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Introduction

Superporous hydrogels (SPHs) are a three-dimensional

network of hydrophilic polymers that absorb a considerable

amount of water in a very short period of time due to the

presence of many pores with diameters on the micron to

millimeter scale.[1–3] These hydrogels are distinguished

from other porous hydrogels in terms of their pore sizes and

the methods used to generate the pores. If any portion of a

superporous hydrogel is exposed to water or aqueous fluids,

fluid is immediately absorbed through the open channels

to fill the whole space. This capillary-driven absorption

mechanism helps dried superporous hydrogels to swell very

quickly into a very large size.

Superporous hydrogels can be made to possess mechan-

ical or high mechanical strength properties after swelling.

As previously reported, the SPH mechanical strength can be

improved by adding crosslinked hydrophilic polymers

into the SPH formulation.[4] This modification essentially

increases the crosslink density of the hydrogel without

making the SPHs too brittle. In other words, this approach

results in a higher modulus SPH. As a new development, the

mechanical properties of the SPHs can be significantly

improved through a novel interpenetrating network for-

mation. Before polymerization and crosslinking, a given

solution of water-soluble alginate polymer was added into

the mixture of monomer, crosslinker and other necessary

ingredients for the SPH preparation. The mixture was poly-

merized and crosslinked at room temperature using redox

initiator couples. The polymerized SPH was further treated

with metal cations to induce the metal complexation of the

alginate portion of the SPH structure. These products are

very resilient and resistant to compression and elongation.

In their water-swollen state, elastic superporous hydrogels

can be repeatedly stretched to almost twice their original

length without breaking. These novel products may find

applications in the development of drug and protein deli-

very systems, fast-dissolving tablets, occlusion devices for

Summary: A novel approach was developed to prepare a
superporous hydrogel with superior mechanical and elastic
properties. According to this method, a synthetic monomer was
polymerized and crosslinked in the presence of a water-soluble
alginate polymer. Later in the process, the alginate part of the
synthesized hydrogel was treated with metal cations, which
resulted in a hydrogel hybrid with an interpenetrating network
structure. In this article, a hydrogel hybrid of acrylamide and
alginate is highlighted because of its unique swelling and
mechanical properties. This hydrogel hybrid shows resilience
and a rubbery property in its fully water-swollen state, which
not previously been reported. To help understand the under-
lying mechanism responsible for such unique properties with
hydrogel hybrids, the ionotropic gelation of the alginate
polymer was also studied in more detail.

The elastic nature of the prepared, water-swollen, acryl-
amide-alginate hybrid hydrogel.
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aneurysm treatment, scaffolding, cell culture, tissue engi-

neering, water-absorbent pads, hygiene products (baby

diapers, feminine pads) and many others.[5] In this regard, a

new development of elastic superporous hydrogel hybrids

of polyacrylamide and sodium alginate is reviewed herein.

Properties of Sodium Alginate

Alginates are a family of linear, non-branched polysacchar-

ides which contain varying amounts of 1,40-linked b-D-

mannuronic acid and a-L-guluronic acid residues.[6–7]

Alginates can make a gel in the presence of divalent and

trivalent cations including Ca2þ and Al3þ. It has been

shown that the exchange of the sodium ions from the

guluronic acids with divalent ions, and the stacking of these

guluronic groups, form a so-called egg-box structure. The

divalent cations bind to the a-L-guluronic acid blocks in a

highly cooperative manner. The alginate chains can then

dimerize to form gel networks.[7]

Sodium Alginate in Hydrogels

The metal-treated alginate hydrogels have been used as

scaffolds in tissue engineering,[8] as biomaterial,[9] in cell

culture/transplantation,[10] and in cell immobilization.[11]

The internal bead structure,[12] gelation models,[13] and vis-

coelastic properties[14] of the calcium alginates have been

studied in detail. On the other hand, chemically–crosslinked

alginate hydrogels have been used as a controlled release

medium for drugs,[15–19], pesticides,[20] superabsorbent fila-

ment fibers,[21] and flocculants.[22] Similarly, the semi-inter-

penetrating (semi-IPN) membrane networks have been

developed based on sodium alginate and synthetic polymers

including polyacrylamide or poly(acrylic acid),[23] poly-

acrylonitrile,[24] and poly(vinyl alcohol).[25] To the best of

our knowledge, a fully-interpenetrated (fully-IPN) network

of alginate and synthetic polymers is a new development in

hydrogel industry. This development requires addition of the

alginate polymer in solution form into the polymerizable

mixture, followed by metal-complexation of the alginate

portion of the SPH structure.

