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ABSTRACT

Amberlite XAD-4 resin was functionalized by couplinrough the —N=N- group (azo spacer arm) wittojutline.
Resulting intermediate products were characterizgdTIR method. The functionalized resin was charazed by
elemental analysis and FTIR. Thermokinetic paramseteere determined by Freeman-Carroll (FC) and $har
Wentworth (SW) methods. Activation energies ofltgradation were found to be 27.28 kJ (FC methodi) 26.60

kJ (SW method). Free energy chang&) and entropy change&§) of the degradation was calculated by both of
these methods were found to be in good agreemieatoier of degradation obtained by FC method wasnd to

be zero which was further confirmed by SW method.

Keywords: Resin, Functionalization, Amberlite XAD-4, Thernugradation, Thermokinetic parameters.

INTRODUCTION

Amberlite XAD series resins with a polystyrene-digi benzene copolymer matrix have efficient supgort
anchoring chelating ligands due to their good pioypsiniform pore size distribution, high surfaceea, and
excellent chemical and physical stability. AmberdXAD resins have superior physical properties likgability
and chemical stability towards harsh environmehisThese resins, including XAD-2 and XAD-4 have hégeal
for the preparation of functional resins based airtporosity and surface area [2-3]. Styrenicresire excellent
substrates for the preparation of functional polsgsrand recently more attempts have been made tdicadidn of
amberlite XAD-4 (AXAD-4) as per industrial importea by using various preconcentration methods sadora
exchange, liquid-liquid extraction, coprcipitatialid-phase extraction (SPE) and flotation [4-14].

Two methodologies have been frequently adopteddg&signing such chelating functionalized amberlitADX
resins. First involves physical sorption of ligaraigo a matrix and other is based on covalent ¢cogulf a ligand
with polymer backbone through a spacer arm, gelyerél=N— or —CH group. Recently, amberlite XAD resins
functionalized with allyl phenol [15], chronotropiacid [16], pyrocathecole [17]. styrene-divinylbene
copolymers are the most popular sorbents for teaméchment purposes [18]. Modified amberlite ressh®ws
improved ion-exchange properties, thermal resigtqmoperties, electrical conductivity propertiesl good storage
stability [19]. Beiraghiet al were used functionalized amberlite resin to extkzmyllium in water sample using
micelle-mediated extraction and determined by itigaly couples plasma-atomic emission spectromi&ey. Al-
Blaty et alused N-methylfluorohydroxamic acid as the complg»agent and amberlite XAD-4 as the adsorbent for
the sorption of insoluble metal complexes in w24i.

Thermo gravimetric studies of polymer provide imfation about the degradation pattern during heatind

thermal stability. Polymer degradation occurs tigtout the life of the polymer both by oxidative atirmal
degradation [22]. Degradation generally takes plagewvay of two major competing mechanisms: peebffy-
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which consists of the removal of monomers or oligosnone at a time, and the random scission optihgmer

backbone [23]. In general, the quality and quantifyashes and the levels of off-gas during pyrelyare

significantly affected by the degree of cross-likiof the resins [24-25] and the environments nbanitrogen gas
[26, 27-30].

Herreraet al reported major species evolving from thermal deagtian of polyamides and a kinetic study of the
thermal degradation under dynamic conditions uslisgrimination method [31]. Simistest al studied thermal
degradation rates and effect of different countasion the polystyrene-divinylbenzene ion exchaeges under
the simulated conditions : temperature and hightyuvater [32]. Thermal analysis of functionalizadgnberlite
XAD resins with nitrosonaphthol were studied by Mmmand co-workers [33]. Kapset al have reported
thermodynamic parameters and order of thermal lgtabiof terpolymers by using TGA [34]. Many caavkers
determined various kinetic parameters suchA8sAF, Z, S and G* by using Freeman- Carroll and Sharp-
Wentworth method [35,36]

The present paper reports the synthesis of furalied amberlite XAD-4 resin with p-toludine ands it
thermokinetic parameters of thermal degradatioresih using following methods [37-41].

A) Freeman-Carroll Method (FC)
In this method thermokinetic parameters are detegthby following expression (1)

Alogdw/dt) | Ea | AQ/T)
AlogW; 2303R | AlogW, e

Where

dw/dt = rate of change of weight

W, = difference between weight loss at the completibtihe reaction and at time t
E, = activation energy

n = order of reaction

B) Sharp-Wentworth method (SW)
Following expression (2) has been used to evathat&inetic parameters.

da / dt A Ea
0og n =log— -
@-a) B 2303RT e @)
Where

da/dt = fraction of weight loss with time
n = order of reaction

A = frequency factor

S = linear heating rate

o. = fraction of amount of reactant

EXPERIMENTAL SECTION

Materials
Chemicals used for the synthesis were pure andaljtical grade. Amberlite XAD-4, p-toludine, cortdCl, conc.
HNOs;, conc. HSO, and NaOH were procured from Merck, SD Fine Chailgjdndia Ltd.

Functionalization of Amberlite XAD-4 resin

Amberlite XAD-4 (AXAD-4) was nitrated with the helgf nitrating mixture by refluxing the mixture a83 K for
1.5 hrs. Reaction mixture was poured in ice coltewand nitrated resin (NSAXAD-4) was collected by filtration.
The product was repeatedly washed with water aretldin second step product was reduced with thp bk
SnCh, conc. HCI and ethanol at about 363 K for 12 Arsinated resin (NEFAXAD-4) was obtained and purified
by washing with water to remove excessive HCI. Aated resin was boiled with conc. HCI so as to foine
hydrochloride. The amine hydrochloride of resin yasired into ice cold water and then it was treated/ly with
1M NaNG, solution. Diazotized resin (CI-N=N-AXAD-4) quicklfiltered and washed with ice cold water
repeatedly. Diazotized resin was coupled with pdaie in presence of 10% NaOH at 273 K with corts$tirring
for 5-6 hrs. The final product, functionalized amiide XAD-4 with p-toludine (p-TLDN -N=N-AXAD-4) so
obtained was washed with water followed by dilugNH solution to remove unreacted p-toludine imyutien it
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was washed with dilute HCI and getting yellowistown colored product. It was repeatedly washed wigtter
dried in air and stored in vacuum desiccator. Tdreplete reaction scheme shown below.

