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ABSTRACT

The novel terpolymer (1-N-4-SAHDF-Resin-Il) has rbesynthesized by polycondensation of 1-Naphthol-4-
sulphonic acid and Hexamethylene diamine with Fddetayde in an acidic medium with molar proportioh o
reactants (2:1:3). To reveal the structure of thesin, the resin was characterized by elemental yaimland a
spectral method, i.e. composition of terpolymer basn determined on the basis of its elementalysital The
terpolymer resin has been characterized by FT-IRIRN(H & *°C) spectra and by SEM. For thermal
decomposition studies, 1-N-4-SAHDF-Resin-1l teypwr has been studied by Thermo Gravimetric AralfisxcA)

at heating rate 10°C min-1 under nitrogen atmosph®&etailed thermal degradation studies of the 2-SAHDF-
Resin-Il terpolymer has been carried out to asdertés thermal stability. Thermal degradation plbas been
discussed in order to determine their mode of demmition, order of reaction(n), thermal activati@mergy(Ea),
frequency factor(Z), free energy changf€), entropy changefS). Freeman — Carroll and Sharp- Wentworth
methods have been applied for the calculation pétic parameters while the data from the FreemaB@asroll
method has been used to determine various thermaodgnparameters. Thermal activation energy (Ea)ueal
determined by these two methods were in good agmtenith each other.
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INTRODUCTION

The synthesized terpolymer resins, showing veesatiplications and properties, attracted the attertf scientist
and introduce the recent innovations in the polymieemistry. These terpolymers can be used as highge
material [1], ion-exchanger [2], semiconductorsf@jtioxidants, fire proofing agent, optical storatga, binders,
molding materials etc Literature survey reveals the chelating ion-excgfea properties of 2,4-
dinitrophenylhydrazone of 2-hydroxyacetophenoner@dehyde resin [4] and oximes of 2-hydroxyacetophe-
substituted benzoic acid-formaldehyde resin [5] flifferent metal ions. Thermogravimetric analysis uea
formaldehyde polycondensate (UFPS) has been repbgteZeman and Tokarova [6]. Terpolymer resins mgvi
good thermal stability have enhanced the scopeléeelopment of some polymeric materials. The stofdyhe
thermal degradation of terpolymer resins have rigdrecome a subject of interest. Zhao Hataal studied the
thermal decomposition behaviour of phosphorous ainintg copolystar[7]. In an earlier communicatia@j, [[9],
[10], [11] from this department numbers of stud@@s such terpolymers have been reported. Howevework
seems to have been carried out on thermo analgiwhkinetic studies of the terpolymer resins frbiNaphthol-4-
sulphonic acid and Hexamethylene diamine with fddeslayde. The present paper explores the thermadysisa
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giving their relative thermal stabilities by applgi the Sharp-Wentworth and Freeman-Carroll methBdsrgy of
activation (Ea), Kinetic parameteiz. Z, DS, DF, S* and order of reaction) (were determined by applying
Freeman-Carroll Method.

EXPERIMENTAL SECTION

2.1 Materials
The chemicals used in the synthesis of new terpetytaN-4-SAHDF-Resin-Il were procured from the netrnd
were Sigma-Aldrich or chemically pure grade. Whenreequired they were further purified by standamacedure.

2.2 Synthesis of 1-N-4-SAHDF-Resin-1| terpolymer

The new terpolymer 1-N-4-SAHDF-Resin-Il was synthed by condensing 1-Naphthol-4-sulphonic acid (ad)
and Hexamethylene diamine (0.1 mol) with 37% fodealde (0.3 mol) in a mol ratio of 2:1:3 in the g@ece of
200 ml 2M HCI as a catalyst at 140°C + 20°C fori6han oil bath with occasional shaking to ensum@dhgh
mixing. The separated terpolymer was washed withatader and methanol to remove unreacted startiatgmals
and acid monomers. The properly washed resin wad,dqsowdered and then extracted with diethyl etirat then
with petroleum ether to remove 1-Naphthol-4-sulpbartid formaldehyde copolymer which might be présdong
with 1-N-4-SAHDF-Resin-Il terpolymer. The reddisiotvn coloured powdery product was immediately reetbv
from the flask as soon as reaction period was amdrthen purified. The reaction and suggestedtsiiof 1-N-4-
SAHDF-Resin-Il in shown in Fig. 1.

