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Abstract: Agriculture technical development exclusively relies on the effective delivery of agrochemicals and
water to the plants and reduce the harmful effects of the agrochemicals on the useful organisms in the soil.
Wherefore, super absorbent hydrogels were prepared by copolymerization of gum Arabic (GA) with chitosan
(CS) or poly(vinyl alcohol) (PVA), and cross-linked by N,"N-methylenebisacrylamide (MBA) chemically (CH)
or using sodium hexametaphosphate (SHMP) as physical (PH) cross-linker. The prepared hydrogels include
PVA/GA-CH, PVA/GA-PH, CS/GA-CH and CS/GA-PH showed different degree of swelling (DS) in the
following swelling medium, deionized water (DW), river water(RW) and buffer solution pH9. PVA/GA-CH
and CS/GA-CH hydrogels have showed 84g/g and 63g/g maximum DS in RW respectively, while PVA/GA-PH
and CS/GA-PH hydrogels have showed 81g/g and 69g/g maximum DS in pH9 respectively. The water-
retention capability of some hydrogels were studied using a mixture of 0.5%(w/w) hydrogel in agricultural soil
and the composite showed about 20 days extra retain of water with a control sample of soil alone. The
hydrogels were loaded using urea the important fertilizer in agriculture field. The hydrogels of higher DS were
only loaded, where PVA/GA-CH hydrogel has shown 89%(w/w) maximum loading percentage (Lmax%), and
CS/GA-PH hydrogel reached 79.75%(w/w) of urea. The release behavior in different medium and degree of
temperatures of loaded hydrogels were studied. Generally, PVA/GA-CH hydrogel have shown better release
profile in RW medium at 10°C, while CS/GA-PH hydrogel showed more controlled release in pH9 medium at
30°C. Different analytical methods of SEM, FTIR of loaded hydrogel and after their release were achieved,
whereas XRD,1H NMR and (TGA, DSC) of prepared hydrogels have been characterized.

Keywords: controlled agrochemical release; urea fertilizer; poly(vinyl alcohol); chitosan; gum
Arabic; SAP hydrogel; water-retention

1. Introduction

Super absorbent polymers (SAP) are macromolecules with long chains have soft network
structure with high ability to absorb huge amount of water due to their three dimensional structure
[1].

Recently, many researches have utilize hydrogels which get a significant attention in agricultural
applications as water management polymers that reduce the consumption of irrigation water and
controlled the release of different fertilizers in soil [2,3]. Hydrogels have the ability for water retention
in high quantities, therefore hydrogels can be used in agriculture irrigation especially in the especially
in the agricultural lands of the arid and semi-arid regions [4] and the improvements of soil and its
fertility is done by increasing the soil water and improve the uptake of nutrient by plants [5].
Generally, under drought conditions the hydrogels could absorb a huge quantities of water by
irrigation or during the time of rainfall and act as water reservoir [6,7]. The mixed hydrogels with
soil in agriculture field could increase the moisture content in soil which is important for plants.
Similarly, the hydrogels could release fertilizers to the soil for a longer time [8]. High swelling rate
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and absorbance of water by agricultural hydrogels with high mechanical properties are important
hydrogel characters which are depends on the nature of their monomers and the polymerization
process used [9].

Hydrogels from synthetic polymers are possess multi tunable properties, but sometimes have
few limitations, therefore they modified chemically with natural polymers in order to get precisely
controlled micro-environments and bioactive features come from natural polymer [10].

In this study, different hydrogels were prepared by copolymerization of natural polymer with
synthetic and semi-synthetic polymers. The aim was to improve the hydrogel properties for sustained
release of agrochemicals and absorb and retain huge quantities of water and then release it in soil for
plant irrigation. The gum Arabic was copolymerized with chitosan and poly(vinyl alcohol), and the
prepared hydrogels were characterized for their structure, thermal, crystalline, and morphological
properties using '"H NMR, FTIR, TGA and DSC, XRD and SEM analysis. The degree of swelling of
the hydrogels were studied and two of the higher DS hydrogels were selected for loading with urea
and allowed to release in different medium solutions and degree of temperatures.

