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Introduction

Inorganic ion exchange materials play an important role in analytical chemistry, based originally on their resistance
to chemical attack as well as their thermal and radiation resistance [1,2]. Polymers can be synthesized through
various techniques such aslical, cationic and anionic polymerization [3]. The structural, mechanical and thermal
properties can be investigated through different kinds of characterization methods to determination of structure
property relationships [3,4]. Recently, polymers hawserb applied in various fields such as automotive,
construction, electronic, cosmetic and pharmaceutical industries due to its advantageous material properties.
Functional polymers of photochromic [5], electrochromic [6] and optoelectronic [7] functiores deseloped
recently. The use of polymers with tunable refractive properties as optical modulators, optical filters, or electro optic

waveguide devices has been reported [8]. The development of new inorganic ion exchangers with characteristic
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properties isstill need attention and their utility in diverse fields is yet to be explored. Synthetic ion exchangers are
used on a wide range for different applications, ranging from environmental remediation [1,9,10], water softening
[10], hydrometallurgy [10] andetective adsorption [11,12] to medical applications-153. Different materials

based on silicate salts and poly acrylamide acrylic acid silicon titanate were synthesized earlier [1,11,16] and used

for removal of some heavy metals from industrial and iltemes waste solutions.

In this work magnessilicate (MgSi) as inorganic ion exchange material was synthesized using precipitation
technique. Polyacrylamide acrylic acid (RM-AA), polyacrylamide acrylonitrile RAM-AN), polyacrylamide

acrylic acidmagnesesilicate {P (AM-AA)-MgSi} and polyacrylamide acrylonitrile magnesiicate {P (AM-AN)-

MgSi} composites have been synthesized by gamma radiation initiated polymerization at radiation doses 25, 65 and
90 KGy. The prepared composite materials weadyared by different analytical techniques and a new ion exchange
character was represented compared to the original ones.

Experimental Procedure

All chemicals and reagents used were of analytical grade.

Synthesis of magneso-silicate composite

Magnesesilicate ion exchange material was synthesized as reported earlier [1,11,14] by the addition of equimolar
solutions(0.5 M) of magnesium chloride to sodium metasilicate dropwisely with volumetric ratigvigiSi) equal

1.5 with continuous stirring in water bath adjusted at 801°C. The mixed solutions were immediately hydrolyzed

in demineralized water. Diluted ammonia solution was added to the mixture until complete precipitation attained.

The precipitate formed was kept in the mother solution toriger standing. The precipitate was washed several

times with distilled water, and then washed by BLIHNOs;t o r emove i mpurities and CI -
rewashed by distilled water to remove NCGons. After drying at 6Qt 1°C, solid was poured inear boiling

distilled water heated at #1°C to break the solid and remove air trapped inside the solid, theérneck at 60+

1°C. The obtained solid was ground and store at room temperature.

Synthesis of monomer solutions
The investigated monomseblutions, acrylamidéAM), acrylic acid(AA) and acrylonitrile(AN) were prepared by

dissolving 10% of each monomer in deoxygenated water.

Synthesis of co-monomer solutions

The acrylamid¢AM) monomer solution was mixed with an aqueous solutions ofiaagld (AA) and acrylonitrile

(AN) by drop with addition at constant stirring and room temperature with volumetric ratio equal unity for the
preparation of(AM+AA) and (AM+AN) co-monomers, respectively. Then tiiaM+AA) and (AM+AN) co-

monomers were mixedvith equimolar solutions(0.5M) of sodium metasilicate and magnesium chloride
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hexahydrate by drowith addition at constant stirring and room temperature with volumetric (/&lic AA -Mg-Si)
and(AM-AN-Mg-Si) equal 1:1:1.5:1, respectively.

Synthesis of P (AM-AA), P (AM-AN), {P (AM-AA)-MgSi} and {P (AM-AN)-MgSi} composites

P (AM-AA), P (AM-AN), {P (AM-AA)-MgSi} and {P (AM-AN)-MgSi} composites were prepared by subjected
mixtures of(AM+AA), (AM+AN), (AM+AA+Mg+Si) and (AM+AN+Mg+Si) co-monomers to gamma radiian at

radiation doses 25, 65 and 90 KGy with dose rate 1.05 KGy/h. After irradiation, the obtained hydrogel was cut into
small pieces with a stainless steel scissors, soaked in acetone for removal of unreacted monomers, washed with

water [17], dried at &C, grained, sieved for different mesh sizes and stored at room temperature [18].

