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Abstract

Polymer blends have been obtained in the form of dimensionally stable and free standing films
and their properties were characterized by different techniques. FTIR analysis and Raman spec-
troscopic analysis cleared the hydrogen bonding intermolecular interaction between -CONH;
groups in Poly Acrylamide (PAM) and C-O-C and -CH20H group in Poly Ethylene Oxide (PEO). From
Differential Scanning Calorimeter (DSC) the study shows that crystallinity is increasing with PEO
wt%. From polymer interaction parameter we also show that the polymer blend is miscible. Ther-
mal stability of films is investigated by Thermo Gravimetric Analysis (TGA) and derivative Ther-
mo Gravimetric Analysis (DrTG). From UV-Vis absorption spectra, absorption band edge, direct/
indirect band gap and optical activation energy have been calculated.
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1. Introduction

Blending of polymers is an attractive as well as an important route for providing new materials with desirable
properties with economically low cost [1]. The properties of the polymer blend can be controlled by blend mor-
phology, blend composition and its processing condition [2]. The study of blend properties is very important to
find its new application in the field of biomedical and pharmacy [3] [4]. Polymer compatibility and miscibility
are important criterion when dealing with blend. Polymer-polymer miscibility arises due to any interaction such
as hydrogen bonding, dipole-dipole interaction or charge transfer process among pure polymer mixtures [5]-[8].
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Due to increase in the applications of polymer in biomedical field, study of water soluble polymer like Poly
(ethylene oxide) (PEO), poly (vinyl alcohol) (PVA), and polyacrylamide (PAM) has high interest [9] [10]. It is
important to note that there are very few studies on their blends.

Polyacrylamide is used in multitude applications including water clarification, waste water treatment, oil re-
covery, agriculture and biomedical applications [11]-[13]. The high bio-adhesive property of acrylic polymers
offers good prospects for using these polymers in controlled drug delivery systems for local applications [14]
[15]. Structural and physical properties of elements doped PAM are far studied [16].

PEO is semi crystalline synthetic polymer and because of its biocompatibility, it is used in many biomedical
devices including drug delivery and tissue replacement [17]-[19]. PEO/Starch blends present great application in
scaffolds for cell culture and tissue engineering [20] [21]. PEO has moderate tensile strength, and it possesses
well mechanical and electrical properties [22]. Some work reported on optical and electrical properties of PEO
based polymer electrolyte film [23]-[25]. Ferreiro et al. reported that when there was a change in blend ratio of
PEO/PMMA, morphological transitions occurred [26] [27]. Chemical structure of PEO (presence of the ether
oxygen and -OH end groups) makes some possibilities of hydrogen bonds formation as it has already confirmed
for PEO/poly(vinyl alcohol) and PEO/unsaturated polyester resin systems [28] [29].

PAM and PEO individually blend with other polymers, but to best of authors” knowledge, there isn’t any in-
teraction study of PAM and PEO polymer blends together. Only Vijayalakshmi et al. has studied thermal de-
gradation characterization of blend of PEO and PAM [30] [31]. In this article, we reported on the formulation
and fabrication of free standing PAM/PEO blend films. For the first time PAM-PEO polymer matrix was pro-
posed and chosen by us to prepare polymer blends. A simple fabrication technique was adopted for the blends
preparation. Miscibility is an important property of blend system, which can affect the different properties of the
blends. And since miscibility depends on intermolecular interaction between polymers chain, we have investi-
gated the miscibility of PAM and PEO blend system. Blend films were characterized through structural, thermal,
optical, mechanical and morphological study of the films. The intermolecular interaction between two polymers
chain of PAM and PEO was explored by the means of FTIR and Raman spectra, which had been quite helpful
for the study of compatibility and miscibility of blends. Finally, these results are correlated with the results ob-
tained from the other characterization techniques.