2. Experimental

2.1. Materials and chemicals

Poly(vinyl alcohol) (PVA) was supplied from Fisher Scientific, USA. Chitosan (CS) of highly
viscous, and gum Arabic (GA) were supplied from Sigma-Aldrich. N,’"N-methylenebisacrylamide
(MBA), sodium hexametaphosphate (SHMP), ammonium persulphate (APS) and the fertilizer model
urea were supplied from BDH, U.K. Phosphate buffer pH4 and boric buffer pH9 and other chemicals
were of analytical grade reagents and received from Fluka, Swiss. River water (RW) of 250ppm
hardness was brought from Tigris river / Mosul.

2.2. Preparation of (CS-co-GA) and (PVA-co-GA) copolymers

Chitosan solution was prepared from 1.0g of CS in 100ml 2%(v/v) acetic acid in distilled water.
Gum Arabic solution was prepared from 1.0g of GA in 100ml distilled water. GA solution 10.0ml of
1.0%(w/v) was heated in 250ml three-necked round flask at 65°C using mantle with magnetic stirring.
The flask was connected to nitrogen line passed on alkaline pyrogallol solution for free of oxygen.
APS initiator solution 5.0ml of 10.0%(w/v) was added, then followed with 10.0ml of 1.0%(w/v) of CS
solution which was added stepwise using separating funnel and the temperature of the solution was
kept at 65°C with continuous stirring. Either 5.0ml of 2%(w/v) of MBA the chemical cross-linker or
5.0ml of 6%(w/v) of SHMP the physical cross-linker was added also stepwise and at 65°C with
stirring. 5.0 min later, the heating was stopped but stirring was kept for 1hr extra. The formed
hydrogel was filtered, washed many times with distilled water and finally dried in vacuum oven at
30°C.

Similarly, the (PVA-co-GA) hydrogel was prepared using aforesaid procedure, only 20.0ml of
1.0%(w/v) PVA solution was used instead of 10ml of 1.0%(w/v) of CS solution and keeping the final
solution of PVA/GA in water bath at 80°C for 24h before filtration.

2.3. Degree of Swelling

Dry hydrogel of 100mg was immersed in 20ml swell solution using one of the followings
(distilled water (D.W), river water (R.W), or buffer solutions (pH4 or pH9)). The hydrogel was left
inside the swelling solution for 24h in order to reach its maximum swelling. The degree of
temperature of the swelling medium was fixed on one of the following temperatures 10°C, 25°C, or
50°C. The hydrogel after 6h was taken out, filtered by sieve of 100 mesh and left 10 min inside for
drain of solution. The swelled hydrogel was weighted and then returned to the solution and the
process was repeated after 6h for four times, and the degree of swelling was calculated using the
following equation [11];

Degree of swelling DS (g/g) = We-Wo/ Wo ............ (1)

Where Wtis the weight of the wet sample at (t) time, and Wo is the weight of dry sample.
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2.4. Water-retention percentage (WR%) of soil-hydrogel mixture

Agricultural dry soil 200g sample was mixed with 0.1g of the prepared hydrogel in ventilated
paper cup. Thereafter 100ml of river water (RW) represent the minimum rain fall level recorded in
most arid and semi-arid regions [12] was added slowly on the mixture. A control sample was
prepared in a separate cup using same amount of dry soil with same procedure except no hydrogel
was added. The examined cups were maintained in the same place and under the same conditions
which were 20°C and 25% humidity. The samples weighted daily one time and WR% was calculated
as follows [13];

Water retention (WR) (%) = We/ Wo X100 ..., ()

Where, Wt represent the decrease in sample weight, and Wois the initial weight.

