IWAY Cligao oyl 9 (905959 AA o Lot &5_22 -

PO g gm0 0 5900l 90 (s g 9 S
(S 32 S 9] Sy 71 o |y 57
Al g0 b (SIS Sy

T ol s e 9 ¥ i Lo jogomo ! 3l (25
U‘)"‘ s)|).».~a ~.\>‘5 su;a){.w‘ 0‘)T Kl (S |651.C 05; -y

AFIFINE b pdy b AW/ bl o

EXVOCS

=225 LIS 5 Sgdl Gl oy L3l g ool (il dne So (el 3508 5 O (o Sl L o
65528 39 9y ol Seadylo 1 O (YL o Lo ol e dy 30 tS 5 Sjgo ay O )0 i p 5 (bl 4 it
§ Sty sl Sl ST el o ST (slm pogise ol (s (slom ol 16 (mghy (mal )0 ayls g0l 0,8
Pl @dzly s oiiz e s (e p 3l s 50 Ol CBoaSS (i g oy L8, 1 STl A euiiSaS s o
s el pocly Gyt o3l 5 (Slocuble s o 5,50l SL 5 L5 5,55 Ly (ol Jlons
o ss ot gl A ) DSC 5 TGA «XRD ¢SEM (FTIR (slaypo3] bausgs Lyl ssloanss Juslos 5 o0 i
Ol G381 53T gy jlai jlooliiwl &j5o )0 5 aly g0 (Bl (Holas o5 (lie coatiTASL (09531 Ly
Olie 45 il o 4 (23l g 4SSl ot ol oo il (ol Cd> Gl e el STl ST g sl ST
s e oLis SLS 5 YU gy Ly slp Jslomo 1o aingy wodlo pyas widzly § iz gl ool VYO g o ol i
Yo -0 L glass o ool (gl g anils ol (6550 L slaslne )0 (95 ()5 oot Al Qi 5w 4 S
ol aal S slie

o] o 5571 5 a5 i gy e 590lS 95 (3L 33 90 25l ol

S9SNV gamme S Blspy (Aals 5 (558 doddo
o=l sl S e ol gy ol liaal T el slslis g e ceres ilidl L
ol jolaie an ol s w5 eomsi slogis, L T aslis 51 Lonl ool o1 LS o 5 o5,00 5 lie
Jiprme DY aie (65,5l a8 i loosd el cae L a5 00 ,5] pal 31, ol oS ol
S b b sloposdy londasloslhean I8 a0 S T alie s e d 3L )

sodz ola, S L 80l oy o azilix
Sl ot

Neis Jo 2l o (Hy wed st hojati m@iaushiraz.ac.ir gyl ol
(DOI: 10.22078/pr.2017.2401.2110) : Jtooms awlis



"m

};Lw)jjc.}\.w

903,53 3sn Jodlw 09,5 Gk 5l Cds
4 yhie ol i e B ol cjeulSyils
Syl ]y S o Jodoe 0 WA g/g 9 AT glg s
gl Ly aalie o Codg o g5l S 5elSsil
IVED o o taie T wia olie TAVE o] 30
S LT o)l oty S O Jodome wis
o=z 35— Jigramp 3l ey L K
50 30,5 el e Ol 09 eS 9 Yl (60— o
Oyt Ji90mp wgie 5 o5 (55— Ll
Al ez 59 = 1y syt S 30 6 Tse
o093l asls lis oK es 5 e sla [VF] uas
Gl g (b S A Q3 g sl ey
Ol mled ISt 4 g oad O (g5l S cd b
b oo il J5g 0 laie L SLs g)l050
D3 g S sgalS 5l S 5o 5 55 [0
J ol Sy (ST e L oa Mol csgin 5l
Csgis ) QT 50 AS 00,8 dgd O ST e

R P

| 0atif gkt plgicds sdmtipdlol
39 00l ol ey el SasTy Jdoa
e ol iz L O3l g S e 5elSTgil
Gy ;YL (oles )l L g VYAV g/g (oYL

