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ABSTRACT

The Copolymer (SATF) was synthesized by condengattisalicylic acid and thiosemicarbazide with fatdehyde

in the presence of 2M HCL as a catalyst at 126°€Zor 5 hrs. with molar proportion of reactants.é& hopolymer
(SATF) was characterized by elemental analysis, IET-UV-Visible 'H-NMR Spectroscopy. The thermal
decomposition behavior of SATF copolymer was stubieusing TGA in static nitrogen atmosphere atatimg
rate of 1§C/min. Freeman Carroll and Sharp-Wentworth metha@se used to calculate the thermal activation
energy(Ea), the order of reaction(n), entropy ChaitfS), free energy changaK), apperent entropy changa$),
and frequency factor (Z). The order of decompasitieaction was found to be 0.9. The thermal adtivaenergy
determined with the help of these method was il ggoeement with each other.

Keywords. Thermogravimetric analysis; Decomposition, Condgasaresins, Synthesis, Sharp-Wentworth
Freeman-Carroll

INTRODUCTION

Thermal analysis plays a vital role in studying 8teucture and properties of any material . Themaagetric
analysis has been widely used to investigate toberdposition characteristics of polymeric matt@opolymers can
be used as high energy material, ion-exchangericeanuctors, antioxidants, fire proofing agent,icglt storage
data, binders, molding materiat [1, 3]. Copolymers were applied in various fietifgesearch as ion-exchangers,
high thermal resistance materials, and electrippliances [3, 4]. Thetudy of thermal behaviour of copolymers in
air at different temperature provides informatidnoat the nature of species produced at variouseesyres due to
degradation. Copolymers having good thermal stgbéind catalytic activity have enhanced the develemt of
polymeric materialsCopolymer resins are derived from 2,4-dihydroxypophenone, biuret and formaldehyde in
hydrochloric acid as catalyst and studied theirrtteé degradation [5,6]Thermal degradation afi-nitroaniline, m-
chloroaniline andn-aminophenol has been studied by Dastal [7] and 2-hydroxyacetophenone, oxamide and
formaldehyde [8]. S. L. Oswal et al synthesized and studied thermal properties of
copoly(maleimidemethylmethacrylate), terpoly(malieiemethylmethacrylateacrylicacid) and terpoly(maleimide-
methylmethacrylatemethyl-acrylic acid). The thernm&haviour was studied by TG and DSC techniques [9]
Various researchers have been studied the applisatof terpolymer resins of substituted phenols and
formaldehyde[10]. Terpolymers of salicylic acidiotlrea with trioxane ang-hydroxybenzoic acid, thiourea with
trioxane have been reported in the literature[1D-Résins synthesized by condensation of mixtufeghenol or
hydroxybenzoic acid with formaldehyde and varionsrees have also been reported [15]. The metal ake
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capacity increases with increasing mole proportwithe terpolymer synthesized from substitutedzoenacid .o-

Nitrophenol and thiourea with paraformaldehyde egmqmer was identified as an excellent cation exgearfor
Zn2+ and Co2+ ions [16]. Salicylic acid/formaldebyftesorcinol resin has been synthesized and elits use
for the removal and separation of heavy metal fom® their binary mixtures .

The present paper describes thermal analysis afdahy synthesized resin of salicylic acid, thiosearbazide with
formaldehyde (F), by applying the Sharp-Wentworttd &reeman-Carroll methods. Energy of activatifa)(
thermodynamic parameters viz, AS, AF, S* and order of reactiom) were determined by applying Freeman-
Carroll Method [17-19].

MATERIALSAND METHODS

The entire chemical used in the synthesis of varioew copolymer resins were procured from the markd were
analar or Fluka or chemically pure grade. Wheneggquired they were further purified by standard hods like
thin layer chromatography, reprecipitation and talization which are generally used for the ariabftpurification
purpose.

Synthesis of SATF copolymer resins:

The new copolymer resin SATF was synthesized bylensing salicylic acid (0.1 mol) and thiosemicaitd@z0.1
mol) with formaldehyde (0.2 mol) in a mol ratio bfL:2 in the presence of 2 M 200 ml HCI as a catady 126’ C

+ 29 C for 5h, in an oil bath with occasional shakitm,ensure thorough mixing. The separated copolywess
washed with hot water and methanol to remove utedastarting materials and acid monomers. The pippe
washed resin was dried, powdered and then extractbddiethyl ether and then with petroleum etherémove
salicylic acid- thiosemicarbazide formaldehyde dgper which might be present along with SATF copody.
The yellow color resinous product was immediatelyoved from the flask as soon as reaction pericclovar and
then purified. The reaction and suggested struct8ATF is shown in Fig. 1.