2.5. Loading of urea fertilizer on hydrogel microspheres

The concentrations of the loaded urea in the hydrogels were measured by UV-Visible JASCOV-
630 spectrophotometer, Japan. Where the calibration curve was done at different known
concentrations of urea and their absorbance have been measured at Amax 278nm. The calibration curve
was then used for calculation of unknown concentrations of the loaded urea in the hydrogels.
Moreover, 100mg of hydrogel was kept in 100%(w/v) of urea in distilled water used as loading
medium. The loading temperature was fixed at room temperature. The time of loading was varied
between (6, 12 and 24) h in order to record maximum loading percentage. The following equations
was used for calculation of maximum loading percentage (Lmax%) and efficient loading percentage
(EL%) [14];

Amount of urea loaded on hydrogel

Lmax%=

x100 ... 3
Amount of hydrogel taken for loading ( )

Amount of urea loaded on hydrogel
EL%= YT8T X100 e 4)

Amount of urea taken for loading

2.6. Studying the controlled release of urea from hydrogel microspheres

Loaded hydrogel 100mg was allowed to release in 20ml solution of DW, RW or buffer solution
pHO. The temperatures of the release medium were fixed at (10, 25 and 50) °C. The concentrations of
the released urea from the loaded hydrogel inside the medium were measured at a fixed time interval
each 3h by taking 3ml solution and replaced with 3ml of the native solvent. The calibration curve was
used for calculation of the concentration of the released urea. The release process was continued until
the concentration of urea become zero. The release percentage of urea was calculated in a two steps
as maximum controlled release(CRmax) and maximum burst release (BRmax) according and as follows
[15];

Total weight of urea release in controlled (mg)

CRunax (%) =
BRmax(%) =

100 --(5
weight of loaded urea(mg)from 100mg of microspheres ( )
Total weight of urea release in burst (m
g (me) x100 -(6)

weight of loaded urea(mg) from 100mg of microspheres

3. Results and discussion

Attention to agricultural soil in terms of providing irrigating water and important nutritional
elements of the plants like fertilizers is considered one of the important basics in agricultural science.
Hydrogels have the capacity to achieve many important and necessary applications include
agricultural uses. The prepared hydrogels PVA-co-GA and CS-co-GA cross-linked chemically and
physically were examined for their water-retention after mixing with agricultural soil, and for
loading and releasing of urea as a coal for this study.

3.1. Characterization of the hydrogels

3.1.1. FTIR studies

The FTIR spectrum (Figure 1(a, b, ¢ and d)), have shown the absorption frequencies of the
functional groups of the prepared hydrogels. Moreover, the important FTIR characteristic
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frequencies were recorded in Table 1. The absorption frequency of PVA/GA-CH hydrogel (Figure 1a
and Table 1) at 3374cm! is represent the hydroxyl groups of both PVA and GA, whereas the band at
1538cm-! is belongs to the amide group of the cross-linker MBA. The absorption frequency at 1649cm-
1is of carbonyl groups of GA, and the band at 2941cm! is representing the methylene group present
in PVA, GA and MBA. Finally, the absorption frequency at 1060cm is belongs to (-C-O-C-) of the
glucopyranose units of GA, and those at 1084cm and 1426cm-! are belongs to (-C-O-) and (-C-OH)
respectively of both PVA and GA.

Table 1. FTIR characteristic frequencies of the important functional groups of the prepared

hydrogels.

PVA/GA-CH PVA/GA-PH CS/GA-CH CS/GA-PH

ofemt Functional olemt Functional fem Functional fem Functiona

group group group 1 group

3374 -OH 3342 -OH 3385 -OH 3364 -OH
1538 =N-H 1643 -C=0 1633 Amide-I 1636 Amide-I
1649 -C=0 3036 -CH- 1531 Amide-II 1524 Amide-II
2941 -CHz- 1042 -C-O-C- 2939 -CH»- 2876 -CH-
1060 -C-O-C- 1427 -C-OH- 1025 -C-O-C- 1380 -C-OH-
1084 -C-O- 1223 -P-O-P- 1079 -C-O- 1239 -P-O-P-
1426 -C-OH- 1076 -do- 1380 -C-OH- 1061 -do-
mmmmmn | mmmmeee 706 -do- | - | e 740 -do-

The FTIR spectrum of PVA/GA-PH hydrogel (Figure 1b, Tablel) has shown almost the same
functional groups of PVA/GA-CH hydrogel only the absence of amide groups at 1538cm! of MBA,
and the appearance of new absorption band (-P-O-P-) of SHMP at 1223cm!, 1076cm™ and 706cm™.
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Figure 1. FTIR spectrum of a) PVA/GA-CH; b) PVA/GA-PH; c) CS/GA-CH; and d) CS/GA-PH
hydrogels.

