
Iran Polym J (2015) 24:977–987
DOI 10.1007/s13726-015-0386-4

1 3

ORIGINAL PAPER

Effective parameters in surface cross‑linking of acrylic‑based 
water absorbent polymer particles using bisphenol A diethylene 
glycidyl ether and cycloaliphatic diepoxide

Nasrin Moini1 · Kourosh Kabiri1 

Received: 18 October 2014 / Accepted: 21 September 2015 / Published online: 8 October 2015 
© Iran Polymer and Petrochemical Institute 2015

parameters have been derived and compared with diethyl-
ene glycol diglycidyl ether-treated sample, as well.
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Introduction

Superabsorbent polymers as hydrophilic light cross-linked 
three-dimensional networks are capable of absorbing and 
retaining deionized water, up to 1000 times of their weight 
[1]. Their vast variety of applications in different fields, 
mainly in hygienic [2] and non-hygienic [2, 3] have made 
them immensely popular. The manufacturing capacity of 
superabsorbent polymers is about 2.2 million tons per year 
and still there is a strong demand to raise this capacity [4]. 
Therefore, superabsorbent polymer is an attractive field to 
conduct a research.

Strength of swollen gel is of great importance com-
paring with its other features. Various strategies such as 
preparation of cyclic structure formation [5], interpenetrat-
ing polymer networks [6–8], composite hydrogels [9–11], 
nanocomposite superabsorbent polymers [8, 11] and sur-
face cross-linked superabsorbent polymers [12–14] have 
been utilized to enhance this characteristic. Except sur-
face cross-linking of conventional superabsorbent which 
is mainly cited in patents, the other techniques have been 
probed quite thoroughly. Recently, self-cross-linking abil-
ity of N,N-dimethylacrylamide (DMAA) has been resulted 
in both superior mechanical properties and free absorbency, 
as well [15].

Surface treatment increases cross-link density in the 
outer most layers, which results in higher modulus, and 
consequently higher absorption under loud (AUL) [1, 16]. 

Abstract Surface cross-linking of acrylic-based water 
absorbent particles was conducted to enhance swollen gel 
strength. Partially neutralized acrylic acid was synthe-
sized via solution polymerization, and then modification 
of superabsorbent polymer was imposed on the surface of 
its particles using bisphenol A diethylene glycidyl ether 
(BADGE) and 3,4-epoxycyclohexylmethyl-3,4-epoxycy-
clohexane carboxylate (CAE) resins. The two-step surface 
treatment was conducted initially, by homogenous soaking 
in treatment solution containing cross-linker and solvent 
(90 wt% acetone and 10 wt% deionized water) and then 
heating at 170 °C, to complete reaction, subsequently. ATR-
FTIR spectroscopy, rheometry analysis, swelling capac-
ity measurements in deionized water and saline solution 
(0.9 wt% NaCl) and swelling kinetics measurments were 
also employed for accurate investigation. Effect of both 
epoxy resins content as the effective parameter has been 
examined. Addition of a little amount of cross-linker raised 
the storage modulus about 30 % but the higher amounts of 
the reagents increased it up to 100 %. Both resins could 
significantly improve the absorbency under load. Heat-
ing duration was another effective parameter which has 
been investigated for BADGE resin. Two different trends 
have been observed for variant heating intervals. Network 
structure has been revealed by means of average Mc cal-
culating by the modified rubber elasticity theory. Besides, 
swelling kinetics of BADGE-treated sample was approxi-
mated by employing Voigt-based viscoelastic model and its 
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