Composition and characterization of synthesized composites

IR spectra of MgSi, RAM-AA), P (AM-AN), {P (AM-AA)-MgSi} and {P (AM-AN)-MgSi} composites prepared

at differentradiation doses were carried out by mixing of the solid with KOH in ratio 1:5 and ground to a very fine
powder. A transparent disc was formed in a moisture free atmosphere. The IR spectra were recorded using BOMEM

FTIR spectrometer in the range 4@000 cn™.

The stoichiometry of the constituents in MgSi and polymeric composites based to silicate prepared at different
radiation doses were determined using Philips sequent&y spectromete2400. The solid samples were ground

to very fine powders anthen mixed with H3BO3 as a binder to facilitate the pressing process. The mixture was
pressed in a sample holder of 40 mm diameter aluminum cups and pressed on pressing machine at 20 psi to produce
a sample with the diameter of 40 mm and 5 mm thickness.cbhcentrations of magnesium and silicone were

measured according to Sug@rquantitative application program.

X-ray diffraction patterns of prepared composites were carried out using a Shimaeali, Xeray diffractometer
withCuKa radi at ied=1.uH4066MA°u)rcand graphite monochromator

measurements were done in 207mnanges from 4 to 90 with

Prepared compositd20 mg) were analyzed for DTA and TGA with sample holder made of Pt in N2 atmosphere
using a Shimadzu DT®O0H. The heating rate was maintained &tiCIMin with using alumina powder as reference

material.

Results and Discussion

The scope of this study is the attempt to synthesize a high chemical stable inorganic, organic and composite ion
exchange materials with high selectivity for some heavy metals. Mg&MRAA), P (AM-AN), {P (AM-AA)-

MgSi} and {P (AM-AN)-MgSi} composites prepared at different radiation doses have been synthesized with

complete characterization for ion exchange mdteria

C

«
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Magnesesilicate (MgSi) was prepared earlier in our laboratories [11]. The formation mechanism of prepared MgSi
can be represented as showiS®HEME 1 Magnesesilicate material was obtained by substitution of two Na+ ions

by one Mg2+ ion and elimini@n of two molecules of NaCl.

Cl Na—0O . 0
constant stirrin
HOE—>ME_ + g0 — T @mOssMg” O\
M“‘Cl I\'a—D*’"’f -2NaCl o

51=0

SCHEME 1.Formation mechanism of magneso-silicate composite.

P (AM-AA), P (AM-AN), {P (AM-AA)-MgSi} and {P (AM-AN)-MgSi} composites were prepared as mentioned
before in the experimental part by gamma radiation initiategholymerization of (AAM+AA), (AM+AN),
(AM+AA+Mg+Si) and (AM+AN+Mg+Si) co-monomers at radiation doses 25, 65 and 90 KGy. In gamma radiation
initiated, the cepolymerization polymer complexes were formed which may be attributed to the possible steps [19]:
preparation of the polymer by the generated radicals from tmeocmmers, and the propagation of thenmonomer

associated with the polymer by free radBagenerated in the system [26].

The formation mechanism of RM-AA) copolymers can be reprasted as shown iBCHEME 2 when(AM+AA)
co-monomer subjected to gamma radiation, breaking down was carried out for double lfaM) aihd (AA) to
form covalent bond between C atoms(8M) and (AA), the polymerization in the chain occurred by addition
polymerization [21](AM+AA) free radical was obtainedAM+AA) free radical react wit{AM+AA) co-monomer

to form chain propagation. Finally, the chains were coupled with anGihrAA) free radicals to obtain PAM-

AA) copolymer.

The formation mechams of P (AM-AN) copolymers can be shown BCHEME 3 from this scheme; when
(AM+AN) co-monomer subjected to gamma radiation, breaking down was carried out for double Kénd),of
(AN) to form covalent bond between C atoms(&M) and (AN), the polymerizatin in the chain occurred by
addition polymerization [21J(AM+AN) free radical was obtainedAM+AN) free radical react wit{AM-AN) co-
monomer to form chain propagation. Finally, the chains were coupled with aaMeAN) free radicals to obtain
P (AM-AN) copolymer.
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SCHEME 2.Formation mechanism of polyacrylamide acrylic acid copolymer.
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SCHEME 3.Formation mechanism of polyacrylamide acrylonitrile copolymer.