Similarly, the CS/GA hydrogel with both cross-linkers has shown FTIR spectra (Figure 1c,
Tablel) for chemical cross-linking, and (Figure 1d, Tablel) for physical cross-linking. The important
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functional groups of chitosan represent by absorption frequencies at 1633cm™ and 1531cm™ which
are belongs to its carbonyl group (Amide-I) and its amine group (Amide-II) respectively.
"H NMR studies

TH NMR of PVA/GA-CH hydrogel (Figure 2 and Table 2) have shown the resonance of (3H, s)
at 0.84ppm which belongs to methyl protons of cyclic stereoisomer in a numeric region of GA sugars.
Whereas, the resonances of (2H, m) at (1.23 and 1.31) ppm are belongs to methylene protons of PVA
and MBA beside the protons present in arabinose sugar of GA. The resonance of (1H, s) at 2.08ppm
is belongs to methine proton of MBA, while that of (2H, s) at 2.43ppm and that of (1H m) at 3.76ppm
are of methylene and methine protons of PVA. The resonance of (1H, m) at (4.18 and 4.40) ppm are
belongs to hydroxyl proton of PVA and those of galactopyranose and arabinose sugars present in
GA. Finally, the resonance of (1H, s) at 5.60ppm are represent numeric regions belongs to the cyclic
stereoisomer of GA.

Table 2. 'TH NMR chemical shift with the important protons of PVA/GA-CH hydrogel.

Resonant freq. or
Sample Chemical shift o/ppm Description of proton
0.84 Alkyl(methyl); cyclic stereoisomer
PVA/GA-CH 1.23 and 1.31 Alkyl(methylene); Arabinose sugar
2.08 Proton on carbon next to C=0; NH
243 Alkyl(methylene)
3.76 Alkyl(methine); Rhamnose sugar
4.18 and 4.40 ROH(alcohol); Galactopyranose sugar and
Arabinose sugar
5.60 A numeric region( a cyclic stereoisomer of
the gum Arabic sugars)
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Figure 2. '"H NMR spectrum of PVA/GA-CH hydrogel.

3.1.2. Thermal analysis studies
The TGA and DSC of PVA/GA-PH and CS/GA-CH hydrogels were studied.

The sample PVA/GA-PH was analyzed and (Figure 3(a and b)) beside the thermal data recorded
in (Table 3) have shown the sample has high thermal stability. Where the TGA thermogram (Figure
3a) has shown weight loss of 4.0% at 108.4°C the initial decomposition temperature (IDT), and weight
loss of 82.0% at 735°C, represent final decomposition temperature (FDT).

d0i:10.20944/preprints202307.0066.v1
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Table 3. TGA and DSC thermal analysis data of some studied hydrogels.

TGA weight loss(%) DSC (W/g)
Sample IDT | FDT Tmax | Ter Tg
oC oC oC oC oC AH: (J/g)
4.0 82.0 525 | 83.3 +488.2 | +579.8
PVAIGA-PH 11054 | 735.00C | 4220 | 8000 | 194 |18470C | 482.6C
oC oC oC
2.5 94.0 50.0 | 95.0 +489.6 | -3825.0
CS/GA-CH 96.3 715.0°C | 405.0 | 608.0 | 96.3 | 209.8°C | 540.9°C
oC oC oC
20
7 Rl By et

a-TGA
80 st 5%
S18mg)
Wc
84 C
8wg

4. 34%
.8598mg)

Weight (%)

e

3
Heat Flow (Wig)

20.86%
7368mg)
20 ~2
A
o - s . =
o 200 400 600 a!;c
Temperature (°C) Universal V4.5A TA

Figure 3. Thermal analysis thermogram with a)TGA; and b)DSC of PVA/GA-PH hydrogel.

