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Abstract: In this study, the mixtures of N-hydroxymethyl acrylamide (HMAmM) monomer
and Na-Montmorillonite (Na-Mt) were polymerized in different ratios in the presence of
benzoyl peroxide (Bz202) with in-situ radical polymerization to prepare poly(N-
hydroxymethyl acrylamide) (PHMAm)/Na-Mt composites. Purified Na-Mt, and newly
prepared composites were characterized with Fourier transform infrared (FTIR)
spectroscopy, X-ray diffraction (XRD), scanning electron microscopy (SEM), and thermal
analysis (TGA/DTA) techniques. The moisture retention, water uptake, adsorptive
properties of the composites was also searched. The XRD patterns demonstrated that the
PHMAmM matrix intercalated into Na-Mt layers. The PHMAmM/Na-Mt composites had much
better thermal stability than the pure PHMAmM.
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INTRODUCTION

Polymer/clay composites have been investigated comprehensively in the literature (1-5).
Among the multilayer materials, Na-Mt is a widely used 1:1 aluminosilicate clay mineral
with the empirical formula SisAl4010(0OH)s.4H20, which is chemically related to kaolinite-
serpentine group (6). It is found attractable for synthesis of polymer/clay composite

because of superior thermal and chemical properties.

Polymer/clay composites exhibit excellent thermal stability, reduced flammability,

mechanical and gas barrier properties compared to pure polymers (7,8).

PHMAmM has been used in a wide range of industrial applications as protective coatings,
adhesives and wood finishes, and textile binders. It is one of most important monomers
acting as a crosslinking agent and HMAm is easily polymerized because of its hydrophilic
nature (9). In addition to this, low thermal and mechanical features, especially thermal
stability, is necessary to be improved. Furthermore, PHMAmM is a hydrophilic and non-ionic
polymer with hydroxyl groups on the side chain coating a hydrophobic carbon-carbon

spine.

In the present work, PHMAmM/unmodified Na-Mt composites were prepared to increase the

thermal stability of PHMAm via the synthesis using multi-layered materials like clay.

A considerable number of studies on polymer/clay composites exist in the literature, but
there are very few research work available on preparation and characterization of
PHMAmM/unmodified Na-Mt composites. Also, the present study explains the morphology

and thermal properties of the newly synthesized composites.

EXPERIMENTAL

Materials

Reagent grade N-hydroxymethyl acrylamide (HMAm) (Merck) was used without further
purification. A free radical initiator, benzoyl peroxide (Bz202) (Merck) was twice purified by
recrystallization from methanol and chloroform mixture. The clay used in this study was
Na-Montmorillonite (Na-Mt) provided from Resadiye (Tokat/Turkey) and it was purified
prior to use (10). The specific surface and the cation exchange capacity (CEC) of the clay
sample are 67.56 m?/g, and 109 meq/100 g, respectively. No pre-treatment was applied

to the other chemicals used.
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Composite synthesis by in situ radical polymerization
PHMAmM/Na-Mt composites were synthesized by in situ free radical polymerization in

aqueous medium (11,12).

1 g of Na-Mt was dispersed in 24 mL of distilled water in a 100 mL pyrex glass tube and
was stirred at a rate of 100 rpm for overnight at room temperature for each polymerization.
The HMAm and the aqueous Na-Mt suspension were mixed at different weight ratios (Table
1). 1 mL Bz20: solution in acetone (3.59 x 10-3 mol/L) was added to these mixtures. The
mixtures thus obtained were polymerized in ultrasonic bath (Bandelin Sonalex RK 100H,
Germany) at 85 °C for 2 h. The resulting composites were dried in a vacuum oven at 30

°C, and weighed.

Table 1: Composite samples and polymerization conditions?.

Composite samples Monomer amount

(mass %)
PHMAmM/Na-Mt1 33.33
PHMAmM/Na-Mt2 50.00
PHMAmM/Na-Mt3 60.00
PHMAmM/Na-Mt4 66.67
PHMAmM/Na-Mt5 71.43
PHMAmM/Na-Mt6 75.00
PHMAmM/Na-Mt7 77.78
PHMAmM/Na-Mt8 80.00

PHMAmM: poly(N-hydroxymethyl acrylamide); Mt: montmorillonite.
a[Bz,02]: 3.59x1073 mol/L, temperature: 85 °C, time: 2 h.