The formation mechanism of {PAM-AA)-MgSi} composite can be represented as showS@HEME 4 the
reaction started by converting ¢AM) monomer to imine form in solution. Then imine form react with
(AA+Mg+Si) to form (AM-AA-Mg-Si) comonomer, and subjected to gamma radiation, breaking down was carried
out for double bond ofAM) and (AA) and formation of covalent bond between C atom§Adf) and (AA), the
polymerization in the chain betweéAM) and (AA) occurred by addition polymerization, where polymerization of
(Mg-Si) in the chain was occurred by condensation polymerization [21]Jnjnation of OH of carboxylate group
of (AA) with Na* of Na,SiO; to form ionic bond between O atom of carboxylate group and Si atom,8i®sand
elimination of H of imine form with CT of MgCl,.6H,O to form ionic bond between O atom of imine form angl M
atom of MgC}.6H,0 and elimination Naof N&SiO; with CI” of MgCl,.6H,O to form ionic bond between O atom
of NaSiO; and Mg atom of MgGI6H,0 to form(AM-AA-Mg-Si) free radicals(AM -AA-Mg-Si) free radical react
with (AM -AA-Mg-Si) comonomer to fornchain propagation. Finally, the chains were coupled with an¢#idr
AA-Mg-Si) free radical to obtain {PAM -AA)-MgSi} composite.

The formation mechanism of {PAM-AN)-MgSi} composite was shown i8CHEME § the reaction started by
converting oflfAM) monomer to imine form in solution. Then imine form reacted wWiN+Mg+Si) to form(AM -
AN-Mg-Si) comonomer, and subjected to gamma radiation, breaking down carried out for double jaM),of
and (AN), the polymerization in the chain betwe@&M) and (AN) occurred by addition polymerization, where
polymerization of(Mg-Si) in the chain was occurred by condensation polymerizag@9], by elimination of

OH™ of imine form with N& of Na,SiO; with formation of ionic bond between C atom of imine form and Si atom of
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Na,SiO; and elimination Nafrom NaSiO; with CI™ of MgCl,.6H,0 with formation of ionic bond between O atom
Na,SiO; and Mg atom of MgGl6H,O and elimination of Hof solution with @~ of MgCl,.6H,O and lone pair of
electron of N atom ofAN) were bonded by ionic bond with Mg atom of Mg®H,O to form(AM-AN-Mg-Si) free
radical.(AM-AN-Mg-Si) freeradical reactsvith (AM-AN-Mg-Si) comonomer to form chain propagation. Finally,
the chains were coupled with anoth@M -AN-Mg-Si) free radical to obtain {PAM-AN)-MgSi} composite.
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SCHEME 4.Formation mechanism of polyacrylamide acrylic acid magnso-silicate composite
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SCHEME 5.Formation mechanism of polyacrylamide acrylonitrile magnso-silicate composite.
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The prepared samples Bf(AM-AA), P (AM-AN), {P (AM-AA)-MgSi} and {P (AM-AN)-MgSi} compositesare

hard granulating in nature suitable for use in column operations with yellow color.

IR spectra of MgSi ion exchanger was showikiG. 1a from this Figure six characteristic bands were observed in
the regions 3158670, ~1652, 1060100, 903, 640 and ~ 470 ¢niThe absorption band at 3+3670 cnt may be
attributed to the stretching rde of water and OH groups absorbed on the @site [1,22,23]. The strong band
appear at ~1652 chrepresents the bending mode of water molecules absorbiid)®ncomposite [1]The broad
absorption band dt000-1100cni’ is due to the metadxygen(Mg-O)bond[1]. The band “anmaybed®@0 3
to the MgOH deformation vibration or overlapping of the@iand SiOH, and MgO bonds in the structure [1,24]
The broad bands at 640 and 470'ame assigned to $)-Mg and SiO-Si bending vibrations, respiely [1,25].