The TGA thermogram (Figure 3a) also give weight loss of 52.5% at 422°C represent maximum
decomposition temperature (Tmax) and weight loss of 83.3% at 800°C represent crystalline
decomposition temperature (Te«). The DSC thermogram (Figure 3b and Table 3) has shown
endothermic behavior of PVA/GA-PH hydrogel, and mainly at two positions represent the heat of
fusion (AHr) +488.2 J/g at 184.7°C and +579.8 J/g at 482.6°C means the hydrogel composites has
crystalline structure and the final hydrogel has stable structure need high energy for thermal
decomposition. Whereas, the thermal analysis of CS/GA-CH hydrogel has less thermal stability as
shown in (Figure 4(a and b) and Table 3). Where the all weight loss percentages of the hydrogel at
IDT, FDT, Tmax and Ter (Table 3) shows less values in comparison with those of PVA/GA-PH hydrogel.
Even the DSC thermogram (Figure 4b and Table 3) has shown one AH: with endothermic behavior
+489.6]/g at 209.8°C and one AHrwith high value exothermic behavior -3825]/g at 540.9°C. Where the
endothermic behavior was belonged to GA and MBA due to their crystalline structure, while the
exothermic behavior was belonged to CS due to its amorphous structure.

d0i:10.20944/preprints202307.0066.v1
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Figure 4. Thermal analysis thermogram with a) TGA; and b) DSC of CS/GA-CH hydrogel.
3.1.3. XRD studies

X-ray diffraction pattern of PVA/GA-CH hydrogel (Figure 5a) showed the PVA in the hydrogel
has crystalline structure because of the presence of partially crystalline structure [16], beside the
enhancement of its crystallinity through the chemical cross-linking of the hydrogel. Whereas, the
XRD pattern of CS/GA-PH hydrogel (Figure 5b) shows less crystallinity due to the amorphous
structure of both polysaccharide polymers. Moreover, the physical cross-linking could enhance the
crystallinity of the hydrogel structure through the ionic interaction [17].
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Figure 5. XRD pattern of a) PVA/GA-CH, and of b) C5/GA-PH hydrogel.

3.1.4. SEM studies.

The SEM images of PVA/GA-CH and CS/GA-PH hydrogels were studied. The SEM image of
PVA/GA-CH hydrogel (Figure 6a) has shown corrugate and folded surface of homogenous
composite with holes, beside an irregular morphological surface. The white portion indicate the
presence of the crystalline region among the hydrogel specimen.

gt e S v D
X ; S a5 3

SEM MAG: 5.00 kx an MIRA3 TESCAN
WD: 5.27 mm BI: 7.00
View field: 41.5 ym  Date(m/dly): 08/29/21

SEM MAG: 200 kx Det: InBeam
WD: 4.57 mm BI: 7.00
View field: 1.04 pm | Date(m/dly): 08/29/21

Figure 6. SEM images of a) PVA/GA-CH hydrogel, and b) CS/GA-PH hydrogel.

The SEM image of CS/GA-PH hydrogel (Figure 6b) has shown gathering clusters of particles
have microsphere shapes and the morphological surface shows low crystalline structure and has
homogeneous composite.

3.1.5. Swelling studies .

In general, the prepared hydrogels gave disparate DS in different swelling medium and at
different range of temperatures. However, PVA/GA-CH hydrogel show up (Figure 7) high DS 84g/g
in RW and at 10°C which means the functional groups of the hydrogel are hydrolyze and create ionic
repulsion force between the hydrogel chains which elevate its degree of swelling [18,19]. Whereas,
its DS in pH4 was 45g/g because of its functional groups in pH4 medium which are hydrolyze and
cause ionic attractions between the hydrogel chains and decrease its DS [20].

