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Abstract Chitosan (CTS) gel was successfully prepared by
organic titanium (OT) ionic crosslinking agent. The viscoelas-
tic properties of CTS gel was investigated through rheological
measurement. The sol-gel transition point (tcr) of gel prepared
with CTS (22.5 g•L−1) and OT (1.5 %) was determined at
339 s, with the increases of either CTS or OT concentration,
the gelation became faster and the sol-gel transition time be-
came shorter. The optimal chitosan gel beads were prepared
with 35 g•L−1 chitosan and 7% organic titanium (OT) at room
temperature for 1 h reaction. The SEM data indicated that the
gel beads had special shape with rough and poriferous surface.
The effective grain size range was 1.0–1.2 mm. It was con-
firmed by TG data that the gel beads performed better in
thermal stability than original chitosan. Swelling experiments
showed that the swelling ability of gel beads strongly
depended on the pH value of buffer solution. On the whole,
the modified CTS/OT gel beads showed high adsorption ca-
pacity, good mechanical properties, strong acidic and alkali
resistances, it could serve as potential drug deliver and the
absorbent for heavy metal ions.
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Introduction

Chitosan (CTS), an abundant natural polysaccharide sourced
from chitin with favorable biodegradability, antibiotic

property, water holding capacity, nontoxicity as well as bio-
compatibility, has attracted worldwide focus and been applied
in many fields of social production and living [1]. CTS,
consisting of (1,4) linked 2-amino-2-deoxy-β-D-glucan, is
linear cationic polymers, as it is shown in Fig. 1, there are
plentiful amino and hydroxyl groups on the molecules of
CTS, which makes it available in gelation with different
crosslinkers via formation of hydrogen bond, ionic bond and
covalent bond [2–4].

The most common crosslinker used in CTS gelation is
dialdehyde, such as glutaraldehyde and glyoxal, could form
hydrogel with chitosan via schiff reaction between amino and
aldehyde groups, there are a lot of researches on the modifi-
cation of CTS with dialdehyde [5–9], however, the toxic re-
agent would possibly remain in the hydrogel through covalent
bonds and result in pollution [5].

Ionic crosslinkers is used for CTS gel because it’s low
toxicity andmild gelation conditions [10–13]. CTS beads with
core-shell structure was prepared under simple and mild con-
dition with trisodium citrate as ionic crosslinker and further
coated with poly (methacrylic acid) (PMAA) could serve as
suitable candidate for drug site-specific carrier in stomach,
and the rapid drug release was restrained by PMAA coating
[14]. CTS/gelatin beads were successfully prepared at low tem-
perature using anions (sulfate, citrate and tripolyphosphate) as
crosslinker and the influence of anion structure on the beads’
properties was studied. CTS beads, crosslinked by a combina-
tion of tripolyphosphate and citrate (or sulfate) together, not
only form a good shape, but also became more sensitive to
the pH of medium. Furthermore, crosslinked chitosan beads
may be useful in stomach specific drug deliver [15, 16].

Chitosan (CTS) performs good absorption ability and there
are a lot of studies about using chitosan as direct absorbent on
the disposal of sewage containing heavy metal ions [17–19].
However, static absorption experiment indicated that it is dif-
ficult to extract the absorbent from solution for the small size
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of powdery chitosan which disperses easily in the solution; it’s
also observed in the dynamic absorption experiments that
powdery chitosan easily swelled and agglomerated resulting
in blockage in absorption column which made the absorption
hard to proceed. This defect has greatly limited the application
of chitosan as absorbent.

In this paper, a series of CTS/OT complex gels were pre-
pared and the gelation process was investigated with rheolog-
ical measurements. Additionally, the optimal condition for
preparation of CTS/OT gel beads was investigated, consider-
ing the concentration of CTS, Organic titanium, acetum and
crosslinking time. The prepared gel beads have good shape
and enough mechanical strength, the swelling ability in differ-
ent buffer solutions was also investigated, the results shows
that the gel beads were stable in both acid and alkaline solu-
tions. This CTS/OT gel beads could serve as potential drug
delivers and absorbent for heavy metal ions.

Materials and experimental

Materials

Chitosan (CTS) was purchased from Zhejiang Yuhuan Bio-
chemistry Co. Ltd (China), the degree of deacetylation and
molecular weight (Mv) is 92 % and 480,000. Coupling agent
of organic titanate TA9-2was purchased fromAnhui Taichang
chemical Co. Ltd (China). All other reagents are analytical
pure.