IR spectra of RAM-AA) copolymers prepared at radiation do2&s 65 and 90 KGy was represented-iG. 23,
from this Figure two bands observed at 3450 and 3354[26]). The first band may be attributed to the stretching
mode of NH bond of acrylamide and the second band attributed to the stretching moee of &rylic acid [27].
The band appeared at 3210 benoss ponding tthe stretching mode of49-H bonded of wagr molecules [28,29].
The bands appeared @090, 2950 and 2870 ¢hmay be due tdhe stretching modef C-H of acrylamide and
acrylic acid[30]. The strong band appeared at 1720 atiributedto the stretching mode afarbonyl group of
acrylic acid P2,31].Strong band appeared at 1550 ‘cattributedto the bending mode of i bond of acrylamide
[32]. Two bands appeared at 1450 and 1370 amay beattributedto the bending mode a-H of acrylamide and
acrylic acid [30,33]Two broad bands appearati1213 and 1022 chattributedto the bending vibration of-N of
acrylamide [33,34].

IR spectra of RAM-AN) copolymers prepared at radiation do&&s 65 and 90 KGy was shown iG. 2b, from
Figure represent, two bands appeared at- 33D and 3196m™ may be attributed to the stretching vibration ef N
H bond of acrylamide [1,29]. Two bands observed at 2935 and 2878ambe attributed to the stretching mode of
C-H of acrylamide and acrylonitrile [35,36The band appeared at 2790 tmay be dueo the stretching mode of
aldehydegroup may be present by rearrangement in the structure [31]. The strong band appeared at @2d4acm
the stretching mode f C=N of a €38].yTheoband appealede at 16855t mttributedto the stretching
mode ofcarbonyl group of acrylamide [32kand appeared at 1605 ¢may be attributedo the bending mode of
N-H bond of acrylamidg32]. Two bands observed at 1450 and 1409 enay beattributedto the bending mode of
C-H of acrylamide and acrylonitrilg84-37]. Three bands appeared at 1316, 1182 and 1120attmibutedto the
bending vibration oC-N of acrylamide and acrylonitrile [32,34,37]

IR spectra of {P(AM-AA)-MgSi} composites prepared at radiation dog8Bs65 and 90 KGy was represented in
FIG. 2¢, this Figure show that; broad band observed at 3280 cni can be attributed to the stretching mode of
water and OH group absorbed on the composites [1]. The two bands observed at 3460 and 3280 loen
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attributed to the stretching mode ofHNbond of acrylamideand H-O-H bonded of water molecules or-#D of
acrylic acid respectivel[27]. Two bands appeared at 2960 and 2873 oray be due tthe stretching mode @-H

of acrylamide and acrylic aci@9-31]. Weak band appeared at 2245"aine b the stretching mode f ~ ®end
may be present by rearrangement in the stru¢29e6]. Two bands appeared at 1725 and 1675,dime former
band may belueto the stretching mode afarbonyl group of acrylic acid [26,32], and the later band due tdifgn
vibration of carbonyl group ohcrylamide or due to presence of imine group eH @onded water molecules
absorbed on the compos[&2,39] Band appeared at 1605 ¢rfor {P (AM-AA)-MgSi} at radiation dose 90 KGy
attributedto the bending mode of -® bonded water molecules absorbed on the compidgit&€he band appeared at
1571 cn dueto the bending mode of 44 bond of acrylamidé32]. Two bands appeared at 1451 and 1413 cm
may beattributedto the bending mode dE-H of acrylamide and acrylic at[31,33,36].Two bands appeared at
1331 and 1218 cihfor compositeat radiation doses 25 and 65 KGy, wheré281 and 1173 crhfor compositeat
radiation dose 90 KGy may lmtributedto the bending mode dE-N of acrylamide [32]Band appeared at104
cm’?, this band reflect that metal oxygen bond-R1,17,18]. Three bands appeared at 793, 611 and 465 The
first band may battributedto the ofMg-OH deformation vibration or overlapping of the@iand SiOH and MgO
bonds in the structurd [25] The second band may bé#ributedto SO-Mg bending vibrations [25]. The third band
may be due to SD-Si bending vibrations [1,25the bands at 1104, 793, 611 and 488" indicated that
impregnation of Mg and Si in the polymeric resin, theseltesiere agree with data obtained from XRF as will be
setlater.