2. Experiment
Sample Preparation

Poly acrylamide (M. W. 50,000 g/mol) and Poly ethylene oxide (M. W. 2 x 10° g/mol) were obtained from local
chemicals supplier and used as received. The polymer blend films were prepared by the solution casting method.
Polymer blend films were made in three different weight percentages 30/70, 50/50 and 70/30 (wt %). PAM and
PEO first dissolved in the common solvent (distilled water) and then both the polymers were homogeneously
mixed using a magnetic stirrer at the constant temperature at 50°C for 12 hours. Complete homogeneous solu-
tion was casted on Teflon petri dishes and left for the evaporation of the solvent. The resulting PAM/PEQ films
were dried up to 4 days at room temperature in the desiccators to remove the traces of solvent, and then lifted
out of the petri dish for further analysis. The thickness of the obtained films was in the range of 60 - 120 um.

3. Measurement

3.1. FTIR Measurement

FTIR measurements were carried out using a single beam FT-IR-4100, Jasco spectrometer in the spectral range
of 600 - 4000 cm™ with the resolution of 4 cm™. Each of the samples was scanned 200 times in ATR mode for
absorption measurement. FTIR spectra have been analyzed by spectra manager software.

3.2. UV-Vis Spectrum Measurement

Ultraviolet-visible (UV-Vis) absorption spectra were measured in the wavelength region of 200 - 800 nm using
Perkin-Elmer Lambda 25 UV-VIS Spectrophotometer, USA. Free standing films were kept in the sample holder

to measure UV-Vis spectra in given range.
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3.3. RAMAN Spectrum Analysis

Raman spectra for 1064 nm exciting radiation were recorded on a Bruker RAM 11 Vertex-70 Laser Raman spec-
trometer, USA (Nd: YAG solid state laser) with 1 cm™ resolution.

3.4. Differential Scanning Calorimeter

For the DSC measurements SIl Exstar-6000, operating in dynamic mode (heating rate = 10°C/min) in N, gas
environment, was employed. Samples in appropriate amount were placed in sealed aluminum pans. Prior to use
the calorimeter was calibrated with metal standards; an empty aluminum pan was used as a reference.

3.5. Thermogravimetry Analysis

A Perkin-Elmer, Pyris-1 TGA, USA was used for the Thermo-gravimetric analysis of the samples. Small
amounts (5 - 10 mg) of the sample were taken for the study, and the samples were heated from 50°C to 500°C at
a rate of 10°C/min in a nitrogen atmosphere.

3.6. Mechanical Properties Measurement

Mechanical properties of pure and blend samples have been reported in this study. These measurements were
made on Lloyds LR30 K (UK) instrument with a crosshead speed of 10 mm/min and a gauge length of 10 mm.
All mechanical testing were conducted on pores or nicks free samples, and carried out at room temperature.

3.7. Scanning Electron Microscopy

The morphology of pure and blend polymers has been monitored by a JEOL SEM (USA), model number JSM
6380LV. As samples are non conductive, they need to be made conductive by covering the samples with a thin
layer of conductive material. Coating of platinum thin film is done by a using a device called “sputter coater”.
Inside the SEM chamber, the vacuum is created less than 10~ torrs for minimizing impurities and viewing the
sharp surfaces of the sample.

4. Results and Discussion
4.1. FTIR Spectroscopy

FTIR spectroscopy of blend films were carried out to detect peak shifts, which may be due to the interaction,
like hydrogen bonding, between two polymers. Infrared spectroscopy is a fundamental technique to find out the
presence of hydrogen bond, which is characterized by changes in absorption bands of functional groups in-
volved in the formation of hydrogen bond [32]. The changes in absorption of the functional groups causes
change in force constant of donor and acceptor groups and due to this change in frequency of stretching, defor-
mation of these groups occurs [32]. It has been already reported that PEO is a proton accepting polymer (ether
group), which is necessary for the formation of hydrogen bond between two polymers [33] [34]. PAM presents
—NH,OH group as proton donor which can play important role in blend miscibility.

