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ABSTRACT: Design and synthesis of the agricultural
and ecological superabsorbent materials with cost-effi-
cient and fertilizer-release characteristics has recently
attracted considerable interests. In this work, the novel
poly(sodium-potassium acrylate-co-acrylamide)/plant ash
(PNa-KA-co-AM/PA) superabsorbent composites with
potassium-release characteristics were prepared using
partially neutralized acrylic acid (Na-KA), acrylamide
(AM), and plant ash (PA) as raw materials, ammonium
persulfate (APS) as the initiator, and N,N0-methylenebisa-
crylamide (MBA) as the crosslinker. The structure, mor-
phologies, and thermal stability of the composites were
characterized by Fourier transform infrared spectropho-
tometer, scanning electron microscopy, and TGA techni-

ques, respectively. The effects of MBA concentration and
PA content on water absorbency were studied, and the
swelling properties of the composites in saline solutions
and various pHs solution as well as their potassium-
release capabilities were also evaluated. Results indicate
that the composites exhibit better thermal stability, salt-
resistant performance, pH-stability, and potassium-
release properties, and can act as a fertilizer and an effec-
tive water-saving material for agricultural and ecological
application. VC 2009 Wiley Periodicals, Inc. J Appl Polym Sci
115: 1814–1822, 2010
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INTRODUCTION

As a preponderant water-saving material, superab-
sorbent has found promising application in modern
agriculture due to its unique advantages of absorb-
ing and retaining much water over traditional
absorbents.1–3 In the past decades, the researches on
superabsorbent are mainly focused on reducing pro-
duction cost and enhancing water-absorbing capabil-
ities. Little efforts regarding the development of the
superabsorbent with fertilizer-release properties de-
spite it was known that the growth and quality of
plants or crops are affected by both water and fertil-
izers. Previous investigations4,5 have confirmed that
about 40–70% fertilizer was lost to the environment

and failed to be absorbed by plants when it was
directly mixed with soil; this results in the large
resource losses and serious environmental pollution.
Presently, the most effective method of reducing fer-
tilizer losses involves the use of slow- or controlled-
release fertilizers, and some fertilizer-release super-
absorbents have been developed.6–11 Among them,
the direct compounding of organic polymer with
other functional filler, such as, sodium humate for
deriving multicomponent superabsorbent was con-
sidered as a simple and preferred method.12–15 The
incorporation of the available fertilizer in nature can
realize the synchronous improvement of water-
absorbing and fertilizer-release properties.
Plant ash (PA) is the residue after the herbaceous

or woody plant being burnt. PA contains almost all
the elements existed in the plant,16 and it was usu-
ally used as a kind of easily available, low-cost, and
nutrient-fertile inorganic fertilizer. In the numerous
components of PA, the content of potassium that is
essential to the growth of plant is higher. By virtue
of this, PA has long exhibited great potentials in the
design and fabrication of potassium fertilizer as a
resource of potassium. Currently, the multifunctional
superabsorbents with fertilizer-release properties
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prepared through the compounding of natural fertil-
izer with organic superabsorbent have attracted
great interest. So the novel superabsorbent with
improved water-saving property, reduced produc-
tion cost, and excellent fertilizer-release capability
was expected to be produced by introducing PA
into superabsorbent network.

On the basis of above background, in this article,
the novel poly(sodium-potassium acrylate-co-acryl-
amide)/plant ash (PNa-KA-co-AM/PA) superab-
sorbent composites were prepared through a solu-
tion polymerization reaction by using PA as a
functional component. The structure and morphol-
ogy of the developed composite was characterized
by Fourier transform infrared (FTIR) spectrophotom-
eter and scanning electron microscopy (SEM). In
addition, the swelling behaviors and potassium fer-
tilizer-release properties of the superabsorbent com-
posites were evaluated systematically.