IR spectra of {AAM-AN)-MgSi} composites prepared at radiation dagdgs65 and 90 KGy was shown iiG. 2.
(d), from this Figure broad band observed at 33360 cni' can be attributed to the stretching mode of water and
OH group absorbed on the composite eFNond of acrylamidél,27]. Two bands observed at 3190 and 2940'cm
can be attributed to the stretching mode eHNbond of acrylamideand CGH of acrylamide ad acrylonitrile
respectively[34,36]. Strong band appeared at 2244 ‘oiue tothe stretching mode f MaenN ofacrylonitrile
[36]. Two bands appeared at 1661 and 1605,dime first band may beattributedto the bendingmodeC=0 group

of acrylamide odue to presence of imine gro{g?], and the second band may be due to bending vibratibiatbf
bond of acrylamide or @ bonded water molecules absorbed on the compdsg6é]. Two bands appeared at 1455
and 1413 c attributedto G-H of acrylamide anacrylonitrile [30]. Band appeared at 1571 ¢mmay beattributed

to the bending mode of i bond of acrylamid¢32]. Two bands appeared at 1451 and 1413 omy beattributed

to the bending mode d®-H of acrylamide and acrylic acid [336]. Two bands apeared at 1340 and 1220 C¢rior
compositeat radiation dose 25 KGy, where 840 and 1188 cthfor compositeat radiation doses 65 and 90 KGy
may beattributedto the bending mode oE-N of acrylamide [32].The band appeared at 1040 tattributedto
metal oxygen bond Mg [1,17,18] Three bands appeared at 905, 636 and 460).cithe first band may be
attributedto the of Mg-OH deformation vibration or overlapping of the@iand SiOH and MgO bonds in the
structure [1,25]. The second band mayalteibutedto SiO-Mg bending vibrations [1,25]. The third band may be
due to SiO-Si bending vibrations [1,25[The bands at 1040, 905, 636 and 469" indicated that impregnation of
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Mg and Si in the structure of polymeric resin, these results were agtedata obtained from XRF as will set

later.

X-ray diffraction patterns of MgSi composite weepresented ifIG.1b, from this Figure it is clear that M8i has
crystalline structure [1,40]. These results were agree with the data obtainedRDmof composites materials
treated at different heating temperature [1,11,14]. The crystallinity of the prepared materials slightly improved with
the increase of heating temperatures frofiCst 850+ 1°C, and there is a sharp improvementcofstallinity

occurs at 85@& 1°C.
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FIG.1.(a) IR spectrum of magneso-silicate; (b) XRD of magneso-silicate.



www.tsijournals.com April -2018

T T T T T T T T T T T T T T T T T T T T T
(a) (b)
E 3
= K3 90KGy
© @©
S 90KGy o
g £
15 65KG g 85KGy
£ =
= -
25KGy 25KGy
' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 L L 1 L L L L
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Wavenomber cm’ Wavenomber cm’’'

T T T T T T T T
(c) (d)
3 8
@
Y 90KGyY g 90KGY
e =
£
2 2
E [ 65KGY
< 65KGy =
=
25KGy 25KGy

. . ) . .
4000 3600 3200 2800 2400 2000 1600 1200 800 400 4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenomber cm’’ Wavenomber cm’”

FIG.2.(a) IR spectrum of P (AM-AA); (b) P (AM-AN); (c) {P (AM-AA)-MgSi}; (d) {P (AM-AN)-MgSi} at
different radiation doses.

FIG.3a shows that XRD of P(AM-AA) copolymers preparedt radiation doses 25, 65 and 90 KGy. This Figure
indicated that FAM-AA) copolymers have amorphous structure and these results were similar to the data obtained
from XRD of polyacrylamideco-acrylic acid prepared biylassan, et al. [31]n addition, the crystalline character of

the prepared samples was increased witfatiath doses from 25 to 90 KG¥IG. 3b shows XRD patterns for P
(AM-AN) copolymers preparedt radiation doses 25, 65 and 90KGy. From this figure it is clear that the sample
prepared at radiation dose 25 KGy has crystalline structure, and these resailssnilar to the data obtained from

XRD of potassium hexacyano cob@l) ferrate(ll) polyacrylonitrile (KCFC-PAN) [41], where samples prepared at

radiation doses 65 and 90 KGy have amorphous structure.