Figure 1 shows the spectra of pure polymers and blends films. Peak values for pure and blend polymers are
shown in Table 1. PAM has two bands at 3315 cm * and 3212 cm™, which indicate N-H stretching vibrations
and absorption peak at 1651 cm * is for C=0 stretching; a peak at 1607 cm " attributed to an N-H bending and at
1447 cm™t is for C-N stretching vibrations [35] [36]. PEO has two strong absorption bands at 3332 cm™ and
3177 cm ! which indicate -OH stretching vibrations. Absorption peak at 2881 cm* assigns as asymmetric stret-
ching of the —-CH, group. Peaks at 1610 cm * and 1655 cm  indicate bound H,O solvent as in crystal form [36].
1106 cm ! and 1454 cm* peaks indicate C-O-C stretching (ether oxygen) and —CH, Scissoring vibration (con-
nected with end —OH group) of PEO, which are highly sensitive for hydrogen bonding.

On comparing PAM/PEO blends with pure polymers, the absorption bands at 2800 - 3600 cm* corresponding
to —-CH,, —OH and —NH stretching vibrations with decreased in intensity and clearly peak shift have been ob-
served. This peaks shifting indicate interaction between the -CONH, group of Polyacrylamide and ethyl group
and —OH group (end group of polymer chain) of Poly Ethylene Oxide. For 70/30 wt% of PAM/PEQO blend, this
shift is maximum on higher wave number side, so it has a strong tendency for the formation of strong bond [32]

O,
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Figure 1. FTIR Spectra of pure PAM, pure PEO and blend polymers (a) 600 - 4000 cm™* (b) 1400 - 1800 cm ™.

T
1450

Table 1. Assignments of the FT-IR characterization of bands of the pure PAM, pure PEO and PAM/PEQ blend [16] [18]

[38]-[40].

V\@rﬁ,lr;o' Peak Assignment (PAM) V\zi\rf’lr;o' Peak Assignment (PEO) (ZN,[WSE) (3%?/2) (3\;\(,),[/07/8)
857 C-C symmetric stretching 852 C-C symmetric stretching 855 858 852
956 C-C asymmetric stretching 966 -CH, rocking 974 974 956
1107 C-O-C stretching 1106 C-O-C stretching 1119 1107 1095
1447 C-N stretching 1454 -CH, scissoring 1469 1457 1469
1607 N-H bending 1610 Bound H,0 in PEO matrix as 1620 1609 weak
1651 C=0 stretching 1655 solvent 1678 1654 weak
2938 C-H asymmetric stretching 2881 C-H asymmetric stretching 2950 2893 2875
3212 N-H symmetric stretching 3177 -OH stretching 3229 3195 weak
3315 N-H asymmetric stretching 3332 -OH stretching 3371 3354 weak

1400

[37]. As increasing content of PEO in the blend, the above peak intensity starts diminishing and also shift to-
wards lower wave number and intensity becomes very weak for 30/70 wt%. In the region, 1100 - 1800 cm™, we
observed five significant peaks, C-O-C stretching of PEO(ether oxygen) is observed at 1106 cm™ which is
shifted towards higher wave number(1106 to 1119 cm™), C-N stretching vibration of PAM shifted to higher
wave number (1447 to 1469 cm™), —CH, scissoring vibration of the ~CH,OH group of PEO also tends to shift
towards higher wave number (1454 to 1469 cm™), N-H bending vibration of PAM is observed at 1607
cm*which is also shifts towards higher wave number (1607 to 1620 cm™) and peak at 1651 cm™, due to C=0
stretching vibration of the -CONH, group of PAM also shifts to higher wave number side to 1678 cm™. These
peaks shifting observations support the formation of hydrogen bonding between the ~-CONH, group of PAM and
C-O-C group of PEO. In this region, maximum peak shift is observed for 70/30 wt% on higher wave number
side.

From all the blend spectra, peaks shifting were observed for all blends, indicating that the intermolecular in-
teraction occurs between two polymer chains. For 70/30 wt% of PAM/PEO blend, maximum peak shift towards
higher wave number side was observed due to maximum intermolecular interaction. This indicates that the bond
strength for 70/30 wt% is maximum.