EXPERIMENTAL

Materials

Acrylic acid (AA, chemically pure, Shanghai Shanpu
Chemical Factory, Shanghai, China) was distilled
under reduced pressure before use. Ammonium per-
sulfate (APS, analytical grade, Xi’an Chemical Rea-
gent Factory, China) was used as received. N,N0-
methylenebisacrylamide (MBA, chemically pure,
Shanghai Chemical Reagent Corp., China) was used
as purchased. PA micropowder (XianTao Chishun
Carbon Co., Hubei, China) was milled and passed
through a 320-mesh screen (diameter is about
46 lm) before use. All other reagents used were all
of analytical grade and all solutions were prepared
with distilled water.

Preparation of PNa-KA-co-AM/PA and
PNaA-co-AM superabsorbents

AA (3.93 g) was dissolved in 18 mL distilled water
in a 250-mL four-necked flask equipped with a me-
chanical stirrer, a reflux condenser, a thermometer,
and a nitrogen line. The resultant solution was neu-
tralized using 2.37 mL 8.80 mol/L NaOH to reach a
total neutralization degree of 57% (the amount of
alkaline PA was calculated as part of neutralization
degree, and the equivalent relationship between PA
and NaOH solution was defined as follows: 1.00 g
PA ¼ 0.6218 mL 8.80 mol/L NaOH solution). Then,
crosslinker MBA (14.40 mg), acrylamide (AM)
(3.27 g), and PA micropowder (1.84 g) was added to
the neutralized AA solution. After the mixture was
de-oxygen for 30 min under mechanical stirring, 10
mL aqueous solution of initiator APS (0.1152 g) was
charged into the reaction flask and the reactant was

slowly heated to 70�C in an oil bath, and maintained
for 3 h to finish the polymerization. A nitrogen
atmosphere was maintained throughout the reaction
period. The final gel products were dried to constant
weight in an oven at 70�C; the dried samples were
ground and passed through a 40–80 mesh sieve
(180–380 lm). PNaA-co-AM superabsorbent hydrogel
was prepared according to a similar procedure
except without PA.

Measurements of equilibrium water absorbency
and swelling kinetics

Sample (about 0.05 g) was immersed in excess aque-
ous liquids at room temperature for 4 h to reach a
swelling equilibrium. The swollen samples were fil-
tered using a 100-mesh screen and then drain on the
screen for 10 min to remove the redundant water.
After weighing the swollen samples, the equilibrium
water absorbency of superabsorbents can be calcu-
lated using Eq. (1).

Qeq ¼ ðw2 � w1Þ=w1 (1)

Qeq is the equilibrium water absorbency calculated
as grams of water per gram of the sample; w1 and
w2 are the weights of the dry sample and water-
swollen sample, respectively.
Swelling kinetics of superabsorbents in distilled

water was determined as follows: an accurate
amount of samples (0.05 g) were placed in 500 mL
beakers, and then 400 mL of distilled water was
poured into the beakers. The swollen gels were sepa-
rated using a 100-mesh sieve at set intervals, and the
water absorbency of superabsorbents at a certain
moment was determined by weighing the swollen
samples and then calculated according to Eq. (1). All
samples were carried out thrice repeatedly and the
averages are reported in this article.

Measurement of water absorbency in various
pH solutions

The pH values of solution were adjusted by the
aqueous solution of HCl (pH ¼ 2) or NaOH (pH ¼
13). The method of determining water absorbency of
superabsorbents in various pH solutions is similar
with that in distilled water.

Measurement of potassium-release properties

The sample (about 0.10 g) was immersed in 400 mL
distilled water, and the swollen samples were fil-
tered at set intervals (1, 3, 5, 10, 20 30, 60, 120, and
360 min). The filtrate was collected and transferred
into a 500 mL volumetric flask and diluted to the
scale plate. The concentration of Kþ (mg/L) was
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determined by atomic absorption spectrum analysis,
and the potassium-release amounts were expressed
using the mass of potassium released from 1 g of
sample (mg/g).

Characterizations

FTIR spectra were recorded on a Nicolet NEXUS
FTIR spectrometer in 4000 cm–1 to 400 cm–1 region
using KBr pellets. Thermal stability of samples was
studied on a PerkinElmer TGA-7 thermogravimeric
analyzer (PerkinElmer Cetus Instruments, Norwalk,
CT), with a temperature range of 25–800�C at a heat-
ing rate of 10�C/min using dry nitrogen purge at a
flow rate of 50 mL/min. The morphologies of the
samples were examined using a JSM-5600LV SEM
instrument (JEOL) after coating the sample with
gold film. The concentration of Kþ in the lixivium of
the composites was determined by a 180/80 atomic
absorption spectrophotometer (Hitachi, Japan).