FIG. 3c and3d show XRD patterns of {RAM-AA)-MgSi} and {P (AM-AN)-MgSi} composites prepared at
radiation doses 25, 65 and 90 KGy, respectively. From these figures it is clear(#idtRA)-MgSi and P(AM -
AN)-MgSi have crystalline structure and these results were similar to the data obteanedXRD of

polyacrylamide titanium tungstophospht8,42], and potassium hexacyano colgdli ferrate (1) polyacrylonitrile

10
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(KCFC-PAN) [41]. In addition, the crystalline character of {AM-AA)-MgSi} samples were decreased with
radiation dose from 286 90 KGy, where the samples prepared at radiation doses 25 and 65 KGy have crystalline
nature, where sample prepared radiation dose 90KGy have semi crystalline nature. On the other hand, the crystalline
character {P(AM-AN)-MgSi} was decreased with radian doses from 25 to 65 KGy then increase from 65 to 90

KGy, where the sample at radiation dose 65 and 90 KGy has amorphous and semi crystalline natures, respectively.
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FIG.3.(a) XRD of P (AM-AA); (b) P (AM-AN); (c) {P (AM-AA)-MgSi}; (d) {P (AM-AN)-MgSi} at different
radiation doses.

11
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Differential thermal and thermogravimetric analy@$A&TGA) play a vital role in studying the structure and the

properties of any materials where it has been widely used to investigate the decompositiorristiasaaif

materials. DTA and TGA data were used here to provide an alternative model for the kinetics of the composite

degradation. For all investigation studies of the composites the rate of heatirf@€imit(17,34,42,43],and the
data were tabulateéd TABLES 1 and 2.

TABLE 1. DTA and TGA analyses for MgSi, P (AM-AA) and P (AM-AN) materials.

5 23 x e
%,,O E § O § Peak Description 2
'258'3 43-192 | Endo. | Crossbeddindpss of free water 1,47
57.2 | 192-283 | Exo. | Due to decomposition of residual @ioups and condensation of Abanded oxygen 48
i061'1 283800 | Endo. | The loss of chemical bond water 1,47
9.29 | 44-125 | Endo. | Loss ofexternal water molecule 49
!15'8 125240 | Endo. | Removal of the water of crystallization folRM-AA) 50
=3$'2 240384 | Endo. | Probably caused by the dehydration of carboxylic acid and decarboxylation or the loss of chemivateond 1,47,51
00.9 | 384408 | Exo. | May be due to the complete decomposition of the organic part of the materials 52-54
L282'2 408500 | Endo. | The chain scission in the main chain of poly acrylamide acrylic acid. 51
86.6 | 40-137 | Endo. | Loss of external water molecule 49
219 | 137-253 | Endo. | Removal of the water of crystallization forfRM-AA) 50
30.7 | 253352 | Endo. | Probably caused by the dehydration of carboxylic acid and decarboxylation or the loss of chendashter 1,47,51
5672'4 352378 | Exo. | may be due to the complete decomposition of the organic part of the materials 52-54
=962.5 378500 | Endo. | The chain scission in the main chain of poly acrylamide acrylic acid. 51
1.69 | 41-129 | Endo. | Loss of external water in the resin 49
!252 4 129248 | Endo. | Removal of the water of crystallization folRM-AA) 50
74.7 | 248311 | Exo. | Since the complete decomposition of the organic part of the materials 52-54
20.9 | 311-347 | Endo. | Due to dehydration of carboxylic acid and decarboxylation or the loss of chemical bond water 1,47,51
=5:'0 347-367 | Exo. | the complete decomposition of the organic part of the materials 52-54
%8;5.5 367-398 | Endo. ;’rhoeulgis of constitution water, which forms part of the crystalline network and it is generally presented | 55.56
sz'?’ 398427 | Exo. | may be due to the complete decomposition of the organic part of the composites 52-54
76.5 | 427-500 | Endo. | The chain scission in the main chain of poly acrylamide acrylic acid. 51
0.5 | 54133 | Endo. | loss of external water present in the composite 49
731 133328 | Endo. | Due to removal of the water ofystallization for RAM-AN) copolymer 50
72.4 | 328384 | Exo. | Due to the complete decomposition of the organic part of the materials 52-54
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93.5 The loss of constitution water, which forms part of the crystalline netauadlkit is generally presented like OH 55,56

384418 | Endo.
groups

36.4 51
418452 | Endo. The chain scission in the main chain of poly acrylamide acrylic acid
65.7 | 452500 | Endo.