We concluded from FTIR spectra that intermolecular hydrogen bonding interaction occurred between
—CONH, group of PAM and C-O-C group of PEO which increases the bond strength. This interaction is maxi-

mum for 70/30 wt%.
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4.2. Raman Spectroscopy

The Raman spectroscopy is suitable and efficient method for the structural analysis of polymers. It is possible to
characterize molecular bonds in various phase and conformational states with the help of Raman spectroscopy.
If two polymers are fully or partially miscible then, their Raman spectra have considerable difference in band
position and shapes of the spectra of blend and each of the pure polymers [41].

We have observed distinctive differences in Raman spectra of PAM, PEO and their blends as shown in Fig-
ure 2(a) and Figure 2(b). Raman peak values for pure and blend polymers are shown in Table 2. The bands
near 854 cm™ corresponding to C-C stretching region of PAM. The band at 1107 cm™ attributed to the C-O-C
stretching modes of PAM. The band near 1400 cm™ assigned mainly due to the C-N stretching vibration. A
band near 1711 cm™ attributed to C=0 stretching mode of the PAM polymer chain.

For PEO, it is possible to observe the intense bands at 847 cm™ and 1104 cm™, corresponding to the stret-
ching modes of C-C and C-O respectively. The Raman band at 1336 cm™, 1454 cm™ and 1633 cm™ are corres-
pondingly assigned to the —CH, wagging, -CH, deformation and -CH, twisting respectively.

Peak shifts were observed for all blends, which indicate the intermolecular interaction between two polymer
chains. Maximum peak shift is observed for 70/30 wt% of PAM/PEQ blend due to maximum intermolecular in-
teraction.

In the range of the stretching vibrations of the —CH, and —CHs groups, an increase in PEO content causes in-
creased intensity of the line assigned to the symmetrical vibration of the —CH, group and a simultaneous mono-
tonic shifting of peak position of this line occurs from 2919 cm™ to 2879 cm™. Maximum peak shift is observed
for 30/70 wt% on lower wave no side which indicates the decreased bond strength. A simultaneous decrease in
intensities observed for peaks at 3259 cm™ and 3270 cm™, which assigned to the -NH, stretching of PAM and
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Figure 2. Raman spectra of pure PAM, pure PEO and blend films in the range (a) 600 - 2000 cm™* (b) 2700 - 3500 cm ™.

Table 2. Assignments of Raman bands of pure PAM, pure PEO and PAM/PEO blends [39] [42] [43].

PAM Peak Assignment PEO Peak Assignment 70/30 (wt%) 50/50 (Wt%) 30/70 (wt%)
854 C-C stretching 847 C-C stretching 833 829 865
1107 C-0O-C stretching 1104 C-O stretching 1143 1086 1100
1336 -CH, waging 1300 1318 1290
1400 C-N stretching 1454 -CH, deformation 1460 1450 1479
1711 C=0 Stretching 1633 -CH, twist 1686 1650 weak
2919 -CH, stretching 2894 CHjs stretching 2919 2898 2879
3259 -NHj stretching 3270 -OH stretching 3323 weak weak

)
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-OH stretching region of PEO respectively. C-O stretching and —CH, waging peak of PEO also exhibit shifting
as compared to pure one. Maximum shifting and peak intensity of C-O stretching peak is observed maximum for
70/30 wt%. These confirm the interaction between —CONH, group of PAM and C-O-C group (ether oxygen)
and —CH,OH group (end group) of PEO. —OH group are present at the end of PEO chain so the number of —-OH
group is very less as compared to ether oxygen which is in the repeating unit of PEO. That is why interaction
between hydroxyl group (end group) of PEO and amine group of PAM is less. For these groups, maximum peak
shift to higher wave number side observed for 70/30 wt% (Table 2), which indicates in enhancement of bond
strength.