RESULTS AND DISCUSSION

FTIR spectra analysis

The structure of the composite was characterized by
FTIR technique and the spectrogram was shown in
Figure 1. As can be observed, the bands of PA at
1431 cm–1 and 875 cm–1 (the characteristic absorption
of carbonate existed in PA) disappeared after reac-
tion, which indicates that the carbonate participated
reaction. The bands of PA at 1092 (asymmetrical
stretching of SiAOASi), 1044 cm–1 (asymmetrical
stretching of SiAO), 792 cm–1 (symmetrical stretch-
ing of SiAOASi), and 618 cm–1 (symmetrical stretch-

ing of SiAO) almost disappeared in the spectra of
PNa-KA-co-AM/PA (10 wt % and 20 wt %), indicat-
ing that the SiO2 in PA also takes part in polymer-
ization reaction through its active SiAOH groups.17

However, these peaks can be observed in the spec-
trum of PNa-KA-co-AM/PA containing 30 wt % PA,
this information implied that the excess PA was
physically filled in the polymer network. The
absorption bands of PNaA-co-AM at 1652 cm–1, 1604
cm–1, 1554 cm–1, and 1296 cm–1 were assigned to the
AC¼¼O of ACOOH, the amide I, the overlapping
peak of amide II and AC¼¼O of ACOO� groups, and
the amide III, respectively. The bands of amide are
not obvious in PNaA-co-AM due to the strong
hydrogen bonding interaction among ACOOH,
ACOO�, and C¼¼O(NH2) groups. However, the
characteristic bands of amide become evident with
the incorporation of PA and the increase of amount
of PA. The absorption of ACOOH and ACOO�

groups shifted to high wave-number region (from
1652 to 1669 cm–1 for ACOOH and from 1554 to
1559 cm–1 for ACOO�) and the peak shape becomes
more sharp with increasing the content of PA from
10 to 30 wt %, which give a direct evidence that the
existence of PA in polymeric network greatly
decreased the hydrogen bonding interaction among
polymeric chains. By comparison with the FTIR
spectra of samples before and after reaction, it can
be concluded that PA participates in polymeric reac-
tion and formed a composite.

Thermal stability

The TGA curves of PNaA-co-AM and PNa-KA-co-
AM/PA with 10, 20, and 30 wt % of PA are depicted

Figure 1 FTIR spectra of (a) PA, (b) PNaA-co-AM, and (c–e) PNa-KA-co-AM/PA containing 10, 20, and 30 wt % of PA,
respectively.
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in Figure 2. It can be seen that PNaA-co-AM and
PNa-KA-co-AM/PA composites show a similar
weight-loss tendency, but the weight-loss rate of the
composites is obviously slower than that of PNaA-
co-AM. The weight loss about 11.0% below 199.6�C
for PNaA-co-AM, about 8.2 wt % below 202.9�C for

PNa-KA-co-AM/PA (10 wt %), about 8.1 wt % below
204.2�C for PNa-KA-co-AM/PA (20 wt %), and
about 7.9 wt % below 214.5�C for PNa-KA-co-AM/
PA (30 wt %) was ascribed to the removal of water
absorbed and bonded in sample. The minor weight
loss about 11.8% (199.6–303.8�C) for PNaA-co-AM,
and the loss about 10.9 wt % (202.9–314.5�C), about
6.3 wt % (204.2–315.8�C), and about 4.9 wt % (214.5
and 316.5�C) for PNa-KA-co-AM/PA with 10, 20,
and 30 wt % PA, respectively, can be attributed to
the elimination of the water molecule from the two
neighboring carboxylic groups of the polymer chains
due to the formation of anhydride.18 The successive
weight loss of 45.3 wt % (303.8–625.7�C) for PNaA-
co-AM, 40.4 wt % (314.5–627.1�C), 39.2 wt % (315.8–
637.1�C), and 37.1 wt % (316.5–645.2�C) for PNa-KA-
co-AM/PA with 10, 20, and 30 wt % PA, respec-
tively, is ascribed to the destruction of carboxylic
and amide groups as well as main chain scission. In
addition, the residual weight is 29.5 wt % for PNa-
KA-co-AM/PA (10 wt %), 32.2 wt % for PNa-KA-co-
AM/PA (20 wt %), and 40.9 wt % for PNa-KA-co-
AM/PA (30 wt %) but it is only 16.3 wt % for
PNaA-co-AM at 800�C, indicating that the incorpora-
tion of PA can greatly improve the thermal stability
of superabsorbent.