3.43 | 50-145 | Endo. | Loss of external water molecule 49
73.3 | 178312 | Endo. | Removal of the water of crystallization foflRM-AN) 50
62.8 | 312367 | Exo. | Due to the complete decomposition of the organic part of the polymer 52-54
78.2 | 367-400 | Endo. | The loss of constitution watemhich forms part of the crystalline network and it is generally presented like| 55,56
groups
69.7 | 400500 | Endo. | The chain scission in the main chain of poly acrylamide acrylic acid. 51
5.63 | 57-137 | Endo. | loss of external watanolecule 49
40.4 | 137-286 | Endo. | removal of the water of crystallization for(RM-AN) 50
57.4 | 286416 | Endo. | The loss of constitution water, which forms part of the crystalline network and it is generally presented s| 55,56
OH groups
37.8 | 416456 | Exo. | Due to the complete decomposition of the organic part of the resin 52-54
69.5 | 456500 | Endo. | The chain scission in the main chain of poly acrylamide acrylic acid. 51

TABLE 1 was represented the data obtained for h4 TGA analyses for inorganien exchange material MgSi
and organic polymers FAM-AA) and P(AM-AN) radiated at different radiation doses 25, 65 and 90 KGy. The
data obtained are supporting the fact tfigSi have a good thermal stability comparing with the other inorganic ion

exchangers and the weight losdvidSi when the sample calcinated at 8@equal to 33.4%1].

DTA and TGA of P(AM-AA) and P(AM-AN) copolymers prepared at radiation doses 25, 65 and 90 KGy were
represented iTABLE 1 and indicates the process was occurring via five stage process and the legsgare
continued up to 50@. The weight loss for PAM-AA) and P(AM-AN) prepared tiradiation doses 25, 65 and 90
KGy with the heating temperature indicates théd'a15%, 100% and 68.3%) for(RM-AA) and (56.98%, 61.3%

and 25.5%) for FAM-AN) when tke samples are calcinated at 50019] (TABLE 3).

TABLE 2. DTA and TGA analyses for {P (AM-AA)-MgSi} and {P (AM-AN)-MgSi} composite materials.

5 s g X -
=L | EcP | 8 Peak Description g
= o &
0.92 | 38139 | Endo. | Caused by loss of external water molecule 49
63.7 | 139313 | Endo. | Removal of the crystalline water for {AM-AA)-MgSi} 50
2
96.1 | 340434 | Exo. | The complete decomposition of the organic part of the composite. 52-54
4
34.1| 434517 | Endo. | Probably caused by the dehydration of carboxylic acid and decarboxylation or the loss of chemiq 1,47,49,51
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;585.6 517-800 | Endo. VTVF?;e(r:hain scission in the main chain of poly acrylamide acrylic acid. 51

2.17 | 67-164 | Endo. | Loss of external water molecule 49

04.5 | 164355 | Endo. | Removal of theehemical bond water of {PAM-AA) -MgSi} 50

75.1 | 355409 | Exo.

5

'299'1 409455 | Exo. The complete decomposition of the organic part of the composite resin 52-54
21.1 | 455563 | Exo.

38.8 42-171 | Endo. | Loss of free water molecule 49

40.1 | 171-318 | Endo. | Removal of the crystalline water for {AM-AA)-MgSi} 50

:8%.3 318407 | Exo. | The complete decomposition thfe organic part of the composite ion exchangers 52-54
-23:).5 407-431 | Endo. | Due to loss of chemical bond water 1,47
-454.0 431-467 | Exo.