We can see that, for 30/70 blend ratio, intensity of the —NH, stretching of the -CONH, group of PAM and
—OH stretching of the —-CH,OH group of PEO is almost disappeared, which reveals the interaction between these
two groups of pure polymers. Peaks of C=0 stretching and —NH, stretching are very weak, which also confirms
the prediction. From all the Raman spectra, we concluded that hydrogen bonding interaction at the molecular
level occurs between —CONH, group of PAM and C-O-C group (ether oxygen) and —-CH,OH group (end group)
of PEO which confirm also FTIR results.

4.3. DSC Analysis

To get the information of different phase transition temperature, DSC measurements have been carried out on
the prepared samples. When a polymer blend is consisting of a crystalline polymer and an amorphous polymer,
its melting temperature is observed to be decreased, from which we can observe polymer-polymer interaction
which is necessary to study of miscibility of polymer blend [20]. The DSC plot of the investigated (PAM/PEO)
polymer blend is shown in Figure 3(a). The melting temperature T,, of the polymer blends depends on the PEO
concentration. The melting temperature (T,,) for pure PEO is observed around 67.65°C and it was shifted to
64.88°C, 67.20°C and 72.09°C for 70/30, 50/50 and 30/70 wt% of PAM/PEQ blend films, respectively.

DSC provides a quick method for determining polymer crystallinity. PAM does not observed melting peak in
the DSC operation range, so heat of fusion values calculated from the melting peaks were considered for PEO
portions. The crystallinity (y.) of PEO in blend films was calculated from DSC data according to the following
equation  x._uy ¢ an, [44] Where, AH is heat of fusion for per gram of 100% crystalline PEO(=213.7 J/g) [45].
fu is the weight fraction of PEO and AH is heat of fusion of blend sample. The calculated melting enthalpy and
the value of degree of crystallinity y. (%) are shown in Table 3. In the present investigation, the degree of crys-
tallinity of (PAM/PEO blend) polymers increases with increment in of PEO. This increment of crystallinity of
polymer blends show that the PEQ interacts strongly with the PAM.

From the Flory-Huggins theory, Polymer-polymer interaction parameter can be calculated with the help of

120

o R? value = 0.91
—— 50/50 1001
——70/30
% ——PAM 80 +
S s U — = S 604
o }‘ x
= =, 404
i —— — 2
N £
= L\ g 204
£ R
g i o
g — Z 204
ko] €
S \ = \
\\4/ = 404
{ .60 4 \%
-80 : .

T T T
60 80 100 120 140 0.1 0.2 03 04 0.5

Temperature (‘C)

@ (b)

Figure 3. (a) DSC curve of pure PAM, pure PEO and blends (b) Dependence of with ¢Z,, for PAM/
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PEO blends.
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Table 3. Ty, (°C), 4H (J/9), 7. (%), of PAM/PEO Blends.

PAM/PEO blend (wt%) T (C) AH (Jlg) 2 (%)
100/0 - - -
70/30 64.88 86.58 12.16
50/50 67.20 113.2 26.49
30/70 72.09 89.59 29.35
0/100 67.65 124.2 58.12

below Nishi-Wang equation [20]:

1 1 _{ RVeeo

2
- X12Poam
Ve AHpeo }

Tm(PEO) Tm(blend)

where Vpgo and Vpay is the molar volume of the repeating unit of the polymer; AHpgo is the melting enthalpy of
fully crystalline PEO; ¢ is the volume fraction; 1, is the polymer-polymer interaction parameter, R is the uni-
versal gas constant. From the above parameter for the blends, the evaluation of polymer-polymer interaction was
observed and hence miscibility of the system was performed. It can be shown that negatives values for the yi,
are correlated to existence of interactions between the polymers, thus resulting in the miscibility of the system.

1 1

Figure 3(b) shows the curve of versus @42, - The slope of the line is related to the value

m(PEO) Tm(blend)

of y1,. If the negative slope is obtained then value of s, iS negative which reveals the system is miscible. For
PAM/PEO blend the interaction parameter y;, was calculated using below parameter.