Figure 2 TGA curves of (a) PNaA-co-AM, (b) PNa-KA-co-
AM/PA (10 wt %), (c) PNa-KA-co-AM/PA (20 wt %), and
(d) PNa-KA-co-AM/PA (30 wt %).

Figure 3 SEM micrographs of (a) PNaA-co-AM and (b–d) PNa-KA-co-AM/PA with 10, 20, and 30 wt % of PA,
respectively.
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Surface morphologies

Figure 3 depicted the SEM micrographs of the super-
absorbent composites containing various amounts of
PA. It can be seen from Figure 3(a) that PNaA-co-AM
only exhibit a smooth and dense surface, whereas
the superabsorbent composites containing PA show
a correspondingly coarse and undulant surface
[Fig. 3(b,c)]. The surface roughness of PNa-KA-co-
AM/PA increased with increasing the content of PA,
implying that introduction of PA is favorable to
improve the surface structure of the resultant compos-
ite. The great morphological changes can be ascribed
to the facts that, (i) the silicate in PA participated in
the polymerization reaction and the construction of 3D
polymer network, and so the hydrophilic network was
greatly improved due to the incorporation of rigid sili-
cate and the collapse of superabsorbent network dur-
ing drying was also prevented; (ii) the carbonate in
PA may act as a vesicant, which can decompose and
release CO2 gas during reaction, and thus improved
the internal and surface structure of the composites.19

Moreover, it can be noticed from Figure 3 that PA are
equably dispersed in the polymer matrix and almost
embedded within PNaA-co-AM matrix [Fig. 3(b,c)],
and no flocculation of PA particles can be observed.
The fine dispersion of PA in the polymeric network
facilitates the superabsorbent to form a homogeneous
composition.

Effects of initiator APS concentration on
water absorbency

As shown in Figure 4, the water absorbency of the
superabsorbent composite increased with increasing
the concentration of APS, reaching a maximum and
then decreased. Below the optimal APS concentration,
the free radicals in reaction system could not be
adequately formed and the polymerization and cross-

linking efficiency is also lower. Thus, increasing APS
concentration in this region contributes to the forma-
tion of three-dimensional hydrophilic network and the
enhancement of water absorbency. However, the fur-
ther increase in APS concentration may cause the
shrinkage of water absorbency. According to previous
report,20 the increase of initiator concentration may
decrease kinetic chain length of polymer and increase
the relative amount of polymer chain ends in free-radi-
cal polymerization. Because the polymer chain ends
have no contribution to the water absorbency,21 the
increase of initiator concentration certainly leads to the
decrease of water absorbency.

Effects of molar ratio of AA to AM on
water absorbency

As can be seen from Figure 5, the water absorbency
increased with enhancing the molar ratio of AA to
AM in a feed ratio range of 0.8–1.2. As described pre-
viously,22 the collaborative absorbent effect of
ACONH, ACOOH, and ACOO– groups is superior to
either of single ACONH, ACOOH or ACOO– group.
Thus, the improved water-absorbing capability could
be produced due to the suitable ratio of the ACONH,
ACOOH, and ACOO– groups. However, the further
increase of AA amount causes the strong hydrogen
bonding interaction among polymer chains, which
increased the physical crosslinking degree of the com-
posite and decreased the water absorbency. Similar
results were observed in the study of crosslinked
acrylic acid and AM copolymers.21

Effect of neutralization degree of AA on
water absorbency

It can be noticed from Figure 6 that the water
absorbency tends to increase with increasing the

Figure 4 Effect of APS concentration on water absorb-
ency: molar ratio of AA to AM, 1.2; neutralization degree
of AA, 57%; MBA concentration, 2.335 mmol/L; and PA
content, 20 wt %.