The terpolymer was purified by dissolving in 10%uequs sodium hydroxide solution, filtered and rejpiéated by
gradual drop wise addition of ice cold 1:1 (v/vincentrated hydrochloric acid / distilled water witbnstant and
rapid stirring to avoid lump formation. The procedseprecipitation was repeated twice. The temay sample 1-
N-4-SAHDF-Resin-Il thus obtained was filtered, wedhseveral times with hot water, dried in air, pevedl and
kept in vacuum desiccators over silica gel. Thédyad the terpolymer resin was found to be 75%.

SO,H
ZMHCI
+ HN =-(CH)y - NH, + HCHO —m»
140°C
OH Hexamethylene Formaldehyde

1-Napthol-4-Sulphonic Acid Diamine

S0, SO.H

H
CH, —NH— (CHy),~NH—CH,
Oc ' ‘O CHy +
OH OH

Y

1-N-4 SAHDF Resin Il

Figurel: Reaction and suggested structure of representative 1-N-4-SAHDF-Resin-I1 ter polymer

2.3 Characterization:

1-N-4-SAHDF-Resin-II terpolymer resin was subjectednicroanalysis for C, H, S and N at STIC, Cocfiihe

number average molecular weight (Mn) was determimedonductometric titration in non aqueous medguoh as
dimethylsulphoxide (DMSO) using ethanolic KOH agiteant. From the graph of specific conductanceirzja
milliequivalents of base, first and last break weoted from which degree of polymerization (DP) aimel number
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average molecular weight (Mn) has been calculatedefpolymer resin under investigation. An infetrspectrum
of 1-N-4-SAHDF-Resin-Il was recorded on Perkin-EtrfReXR Spectrophotometer in KBr pallets in the wav
number region of 4000-400 ¢hat Sophisticated Analytical Instrumentation FagilSAIF), Punjab University;
Chandigarh. BothH & *C NMR spectrum of newly synthesized terpolymermdss been scanned on Bruker
Avance Il 400 MHz NMR spectrometer using DMSO-d6 Satphisticated Analytical Instrumentation Facility,
Punjab University, Chandigarh. SEM has been scabpdtEI-Philips XL-30 electron microscope at STExchin.

24 THERMOGRAVIMETRIC ANALYSIS

The non-isothermal thermogravimetric analysis waggsmed in air atmosphere with heating rate ofCOmin-1
from temperature range of 50 OC to 1000 OC usingifeElmer Diamond 3 Il thermogravimetric analyzer
Nitrogen environment. The thermograms were recoed&NIT, Nagpur. The thermal stability of copolymbased

on the initial decomposition temperature, has bksen used here to define their relative thermaililgia neglecting

the degree of decomposition. A plot of percentagesitoss versus temperature i.e. thermogram isrshothe Fig.

6 for a representative 1-N-4-SAHDF-Resin-1l. Frome t TG curves, the thermoanalytical data and the
decomposition temperatures were determined foemifft stages. To obtain the relative thermal stabilf the
terpolymer, the method described by Sharp-WentwamthFreeman- Carroll adopted.

RESULT AND DISCUSSION

Newly synthesized, purified 1-N-4-SAHDF-Resin-1l svbound to be amorphous and reddish brown in colble

terpolymers are soluble in solvents such as DMFSOMTHF and aqg. NaOH while insoluble in almostather

organic solvents. The resin synthesize did not shbarp melting point but undergo decomposition ab?240°C

.These resins were analyzed for carbon, hydrogangen and sulphur content. The Mn of the terp@ymesin was
determined by non-aqueous conductometric titratioDMSO against KOH in 50% (v/v) DMSO-Alcohol mixel

using 100mg of resin sample. A plot of specific doctance against the milliequivalents of potasshyuroxide

required for neutralization of 100 g of terpolynvests made. Inspection of such a plot revealed tteattare many
breaks in plot. From this plot the first break dhe last break were noted. The calculation of (kyn}his method is
based on the following considerations. (1) The fmgak corresponds to neutralization of the maidia phenolic

hydroxy group of all the repeating units and (2¢ tireak in the plot beyond which a continuous iaseein

conductance is observed represents the stage et whenolic hydroxyl group of all repeating units aeutralized.
On the basis of the average, degree of polymeoizdDP) is given by the following relation.