R =8.314 J-K™-mol™,

AHpgo = 7.6 3-K™-mol ™,

Vpeo = 40.3 x 107° m*-mol™

Vpay = 24.09 x 10° m®-mol™

The value of 1, is equal to —203.7 so the negative value for ., indicates miscibility of polymers.

4.4.UV-Vis Spectroscopy

The absorption of light energy by polymeric materials in the UV-Vis regions involves transition of electrons in
o, m and n-orbital from the ground state to higher energy states [46]-[48]. The optical absorption method can be
used for the investigation of the optically induced transitions. It provides information about the band structure
and energy gap in crystalline and non-crystalline materials [49]. The absorbance process plays an important role
in the optical properties of the polymers. The absorption coefficient was determined from the UV-VIS spectra
using the formula:

a=Ad a=A/d €))

where A is the absorbance and d is the thickness of the film. The Tauc relation for dependence of absorbance on
photon energy is [50]:

a(v)=B(v-E, ) /hva®) = B - Eg*/hv @)

where a(v) is the absorption coefficient, E, is the optical energy gap of the substance, h is plank’s constant, v is
the corresponding frequency, x is the parameter that gives the type of electron transition. Two distinct linear re-
lations were observed, one for x = 1/2 (Direct transition) and other was x = 2 (Indirect transition). Factor B de-
pends on the transition probability and can be assumed to be constant within the optical frequency range [51]
[52]. Eq is the optical energy gap. On the basis of Equation (2), direct and indirect band gap and absorption edge

can be determined [53].
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4.5. Absorbance and Band Edges

Figure 4(a) shows the absorption spectra of the Pure and blended polymer films. From the spectra, we can see
that peak height increases, band edge increases and the absorption band shifts towards shorter wavelengths with
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Figure 4. Plot of (a) Absorption coefficient (a) vs. Wavelength (1); (b) Absorption coefficient (a) vs. Photon Energy (hv);
(©) (ehv)? vs. hv; (d) (@hv)? vs. hv; (€) In a vs. Photon Energy (hv).
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increasing the weight percentage of PEO. The optical absorption coefficient («) was determined from the ab-
sorption spectra using Equation (1). The plot of absorption coefficients (o) versus photon energy (A4v) of the pure
and blended polymer films is shown in Figure 4(b). The position of the absorption edge were calculated by
extrapolating the linear portions of this plots to zero absorption values which are shown in Table 4.

4.6. Direct and Indirect Optical Band Gap

The optical band gap of the Pure and blend samples was determined from the UV-Vis spectra [38] [54]. The
value of the optical direct and indirect energy gap is determined from the intersection of the extrapolated line of
the curves with the photon energy axis at zero absorption value. In an allowed direct transition, the electron is
simply transferred vertically from the top of the valence band to the bottom of the conduction band, without a
change in momentum (wave vector) [55]. The direct optical band gap can be determined from the plot of (aAv)?
as a function of photon energy (4v) as shown in Figure 4(c).

In indirect band gap, a transition from the valence to the conduction band should always be associated with a
phonon of the right magnitude of crystal momentum [51]. For indirect transition, photon assistance requires. In-
direct band gap can be obtained from the plots of (a/v)? versus photon energy (/v) as shown in Figure 4(d).

The values of direct and indirect band gap for the pure and blended films are listed in Table 4. From the table,
direct and indirect band gap increases with increasing PEO percentage. This increase in the optical band gap
values is due to the formation of defects created during the blending, and the interaction between the polymer
chains [56]-[58] and the formation of some bonds [59]. As the amorphous nature of the films increases, the
charge carrier finds a continuous chain to travel [51]. But here natures of blend films tend towards crystallinity,
so we found band gap were increase. Our result is also match with above results.

4.7. Activation Energy

The optical activation energy can be determined using the Urbach rule [60] as
a =Bexp(hv/E,) (3)

where B is a constant and E, is the activation energy, i.e. the inverse slopes of the exponential edge. The latter
interprets as the width of the tail of localized states extending into the forbidden band gap from either the va-
lence or conduction band [52].