Dl o soliul 65,0l 50 o1 51 g ol

Ly bl s 4ot (oS5 3o (] B
38 L (6555 i 5o poldio 5 ol ol i
Sl b Lo Sas gblie o (65,528
IS, 51

o oy gty g Sal ST s
Simbeyl b g, 5l dladiges el gl ool
i gl 5 ol 0 ool il Sy 555
S e @b Sl Ol e o e
LoyS 5T X g Gl slapses] abwsa
a9 Jmod e Bisgsle (rimiinb (e
(SEM) (o—2a9, =9, 058mwgSie 5 (FTIR)

sl 00 gy

1. Super Absorbent Polymer
2. Clay

Slas cul 35,02 5l 29 (SAP) 'Ll g
ot Cde ay B Jlw 00 b o La g0
d—ile LQO).;)IS )‘ (P9 O);_mf ) 05_’5- QS'L""‘_"‘"
el e 03, S cd> g > a sy g0l a g
(el o ST =55 el ST ST (o J390—2
Og—lnyosy Lyogioe (i ()l e
e Y sl JsSIge p 2 dy e 5 o]
[a] Sl ool RJym— LSLbJjﬁ)M u—’;—’m—ér"
= ale 5 (S Se— Hotaie a e e (B9 50
Ceoud dTled Lo 59,008 00 S dg0me slo S
50 &.A_.QjLM 9 &_j ol ua|9_> Sg—upp M s
5 &y L yorly 0,8 5T els o] T i,
Ailen Haxe slooaisS 9953l g oo Ly b
ey dAl e bl Y] oS8 5 (9] S
5 O yets dlex 3l .oul [V -] AlZnFe,0, 4 [4]
sl O )09 (e—do Lchoo..\....S).' u_:).n)).t)ls)a
Cdsh gatige DIl ncsgiagll 5l Lagas Lacuisis
AV ol o o) o a5 ool JS S
le—°°5)§ 6‘)|o 9 A_ij)‘_,’.a )Lo_w ao ‘rxu.lo 03—
“\“—“’l’ns" ¢5_’$ CJa_w o JT_MSB)..\,,_Q g';\_ugdgT
g o, 0g > glay Ll o Ko alabe Ly
Ple3 So—t jodate 4y 0u S lgeay ailes o
A.)j_m ool ‘—&3&«.1))5‘ 4_".)]: Lng_»ob)Jﬁ_M

Iyy 5yl

sl Qe oS 5
Wer glg ol Gaa Lo e g ol SOl ST L
o g 0,5 A4S
i3 Ll o 1o 1) Gas )l o i K 7Y
b 3l g ol i ials cooge Ko iy
o es ¢ Sl [Pl ot Jeame coid palS
9 4t g Gl (Sl ST CmjeaS gl
S el b ST 5 el Sl ST ass S snal e

o= Jjgm—p 0L e



IWAY Cligao oyl 9 (905959 AA o Lot ';.5.22 "y

Qo = (m,-m,)/m, )
dged (59 M, «Sid dbged (9 M adolee (ol 5o
el 4 gei g oy 50 ST Q08 5 py9—e > o
Lol 3 bodle pe—w oy Sloe (o) 2 l—
cbile b slasle jo 1) odle pgw ol )o
Sl wad L ) Jooaa b o S el
Sty ) Sl O3l o ¥V g Jlaie jotato ool
Sl et (B o yo Lol (] p3 V- h
laz 3l g (5,9 3l ool wl Ly s g 00ls
(oS gl slme 5o Ol Ciz (lie 0 039 5
=y Sl el cwody V) sl eolaul Lo
3 e sladiged (LS )55
slodigel Cgb; Qizly 5 Cda (e (55,508
on S5 SIS 50 69 Ly oo s iy
Getate ol gl eolawl 0,5 0 S 285 |, 8
SLs el i ped eil Ly el; SLs Sy
Ymm S 5y Sis oS jeboay solal 5l |3
SLs 5 dpae L3> pg—uw Hla e 0 b ool j5e
Oy 3l el (S Lndiges o (gl
Jaie Ll Lanl(plods 1o 0 0dls pgw g SLs
Ly olodS ;o o aSo; 5l s 0 g Ll et i
5 e, 1y dee ol g 0ads (59 allan & jsoay
covgy o=l ool wl L ass 3 )1 S0 e el
039—ed iy 9 LAz (LS ;84S usb) (e
alie pa L w5 =S ol plej 4 cos

A

Py
Tl S ST (AM) Nl ST o ol o
S gmls &8 s 51 (APS) TSlilys ypsmisel 5 (AA)
oS5 5l (MBA) "ol b ST olite -NIN
st )l Lo 858 5l gy 5 oS

] 00

Oge—il 3 oy Ghg) 5l O3 o el (gl

0aSTy ,laie T Y+ co ,0 VY hr o eds C gt
Wl b ST gsl> B, boay el a g0
cc ol yands 45 0aLS A ol 5 ouwlSily 51
a5 ol coss ) hr Gaeds - laie O Y
SO min 5l e 005 a8lol g a8 5 I, 38
st sl g Sl el £ 4 s
Voo ¥ S g 0 mpmrons Jodme 5l ol Sl 551
adlol Jgdome an ,55leT Lol jo .l oo ool
Jsews J5 L adly, ol e yas ay Los g ool
S Sl |y T 5 oSt 3] g
55> ¥ Daety ydaie OF Ly gt Sl Gy 5 oo
=y Gl S SLis S e £0°C o o
Lo Cbighs (gdm dsiged S eodl> g o) Slas
g 2oLl (lae an S jaeals piw bt Ll
asilolil pye el jo Ol Lz ol .l 00
Vel 5l oaliil U 5 oo )5 ,td Jlacl gis s