DP = Total meq. of base required for compl&tetralization
Meq. of base required for smalieterval

(Mn) = (DP) X Repeat unit weight

On the basis of degree of polymerization (DP), #iverage number molecular weight (Mn) is calculalbgd
multiplying the (DP) by the formula weight of repi@g unit [12]. The details of Elemental analysisplecular
weight determination are incorporated in Table 1.

Table 1: Elemental analysis and molecular weight deter mination of 1-N-4-SAHDF-Resin-I|

Average Average
Empirical form_ula Carbon%| Hydrogen Nitrogen%  Sulphurds Empirical we_lght degre_e of molgcular
of repeat unit of repeat unit, g | polymerization| weight
(DP) (Mn)
58 (Cal) 5.33(Cal) 4.66(Cal)l 10.66 (Cal)
Ca9H3008N2S, 57.76 (F) 5.42(F) 4.13(F) 11,02 (7 600 18.00 10800

3.1. Infrared spectra

Infrared spectrum of the 1-N-4-SAHDF-Resin-Il ha&seb shown in Fig. 2. Very broad band appeareddrregion
3229 cm may be assigned to the stretching vibration ofplie -OH groups exhibiting intermolecular hydrogen
bonding between -OH and -NH-. The band obtained3atl cni suggests the presence of methylene ¢-LH
bridges. A sharp and strong peak at 1607'emay be ascribed to aromatic skeletal ring. The3]52tetra
substitution of aromatic ring can be recognizednfreharp and medium absorption bands appeared at1993,
1149 cmt respectively. The presence of C-H stretching ofratic ring may be assigned as a sharp and stramg b
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at 3011crit which seems to be merged with very broad bandhehplic hydroxyl group [13], [14]. A sharp and
strong peak at 1379 chmay be ascribed to -GHsymmetrical deformation. A sharp peak at 2917' amay be
ascribed to >CH2, -NH-, -Ctretching. A broad and sharp peak at 1481 omay be ascribed to -NH bending of
secondary amide. A sharp peak at 128bwrmy be ascribed to -GHbending (wagging & twisting). The band
obtained at 1231cirsuggests the presence of -£Hlane bending.

- mmp  wmEp

— el bl T3 gy - LT 3 - B3 T
Figure 2: Infrared spectra of 1-N-4-SAHDF-Resin-I|

3.2. H' Nuclear magnetic resonance spectra

The H NMR spectrum of 1-N-4-SAHDF-Resin-Il terpolymer svacanned in DMSQ8and has been shown in
Fig.3. The chemical shif6] in ppm has been assigned on the basis of datklaleain literature [15]. The 1-N-4-
SAHDF-Resin-Il terpolymer resin shows an multiplatgnals at 2.56 ppm which may be attributed to methyl
proton of Ar-CHgroup. The singlet obtained in the regiord .46 ppm may be due to the methylene proton of Ar-
CH,-N moiety. The signal in the region 8f6.2 ppm is attributed to protons of bridge —NHeTheak multiplate
signal (unsymmetrical pattern) in the regiordd.62 ppm may be due to terminal methylene groine. gignals in
the range ab 10.21 ppm may be due to phenolic hydroxyl protdie much downfield chemical shift for phenolic
—OH indicates clearly the intramolecular hydrogending of -OH group [16], [17]. The multiplates&d..29 ppm
and 1.55ppm may due to -Gi&H,- moiety of amine. The signal &t7.52 ppm may due to aromatic proton (Ar-
H). The singlet obtained at 9.41ppm may be assitmedIphonic group.

