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Abstract Superabsorbent copolymer (SAP) based on

acrylic acid, acryl amide and 2-acrylamido-2-methyl-

propansulfonic acid has been prepared in an aqueous

solution using potassium persulfate as initiator and N,N0-
methylenebiacrylamide (NMBA) or triethyleneglycol

diacrylate (TEGDA) as crsosslinker. The absorbing prop-

erties such as equilibrium water absorbency and swelling

properties in different concentration of saline waters were

investigated. The relationship between the properties and

synthesis conditions such as the concentration and kinds of

crosslinking agent, initiators and neutralization degree and

monomer ratio were also investigated. The results show

that the water absorbency of the SAPs reach 58 g/g at the

ionic strength of 1000 mmol/L and the water absorbency

decreases with the increase of the concentration of saline

water.
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Introduction

Superabsorbent polymers (SAPs) are one kind of materials

which can absorb large amount of water, and they are

different from other hydrophilic materials because they can

retain water even under pressure. Due to the characteristics,

SAPs have been widely used in many fields, such as

disposable diapers, women napkins, soil for agriculture and

oilfield conformance (Flory 1953; Zou 2002).

The influence of various polymerization parameters on

the absorbency or absorption rate has been investigated by

many researchers. Chen et al. reported the synthesis of poly

(acryl amide-co-acrylic acid) by solution polymerization

(Guo and Liu 2005). Y. Murali Mohan reported the syn-

thesis of poly (acryl amide-co-sodium methacrylate)

copolymers by free radical polymerization in aqueous

solution, and the various reaction parameters had also been

investigated (Zhang et al. 2006). Lin et al. reported PAMA

prepared in aqueous solution using acryl amide and

2-acryamido-2-methyl-propanesulfane acid as monomers,

and the absorbency abilities in different solutions had been

studied (Gosavi et al. 1999).

Although many studies have been done, there are still

some problems that need to solve. For example, most of

SAPs are weakly cross-linked acrylic acid-based polymer

and they are often used under salinity conditions, so much

more attentions should be focused on the improvement of

their salt resistance. Moreover, SAPs are often used under

pressure conditions, so the gel strength should also be

considered.

As is well known, salt-resistance ability is very impor-

tant to SAPs and it depends on functional group,

crosslinking density and reaction conditions (Chen et al.

2005; Murthy et al. 2006; Mohan et al. 2005; Lee and

Huang 2007; Yılmaz and Kul 2007; Xu et al. 2007; Van-

damme and Lenourry 2002; Karadaǧ and Saraydin 2002;

Wu and Lin 2000; Pourjavadi et al. 2007; Li et al. 2007). In

this study, with the purpose of improving the salt-resistance

ability, a new SAP has been synthesized in aqueous solu-

tion using acrylic acid (AA), acryl amide (AM) and

2-acrylmido-2-methylpropanesulfonic acid (AMPS) as

monomers. AA and AMPS determine the water absorbency
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ability, and AM can contribute to the gel strength and

reduce the cost. The swelling properties of SAP in distilled

water and saline water have been systematically studied.

Besides, polymerization parameters such as the amount and

kinds of initiators, crosslinking agents, neutralization con-

centration and monomers ratios have been investigated.

Experimental

Materials

Acrylic acid (Beijing Dongfang Chemical Plant) was

purified by vacuum distillation. Acryl amide(AM), sodium

hydroxide, potassium persulfate and N,N0-methylene-

bisacrylamide (NMBA) obtained from Tianjin Bodi Co

were of reagent analytical grade. 2-acrylmido-2-methyl-

propanesulfonic acid (AMPS) supplied by Shandong

Shouguang Chemical Plant was used as received. Tri-

ethylene glycol diacrylate (TEGDA) as crosslinking agent

was also purchase from Beijing Dongfang Chemical Plant.

Synthesis of AA-AM-AMPS copolymers

AA and AMPS were neutralized by sodium hydroxide

(2.5 mol/L) to a proper neutralization degree at room

temperature in a 100-mL beaker. Then AM and

crosslinking agent were added to the above solution. After

that, the mixed solution was added to a 250-mL three-

necks flask equipped with a mechanical stirrer and a

Fig. 1 Effect of monomer

molar ratio (AA/AM/AMPS) on

the water absorbency of SAPS

Fig. 2 Effect of crosslinking

agent (NMBA) concentration on

the water absorbency of SAPs
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nitrogen line. The flask was put into a water-bath at 60 �C
and the solution was flushed with nitrogen gas for 30 min,

and then the initiator solutions were added into the flask.

The reactor was kept at 60 �C for 2 h and then heat to

70 �C for an additional 2 h. The obtained product was cut

into small pieces by hand.

Measurement of properties

All samples were dried in a vacuum oven at 100 �C until

constant weight and they were smashed into particles with

size between 100 and 200 lm. For the test of equilibrium

water absorbency, nearly 0.1 g of dried SAP sample was

put into a 300 mesh tea bag, then the bag was immersed in

sufficient water for 24 h until the equilibrium water

absorbency was reached. After that, the excessive water

was filtrated by 200 mesh screen. The equilibrium water

absorbency (Q) was calculated by the following formula:

Q ¼ m1 � m2ð Þ=m2 � 1

where m1, m2 represents the weight of dried sample and

swollen sample, respectively.

Results and discussion

Influence of monomer ratio on water absorbency

The influence of different monomer molar ratio (AA: AM:

AMPS) on water absorbency was shown in Fig. 1. It could

Fig. 3 Effect of crosslinking

agent (TEGDA) concentration

on the water absorbency of

SAPs

Fig. 4 Effect of neutralization

degree on the water absorbency

of SAPs
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be seen that with the increase of amount of AMPS, the

water absorbency of SAPs in saline water increased. This is

because AMPS is an excellent salt-resistant monomer due

to the high electric charge density of the functional group –

SO3H. Then the –NH2 group is well protected by the large

side group –SO3H, so the salt ions have little influence on

AMPS.