DV] st s alns

(3 g )55 (o setiie 4 e IS g S IS5l alite cBl L sla sl Y Jgur

PPM pemedS'y )15 cdale PPM (o sy IS cdale o les Joloro
INT4 AR \
VPa¥f VYA Y
Y4 - YoF- v
FYA- O - £
\Yos- Vevf. b

1. Acrylamide
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3. Ammonium Persulfate

4. N, N’-methylenebisacrylamide
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Abstract

Scarcity of water as well as shortage of water reservoirs is a major global issue excruciating
by an increase in population. Saving water in irrigation is a vital solution in protecting
water reservoirs and takes high priority among other possible solutions. Superabsorbents
are cross-linked hydrophilic polymers with the ability to reversibly swell in water as well
as absorbing high volume of water, thus superabsorbents have attractive application in
agriculture. In this research, the effect of synthesis factors such as acrylamide and acrylic
acid monomers, the amount of bentonite and the ratio of cross-linker to initiator on swelling
behavior and water absorbency of hydrogel were investigated and their absorbtion and
desorbtion in sour solution and soil was determined. Superabsorbents were synthesized
by solution polymerization and their chemical structures were characterized by FTIR,
SEM, XRD, TGA, and DSC. The results showed that an increase in cross-linker would
decrease the equilibrium swelling, and by using the optimum of the initiator, an increase
in acrylamide and acrylic acid, the equilibrium swelling would increase. An increase in
bentonite would increase equilibrium swelling, but additional bentonite will decrease it. By
optimizingmentioned additives, a superabsorbent was prepared with the water absorbency
of 1125 g/g. The results of absorbtion and desorbtion of optimized superabsorbent in
highly sour solutions and soil have showed that the synthesized superabsorbent is highly
practical in sour solutions, thus suitable in highly sour soils.

]
Keywords: Superabsorbent, Nanocomposite, Bentonite, Acrylic Acid, Acrylamide.
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Introduction

Nowadays, scarcity of water resources is a global
problem. A very serious water crisis has been
created because of world population growth,
increasing demand for water, food and energy,
and misuse of water resources. On the other
hand, salinization of water resources is also a
growing problem, resulting in salinization of
agricultural soils and reduction in agricultural
productivity. Hence, researchers are trying to
find novel, efficient, and economical ways to
improve traditional agriculture. Superabsorbents
are hydrophilic cross-linked polymers, which are
popular in agriculture since they are capable of
reversibly absorbing large amounts of water. [1-
3]. Hydrogels are made of natural or synthetic
hydrophilic polymers with three-dimensional
structure. If hydrogels expose to water, absorb
it and swell, but do not dissolve in water.
Superabsorbent (SAP) is a hydrogel with an
absorption capacity of up to 20 times its weight.
Hydrogels have attracted considerable attention
over the past 50 years due to their exceptional
role in a wide range of uses, such as medicine,
health
products [4]. Poly (Acrylic Acid- Co-Acrylamide)

pharmaceuticals, agriculture, and
hydrogel is one of the most important popular
hydrogels due to their relatively inexpensive
and high

molecular weight masses [5]. There are different

monomers, easy polymerization
methods to improve the efficiency of hydrogels
and to overcome their limiting factors (such
as relatively high prices, improved water
absorption properties, and water resistance [5]).
Two common methods include making alloys
by blending synthetic and natural polymers
together, and the addition of mineral packings

such as mica [6] graphene oxide [7], Attapulgite

[8], laponite [9], and AlZnFe204 [10]. Clay
powder is one of the most important mineral

packings commonly used.

Materials & methods

(AM), Acrylic acid (AA), and
sulfate (APS)

from Daejung,

Acrylamide
ammonium were purchased
N,N’-Methylenebisacrylamide
(MBA) from Titrachem and bentonite from
Sigma Aldrich. Superabsorants ware made by
solution polymerization method. First, different
concentrations of bentonite dispersed in 20 ml
distilled water for 12 hours. It was then added
slowly to a flask containing acrylamide, acrylic
acid, crosslinking agent, and 30 milliliters of
distilled water, which was previously exposed
to nitrogen gas flow for one hour. After 45
minutes, the temperature was increased to
40°C. To neutralize acrylic acid, a 3M sodium
hydroxide solution was used. Finally, the initiator
was added to the solution and temperature was
gradually increased to form the gel. After gel
formation, it was divided into smaller pieces and
washed with distilled water. It was then dried
under vacuum for 3 days at 60°C. To evaluate the
superabsorbent performance, a control sample
was prepared by excluding bentonite and having
similar conditions of composite synthesis.
The rate of water absorption in a free swelling
condition without applying external pressure is
calculated using equation (1) [11].