. R LY - L - - - - - - - L] ———

Figure3: H®Nuclear Magnetic Resonance Spectra of 1-N-4-SAHDF-Resin-11

3.3. *C Nuclear magnetic resonance spectra

3C NMR spectrum of 1-N-4-SAHDF-Resin-Il has beenorded as shown in Fig. #C NMR spectra display
signals arising from all the carbon atoms and herowide direct information about the carbon slaieof the
terpolymer. The*C NMR spectrum of 1-N-4-SAHDF-Resin-Il shows theresponding peaks at 155.56, 107.8,
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126.1, 133.89, 130.2, 126.6, 127.4, 126.32, 122.26,21 ppm with respect tg @ Cyoof the aromatioaphthalene
ring. The shifting of signals is due to the sulbsititn in naphthalene ring. More electronegativeugrs bonded to
Carbon atom, deshielding shifts incredde$hus, the peak of Cat 155.56 ppm may be because of deshielding
effect by —OH grp. The signal at 42.1 ppm may ksgaed to -C-NH- grp. Of hexamethylene diamine ryoiéwo
peaks more are obtained for hexamethylene diarointegf which peak at 26.5 ppm may be because dfyleste -
CH,- grp. The'*C NMR spectrum after analysis minutely confirmedttthe monomers are arranged in a straight
manner, giving the linear structure for terpolymehnjch we have proposed is obviously correct giveRig. 1.

T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 180 150 140 130 120 110 100 S50 S0 70 &0 SO 40 30 20 10 O pp=

Figure 4:C Nuclear Magnetic Resonance Spectra of 1-N-4-SAHDF-Resin-I1

3.4. Scanning electron microscopy (SEM)

Scanning electron micrographs of the 1-N-4-SAHDISIR4l has been recorded as shown in Fig. 5. ThiM SE
micrographs of 1-N-4-SAHDF-Resin-Il sample exhib@igherulites with deep corrugation. The spheruldes
typical crystalline formation and they grow in higiscous and concentrated solution. In the presasg, the
spherulites are complex polycrystalline. The cigstae smaller in surface area with less closebked structure.
The spherulites morphology of resin exhibit crygtal structure with deep corrugation which is cheatisible in
SEM photographs of resin. These evidences indibatemore or less the resin shows amorphous cleanaih less
close packed surface having deep pits. The resis plossesses amorphous nature and showing higtlearege
capacity for metal ions [18]. Thus SEM study shawat the 1-N-4-SAHDF-Resin-1l has crystalline arame
amorphous characters. Thus it has the transitroctsire between crystalline and amorphous.

&"
o N 27 - .

20kV X1,500 10um 13 54 SEI

Fig. 5: SEM micrographs of 1-N-4-SAHDF-Resin-11

The polymer under study is a terpolymer hence veiy difficult to assign its exact structure. Howe on the basis
of the nature and relative position of the monomegsults of elemental analysis, Il{f NMR, *CNMR studies
[19], [20] and taking into consideration the linestructure of other phenol-formaldehyde resin amel linear
branched nature of urea-formaldehyde polymersptbst probable structure has been proposed for 19 4DF-
Resin-Il (Figure 1).
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3.5 Thermal Degradation studies of 1-N-4-SAHDF-Resin-11