Experimental Part

Materials and Methods

The following materials were used in this study: alginic acid,
sodium salt (Sigma, LV (A 2158), MV (A 2033), HV (A 7128));
ammonium persulfate (Aldrich, 21,558-9); N,N0-methylenebi-
sacrylamide (Sigma, M-7256); N,N,N0,N0-tetramethylethyl-
enediamine (Aldrich, 41,101-9); Pluronic1 F127 (BASF,
EO100PO65EO100, Mw ¼ 12 600, MPPO ¼ 3 780, poly(ethylene
oxide), PEO (70 wt.-%, HLB 18-23); ethanol (Pharmco, 200
proof ACS/USP grade); acrylamide (Sigma, A-8887); calcium
chloride (Mallinckrodt, 4225); acetic acid (Mallinckrodt, V194).

All materials were used as received and all solutions were
prepared using deionized water.

Sodium Alginate Beads

Alginate Solution

The sodium salt of alginic acid (3.0 g) was poured, dispersed
and homogenized into 97.0 g of nanopure water. The container
was covered with aluminum foil and kept overnight in the dark
with no agitation and mixing. It was then homogenized into a
very smooth solution under very gentle mixing.

Ion Solution

Calcium chloride (20 g) was dissolved into 50 g of nanopure
water under magnetic stirring. After cooling to room tem-
perature and obtaining a clear solution, various aqueous solu-
tions were accordingly prepared by diluting the original
solution. Similar volumes of the ion solutions (ranging from
0.089 to 28.57 wt.-%) were used to prepare the alginate beads.

Bead Preparation

An as-prepared, 3 wt.-% aqueous solution of the alginate was
dropped into individual ion solutions using a disposable poly-
ethylene transfer pipette (2mm internal tip diameter). Under
smooth magnetic stirring, beads were produced inside the glass
vials each containing 16 ml of the ion solutions. Stable alginate
beads were instantly formed in all crosslinker solutions except
in the 0.089 wt.-% CaCl2 solution.

Bead Size Measurements

A micrometer (AMES, Waltham, Mass, USA) was used to
measure the bead size. At least 10 different measurements were
made and averaged.

UV Absorbance

A UV detector (Gilson, Model 111B) was used to quantify the
absorbance of the alginate at 280 nm. The corresponding
absorbance figures were correlated to the water soluble (sol)
fraction of the sodium alginate gel network. For this mea-
surement, 2 to 3 ml supernatants of the individual ion solutions
were filtered and examined. Neither water nor CaCl2 showed
absorption over this wavelength.

Bead Deformation Under Load

A Bench Comparator (AMES, Waltham, Mass, USA) was
used. The bead deformation was measured under a 10 g load.
At least 10 different beads were tested and the mean value was
reported.

Synthesis of the Hydrogel Hybrids

Acrylamide solution (50 wt.-%, 500 mL) was poured into a
glass test tube (11.0 mm internal diameter (I.D.), 100 mm
height) containing 500 mL of deionized water. The N,N0-
methylenebisacrylamide (100 mL of the 1 wt.-% aqueous solu-
tion) was added and the glass tube was shaken. To this
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combined solution, 50 mL of Pluronic F127 (10 wt.-%)
was added, and the mixture well-shaken. After combining
acrylamide, bisacrylamide, Pluronic F-127 with acetic acid,
1 500 mL of an aqueous solution of sodium alginate (2 wt.-%)
was added. To initiate the polymerization at room temperature
of 26 8C, tetramethylethylenediamine (40 v/v) and ammonium
persulfate (20 wt.-%) were used in an amount of 50 mL each.
The sodium bicarbonate (35 mg) was added to the reaction
mixture 45 s after addition of the APS. This addition was
followed by foaming and gelation, which occurred over a
period of 50 to 75 s. After treatment in ion solution (30 wt.-%)
and purification with water, the SPH foam was dried out to a
constant weight in an oven at 50 8C, overnight. Excluding the
treatment step, a semi-interpenetrated network of sodium
alginate-polyacrylamide was similarly prepared and used as
control.