QH20= (m,-m,)/m, (1)
In eq. (1), ml is dry sample weight, m2 is
swelled sample weight, and QH,O is grams of
water per gram of sample. In order to study
the performance of superabsorbents in saline
soils, superabsorbents were first treated in

solutions with different salt concentrations. For



this purpose, 2 grams of dry superabsorbent
were shaken for 10 hours in these solutions.
After that, the superabsorbent was removed
using a sieve and then weighed. The amount of
water absorption in salt solutions was obtained
using equation (1). In order to investigate the
effect of salinity on superabsorbent efficiency in
agriculture, the amount of water absorption and
desorption in soil was investigated for samples
pretreated with salt. For this purpose, a sandy
loam soil was used. The soil was completely
dried before use and passed through a 2 mm
sieve. The same amount of superabsorbent and
soil was used for all samples. After pouring the
soil and superabsorbent in each pot, they were
watered with a certain amount of water. After
drainage, each pot was individually weighed and
the operation was repeated at a specific time
each day. In this way, the amounts of absorbed
and desorbed water by each pot were measured

over time and the results were compared.

Results and Discussion

The use of superabsorbent polymers in agriculture
is a new efficient approach. It saves water and
chemical fertilizers that are highly soluble in water,
improves the density, reduces water evaporation,
increases water penetration into soil, and reduces
the risk of flooding and soil erosion. The results
indicate that Equilibrium water absorbency
for superabsorbent composite are significantly
affected by amount of crosslinker, initiator
dosage, molar ratio of AA/AM and content of
bentonite, among these factors, the mass ratio
of crosslinking agent to initiator is of the greatest
impact. Maximum swelling was achieved using
6 mg crosslinking agent and 60 mg initiator.

The fractional factorial results showed that the

Petroleum Research, 2018(April -May ), Vol. 28, No. 98

optimal amount of acrylamide, acrylic acid, and
bentonite are 5 g, 7 g, and 1%, respectively.
The superabsorbent was able to increase the
soil water content to agricultural level for
plant growth. Contact of superabsorbent with
common soil salts (sodium chloride and calcium
chloride) reduces the optimum absorption and
desorption capacity of superabsorbent from
1125 in distilled water to 15 g/g. However, in
case of superabsorbent treatment with very
high salt concentrations, the soil containing
superabsorbent can hold water more than the soil
without superabsorbent. After seven days, the soil
sample containing superabsorbent treated with
salt showed 1/3 times more water than the soil
without superabsorbent. FTIR indicates that the
grafting reaction occurs between —COO groups
and —OH groups on the surface of bentonite
through ester formation. SEM studies illustrate
more finely dispersion of the clay particle in the
polymer matrix. XRD analysis shows that the
polymerization reaction is performed on the
surface of bentonite and the XRD pattern of
composites is not changed. TGA and DSC implies
that introduction of bentonite into the polymer
network leads to an increase in thermal stability

of the composites.

Conclusions

Scarcity of water as well as shortage of water
reservoirs is a major global issue excruciating
by the increase in population. Saving water in
irrigationis avital solutionin protecting water
reservoirs and takes high priority among
other possible solutions. Superabsorbents
are cross-linked hydrophilic polymers with
the ability to reversibly swell in water as

well as absorbing high volume of water, thus
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superabsorbents have attractive application
in agriculture. In this research, the effect
of synthesis factors such as acrylamide and
acrylic acid monomers, the amount of bentonite
andtheratio of cross-linker toinitiator on swelling
behavior and water absorbency of hydrogel were
investigated and their absorbtion and desorbtion
in sour solution and soil was determined. Finally,
the results showed that increase of cross-
linker would decrease the equilibrium swelling,
and by using the optimum of the initiator,
the increase of acrylamide and acrylic acid,
the equilibrium swelling would increase. The
increase in bentonite would increase equilibrium
swelling, but additional bentonite will decrease
it and the highest water absorbency is obtained
when 1 wt.% bentonite is incorporated. Water
absorbency of these composite materials is also
significantly dependent on properties of external
saline solutions. the results of absorbtion and
desorbtion of optimized superabsorbent in
highly sour solutions and soil showed that the
synthesized superabsorbent is highly practical in

sour solutions, thus suitable in highly sour soils.
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