QLS comby slacss ol 5 5o Leys Jlasl gy (VL
Ogemwl i youdy Slads o o 30 &l 3eils aiile (alire LS 5
L oS olaogige (b poclysS (Il caled Loly> ogape solaien

5 olyd 85lasl JuS collB caigd go0 youdy ewdy o yhgy yle

i 3 (Halal  gaal i parly g (glae G genl 3 pasls (O 9509 O g2ead 9f § el 33 yonly SLagh g 9 pSles duaslls N Jgua
é:d:wsh."al,g Slrossasclals

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 of Process

Method type Particle size e A . .
distribution the reaction viscosity

Inverse emulsion 50-500 nm
.. . . . Narrow Excellent Low
polymerization (Precise particle size control)

Solution polymerization um to mm Wide Moderate Very high
Suspension polymerization 1-100 um 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 ¢ PEGDGE and 0.3 g DEGDGE (swollen in water).
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Figure S. 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 ¢ 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.
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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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