Figure 5 Effect of molar ratio of AA to AM on water
absorbency: APS concentration, 12.621 mmol/L; neutrali-
zation degree of AA, 57%; MBA concentration, 2.335
mmol/L; and PA content, 20 wt %.
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neutralization degree of AA, to reach an optimum
value and then decreased. This is attributed to the
facts that (i) the cooperative absorbing effect
between ACOOH and ACOO– groups in gel net-
work is superior to either group22; (ii) the neutraliza-
tion of AA with NaOH solution can increase the
amounts of ACOO– located in gel network and
enhance the osmotic pressure between gel network
and swelling medium as well as rubbery elasticity
among polymer chains; (iii) the decrease of amount
of ACOOH groups resulting from the neutralization
of AA may break the hydrogen bonding network
between ACOOH groups, and thus the effective
crosslinking density of hydrogel was reduced. How-
ever, the further increases in the neutralization
degree of AA result in the introduction of more so-
dium ions, which reduce the electrostatic repulsion
by screening the negative charges of ACOO– groups
and then decreased the water absorbency.

Effects of the concentration of crosslinker
MBA on water absorbency

It is well-known that properties of superabsorbent
are closely related to the crosslinking degree of poly-
meric networks. As can be seen from Figure 7, the
water absorbency of the composite abruptly
decreases from 673 g/g to 262 g/g with increasing
the MBA concentration from 2.34 to 11.68 mmol/L.
Although crosslinker is essential to the formation of
three-dimensional hydrophilic network, high cross-
linker concentration may result in the generation of
more crosslink points and the increase of crosslink-
ing density. Thus, the water absorbency also corre-
spondingly reduced. However, when the dosage of
crosslinker is less, the polymeric chains cannot cross-
link well and the three-dimensional hydrophilic net-
work used for holding water fails to be effectively

formed. Under this situation, the water absorbency
of the superabsorbent is also low. The relationship
between the equilibrium water absorbency and the
MBA concentration follows the relation shown in
Eq. (2).23,24

Qeq ¼ kCMBA
ð�nÞ (2)

CMBA is the concentration of crosslinker MBA; k and
n are constant for an individual superabsorbent,
which can be obtained from the curve fitted with
Eq. (2). In this series, the effect of MBA concentra-
tion on water absorbency follows the relation Qeq ¼
21.92CMBA

(–0.5673) in distilled water and Qeq ¼
8.34CMBA

(–0.3546) in 0.9 wt % NaCl solution.

Effects of PA content on water absorbency

The change of PA content in composites may cer-
tainly affect their composition and water-absorbing
capabilities. As shown in Figure 8, the water absorb-
ency of the superabsorbent remarkably increased
with incorporating PA, reaching an optimum
absorption of 673 g/g at the PA content of 20 wt %
and then decreased. The great improvement of the
water absorbency can be attributed the following
reasons: (i) the introduction of a lot of saline in PA
enhanced the osmotic pressure difference between
the internal network and the external solution,
which contributes to the improvement of water
absorbency; (ii) the incorporation of PA increased
the roughness and surface area of superabsorbent,
which is responsible for the enhancement of water
absorbency (Fig. 3); and (iii) PA contains a lot of
SiO2, which can participate in polymerization reac-
tion through its active AOH groups. The participa-
tion of rigid silicate in crosslinking may prevent the
tangle of polymer chains and decrease the hydrogen

Figure 6 Effect of neutralization degree of AA on water
absorbency: APS concentration, 12.621 mmol/L; molar ra-
tio of AA to AM, 1.2; MBA concentration, 2.335 mmol/L;
and PA content, 20 wt %.