Similarly, the PVA/GA-PH hydrogel has shown (Figure 7) high DS 75g/g in PH9 at 30°C. Most
probably because of the repulsion occur between the hydrogel chains in pH9 solution which enhance
the repulsion which already occur because of the physically cross-linking. Whereas, the DS of the

doi:10.20944/preprints202307.0066.v1
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hydrogel in pH4 is 41g/g, where the acid medium may decrease the repulsion between the hydrogel
chains.

The DS of CS/GA-CH hydrogel (Figure 7) was 63g/g in pH4 at 30°C. While, the CS/GA-PH
hydrogel shows DS 79g/g in pH9 and at 30°C. Where the chitosan in the chemical cross-linked
hydrogel is protonated in acidic medium (pH4) and promote the DS of the CS/GA-CH hydrogel.
While in CS/GA-PH hydrogel, the gum Arabic molecules and because of its slight acidic nature may
cause repulsion between the hydrogel chains beside those caused by the physical cross-linking of the
hydrogel, the DS was high [21].

100
X
w80 _
-1
£
?;» 60 —4—PVA/GA-CH g/g
7]
S 40 - PVA/GA-PH g/g
()]
o CS/GA-CH
5 20 / g/g
(=] =>¢=CS/GA-PH g/g
0 P%
0 10 20 30
Time (h)

Figure 7. Degree of swelling of the prepared hydrogels with time (h) at different temperatures.

3.1.6. Water-retention studies

The water-retention in agricultural soil mixed with suitable percentage of the hydrogel was
studied. In general, the agricultural soil has limited capacity for water retain, especially in hot region
and because the hydrogels can imbibe water many times their weights and retain the water for a long
time and not dispense with it easily [22], therefor the hydrogel can be used for irrigation of the plants.

Therefore, the water-retention percentage (WR%) was calculated using Eq.2 for a composite of
soil with PVA/GA-CH hydrogel which studied because of its high DS and the cohesion of its
structure. Where the sample of soil/hydrogel composite shows retention of water in the soil and
maintain moisture for 42 days (Figure 8), In the same time, the composite of soil/ CS/GA-PH hydrogel
has shown 38 days (Figure 8). But the control sample show up only 20 days of water retention inside
the soil sample under the same conditions.

120
100 L‘ —

X
[=
L 80
)
g
% 60 == Control
g 40 =—CS/GA-PH
= -
20 PVA/GA-CH
0
0 10 20 30 40 50

Time/Day
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Figure 8. Water-retention (%) of soil-hydrogel composite with time (day) at 20°C and 25% humidity
using PVA/GA-CH and CS/GA-PH hydrogels.

3.1.7. Loading of urea fertilizer on hydrogel microspheres

The Studied maximum loading percentage (Lmax%) of urea in the PVA/GA-CH hydrogel was
89% after 12h, means the hydrogel need time to reach its maximum degree of swelling. The high
loading percentage in the hydrogel was due to the corrugates and folds beside holes present in the
hydrogel of irregular morphology which increase the efficient loading.

Whereas, the Lmax% of urea in the PVA/GA-PH hydrogel was 36.35% after 6h and keep low even
after long time. In general, the physical cross-linking may cause interfere between urea ions and
SHMP ions and stop the loading process of urea inside the core of the hydrogel particles.

Similarly, the Lmax% of urea inside CS/GA-CH hydrogel was 45% at 12h. The low percentage of
loading attributed to the ionic status of the hydrogel with those of urea are in repulsion situation
cause depression in loading process inside the hydrogel.

Whereas, the Lmax% of urea in the CS/GA-PH hydrogel was 79.75% at 12h. The high loading
percentage means cationic nature of chitosan could decrease the interfere between urea ions and
those of cross-linker and allow urea molecules to reach the core of the hydrogel easily.

The aforesaid results of the maximum loading percentages of urea have shown that the
PVA/GA-CH and CS/GA-PH hydrogels were high and they are more appropriate to study their
release behavior.