.’053_7 767800 | Exo. May be due to the complete decomposition of the organic part of the materials 52-54
'68.26 57-132 | Endo. | Loss of water molecule 49

81.6 | 132340 | Endo. | Removal of the water of crystallization for {RM-AN)-MgSi} 50

:792.1 340398 | Exo. | The complete decomposition of the orgapéct of the composites 52-54
-1?;3.6 398433 | Endo. | The loss of interstitial water molecules 1,47
;195.5 434577 | Exo. | May be due to the complete decomposition of the organic part of the materials 52-54
;885.5 577-800 | Endo. | Thechain scission in the main chain of poly acrylamide acrylic acid. 51

'66.24 40-124 | Endo. | Loss of free water molecule 49

63.5 | 124334 | Endo. | Removal of the water bind molecules of (&M -AN)-MgSi} 50

:612.7 334383 | Exo. | Thecomplete decomposition of the organic part of the ion exchange materials 52-54
:928.5 383402 | Endo. | The loss of chemical bond water 1,47
-478.3 402472 | EXxo.

.’281_2 772800 | Exo. May be due to the complete decomposition of the organic part of the materials 52-54
'6?11 55126 | Endo. | Loss of noAbonded water molecule 49

72.6 | 126:326 | Endo. | Removal of the water of crystallization for {RM-AN)-MgSi} 50

:63:5.2 326-:397 | Exo. | may be due to theomplete decomposition of the organic part of the materials 52-54
21.2 | 397452 | Endo. | The loss of chemical bond water 1,47
i297.2 452800 | Exo. | The complete decomposition of the organic part of the composite materials 52-54
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TABLE 3. Elemental analysis of magneso-silicate and polymeric composites based on silicate prepared at
different radiation doses

i 0]

Composite Radiation Dose, KGy Cl\c/)lr;centratlon, g)i
MgSi — 18.7 37.7
25 10.1 21.2
P (AM-AA)-MgSi 65 11.6 25.6
90 8.3 447
. 25 13.3 44.7
P (AM-AN)-Mgsi 65 12.9 476
90 13.5 45.2

The DTA and TGA analyses for polymeric materials impregnated with inorganic ion exchange matefiaM,-{P
AA)-MgSi} and {P (AM-AN)-MgSi} prepared at different radiation doses 25, 65 and 90 KGy were measured and
tabulated iNnTABLE 2. The data inTABLE 2 indicates that the process for {RM-AA)-MgSi} composite was
occurring via four stage process at radiation doses 25 and 90 Wt&ye five stage process at radiation doses 65
KGy. On the other hand, the process for(ffM-AN)-MgSi} prepared at radiation doses 25, 65 and 90 KGy was
ocurrs via four stage process. Also, the data supporting the factRH{aNM-AA)-MgSi} composites peparedat
radiation dose&5, 65 and 90KGy have a good thermal stability comparing with the other inorganic ion exchangers.
The weight losses ofK (AM-AA)-MgSi} composites preparedt radiation doseg5, 65 and 90 KGy with the
heating temperature equid0%, 88.34%and 88.8% when the samples are calcinated at 800also, TABLE 2
indices that, the weight loss foP{AM-AN)-MgSi} prepared at radiation dos2s, 65 and 90KGy are continued up

to 60C0C, and no weight loss occurred in the range ~800°C. This supporting the fact thaP{(AM-AN)-MgSi}
prepared at radiation dos2s, 65 and 90KGy have a good thermal stability comparing with the other inorganic ion
exchangers. The weight losses & AM-AN)-MgSi} prepared at radiation dos@§, 65 and 90 KGywith the
heating temperature equal®d.2%, 80.8%and83.9%when the sample is calcinated at 80(1,19].

The elemental analyses of magnsfiitate and polymeric composites based on siligaepared at different
radiation doseswvere measured usingRF and tabulated iMTABLE 3; the measured data is confirmed that
impregnation of magnessilicate in the P (AM-AA)-MgSi} and {P (AM-AN)-MgSi} [44 A5].

Conclusion

Magnesesilicate(MgSi) has been synthesized by precipitation techniBgaM-AA), P (AM-AN), {P (AM-AA)-
MgSi} and {P (AM-AN)-MgSi} composites have beaynthesizedby subjected canonomers to gamma radiation
initiated polymerization at radiation doses 25, 65 and 90.K&ym the data obtained from the analytical techniques
such as IR, XRDTGA, DTA and XRF it is indicating that the impregnation of MgS{fm(AM-AA)-MgSi} and {P
(AM-AN)-MgSi} show an improvement in thermal stability ghdse composite materials have crystalline nature

suitable for column chromatographic applicati¢4&-57).
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