Figure 7 Effect of MBA concentration on water absorb-
ency: APS concentration, 12.621 mmol/L; molar ratio of
AA to AM, 1.2; neutralization degree of AA, 57%; and PA
content, 20 wt %.
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bonding interaction among ACOO� and ACOOH
groups, and then the polymeric network can be
improved and the water absorbency was increased.
However, the water absorbency decreased when the
content of PA exceeding 20 wt %. This is because
that the excessive PA powder was physically filled
in the polymer network, the hydrophilicity of poly-
mer was decreased, and the water absorbency was
reduced.25

Swelling kinetics

Figure 9 represented the kinetic swelling curves of
the composites with certain particle sizes (180–
380 lm) in distilled water. It can be observed that
the swelling rate is highest at initial 10 min, and
then the swelling rate is reduced and the swelling
curves tend to flatter. For evaluating the kinetic
swelling behaviors of the superabsorbents, the
Voigt-based viscoelastic model was adopted and
expressed as follows [Eq. (3)]25,26:

Qt ¼ Q1ð1� e�t=rÞ (3)

where Qt (g/g) is swelling capability at time t (min);
Q1 (g/g) is the power parameter (g/g), denoting
the theoretical equilibrium water absorbency; r (min)
stand for the ‘‘rate parameter,’’ expressing the time
required to reach 63% of equilibrium water absorb-
ency. By fitting the experimental data using Eq. (3),
the rate parameter r and power parameter Q1 was
calculated and listed in Table I. Because the rate pa-
rameter r is a measure of resistance to water perme-
ation, a lower r value may reflect a high-swelling
rate.27 According to the calculated r value, it can be
concluded that the swelling rate for PNa-KA-co-
AM/PA with various amounts of PA is in the fol-

lowing orders: PNa-KA-co-AM/PA (10 wt %) >
PNa-KA-co-AM/PA (20 wt %) > PNa-KA-co-AM/
PA (30 wt %); for PNa-KA-co-AM/PA (20 wt %)
with various crosslinking degrees is in the following
orders: PNa-KA-co-AM/PA (20 wt %; CMBA ¼ 11.68
mmol/L) > PNa-KA-co-AM/PA (20 wt %; CMBA ¼
7.01 mmol/L) > PNa-KA-co-AM/PA (20 wt %;
CMBA ¼ 2.34 mmol/L).

Effects of saline solution on water absorbency

The external saline usually has great influence on
the swelling properties of the composites when it
was used as water-manageable material in practical
application. As shown in Figure 10, the water
absorbency of PNa-KA-co-AM/PA composites rap-
idly decreased with increasing the concentration of
NaCl solution. This is because that the osmotic pres-
sure difference between internal gel network and
external solution decreased and the screening effect
of counterion, e.g., Naþ to negative ACOO� groups
enhanced with increasing the saline concentration.
The driven force for water diffusing into superab-
sorbent network was weakened and the water
absorbency decreased. The effect of the

Figure 8 Effect of PA content on water absorbency: APS
concentration, 12.621 mmol/L; molar ratio of AA to AM,
1.2; neutralization degree of AA, 57%; and MBA concen-
tration, 2.335 mmol/L.

Figure 9 Swelling kinetic curves of the superabsorbent
composites with various amounts of PA and crosslinking
degrees in distilled water.

TABLE I
Swelling Kinetic Parameters of the PNa-KA-co-AM/PA
Superabsorbent Composites with Different Content of

PA and Crosslinking Degree

Samples Q1 (g/g) r (min)

10 wt %; CMBA ¼ 2.34 mmol/L 502 6.38
20 wt %; CMBA ¼ 2.34 mmol/L 671 12.94
30 wt %; CMBA ¼ 2.34 mmol/L 416 28.63
20 wt %; CMBA ¼ 7.01 mmol/L 374 8.37
20 wt %; CMBA ¼ 11.68 mmol/L 250 6.71
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concentration of NaCl solution on water absorbency
follows the relationship shown in Eq. (4).23

Qeq ¼ kCsaline
ð�nÞ (4)

Csaline is the concentration of saline solution; k and n
are power law constants for an individual superab-
sorbent, which can be obtained from the curve fitted
with Eq. (4). The calculated constants were listed in
Table II. It can be seen that the exponent n decreases
with increasing the content of PA. In addition, the
exponent n of sample decreased with increasing the
crosslinking degree of the superabsorbent compo-
sites. This information indicates that the incorpora-
tion of PA and the increase of crosslinking degree
are favorable to improve the salt-resistant properties.