Preparation of CTS/OT gel

Chitosan is cationic polyelectrolytes, it can reaction with an-
ion or polyanionic compounds and form the network structure
[14]. When chitosan solution pH value is greater than 6.2, it
can form a white gel precipitation [20].

In order to obtain a series of CTS solutions (17.5 g•L−1,
20 g•L−1, 22.5 g•L−1, 25 g•L−1 mass concentration), a certain
amount of powdery CTS were dissolved in acetum (1 %
volume concentration) under magnetical stir for several hours.
The o rgan i c t i t a n i um c ro s s l i nke r i s Ti t an i um
bis(triethanolamine) diisopropoxide [21–23], as it is shown
in Fig. 2. The achieved solid OT were dissolved in distilled
water to obtain OT solutions with weight fraction of 20.5, 41,
61.5 and 82 % respectively. The CTS and OT solutions with
desired concentrations were chose for preparing CTS/OT gel

and the obtained gels were immediately tested for the rheo-
logical studies.

Rheological measurements

Rheological measurements were performed with an AR 2000
rheometer (TA Instruments, USA). CTS/OT solutions were
placed between parallel-plate of 40 mm diameter with a gap
of 1.5 mm for investigation. A small deformation of 1 %with-
in which all the samples performed linear viscoelasticity ac-
cording to our preliminary work was used in the following
tests. For time sweeping tests, storage moduli (G′) and loss
moduli (G″) were monitored as a function of time at a fre-
quency of 2.15 rad/s under a constant temperature (25 °C).

Preparation of CTS/OT gel beads

Chitosan gel beads were prepared with the chitosan and or-
ganic titanium through the outside resource technique.

In order to obtain chitosan solutions with different concen-
tration (respectively 20 g•L−1, 25 g•L−1, 30 g•L−1, 35 g•L−1,
40 g•L−1), desired quantities of chitosan was dissolved in
acetum and these solutions were placed until to be defoamed
after magnetically stirred for 1 h at room temperature.

The original cross-linking agent was diluted by distilled
water to obtain a series of samples with different weight frac-
tion. The prepared homogeneous chitosan solutions were
injected into slowly stirred organic titanium solutions with a
syringe at the rate of 1 ml•min−1. In the course of time, cross-
linked organic titanium-chitosan gel beads were obtained by
filtration, then these gel beads were washed by distilled water
for several times and dried to constant weight at 40 °C.

Fig. 1 The chemical structure of
CTS

Fig. 2 The chemical structure of organic titanium
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Measurement of gel beads size

Twenty well-shaped dried gel beads were picked out random-
ly. Their diameters were measured by vernier caliper and the
mean value of obtained diameters was taken as the size of gel
beads.

SEM study

The morphology of the gel beads were investigated by SEM
(JSM5610-LV) with 20kv electron intensity and magnifica-
tion varying from 80 to 5000.

Thermal stability analysis (TG-DSC)

The thermal stability of original powdery chitosan and gel
beads were investigated with STA 449(NETZSCH, Germany)
under the protection of nitrogen flowing at the rate of 10 ml ·
min−1. Both the samples weighed 15 mg, temperature rose
from 30 to 500 °C at heating rate of 10 °C · min−1.

Swelling ability study

SD refers as the swelling degree of gel beads. A certain
amount of dried gel beads were immersed in prepared buffer
solutions of different pH and periodically picked out. After
absorption of water on the surface, the swelled gel beads were
weighed. Swelling process proceeded until the weight of
swelled gel beads was constant (when swelling equilibrium
was established). The swelling degree was determined as fol-
lows [24]:

SD %ð Þ ¼ W s−Wd

Wd
� 100

Where W is the mean weight of swelled gel beads and Wd

is the mean weight of initial dried beads. Two parallel samples
were chose from each swelled gel beads solution, the mean
SD of these two samples was taken as the final swelling
degree.

Results and discussion

Sol-gel transition points

Viscoelastic properties of concentrated and semidilute poly-
mer solutions are well described by two parameters: the dy-
namic storage modulus, representing the elasticity of the net-
work, and the loss modulus, which accounts for the local
friction between polymer chains [25, 26].

Figure 3 showed the time dependence of storage
modulus (G′), loss modulus (G″) and tanδ for CTS
(22.5 g•L−1)/OT (1.5 wt%) solution at frequency of
2.15 rad/s under 25 °C, where tanδ represents for loss
tangent.