—!

|

c a—
| n
H

|
n | =
HNO,,H,SO, - H SnCl,, HCI
1.5h,333 K 12h,363 K
NO, NH,
NaNO,, HCI
273 K
H H

CH,

Scheme. Synthesis of p-TLDN-N=N-AXAD-4

RESULTSAND DISCUSSION
Elemental analysis of p-TLDN-N=N-AXAD-4 (C, H, N)

Elemental analysis of functionalized Amberlite XADwas carried out at Central Institute of Miningdauel
Research (C.I.M.F.R.), Nagpur (M.S.) India. Eleraéanhalysis data given in following Table 1.

Table 1: Elemental analysisof p-TLDN-N=N-AXAD-4

C H N
Found (%) 81.14| 7.29| 11.57
Calculated (%)| 81.89 | 7.08| 11.03

FTIR Spectra

Product obtained in each step of synthesis wasactaized by FTIR spectrum. N@XAD-4 was confirmed by
the prominent peaks at 1550 and 1349"avhich were attributed to N-O asymmetric and N-@ngyetric streching
vibration respectively (Fig.1). The NFAXAD-4 was identified with IR absorption peaks3856, 3203 ci for N-

H stretching. Peaks at 1623 and 1306'd4aH bending, C-N stretching respectively (Fig.@)}:-N=N-AXAD-4 was
confirmed by the prominent peak at 1524, 1487"amhich is attributed to the presence of — N=N- (F3).
Formation of p-TLDN-N=N-AXAD-4 was confirmed by pesiat 3600, 3610 cm(doublet) N-H stretching in NH
group and C-N Streching at 1347 ‘tmfor aromatic primary amine. The strong peak &2®2@m' was due to
aliphatic C-H stretch. The peaks obtained at 200001cm® was assign to overtone and combination bands.,1022
1082 cnt C-H bend (in plane) and 710 ér&-H bend (out of plane).
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Fig. 1- FTIR Spectrum of NO,-AXAD-4

Fig. 2 - FTIR Spectrum of NH;-AXAD-4

50.0.

1928.3

225592 \
1081.05

212281

148503

161152 J
152024
104762

126765

//
187
w812

305562
170874

203126

46089
568,70

76980

wiu |\

79704

7148

979

85

46.

2.

200]

102749

\
\

0021)

108215

8008

212066
148802

\ | 10 \
16119 | 126752

152454 134716

s
22315

170763

20041

79859 ‘

|
768,59

8204

579,03

1088

4000.0

3600 3200 2800 2400 2000 1600 1400 1200

cm1

1000 800 0 60450,

40000

3600 3200 2800 2400 1800

cm-1

1600 1400 1200

1000

0 60 450.

Fig. 3- FTIR Spectrum of CI-N=N-AXAD-4

Thermogravimetric analysis (TGA)

TGA analysis of p-TLDN-N=N-AXAD-4 was carried out the

Fig. 4- FTIR Spectrum of p-TLDN-N=N-AXAD-4

National Institute of Technology (V.N.1.T.), Nagp{M.S.) India.

Department of Material Science, Vishvesharaya

Thermogram of p-TLDN-N=N-AXAD-4 (Fig. 5) was scarmhap to 1273 K by Perkin Elmer Diamond TGA/DTA
analyzer in argon environment at linear heating 283 K mift. The thermokinetic parameter were determine by
FC and SW methods. Activation energy and ordeeattion have been calculated simultaneously by EGaal.
Weight loss up to 453 K was due to the water mdéeoupolymer. Major degradation starts from 638skdue to
the dissociation of chemically immobilized moietydapolymeric matrix. The order of degradation wasnid to be
zero which was obtained from FC plot (Fig. 6a) Hert confirmed by SW method. SW plot shown in Fif. 6
Thermokinetic parameters of resin in temperatungeab43-823K shown in Table 2.
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Table2: Thermokinetic parametersof p-TL DN-N=NAXAD-4 by different methods

Resin Parameters Freeman-Carroll method  Sharp-Véettwethod
p-TLDN-N=N-AXAD-4 | Temperature range 543-823 K 54338K
Activation energyE, (kJ) 27.28 25.60
Frequency factoA (min?) 14.26 14.32
Apparent entropyS (JK?) -271.60 -271.64
Free energ\\G (kJ) 218.42 216.75
Order of reactiom 0.0 0.0
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Fig. 6(a) - Freeman-Carroll plot of p-TL DN-N=N-AXAD-4
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Fig. 6(b) - Shar p-Wentworth plot of p-TL DN-N=N-AXAD-4




Abhishek M. Thakreet al J. Chem. Pharm. Res,, 2013, 5(2):18-23

CONCLUSION

Functionalized amberlite XAD-4 product (p-TLDN-N=AXAD-4) is confirmed by elemental analysis, FTIR
spectra and thermogravimetric analysis is in gogré@ment with the reaction scheme shown above. Hemtbe
position of attachment of p-toludine to the resim a&zo group to the polymer matrix is not cleapasfinger print
region of FTIR spectrum. Low value of frequencytéacsuggests the slow degradation of resin. Theeglbf
activation energies, entropy changéy), free energy changaG) and frequency facto®) obtained by FC and SW
method are in good agreement.
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