3.2. Characterization of loaded hydrogels

3.2.1. FTIR spectroscopy analysis

The FTIR characteristic frequencies of the important functional groups of urea loaded PVA/GA-
CH and CS/GA-PH hydrogels were listed in Table 4.

Table 4. FTIR characteristic frequencies of the important functional groups of the hydrogels loaded

with urea.

PVA/GA-CH hydrogel CS/GA-PH hydrogel
v/em?! Functional group v/cm?! Functional group
3420 3464

-N-H -N-H
1527 1524
3251 -OH 3210 -OH
2978 2978

-CH»- -CH:-
2886 2886
1675 -C=0 1628 -C=0
1450 1436

-C-N -C-N
1080 1085
1020 1026
1385 -N-O 1377 -N-O
826 864

1242
-------- ——————— 727 -P=0
1150

d0i:10.20944/preprints202307.0066.v1
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The FTIR spectra of PVA/GA-CH hydrogel (Figure 9a and Table 4), where shows the important
functional groups of urea. The absorption bands at (3420 and 1527) cm™ are represent the —-N-H of
urea. Whereas, the absorption band at 3251 cm™ is belongs to -OH of PVA and GA polymers. The
bands at (1450 and 1080) cm™ are belongs to the C-N of urea.

Smoothing _—— |

4 Al

| L | v 1 . 1 : h |
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600
cm-1

Figure 9. FTIR spectra of a) PVA/GA-CH/Urea, and b) CS/GA-PH/Urea loaded hydrogels.

Whereas, the bands at (1020, 1385 and 826) cm" are belong to the loaded urea. Similarly, the FTIR
spectra of CS/GA-PH hydrogel (Figure 9b, Table 4), shows absorption bands similar to those of
PVA/GA-CH hydrogel (Figure 9a, Table 4), only some extra bands appear at (1242,727 and1150) cm-
! which are represent (-P=0) functional group of SHMP in CS/GA-PH hydrogel.

3.2.2. SEM studies of loaded hydrogels

The SEM images of the loaded hydrogels have shown the urea particles interspersed between
the hydrogel folds. The SEM images of PVA/GA-CH hydrogel (Figure 10a) after loading shows the
crystalline structures of urea appear as shinning regions nested between the hydrogel folds.

Figure 10. SEM of a) PVA/GA-CH/Urea loaded hydrogel, and b) CS/GA-PH/Urea loaded hydrogel.

In the same time the SEM images of CS/GA-PH hydrogel after loading (Figure 10b) shows the
homogeneity of the hydrogel with urea particles which seems as shiny particles and the composite
appears as coherent paste (Figure 10b) with a lot of holes and folds

3.2.3. Release of urea from the loaded hydrogels

The release of urea from PVA/GA-CH and CS/GA-PH hydrogels were studied with two
variables are the temperatures and the types of the release solution. The concentration of the released
urea was measured each 3h and Egs. (5 and 6) were depends. It was found that the suitable release
medium for PVA/CS-CH hydrogel was RW (Figure 11a), were the hydrogel start with burst release
of urea for about 5hr, and then followed with controlled release for about 20hr, where it liberates
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most of its loaded urea at 10°C, and most probably because of its maximum degree of swelling at that
temperature.

a b

20 RW 20 PH9
S 15 /i, —_— | % 15 —
% c— % c—
R — 30c| £ 10
& / -S| 30C
© s ] 0C 1 O 5 50C

0 * 0

0 10 20 30 0 10 20 30
Time/hours Time/hours

Figure 11. CRmax% of urea from a) PVA/GA-CH in RW, and b) CS/GA-PH in pH9 with time (h) at

different temperatures.

Similarly, the CS/GA-PH hydrogel (Figure 11b) has shown a controlled release behavior in a
PHO release medium and at 30°C and this was because of its high degree of swelling. The behavior
of the release curves of CS/GA-PH hydrogel was shown (Figure 11b) more controlled behavior curve
in comparison with the release curve of PVA/GA-CH hydrogel (Figure 11a). Means the CS/GA-PH
hydrogel chains are necessarily swell in order in pH9 solution to a point which allow the polymer to
release in a controlled way. Therefore, most probably charges of chitosan and its functional groups
beside those of the cross-linker (SHMP) would enhance the hydrogel to release in a controlled
manner.