Effect of external pHs solution on
water absorbency

In practical application, the adaptability of agricul-
tural superabsorbent to the pHs of external aqueous
media or soil is also a significant factor. In this sec-
tion, the equilibrium water absorbency of PNa-KA-

co-AM/PA with various PA contents and crosslink-
ing degrees were studied at various pHs ranged
from 2 to 13 (Fig. 11). It deserves to be noticed that
the superabsorbent composites can keep high water
absorbency at a wide pH range from 4 to 11. This
tendency can be attributed to the fact that the
ACOO� groups can convert to ACOOH groups in
acid media and the ACOOH groups can convert to
ACOO� groups in basic environment, forming a
buffer system.15,28 The similar behavior can also be
observed in previous report29 and is very advanta-
geous to the use of superabsorbent in various soils
for agricultural and ecological projects. However,
the buffer action may disappear in the case of pH <
4 or pH > 11. After the buffer action disappeared,
the osmotic swelling pressure as well as the electro-
static repulsion among ACOO� groups was
decreased,30 which ultimately reduced the equilib-
rium water absorbency of the superabsorbent.

Potassium-release characteristics

Because PA contains plentiful potassium elements
which are soluble in water, incorporation of PA into
superabsorbent endow it with potassium-release
characteristics. As shown in Figure 12, the potas-
sium-release amounts of the composites in distilled
water increased with prolonging the immersing
time, and then tend to flat after 1 h. The composite
with higher PA content can release more potassium
at each given moment than that with low PA con-
tent. For the superabsorbent composites with 10, 20,
and 30 wt % of PA, the total potassium-release
amounts can reach 2.38, 5.43, and 8.80 mg/g,
respectively.

Figure 10 Effects of saline solutions with different con-
centration on water absorbency.

TABLE II
Power Law Constants for Swelling Dependency of

PNa-KA-co-AM/PA with Different Content of PA and
Crosslinking Degree on the Concentration of

NaCl Solution

Samples k n

10 wt %; CMBA ¼ 2.34 mmol/L 386 0.3429
20 wt %; CMBA ¼ 2.34 mmol/L 415 0.3400
30 wt %; CMBA ¼ 2.34 mmol/L 303 0.3070
20 wt %; CMBA ¼ 7.01 mmol/L 300 0.3339
20 wt %; CMBA ¼ 11.68 mmol/L 209 0.2912

Figure 11 Effect of pHs of external solution on the water
absorbency.
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CONCLUSIONS

As a part of efforts to develop a novel agricultural
superabsorbent with both water-saving and fertil-
izer-release characteristics, the superabsorbent com-
posite PNa-KA-co-AM/PA was prepared through
the polymerization among NaA, AM, and PA in
aqueous solution. The synthesis conditions were
optimized as follows: initiator concentration, 12.621
mmol/L; molar ratio of AA to AM, 1.2; total neutral-
ization degree of AA, 57%; crosslinker concentration,
2.335 mmol/L; and PA content, 20 wt %. The super-
absorbent composite prepared under optimal condi-
tions exhibits the best absorption of 673 g/g in dis-
tilled water and 73 g/g in 0.9 wt % NaCl solution.
FTIR and SEM analysis showed that the polymeriza-
tion reaction occurred and PA was uniformly dis-
persed in the polymeric matrix without agglomerate.
The superabsorbent composites can release potas-
sium 2.38, 5.43, and 8.80 mg/g of sample in distilled
water for the composites containing 10, 20, and
30 wt % PA, respectively. The incorporation of PA
into superabsorbent network not only reduce the
production cost, but also enhance the thermal stabil-
ity and the water-absorbing capabilities of the super-

absorbent composites, and endow such material
with potassium fertilizer-release characteristics.
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Figure 12 Potassium-release curves of the superabsorbent
composites with different content of PA in distilled water.
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