COOH
HO
] 2M HCL, Cat.
+ sHMN-C-MH-MNH + 2{(CHO) !
* L * * Sh, 026" C 2" C

Salicylic Acid Thiosemicarbazide Formaldehyvde

f COOH

HOy

LCH - sHN-C-NH-NH: -CHa N
S H2O

_;"- L]

Fig.1: Synthesis of SATF copolymer resin.

The copolymer was purified by dissolving in 10% agus sodium hydroxide solution, filtered and rejpitsted by
gradual drop wise addition of ice cold 1:1 (v/ivincentrated hydrochloric acid / distilled water witbnstant and
rapid stirring to avoid lump formation. The procedsreprecipitation was repeated twice. The cop@ysample
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SATF thus obtained was filtered, washed severaggimith hot water, dried in air, powdered and kaptacuum
desicator over silica gel. The yield of the copotymesin was found to be 78 %.

RESULTSAND DISCUSSION

The newly synthesized purified SATF copolymer regas found to be yellow in color. The copolymesdduble in
solvents such as DMF, DMSO and THF while insolublalmost all other organic solvents.

FT-IR Spectra:

A broad band appeared in the region 2800-3200amay be assigned to the stretching vibrations afnplic
hydroxy (-OH) groups exhibiting intermolecular hgden bonding . The sharp band displayed at 1600-t4¢
may be due to the stretching vibrations of carbgnglip (C=0) of both as well as (C=S) moiety . Phesence of -
NH in thiosemicarbazide moiety may be assigned tdusharp band at 2800-3000 ¢mA strong sharp peak at
1625-1500 crit may be ascribed to aromatic skeletal ring . Thedbaobtained at 1400 — 1200 trauggest the
presence of methylene bridges in the polymer chaiime weak band appearing at 726 - 760" israssigned to C —
OH bond. 1,2,4,6 tetrasubstitution of aromatig fi; recognized from the bands appearing at 9083,102201, and
1292cm respectively .
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Fig.2: FT-IR Spectra of SATF copolymer

NMR Spectra:

Weak signal in the range of 8.00 to 98) ppm is attributed to phenolic -OH proton. The NMpectra of SATF
copolymer resins show a weak multiplate signal yommaetrical pattern) in the region 6.2 to 78 ppm which is
due aromatic protons. A medium singlet peak appeate.5 — 4.0§) ppm may be assigned to methyl protons of
Ar-CH,-NH group. Intense signal appeared in the regien@) ppm may be due to Ar—GHNH .Triplet signal
appeared in the region 3.42 — 4.88) ppm can be assigned to amido proton of ~8IH-CO- linkage.
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Fig.3: NMR Spectra of SATF copolymer

Thermogravimetry

The non-isothermal thermogravimetric analysis wadgsmed in air atmosphere with heating rate of@onin*

from temperature range of 4G to 700°C and thermograms are recordetiSICART Vallabh vidyanagar, Guijrat.

With the help of thermogravimetric data the thermetivation energies (Ea) and order of reactionc@igulated.
Also other thermodynamic parameters such as enttbppge (DS), apparent entropy change (S*) andiércy
factor (Z) are determined and reported in the Table provide further evidence regarding the degradasystem
of analyzed compounds, we derived the TG curveapmying an analytical method proposed by Sharpiwerth

and Freeman-Carroll.

Sharp -Wentworth method:
Using the equation derived by Sharp and Wentwdith [

log [(de/dT)/ (1-c)] = log (AB) — [Ea/2.303R]. 1/T ..cv....... 1)

Where,

dc/dT = rate of change of fraction of weight withaoge in temperature

B = linear heating ratdT/dt.

By plotting the graph between (log dc/dt)/ (1-c)¥§ we obtained the straight line which give eesfactivation
(Ea) from its slope. Wherg is the conversion at time t, R is the gas cons(@rgl4 Jmol-1K-1) and is the
absolute temperature. The plots (figure 2) giveabttvationenergies at different stages of degradation reattike
place.

Freeman-Carroll method:
The straight-line equation derived by Freeman aaddll , which is in the form of n

[Alog (dw / dt)] /A log Wr = (-E/ 2.303R) A (1/ T) /A log Wr + N —---------=-—--—- )
Where,

dw/dt = rate of change of weight with time.