Results and Discussion

The non-treated, semi-interpenetrated network of poly-

acrylamide-sodium alginate swelled to about 100 g � g�1 of

the active swellable material and was mechanically very

weak in its fully-swollen state in water. On the other hand,

its fully-IPN counterpart swelled to 40 to 50 g � g�1 and was

mechanically very strong, and elastic in its fully-swollen

state. The fully-IPN hybrid was found to be significantly

resistant to various types of stresses including tension,

compression and bending.

During the development of elastic hydrogel hybrids, a

number of parameters were found to be more important, and

are summarized in Table 1. Although sodium alginate of

medium viscosity grade was used in this experiment, there

were other parameters, including the alginate grade (low to

high viscosity), the alginate concentration, and the calcium

chloride concentration (ratio of CaCl2/alginate), that could

potentially affect the properties of the final product. These

parameters were evaluated in turn in order to obtain a

superporous hydrogel with desirable physical and mechan-

ical properties.

Structural homogeneity (pore size and its distribution) is

the basic requirement to develop a mechanically strong

SPH. This requirement can be met by proper optimization

of the synthetic and processing steps involved in the SPH

preparation. Nevertheless, the unique elastic property of

these hybrid hydrogels can mainly be accounted for in terms

of the gelation properties of sodium alginate at a high ion

concentration. The physical and mechanical properties of

this novel hybrid are shown in Figure 1 and 2.

The hydrogel hybrid of acrylamide and alginate in its

water-swollen state could be stretched to about 2 to 3 times

of its original length; it also recovered like a rubber. The

loading/unloading cycle could be repeated for at least

20 times (Figure 2). The hybrid could also resist a static,

mechanical pressure of at least 10 N as shown in Figure 3.

During the developmental process, the ion solutions of

different concentrations were examined, which resulted in

hybrids of different swelling and mechanical properties.

With an increase in the ion concentration of the treatment

medium, the mechanical properties of the hybrid were

Table 1. Variables and effects in the synthesis of superporous hydrogel hybrids.

Variables Effects

Ratio of alginate to acrylamide, wt/wt.-% Negligible strength enhancement at lower extreme (4%); SPH phase separation at higher
extreme (20%); ratio of about 10% resulted in successful SPH preparation with
significant mechanical properties; lower swelling rate and swelling capacity at higher
concentration

Alginate grade,LV, MV, HV Lower alginate viscosity promotes two phasing, better bicarbonate dispersion, more
homogeneous foaming, and faster gelation

Post-crosslinker concentration High mechanical and swelling properties, water-absorption rate of 0.8 to 5 min and swelling
capacity of 33 to 50 g � g�1 under high ion concentration (10 to 50 wt.-%) and using a low
viscosity grade of alginate; higher swelling rate and swelling capacity at higher ion
concentration

Temperature of the ion solution
(30 to 100 8C)

A higher treatment temperature resulted in a higher swelling capacity; thermal degradation
of bisacrylamide is presumably accountable for the higher swelling

Foam height Inferior swelling but superior mechanical properties when foam is short: 3.5 cm; moderate
swelling and mechanical properties when foam height is about 6 cm; superior swelling
but inferior mechanical properties when foam was tall: 8.5 cm; with a typical glass tube
reactor (ID/H ratio of 0.11), the optimum foam volume is about 60% of the reactor
volume

Bicarbonate, acid and F127 The bicarbonate concentration was as effective as the acid concentration on the foam
volume. Increased foam volume resulted in better swelling properties; a more
heterogeneous foam with high carbonate concentration is due to local bicarbonate
aggregate formation (local bicarbonate aggregation favors gelation of the surrounding
reacting system); better foam homogeneity at lower bicarbonate concentration;
increased bicarbonate or acid components generally results in increased foam volume,
swelling rate, swelling capacity, capillary absorption and decreased resiliency,
diffusional absorption and foam homogeneity
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significantly increased, at the expense of the swelling pro-

perties. Therefore, a range of high-to-low-swelling poly-

mers having poor-to-good mechanical properties (flexible,

low modulus, high modulus and elastic) was achieved over

the ion concentration studied. Since the elastic properties of

the hydrogel hybrid were solely obtained at a very high

cation concentration, the gelation properties of the alginate

polymer were studied more in detail over a broad range of

ion concentration. This study was intended to obtain a better

understanding of the underlying mechanism controlling the

elastic properties of the hybrid in its water-swollen state.

Gelation Properties of Sodium Alginate

Alginate beads were prepared in ion solutions containing

0.089 to 28.57 wt.-% CaCl2. During the bead preparation, all

attempts to prepare beads in 0.089 wt.-% solution failed. The

beads were loose and broke apart even under gentle mixing.