However, the trend of water absorbency in distilled

water is a little different from that in saline water. As

amount of AMPS was larger than 1/2 (molar ratio), the

water absorbency decreased with the increase of AMPS.

This is probably due to two reasons. In one hand, the

hydrophilicity of –SO3H is worse than –COOH in distilled

water, so the SAP with large amount of AMPS has worse

water absorbency in distilled water; in another hand, SAPs

with large amount of AMPS and small amount of AM are

easier to shrink than the ones with small amount of AMPS

and large amount of AM, leading to the decrease of water

absorbency.

Influence of crosslinking agent on water absorbency

Figures 2 and 3 showed the water absorbency of SAPs

with different crosslinking agent (NMBA and TEGDA)

concentration. The swelling behavior of SAPs crosslinked

by TEGDA is similar to those crosslinked by NMBA. The

Fig. 5 Effect of initiator

concentration on the water

absorbency of SAPs

Fig. 6 Water absorbency of the

poly(AA/AM/AMPS) SAPs in

the various ionic strength of

NaCl solution with different

monomer ratio
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water absorbency increased as the NMBA concentration

increased from 0 to 0.05 % and then decreased as the

concentration larger than 0.05 %. As is well known, the

network size is determined by two factors: the

crosslinking density and molecular weight between two

crosslinking points (Mc), and the crosslinking density

mainly depends on the concentration of the crosslinking

agent. With the same kind of crosslinking agent, the

network size is determined by the crosslinking density. At

low concentration of the crosslinking agent, the

crosslinking network of the SAP was not complete, and at

higher concentration, the network size of SAP is too

small, so there is an optimum amount of crosslinking

agent for SAPs.

Fig. 7 Water absorbency of the

poly(AA-AM-AMPS) SAPs in

the various ionic strength of

NaCl solution with different

concentration of crosslinking

agent

Fig. 8 Water absorbency of the

poly(AA-AM-AMPS) SAPs in

the various ionic strength of

NaCl solution with different

neutralization degree
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It also can be seen that, when the molar concentration of

crosslinking agent is 0.1 %, the water absorbency of SAP

crosslinked by TEGDA was much larger than that of SAP

crosslinked by NMBA. This is due to the different Mc of

SAPs crosslinked by different crosslinking agents. Because

the molecular chains length of TEGDA (CH2=CHCOOCH2

CHOCH2CHOCH2CHOOCCH=CH2) is obviously longer

than that of NMBA (H2C=CHCONHCH2NHCOCH=CH2),

at the same molar concentration of crosslinking agent, the

network size of SAP is determined by the chain length of

crosslinking agent and SAPs with larger network size have

better water absorbency abilities.

Influence of neutralization degree on water

absorbency

Figure 4 showed the influence of neutralization degree on

the water absorbency of SAPs. It was obvious that when

the neutralization degree increased from 50 to 65 %, the

water absorbency increase; and the water absorbency

decreased with neutralization degree increased continu-

ously. In one hand, with the increase of neutralization

degree, much –SO3H and –COOH were neutralized as –

SO3
- and –COO-, leading to a strong electrostatic repul-

sion and a larger crosslinked network size, so the water

absorbency increased; In another hand, with the neutral-

ization degree increased continuously, many –SO3H and –

COOH groups were neutralized and the reactivity of these

neutralized groups decreased obviously, so the reaction

could not proceed completely, leading to a reduction in

water absorbency.

Influence of initiator concentration on water

absorbency

The influence of initiator concentration on the water

absorbency was shown in Fig. 5. It was obvious that with

the increase of initiator concentration, the water absor-

bency increased firstly and then decreased, i.e., there was

an optimum value of the initiator concentration. This can

be easily interpreted by basic theory of polymer chemistry.

At low initiator concentration, the reaction could not pro-

ceed completely because of lack of free radicals supplied

by the initiators, leading to a reduction in water absor-

bency. And at higher initiator concentration, the chain

length would be shorter and the crosslinked network size

would be small, leading to the decrease of water

absorbency.

Influence of ionic strength on water absorbency

Figures 6, 7 and 8 showed the influence of ionic strength

on the water absorbency of SAPs. The three figures all

showed that with the increase of ionic strength in NaCl

solutions, the water absorbencies of SAPs decreased. This

is due to the cations (Na?) concentration in salt solution, as

the Na? in the salt solution will neutralize the carboxylate

and sulfonic group. With the increase of ionic strength in

salt solution, the ionic osmotic pressure between the

external solution and hydrogel decreases, so the water

absorbency decreases. It also could be found that the water

absorbency of the SAPs reach 58 g/g at the ionic strength

of 1000 mmol/L, which proved that the SAPs had excellent

salt-resistance property.

Conclusion

A new series of superabsorbent polymer, Poly(AA-AM-

AMPS) has been prepared in an aqueous solution using

AA, AM and AMPS as monomers, potassium persulfate as

initiator, N,N0-methylenebiacrylamide (NMBA) or tri-

ethylene glycol diacrylate (TEGDA) as crosslinking agent.

There are optimum values for the polymerization

parameters such as the concentration of the initiator,

crosslinking agent, neutralization degree and monomer

ratios.

The water absorbency of these SAPs decreased with the

increase of the ionic strength in salt solution and the water

absorbency of the SAPs can reach 58 g/g at the ionic

strength of 1000 mmol/L, which proved that the synthe-

sized SAPs had excellent salt-resistance property.
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