Wr = We-W

Wc = weight loss at completion of reaction.
W = fraction of weight loss at time t.
Ea = energy of activation.
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n = order of reaction.

The plot between the terma [og (dw/dt)] /A log Wr VsA (1/T) /A log Wr gives a straight line from which slope
we obtained energy of activatiokd) and intercept on Y-axis as orderrefiction (). The change in entropy (S),
frequency factor (z), apparent entropy (S*) carodiecalculated by further calculations

(i) Entopy Change:

Intercept = [log KR/BE] + S/ 2.303 R ------------m-m--- (2)

Where,

K =1.3806 x 10-16 erg/deg/mole, R = 1.987 Cal/dexé

h =6.625 x 10-27 erg seap,= 0.166

S = Change in entropy, E = Activation energy frorapi.

(ii) Free Energy Change:

AF =AH — TAS ©)

H = Enthalpy Change = activation energy
T = Temperature in K

S = Entropy change from (i) used.

(iii) Frequency Factor:

Bn= Log ZEa /pR (4)

Bl=log[In1/le]-log P (X) ---------m-mm-m-m-- (5)

Z = frequency factor

B = calculated from equation (5)

Log P(x) = calculated from Doyle’s table correspioigdo activation energy.

(iv) Apparent Entropy Change:

S*=2.303 log Zh / KT* 6)

Z = from relation (4)
T* = temperature at which half of the compoundeésamposed from it total loss.

Thermo-analytical data:

A plot of percentage mass loss versus temperatushdwn in the Fig. 4 for a representative SATFobpper. To
obtain the relative thermal stability of the copobr, the method described by Sharp-Wentworth ameeriRan-
Carroll adopted. The thermal stability of copolymieased on the initial decomposition temperatuas, dso been
used here to define their relative thermal stahilieglecting the degree of decomposition. FromTiBecurves, the
thermoanalytical data and the decomposition tentpeys were determined for different stages. TherageEa’
calculated by Freeman-Carroll (22.97 KJ/mole) amdeérage Ea’ by SharpANentworth (22.14 KJ/mole) is nearly
same.

Table. 1: Results of Thermogravimetric Analysis of SATF copolymer

Half Decomposition | Activation Energy (kJ/mol)
Coplymer Temp.T*K F.C SW
SATF 551 22.97 22.14
FC = Freeman-Carroll, SW = Sharp-Wentworth

Table.2: Kinetic Parametersof SATF copolymer
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Order of

Entropy Free Energy reaction
Coplymers | Change-As(J) | Change4F (kJ) | Frequency factor Z (S.;) | Apparent Entropy Change (S) (n)
SATF -277.17 155.01 427 -24.01 0.9

Thermogram of the copolymer resins depicts threpsstiecomposition in the temperature range 190c57B9e
slow decomposition between 0-190°C correspondsQ® 7oss which may be attributed Itiss of water molecule
against calculated 6.64% present per repeat utiiteopolymer. The first step decomposition startfrl90-250°C

which representdoss of hydroxyl group and Acid grou32.67% found and 29.52% cal.). The second step
decomposition start from 250-500°C correspondin§&d4% removal oaromatic nucleus and methylene bridge

against calculated 68.26%. The third step decortipnsside chain from 500-575°C corresponding toaweah of
Thiosemicarbazide moie{$00.00% found and 100.00% cal.).
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Fig. 4: Decomposition Pattern of SATF copolymer Resin.
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Fig. 5: Sharp-Wentworth plot of SATF copolymer
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Fig. 6: Thermal activation energy plot of SATF copolymer
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Fig. 7: Freeman-Carroll plot of SATF copolymer

180 A

Fig.8: SEM of SATF copolymer

SEM micrographs of SATF copolymer are shown in&id.he morphology of pure sample shows spheruliiés
deep pits. This is the transition of crystallinedaamorphous layered morphology which is the chargstic of
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polymer. The monomers have crystalline structuresha beginning of the reaction but during courde o
condensation polymerization the crystalline streeguof monomers lost into amorphous nature in goper resin .

CONCLUSION

A copolymer, SATF, based on the condensation reacif salicylic acid -thiosemicarbazide-formaldetyid the
presence of acid catalyst was prepared. Low vatfiellision frequency factor (Z) may be concludibt the
decomposition reaction of salicylic acid thiosemiizzide-formaldehyde copolymer can be classifiedshsv
reaction’. The decomposition reaction was startduigher temperature, indicating a copolymer SA3 Ehiermally
stable at higher temperature.
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