On the other hand, the alginate beads were successfully formed

in the other solutions, containing 0.17 to 28.57 wt.-% CaCl2.

The size of the beads was measured after they were incubated

in their corresponding crosslinker solutions for one week.

Although the alginate beads were uniform and well

shaped, they were obtained in different sizes ranging from

1.91 to 3.68 mm, as is shown in Table 2. The smallest

and the largest beads were respectively obtained at higher

and lower extremes of the crosslinker concentrations. The

bead size decreased in a non-linear trend as the ion concen-

tration increased.

A UV detector was used to evaluate the extractable (sol)

fraction of the beads. As a common observation, the cross-

linked systems always contain a gel and a sol fraction. The

gel and sol fractions of the alginate network were semi-

quantitatively determined through monitoring the UV

absorbance of the alginate polymer (sol fraction) at 280 nm.

The alginate bead size and the sol fraction of the alginate

network are displayed in Figure 4 over the range of the ion

concentrations studied. A correlation was found between

the bead size and the values of the UVabsorbance as the ion

concentration increased. Over a very broad range of ion

concentrations, the UV absorbance remained at a plateau

value, except at very low crosslinker concentrations. As a

result, the efficiency of the ionotropic gelation for the

calcium alginate system was found to be critically depend-

ent on the amount of ions at the lower concentration

extreme. On the other hand, the ionotropic gelation is

almost independent of the crosslinker amount at the higher

extreme of the ion concentration range. Although there is no

Figure 1. The final, dried hydrogel hybrid of acrylamide and
alginate is rigid and brittle (left); it swells to about 10 to 15 times of
its own volume in water (right).

Figure 2. A water-swollen acrylamide-alginate hybrid with elastic, rubbery properties.

Figure 3. The static mechanical strength of the acrylamide-
alginate hydrogel hybrid obtained using a Chatillon TCD-200
Digital Mechanical Tester.
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sol fraction detected by UV in the concentration range of

0.44 to 28.57 wt.-%, the bead size decreased with an

increase in the crosslinker amount.

The equilibrium bead size is a measure of the equilibrium

swelling capacity of the beads in their corresponding swelling

solutions. Hence, small or large bead sizes display low and

high swelling systems respectively. The data for bead size

and crosslinker concentration are consistent with the swelling

capacities of the beads. To exclude the effect of the ionic

strength of the crosslinker solution, all beads obtained in

individual crosslinker solutions were thoroughly washed

several times with nanopure water and then soaked in fresh

nanopure water for another week. Although the alginate

beads were uniform, white in color, and well shaped, they

were obtained in different sizes to their original sizes in the

crosslinker solution. They were whiter in color than when

they were directly obtained in the ion solution. Table 3 shows

that the size of the alginate beads varies from 1.35 to 2.54 mm

as opposed to their typical original sizes in the range of 1.91 to

3.68 mm.

The mean size of the beads obtained from different ion

solutions decreases with an increase in the ion concen-

tration in both cases, that is, beads in the ion solution and

beads in nanopure water. A similar trend was observed in

both cases, except that the beads incubated in nanopure

water displayed an approximate 30% loss in bead size.

Figure 5 clearly shows that the bead size is strongly

dependent on the ion and not on the ionic strength. The

reduced size of the beads in water can be related to the

observation that the beads were whiter than their counter-

parts in the ion solutions. The white color of the beads can

be attributed to the precipitation of the calcium alginate in

water or in a medium of zero ionic strength.

The mechanical properties of the beads were also

measured under a fixed compressive load of 10 g. Ten dif-

ferent beads were loaded and the values were averaged. The

results are shown in Table 4 and Figure 6.

The beads were placed one by one under the mechanical

tester and loaded with a 10 g weight. Since the bead defor-

mation is a measure of the bead modulus, the higher modulus

beads were expected to deform less under certain compres-

sive loads. In this study, the beads obtained at high and low ion

concentration deformed up to 1.14 and 2.15 mm respectively.

As found in the UV study, there is a range of ion

concentration, (0.89 to 14.28 wt.-%) at which the bead

deformation was found to be nearly at plateau value. This

Table 2. Gelation features of alginate beads; bead size and sol
fraction dependence on ion concentration.