In the starting stage when G″>G′, both the two moduli
increased sharply and an obvious decrease of tanδwas
observed, viscosity was dominant over elasticity. This in-
dicated the entanglement of Ti4+ crosslinked CTS molec-
ular chains and the gel network was forming in local area.
After the intersection time, the growth rate of G′ was
higher than the G″ and the two moduli achieved steadily
increased plateau after 1500s, as a result, the loss tangent
decreased to approximately stable value with time, show-
ing the elasticity of the complex gel. It can be concluded
that an integral three-dimensional network has formed,
and after which the crosslinking density would not in-
crease with time.

According to Winter-Chambon theory based on dy-
namic mechanical experiment, the critical gelation point
corresponded to the point at which G′(ω)~G″(ω)~ωn,
0<n<1 and tanδ=G″/G′=tan(nπ/2) both hold, where n
represents the relaxation exponent [27, 28]. A system
is defined as purely viscous gel when n=1, and purely
elastic gel with n=0. This criterion has been successful-
ly applied to synthetic and natural physical gels [29,
30].

Figure 4 showed the time dependence of loss tangent
(tanδ) of CTS (22.5 g•L−1)/OT (1.5 %) solutions at
different frequencies under 25 °C. The sol-gel transition
of the solution was monitored by the change of tanδ
with time. The critical gelation time tcr was determined
to be 339 s and the relaxation exponent n was calculat-
ed to be 0.367, where tanδ was independent of
frequency.
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Fig. 3 Time dependence of elastic storage modulus (G′), loss modulus
(G″) and loss tangent for CTS (22.5 g•L−1)/OT (1.5 wt%) solution at
frequency of 2.15 rad/s under 25 °C
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Effects of CTS mass concentration and organic titanium
volume concentration on sol-gel transition

Figure 5 has shown the sol-gel transition time (tcr) as a func-
tion of c(CTS) while w(OT) was fixed to 0.5, 0.9, 1.2,
1.6 wt%, respectively. The tcr declined sharply as c(CTS)
ranged from 18 to 22 g•L−1. It was also clear that the tcr
decreased with an increase in w(OT) at the same value of
c(CTS). The effects of CTS and organic titanium concentra-
tion on n were shown in Fig. 6. The relaxation kept decreasing
as a result of increase in c(CTS) at same w(OT), showing the
gel became more and more elastic. Generally, with the in-
crease in CTS concentration, there were more hydroxyls and
aminos available to combine with the free titanate ions. Sim-
ilarly, when increasing the OT concentration, more freedom
titanate ions enhanced the chance of combination. In a word,
an increase in either c(CTS) or w(OT) would increase the
probability of the crosslinking reaction and the sol-gel

transition time became shorter in response. The change of
sol-gel transition time was shown in Table 1.

CTS/OT gel beads forming mechanism

At the moment that a drop of chitosan-acetic acid solution
contacted with organic titanium solution, precipitated linear
molecules of chitosan at the boundary crosslinked with organ-
ic titanium, sequentially, a solidified membrane forms. This
membrane is semi-permeable as it deters outside radical from
spreading in and prevents internal chitosan molecules from
spreading out; however, Ti4+ is allowed to spread in and
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Fig. 4 Time dependence of loss tangent of CTS (22.5 g•L−1)/OT (1.5 %)
solutions at different frequencies under 25.
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Fig. 5 Sol-gel transition time (tcr) as a function of c(CTS) while w(OT)
was fixed to 0.5, 0.9, 1.2, 1.6 wt%, respectively
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Fig. 6 The values of n as a function of c(CTS)while w(OT) was fixed to
0.5, 1.0, 1.5, 2.0 wt%, respectively

Table 1 The sol-gel
transition points of
complex system under
different concentration
ratio in 25 °C

* Means tcr unable to be
detected

c(CTS)(g•L−1) w(OT)(%) tcr(s)