The values of activation energy E, has been determined by taking the reciprocals of the slopes of the linear
portions of plots of In a versus photon energy (4v) as shown in Figure 4(e). The values of E, for the Pure and
blended doped films are listed in Table 4.

4.8. Mechanical Properties

Mechanical properties of PAM/PEQ were taken to study the Max load, Ultimate tensile strength (UTS), young’s
modulus (Y.M.), stress at break, stiffness and elongation at break for pure and blends films and are shown in
Figure 5. The mechanical properties in blends are changing because pure polymer matrix provided different
cross linking density with different weight % of blended polymer [59]. Polymers have crosslinking density or
rigid chain gain a higher strength and lower extensions and hence, polymers with higher young’s modulus and ul

Table 4. Absorption edge, optical band gap (both direct and indirect) and activation energy values of pure PAM, pure PEO
and PAM/PEO polymer blend films.

?;:&7;'38? Absorption edge (eV) C}% rcrtf)'fg%” Direct Band gap (eV) Indirect Band gap (eV) eng‘f;;’g?:v)
100/0 4.26 0.9879 4.79 4.01 0.59
70/30 4.34 0.9908 4.83 4.09 0.88
50/50 455 0.9849 4.86 4.15 1.96
30/70 4,74 0.9983 4.96 4.45 211
0/100 4.83 0.9954 5.07 4.59 2.38

)
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Figure 5. Variation in Max load, Ultimate tensile strength,
Young’s Modulus, stress at break, Elongation at break,
Stiffness as a function of PAM/PEQO content.

timate tensile strength value will have lower elongation value [61]-[63]. When we introduce PEO into PAM po-
lymer matrix, mechanical properties of blends greatly influence. From the graph, results also agree with the
above conclusion. For 70/30 blend ratio, the YM and UTS values are higher but have lower elongations value.
Mechanical properties of blend are improving successfully when we blend PEO with PAM. When PEO blends
with PAM, interaction at the molecular level occurs, which cause the enhancement in mechanical properties.
Enhancement in mechanical properties is due to the strong hydrogen bonding between —CONH, groups in PAM
and C-O-C (ether oxygen) group in PEO. This interaction becomes maximum for 70/30 wt%. Therefore, we ob-
tain maximum value of mechanical properties. This can also be correlated with IR analysis. The maximum peak
shift observes for 70/30 wt%, which indicates strong bond interaction between two polymers. Because of this
interaction, increment in mechanical properties occurs.

4.9. Thermo Gravimetric Analysis

Thermogravimetric analysis (TGA) is most suitable methods for studying the thermal properties of polymers.
The TGA and derivative TGA (DrTG) curve provide information about the nature and extent of degradation of
the polymers. The effect of blend weight percentage on the TGA and DrTG of PAM/PEO blends is shown in
Figure 6(a) and Figure 6(b). Detailed information of thermograms is given in Table 5 and Table 6.

An important thermal property is the temperature corresponding to the maximum rate of weight loss (T),
which is defined as the peak value of the first derivative of the TGA curve. T, is used as a mark of thermal sta-
bility. The first derivative curves for pure PAM, pure PEO and their blends are shown in Figure 6(b), and their
Tp values are listed in Table 5.

Thermal stability of the blend is higher than the pure PAM in the major weight loss region because T, has
shifted towards higher temperature. T, was maximum for 70/30 wt %, so this blend ratio is more thermally sta-
ble. This higher thermal stability is observed for 70/30 wt % blend sample from TGA and DrTG are due to the
intermolecular cross linking reaction which gave highly compatible impact blend system [63]-[65].