CaCl2
concentration

Range of
bead sizesa)

Mean
bead size

UV Absorbance
at 280 nm

wt.-% mm mm

0.17 2.88 to 3.50 3.18 0.080
0.44 3.05 to 3.42 3.21 0.011
0.89 3.12 to 3.68 3.36 0.012
1.78 2.79 to 3.61 3.13 0.012
3.57 2.82 to 3.18 3.01 0.013
7.14 2.73 to 3.05 2.86 0.012

14.28 2.37 to 2.90 2.65 0.012
28.57 1.91 to 2.40 2.21 0.019

a) Number of beads tested¼ 10.

Figure 4. Bead size and sol fraction of the alginate network
versus ion concentration.

Table 3. Size of the alginate beads crosslinked at different ion
concentrations after soaking in nanopure water for 1 week.

CaCl2 concentration Range of
bead sizesa)

Mean bead size

wt.-% mm mm

0.17 2.02 to 2.35 2.197
0.44 1.79 to 2.29 2.001
0.89 1.88 to 2.28 2.083
1.78 1.92 to 2.25 2.049
3.57 1.85 to 2.20 2.012
7.14 1.81 to 2.02 1.897

14.28 1.57 to 1.87 1.776
28.57 1.53 to 1.74 1.605

a) The number of beads tested was 22 for the 0.17 wt.-% CaCl2
concentration beads, 27 for the 0.44 wt.-% CaCl2 concentration,
and 10 in all of the other cases.

Figure 5. Alginate bead size dependence on ion concentration
after swelling in ion solution and in pure water.

Elastic, Superporous Hydrogel Hybrids of Polyacrylamide and Sodium Alginate 707

Macromol. Biosci. 2006, 6, 703–710 www.mbs-journal.de � 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



shows that the dependence of the mechanical strength on

the ion concentration is minor in the ion concentration range

from 0.89 to 14.28 wt.-%. A more accurate evaluation

requires beads with almost similar mean sizes. Given the

fact that the smaller beads experience a higher pressure

(force/area) under a certain load, the applied pressure is

expected to be higher on smaller beads and hence they are

expected to deform more under a given load. However, the

reverse was the case as the smaller beads deformed less. It

can be concluded that smaller beads are stronger as they

were obtained at a high ion concentration.

The alginate study shows that the bead size, the extract-

able fraction and the mechanical properties of the Ca-

alginate networks are significantly affected by the calcium

concentration. An increase in the calcium concentration

results in smaller and stronger networks, in which the

majority of the alginate chains are incorporated into the

alginate network. These observations can explain why

hydrogel hybrids of alginate/Acrylamide, treated at high

calcium concentrations, show elastic properties in their

water-swollen state.

Suggested Mechanism

The elastic properties of a fully-swollen hydrogel hybrid are

an interesting phenomenon, which can potentially be utiliz-

ed in applications in which a fast-swelling elastic substrate

is required. With this type of hybrid, the crosslinked poly-

acrylamide controls the fast, swelling property. On the other

hand, the interaction of the Ca2þ-alginate and the synthetic

polymer chains is presumably responsible for the highly

elastic property in the swollen state. Although elastic pro-

perties are a common feature of solid, crosslinked rubbers,

this behavior is rare for fully water-swollen, porous hydro-

gels. Given the fact that a hydrogel with an absorption

capacity of 40 to 50 g � g�1 contain quite a large amount of

water in between the synthetic polymer chains, there should

be a specific mechanism by which the hybrid shows elasti-

city in its swollen state. In the case of hydrogel hybrids

containing alginate, a tight entanglement with synthetic

polymer chains is assumed if the alginate chains are highly

crosslinked, as is the case with the current hybrid. As high-

lighted in the previous section and shown in Figure 7, a high

crosslink density, low amount of extractable fraction and

low deformability are features of highly crosslinked Ca-

alginate systems. Therefore, for an SPH hybrid in its water-

Table 4. Amount of deformation (mm) for different alginate
beads, crosslinked in various ion media.

CaCl2
concentration

Range of
bead sizesa)

Mean bead
deformation

wt.-% mm mm

0.17 1.90 to 2.15 2.034
0.89 1.86 to 2.13 1.947
1.78 1.84 to 2.04 1.947
7.14 1.80 to 2.02 1.899

14.28 1.65 to 2.01 1.898
28.57 1.40 to 1.82 1.635

a) Number of beads tested¼ 10.

Figure 6. Bead deformation dependence on ion concentration.