17.5 0 *

20 0 *

22.5 0 *

25 0 *

17.5 0.5 1751

20 0.5 939

22.5 0.5 844

25 0.5 658

17.5 1.0 1047

20 1.0 778

22.5 1.0 716

25 1.0 417

17.5 1.5 932

20 1.5 423

22.5 1.5 339

25 1.5 320

17.5 2.0 602

20 2.0 354

22.5 2.0 256

25 2.0 158
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H2O can spread out. As there is an existence of pressure
due to different solute concentrations at the two sides of
the membrane, when outside pressure is greater than the
inside, the membrane would not spontaneously crack.
When the crosslinkage between chitosan molecules which
form the membrane is strong enough, outside chitosan
molecules would not loose in the crosslinking agent solu-
tion. Due to intermolecular forces, internal chitosan mol-
ecules are attached by the solidified membrane, they first-
ly crosslink with Ti4+ coming from the outside, sequen-
tially, precipitate on the internal surface of the membrane.
With internal H2O spreading out, the droplet shrinks. The
membrane becomes thicker during such a process, internal
chitosan molecules continuously precipitate on the inner
surface of solidified membrane, finally the chitosan-
organic titanium gel beads forms.

Gel beads prepared with this method have core/shell structure
with the core consisting of macromolecules and shell consisting
of crosslinking agent, thus the control of gel bead structure can be
realized through changing the concentrations of chitosan and
organic titanium crosslinking agent, finally improves the feasi-
bility of chitosan’s application in absorption agent.

Effects of preparing conditions on gel beads

Different preparing conditions have certain effects on the ap-
pearance of chitosan/organic titanium gel beads. In our exper-
iments, preparing conditions including concentrations of chi-
tosan solution and acetum, crosslinking agent dosage,
crosslinking time were investigated through orthogonal exper-
iment method.

Effects of chitosan mass concentration on gel beads formation

HAc volume concentration and organic titanium mass con-
centration were fixed at 1 and 10 %, chitosan mass concentra-
tion increased progressively from 25 to 40 g•L−1, the appear-
ances of gel beads were shown in Table 2.

It is indicated in Table 1 that gel beads appearance had great-
ly changed as the chitosan concentration increased. Droplet
could not shape up at the chitosan concentration of 20 g•L−1;
as the concentration increased to 25 g•L−1, it forms into uniform
spheres with obvious dent on the surface, and then it became an
irregular piece with certain strength after dried for dehydration.
When the concentration increased to 30 g•L−1, droplets formed
into relatively regular gel beads; as the concentration came to
40 g•L−1, it was quiet hard to squeeze out chitosan solution due
to its high viscosity, tailing was observed at the tine of
needletube, making the operation hard to proceed with.

Effects of organic titanium concentration on gel beads
formation

HAc volume concentration and chitosan mass concentration
were fixed at 1 % and 35 g•L−1, with organic titanium con-
centration increasing from 3 to 20 %. The effects of organic
titanium concentration on gel beads formation were shown in
Table 3.

Table 2 Effects of chitosan mass
concentration on gel beads
appearance

Chitosan concentration
(Cc,g•L

−1)
Gel beads appearance

wet dried

20 Droplets formed into round pieces
and strongly swelled

Light yellow irregular pieces

25 Irregular shape, varied size and
obvious dent

Light yellow transparent round pieces
with certain strength

30 Uniform beads, well spherical
shape, slightly adhesive

Light yellow transparent spherical beads
with some pits, high strength

35 Uniform spheres with small tails,
without adhesion

Light yellow transparent spherical beads
with few pits, no adhesion, high strength

40 Hard to squeeze out, obviously tailing Brown yellow tailing beads with
considerable strength

Table 3 Effects of organic titanium concentration on gel beads
formation

Organic titanium
concentration(%)

Gel beads formation

3 slow formation process, adhesive beads
with obvious tailings and bubbles inside,
precipitated quickly,

5 Small adhesive beads with some pits on
the surface

7 Regularly spherical beads with some
tails, firstly suspended, then precipitated,
relatively little adhesion,

10 Regularly spherical beads with few tails,
quick formation process, no adhesion
after precipitated.

20 Beads shrank, some even formed round
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It is indicated that when organic titanium concentrationwas
lower than 5 %, formed gel beads were tailed and adhesive,
the formation proceeded slowly; however, as the concentra-
tion rose up to 20 %, gel beads shrank into round; thus, the
proper range of organic titanium concentration varied from 7
to 20 %.

Effects of acetum concentration on gel beads formation

Concentrations of chitosan and organic titanium were fixed at
35 g•L−1 and 10 %, respectively. Effects of different volume
concentration of acetum (1 %,2 %,3 %) on gel beads forma-
tion were investigated. Gel beads prepared from chitosan/1 %
acetum showed the most regular appearance and uniform size,
the formation took shortest time; beads suspended firstly, and
then sank down without adhesion.