Table 6 gives an idea about the effect of the blend ratio on the temperature corresponding to different weight
losses (T3p = temperature corresponding to 30 wt % degradation, and so on). It is seen from the Table 6 that
70/30 wt% had maximum temperature value for different weight losses. So we can conclude that the 70/30 wt%
have greater thermal stability as compared to pure component. Rsq indicate the residue value of polymer content
at 500°C. This value is also higher for the blend ratio of 70/30 wt%. From TGA, we conclude that the thermal
stability in major weight loss region of the blended samples were higher than the PAM and thermal stability is
enhanced by increment of PEO content in PAM polymer matrix, and it becomes more stable for 70/30 wt%.
This indicates the strong bonding between PAM and PEO due to —CONH, groups in PAM and C-O-C (ether
oxygen) group in PEO, which is also confirmed by obtained FTIR study.
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Figure 6. (a) TG of pure PAM, pure PEO and blends (b) Dr TG of pure PAM, pure PEO and blends.

Table 5. TG and DrTG data of Pure PAM, PEO and their blended samples.

Temperature (°C)

PAM/PEO

Starting Ending Tp
184 220 203
100/0 230 369 294
377 489 415
190 254 218
70/30 265 335 308
350 503 391
150 253 214
50/50 262 331 302
341 457 385
130 238 214

30/70
248 403 357
183 249 216
0/100 260 328 305
336 443 383

Table 6. Effect of the blend ratio on the temperatures corresponding to different percentage weight losses in PAM/PEO
Blends.

PAM/PEO Blend T3(°C) T4(°C) Tso("C) Rs00(%0)
100/0 290 311 334 9.77
70/30 304 330 361 17.75
50/50 300 329 358 15.19
30/70 284 305 321 0.15
0/100 337 363 376 12.50
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Figure 7. Scanning eectron micrograph of (a) pure PAM; (b) 70/30; (c) 50/50; (d) 30/70; (e) pure PEO.

4.10. Morphological Characterization

Figures 7(a)-(e) shows scanning electron micrographs of the fracture surfaces of PAM and PEO and PAM/PEO
blend with different composition. SEM micrographs clearly show the changed in surface morphologies of the
different blends as compared to pure polymers. As shown in Figure 7(a) and Figure 7(e), surface of PAM and
PEO are very smooth, showing only a limited number of small particles dispersed along the micrograph. As we
increase the fraction of PEO in the PAM polymer matrix, surface appears heterogeneous due to enhanced vo-
lume fraction of polymer.

From the blend’s micrographs (Figures 7(b)-(d)), we concluded that as we added PEO in PAM polymer ma-
trix, due to PEO nature, blend films form irregular shaped clusters. But for 70/30 wt% quite homogeneous
smooth surface was observed which indicate the miscibility of polymers. This result also confirmed by DSC
analysis. Miscibility for 70/30 wt % may be attributed to the formation of hydrogen bonding between two poly-
mers [66]. From Figure 7(c) and Figure 7(d), surface appears packed in, separated domains and porous for
50/50 wt % and 30/70 wt %. So 70/30 wt% shows the maximum strong intermolecular interaction between
PAM and PEO. Hence 70/30 wt% had more thermal stability and higher mechanical properties. These results
are also correlated with FTIR conclusion.

5. Conclusion

Blends of PAM and PEO were obtained as semi-transparent, flexible and free standing films with good thermal,
optical and mechanical properties. FTIR and Raman analysis showed that when PEO blended with PAM, blend
components exhibited significant interaction with each other via hydrogen bonding between —CONH, groups in
PAM and C-O-C group (ether oxygen) and —CH,OH group (end group) of PEO. This intermolecular interaction
is maximum for 70/30 wt% which exhibites the strong bond interaction and due to this; it has maximum thermal
and mechanical properties. So we directly correlate enhancement of thermal stability and mechanical properties
by noticing the blue shift of IR and Raman peak, which are contributed to intermolecular interaction between
polymers. Optical spectra provide proof for interaction between PAM and PEO. The shift of the absorption edge
in the blends reflects the difference in the energy gap which arises due to the intermolecular interaction between
PAM and PEO, which shows that structural variation occurs in blends system. This variation increases with in-
creasing concentration of PEO, which reflectes in the form of decrease in the energy gap of the blends. So from
this study we conclude that the blend of PAM/PEO with 70/30 wt% is the most suitable and compatible with

most enhancing properties.
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