Figure 7. Features of calcium-treated alginate networks at low/high ion concentrations.
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swollen state, the high crosslink density of the alginate part

prevents the alginate chains from swelling in water. In this

way, a strong tie between the two polymer systems will be

maintained. Secondly, a minimal alginate extractable frac-

tion provides a network with more stable physical and

mechanical properties over the period of swelling in aque-

ous medium. Thirdly, the low deformation of the highly-

crosslinked alginate network ensures that the ties between

the two polymer systems at the different junction points are

maintained. Figure 8 shows SEM micrographs of a typical,

elastic, superporous hydrogel.

Examples of elastic superporous hydrogels have been

fully described elsewhere and are summarized in Table 5.[26]

Conclusion

We report an innovative approach for the preparation of a

strong and elastic superporous hydrogel in its swollen state.

According to this method, a synthetic monomer was poly-

merized and crosslinked in the presence of a water-soluble

alginate polymer. The as-synthesized polymer was further

post-crosslinked in the presence of calcium cations. This

results in metal complexation of the polysaccharide content

of the hydrogel. In this way, a hydrogel hybrid with an

interpenetrated network structure was formed. While the

synthetic acrylamide polymer controls the fast- and high-

swelling properties, the interaction of Ca-crosslinked

Figure 8. SEM micrographs of a typical, elastic, superporous hydrogel, hydrogel surface (right), and hydrogel
cross-section (left); scale bar¼ 1 mm.

Table 5. Examples of elastic superporous hydrogels.

Hydrogel Hybrida) Featuresa)

PAAm/Chitosan treated via ionotropic gelation Materials: AAm, Bisacrylamide, Chitosan solution (2 wt.-%), acetic acid, diamine,
persulfate, bicarbonate.

Reaction at room temperature of 25 8C.
Treated in 10 wt.-% aqueous pentasodium tripolyphosphate (pH¼ 1) for 20 min; water

washed, dehydrated in ethyl alcohol, dried out in the oven at 60 8C overnight.
Optimized ratio of chitosan to acrylamide of about 10 wt.-%.

PAAm/NaCMC treated via ionotropic gelation Materials: AAm, Bisacrylamide, CMC solution (2 wt.-%), acetic acid, diamine,
persulfate, bicarbonate.

Reaction at room temperature of 25 8C.
Treated in 10 wt.-% aqueous ferric chloride (pH¼ 2) for 1 h; water washed, dehydrated

in ethyl alcohol, dried out in the oven at 60 8C overnight.
Optimized ratio of sodium carboxymethylcellulose to acrylamide of about 3 to 4 wt.-%.

PAAm/PVOH treated via cryogelation Materials: AAm, Bisacrylamide, PVOH solution (10 wt.-%, MW 124 000 –to 186 000,
99% hydrolyzed), acetic acid, diamine, persulfate, bicarbonate.Reaction at room
temperature of 25 8C.

Samples frozen at �12 8C for 24 h, thawed at temperature of 8 8C for 12 h.Optimized
ratio of poly(vinyl alcohol) to acrylamide of about 17 wt.-%.

General properties:All of these SPHs showed a swelling rate of 10 to 30 s and swelling
capacity of 35 to 45 g � g�1 (equivalent to about a 2 times increase in each
dimension). They were extensible and very resistant to tear, tensile and compressive
stresses even after a 1 week retention in water.

a) PAAm¼ polyacrylamide; NaCMC¼ sodium salt of carboxymethyl cellulose; PVOH¼ poly(vinyl alcohol).
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alginate and the synthetic polymer is presumably respon-

sible for the elastic properties of the hybrid. The gelation

properties of the sodium alginate were studied over a broad

range of calcium concentrations in order to find the

mechanisms for the elasticity and resiliency of the hydrogel

hybrid. The high network density, the minimum amount of

extractable fraction, and the good mechanical properties of

the crosslinked alginate were found to be responsible for the

elasticity of the water-swollen hydrogel hybrid. The

hydrogel hybrid in this study can swell up to about 40 to

50 g � g�1, while it is very elastic in its swollen state and in

its fully swollen state, it can be stretched up to 2 to 3 times of

its original length. The cycle of stretching/unloading of the

swollen elastic hydrogel hybrid can be repeated numerous

times. This unique property can potentially be exploited in

the development of fast- and high-swelling elastic hydro-

gels for a variety of pharmaceutical, biomedical and indus-

trial applications.
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