In order to explore the thermal degradation stufiy-iN-4-SAHDF-Resin-Il, the thermogram has beerdistd
minutely. Decomposition pattern of 1-N-4-SAHDF-Re#i is shown in Fig. 6. The data of thermogravirieet
analysis revealed that the sample loss 4.54% famad4.71% calculated weight loss when temperata® naised
from 40 - 200°C. This initial weight loss may beedto the loss of water of crystallization assodateth
terpolymer resin [21], [22]. After loss of water faoule thermograph of 1-N-4-SAHDF-Resin-1l has dégil three
stages decomposition. The first decomposition gsegresents degradation of phenolic hydroxyl grouyg a
sulphonic group substituted to naphthalene ringhantemperature range of 210-340°C, correspornuedveight
loss of 32.36% found and 30.36% calculated. Thegltdoss by increasing temperature may be due tteasiog
the macromolecules which may develop the crossngia the molecules. Cross linking developed tinais in the
macromolecule with result of weight loss to acquhme stability. The second stage of decompositibA-bl-4-
SAHDF-Resin-I has been started by increasing teatper from 340 — 660°C, when observed a rapid ruass
corresponding to 62.59% found and 62.82% calculateight loss, which may be due to the loss of raglbhe
ring due to unzipping of cross linking, high straimstability and depolymerization occurred in tesin. In the
third stage, the temperature has been increased669-930°C which might increasing the strain ia tholecule,
cross linking increased, unstability increaseddileg to weight loss of about 99.62% found and 10&#fculated
and the rigid prepolymeric part after the thirdgstas left as the char residue which is negligiblé-N-4-SAHDF-
Resin-Il decomposition .

Temperature 2C

i 200 A00 G0 S00 1aan 1200

Figure6: Thermo gram of 1-N-4-SAHDF-I|

With the help of thermo gravimetric data the thdraivation energies (Ea) and order of reactionc@lculated.

Also other thermodynamic parameters such as enttbppge AS), apparent entropy change (S*) and frequency

factor (2) are determined and reported in the Ta@bl€o provide further evidence regarding the degtian system
of analyzed compounds, we derived the TG curvesppyying an analytical method proposed by Sharpatwerth

and Freeman-Carroll. The ‘average Ea’ calculate&t@eman-Carroll (22.87 KJ/mole) and ‘average BaSharp-
Wentworth (23.12KJ/mole) are nearly same.

Sharp -Wentworth method:
Using the equation derived by Sharp and Wentworth,

log [(dc/dT)/ (1-c)] = log (AB) — [Ea/2.303R]. 1/T (1)
Where,

dc/dT = rate of change of fraction of weight withaoge in temperature
B = linear heating rate dT/dt.
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By plotting the graph between (log dc/dt)/ (1-c)IV$, we obtained the straight line which give gysof activation
(Ea) from its slope. Wherp is the conversion at time t, R is the gas constargl4 Jmol-1K-1) and T is the
absolute temperature. The plot in fig. 7 gives dbtvation energy (Ea) and Doyel's graph givesvilee of -log

P(X).

T000/T

Tog (de/at
(1)

Fig. 7: Sharp-Wentworth Plot

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 2)
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.

n = order of reaction.

ap 3o / 3p/sp So

|
=]
©
3
o

&
I

-15 -14 13 12 <11 <10 9 8 -7 6 -5 4 -3 -2 -1

1/T/log Wr x 10™

Fig. 8(a): Thermal Activation Energy Plots (Freeman-Carroll Plot)

The plot between the terma [og (dw/dt)] /A log Wr VsSA (1/T) / A log Wr gives a straight line which give energy
of activation (Ea) from its slope , shown in figuBéb) and intercept on Y-axis as order of reactignshown in
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figure 8(a). The change in entropy (S), frequeramtdr (z), apparent entropy (S*) can also be cated by further
calculations.

From the abnormally low values of frequency facibmay be concluded that the decomposition reaatifol-N-4-
SAHDF-II can be classed as a ‘slow’ reaction. THereo other obvious reason. Fairly good straigie plots are
obtained using the two methods. This is expectedesihe decomposition of terpolymer is known nobhey first
order kinetics perfectly [23].

CONCLUSION

1. A terpolymer 1-N-4-SAHDF-Il, based on the conskation reaction of 1Naphthol-4-sulphonic acid-
Hexamethylene diamine-formaldehyde in the presefegid catalyst, was synthesized.

2. As the degradation of the terpolymer under itigaon started at high temperature which indisateat the
terpolymer 1-N-4-SAHDF-II is thermally stable aeehted temperature.

3. Low value of frequency factor may be concludeat the decomposition reaction of 1-Naphthol-4-salpc acid-
Hexamethylene diamine-formaldehyde terpolymer canlassified as ‘slow reaction’.
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