3.3. Characterization of the hydrogels after release

3.3.1. FTIR studies

The FTIR spectrum of PVA/GA-CH and CS/GA-PH hydrogels after release have shown (Table
5) the important characteristic functional groups of the hydrogel without loaded urea. Certainly, the
presence of the main functional groups of the hydrogel beside its cross-linker after release process,
means the hydrogel is able to retain its basis composition many times for loading and releasing of
agrochemicals.

Table 5. FTIR characteristic frequencies of the important functional groups of the studied hydrogels
after release.

Hydrogel sample after release

d0i:10.20944/preprints202307.0066.v1

Main functional groups

PVA/GA-CH

CS/GA-PH

Wave number (cm-1)

V(C-H)str 3031; 2860 2931; 2862
V(C=0)str 1610 1645
v(O-H)su: 3224 3244
U(C-OH)aet 1348 1380
V(C-O)str 1085 1079
V(C-O-C)str 1030 1020
V(N-H)st 1520 1552
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v(P-Oo-P) | - 1020; 1149; 1255

3.3.2. SEM studies

The SEM images of the studied hydrogels after release shows that the hydrogels are capable to
keep their textures and fabric complete and well knit. The SEM image of PVA/GA-CH hydrogel
(Figure 12a) shows microspheres contain empty holes most probably those holes are representing the
release molecules of urea. The disappear of the whiten spots (Figure 10a) indicate the release of the
crystalline particles of loaded urea.

SEM MAG: 25.0 kx Det: InBeam
WD: 4.90 mm BI: 7.00
View field: 8.30 ym Date(m/d/y): 11/08/21 View field: 8.30 ym  Date(m/d/y): 11/16/21

Figure 12. SEM images of a) PVA/GA-CH hydrogel, and b) CS/GA-PH hydrogel after releasing of
urea.

Similarly, the SEM image of CS/GA-PH hydrogel (Figure 12b) shows no whiten spots in
morphological surface of the hydrogel with deep holes and folds in the hydrogel composite. In
addition, the SEM image (Figure 12b) shows pure hydrogel form with no crystalline particles of the
loaded urea and its composition is compact and appears in a flexible form.

4. Conclusion

Two main hydrogels were prepared from the polysaccharides chitosan (CS) and gum Arabic
(GA) were copolymerized with the well-known synthetic polymer poly(vinyl alcohol) (PVA) and the
cross-linked chemically by MBA and physically by SHMP. The study included the exploitation of the
large-scale water storage tendency of hydrogels in storing water or agrochemicals in hydrogels and
then allow to release regularly. The degree of swelling of the hydrogels showed great variation
depending on their compositions, type and temperature of the swelling medium. Therefore,
PVA/GA-CH and CS/GA-PH hydrogels getting high DS in RW at 10°C and pH?9 at 30°C respectively.
The prepared hydrogels have shown high water-retention in agricultural soil and for a long time
especially PVA/GA-CH and CS/GA-PH hydrogels getting high DS in RW at 10°C and pH9 at 30°C
respectively. The prepared hydrogels have shown high water-retention in agricultural soil and for a
long time especially PVA/GA-CH and CS/GA-PH hydrogels where showed retain water for 42 days
and 38 days respectively, whereas the control sample retain water for 20day only. Urea fertilizer was
used as model for loading the prepared hydrogels and the Lmax% of urea was reached its maximum
in PVA/GA-CH hydrogel 89% after 12h in loading medium. The second high Lmax% was recorded for
CS/GA-PH hydrogel 79.75% after 12h and both are loaded high due to their high DS. The loaded urea
was allowed to release from their host hydrogels in a suitable medium. Both hydrogels released their
loaded urea in a controlled manner and for 24h.The studied hydrogels were characterized using FTIR,
H NMR, XRD, thermal analysis and SEM analysis.
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