Effects of crosslinking time on gel beads formation

HAc volume concentration was fixed at 1 %, the concentra-
tions of chitosan and organic titanium were 35 and 10 %,
respectively, the effects of crosslinking time on gel beads sizes
were investigated. It’s shown in Table 4 that as the
crosslinking time increased, the shrinkage of gel beads were
more salient and the mean size of dried beads became smaller.
Additionally, the color went darker and eventually became
brown when crosslinking lasted longer than 3 h.

Considering all the factors involved in chitosan gel beads
formation and operational convenience, we prepared three
kinds of gel beads from chitosan solution (35 g•L−1, mass
concentration) and organic titanium solution (8 %, 10 %,
15 %, weight fraction), diameter of syringe needle was
0.8 mm. Appearances of wet and dry gel beads prepared with
organic titanium concentration at 10 % were shown in Fig. 7
in which (a) showed wet beads and (b) showed dry beads. It is
obvious that wet crosslinked chitosan gel beads were semi-
transparent and uniform, their diameters varied from 3.2 to
3.6 mm, however, the beads became brown yellow transparent
spheres after shrinkage due to dehydration, and the diameters
varied from 1.0 to 1.2 mm.

Chitosan/organic titanium gel beads characterization

SEM study

According to the optimal conditions included in last segment,
we prepared three kinds of gel beads with chitosan solution

(35 g•L−1, mass concentration) and organic titanium solution
(8%, 10%, 15%, weight fraction). The crosslinking lasted for
1 h, obtained beads were dried in vacuum dryer at 40 °C and
the micro morphology was investigated with SEM.

As shown in Fig. 8a, there was obvious dent in the surface
of gel bead prepared with 8 % organic titanium solution due to
the evaporation of internal water, meanwhile, the special core/
shell structure of gel bead was clear. Appearances of the gel
beads were more regular and hollow area in the surface de-
creased gradually with increase of concentration of
crosslinking agent. Additionally, micrographs b, d, f showed
clearly microporous structures, the surface structure of be-
came compact with fewer pores with higher concentration of
crosslinking agent.

Thermal stability (TG-DSC)

Thermal stabilities of original chitosan and crosslinked chito-
san gel beads were shown in Fig. 9 where (a) represented
thermogravimetric analysis (TG), (b) represented differential
scanning calorimetry (DSC). There were two prominent
weight loss zones of both the original chitosan and crosslinked
gel beads in testing temperature region concluded from upper
analysis, the first zone (0~200 °C) was caused by loss of water
and the second was resulted from decomposition of chitosan.
For the relatively high content of water in gel beads, there was
no obvious terrace in weight loss zone of TG curve. As chi-
tosan was hypocrystalline, its decomposition included decom-
positions of amorphous backbones, crystalline backbones and
complete decomposition, thus the range of weight loss zone
was very wide.

Additionally, that the temperature at which gel beads per-
formed largest decomposition rate was lower than that of orig-
inal chitosan by 8 °Cmay result from the followed two aspects
[31]: (1) The strong interaction between chitosan and organic
titanium brought down the crystallinity of chitosan, the heat
resistance of amorphous chitosan was weaker compared to
crystalline chitosan. (2) Residual HAc in the composite also
had an influence on the decomposition temperature. However,
the comparison of weight loss ratio of chitosan and gel beads
at final testing temperature(500 °C) indicated that the final
thermal stability was improved as the weight loss ratio of gel
beads was smaller than that of original chitosan. In summary,
the thermal stability of chitosan was improved after
crosslinked with organic titanium.

Swelling ability of chitosan/organic titanium gel beads

Alkalescent -NH+ on unmodified chitosan molecules would
combine with H+ in dilute acid when directly used as absorp-
tion agent, sequentially became polyelectrolyte with positive
charge, the inter/intro molecule hydrogen bonds were
destroyed which made chitosan unstable and easily swell in

Table 4 Effects of crosslinking time on gel beads formation

Crosslinking time(h) 0.5 1 2 3

diameter(mm) 1.22 1.18 1.13 1.06
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acid medium even dissolve when acidity was strong. This
defect greatly limited the application of chtiosan for dis-
posal of water. In order to find out whether chitosan is
stable enough to be used as drug carrier or absorbent, it’s
important to study the swelling ability of gel bead in so-
lutions with different pH.

The effects of static placing time, pH of swelling medium
and concentration of crosslinking agent on swelling ability of
gel beads were investigated through orthogonal experiments.

Effect of static placing time on SD

Six groups of accurately weighed gel beads were immersed in
buffer solution with pH 4.00, 6.86, 9.18 and picked out at set
interval, after an elimination of surface water, the mass of
swelled gel beads was weighed with electronic balance, and
the swelling degrees were calculated according to the formula
mentioned in 2.6, results were shown in Fig. 10. As is shown
in the graph, all the swelling degrees increased sharply to

(a)                       (b)Fig. 7 Macroscopic photos of
chitosan/organic titanium gel
beads: a before drying and b after
drying, c(CTS):
35 g•L−1,w(OT):10 %

a b

c d

e                 f

Fig. 8 SEM photos of gel beads
prepared with CTS concentration
at 35 g•L−1 and organic titanium
at different concentrations, a, b:w
(OT) 10 %, c, d: w (OT) 10 %, e,
f: w (OT) 15 %
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35 % during the first 1 h, and then swelling rates gradually
decreased with the increase of swelling time. Gel beads in
solution with pH 6.86 reached swelling equilibrium after im-
mersed for 3 h, however, it took quite longer for gel beads in
solution with 4.00 and 9.18 to reach swelling equilibrium, 7
and 5 h respectively.

Effects of pH solution on swelling degree

According to Fig. 10, the pH of medium played an important
role in the swelling degree, the gel beads performed largest
swelling degree in acid medium within same swelling time.
Because the protonation of amino groups on chitosan chains is
much easier in acid medium and there were abundant H+ for
combination with free amino groups, consequently, the elec-
trostatic repulsion among the internal parts and chains of mac-
romolecules were enforced which made the macromolecular
network loose. Meanwhile, protonation could weaken the in-
tensity and density of crosslinkage. On the contrary, proton-
ation in neutral and alkalinemediumwas less effective and ion
content of gel beads was higher which made the swelling
degree smaller.

Effects of crosslingking agent concentration on swelling
ability

Six groups of gel beads prepared from organic titanium with
concentration at 8 %,10 %,15 % were immersed in buffer
solution with pH 6.86, swelling degrees at different time were
measured, it was shown in Fig. 11 that the swelling degree of
gel beads prepared from organic titanium with concentration
8 % was largest, however, all the three kinds of SDs were
smaller than 50 % due to the low crosslinking density of shell
structure when the organic titanium concentration was rela-
tively low, the surface structure was looser and in favor of
absorbing water.

Conclusions

A series of complex gels was successfully prepared through
the crosslinking reaction between hydroxyls on the CTS mo-
lecular chains and free titanate ions from organic titanium
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aqueous solution. The gelation processes of the gels was clear-
ly shown in the time dependence of rheological properties and
the sol-gel transition point can be determined through Winter-
Chambon theory based on mechanical experiments. An in-
crease in either CTS or OT concentration could contribute to
the gelation rates, resulting in shorter gelation time. Beads
based on this complex gel with obvious core/shell structure
were prepared through outside resource technique,
uncrosslinked chitosan consisted of the core, and the shell
was a gel layer formed with chitosan and organic titanium.
SEM indicated that the gel beads had regular appearance and
surface with wrinkles and pores. With the increase of organic
titanium concentration, the spherical structure became more
compact and the surface was smoother. Thermal analysis
shows the gel beads has higher thermal stability compared to
original chitosan.

The effects of preparing conditions on CTS/OT gel beads
formation were investigated, which indicated that chitosan
concentration was the key factor in gel beads formation. Gel
beads prepared with 35 g•L−1 chitosan had regular and uni-
form appearance. Organic titanium concentration also had an
influence on gel beads formation, only when the concentration
of organic titanium was higher than 7 % could the gel beads
shape up, gel beads shrank and became darker with the in-
crease of concentration about crosslinking agent. The gel
beads would seriously deform when the organic titanium con-
centration was higher than 20 %.

The swelling study shows that CTS/OS gel beads have
high mechanical strength in medium of different pH, general-
ly, the SD was weak and reached only 81 % even in acid
medium, dissolution was not observed. Swelling abilities of
gel beads largely depends on pH value of the medium; pro-
tonation of amino group was obvious when gel beads were
immersed in acid medium, making the macromolecular net-
work loose, thus, the swelling degree increased. Gel beads
prepared with 8 % organic titanium solution performed the
best swelling ability due to its loosest surface structure.
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