Characterization of the prepared composites

Fourier transform infrared (FT-IR) spectra of Na-Mt sample and PHMAmM/Na-Mt composites
were recorded in KBr pellets on a Bruker IFS 66/S Model FTIR spectrometer in the region
of 400-4000 cm™.

The X-ray diffraction (XRD) patterns were obtained with a diffractometer Rigaku D/MAX
2200 using CuKa irradiation (A= 1.5418 R), a scanning speed of 0.15°/min within the range
of 26= 2-40°. The Na-Mt and composites were powdered and dried in a vacuum oven for

XRD experiments.
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Thermal analysis runs were performed simultaneously on a DTA-TG apparatus (DTG-60H
Model) under dynamic nitrogen atmosphere at a heating rate of 10 °C/min (range: 25-800

°C). a-Al>03 was taken as the reference material.

The surface morphology of pure Na-Mt and composites was examined by using a Quanta
400F Field Emission microscope. All samples were coated with gold thin layer prior to

analysis.

The specific surface area and micro-mesopore size of Na-Mt and composites were
determined by physical adsorption of nitrogen with the Brunauer-Emmett-Teller (BET)
method at 77 K using Quantachrome Nova 2200 analyzer. All samples were outgassed at

150 °C for 4 h prior to N2 physisorption.

The dry samples in the form of pellet were weighed. Pellets were conditioned at 25 °C in a
medium of 100% humidity for 24 h for the retained moisture measurements. The
percentage moisture retention was calculated from the difference between the weights of
the conditioned and unconditioned samples (i.e. moisture retention%= (W>2-W1)/W1x 100,
where Wi and W2 are the weights of the conditioned and unconditioned samples,
respectively) (5,11,12).

The dry samples in the form of pellets were weighed, W;: and then kept in distilled water
for 2 h at 25 °C. After immersion, the wet samples were wiped using filter paper and
reweighed immediately, W2. The percentage water uptake of samples was determined from
the formula (W2-W1)/W1x100 (5,11,12).

RESULTS AND DISCUSSION

X-ray diffraction analysis

Figure 1(a-f) illustrates the XRD patterns of the Na-Mt, pure PHMAmM and PHMAmM/Na-Mt
composites, prepared using various with HMAm monomer contents. Bragg’s equation
(d=n)A/2sind) was used to compute the crystallographic spacing (d) for the examined
bentonite samples. The diffraction peak of the Na-Mt appearing at 20 =7.46° corresponds
to a doo1 spacing of 1.18 nm (Table 2). In the XRD patterns, the specific crystalline peak
of composites was shifted to lower angles because of the intercalation of PHMAmM between
the Na-Mt layers [Figure 1(b -e)]. The Na-Mt interlayer distance changed from 1.18 nm to
1.97 nm until 50.00% monomer content. The increase by 0.79 nm of the doo1 value
indicates that the PHMAmM molecules are intercalated between the interlayer of the clay.

However, no more expansion in the interlayer spacing was observed at higher HMAm
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content. It can be concluded from this result that the PHMAmM molecules penetrating
through the interlayer space of the clay and expanding the interlayer spacing proves the
synthesis of the PHMAmM/Na-Mt composites through direct intercalation (2,13,14).
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Figure 1: XRD patterns of (a) Na-Mt, (b) PHMAmM/Na-Mt2, (¢) PHMAm/Na-Mt4, (d)
PHMAmM/Na-Mt6, (e) PHMAmM/Na-Mt8, and (f) pure PHMAm.

Table 2: XRD parameters for Na-Mt and PHMAm/Na-Mt composites.

Sample 20 (°) doo1 (Nnm)
Na-Mt 7.46 1.18
PHMAmM/Na-Mt2 4.47 1.97
PHMAmM/Na-Mt4 5.15 1.72

PHMAmM/Na-Mt6 4.95 1.78
PHMAmM/Na-Mt8 4.52 1.95

Pure PHMAmM - -

PHMAm: poly(N-hydroxymethyl acrylamide); Mt: montmorillonite.
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FT-IR spectral analysis

The FTIR spectra of Na-Mt, pure PHMAmM, and PHMAmM/Na-Mt7 are shown in Figure 2(a-c).
In the FTIR spectrum of PHMAm, the strong single peak at 3281 cm™ is assigned to the
stretching vibration of N-H groups. There are also bands corresponding to the CO amide
groups at 1645 cm~! and C-N groups at 1531 cm™!. The characteristic features of Na-Mt at
3630 cm™ (O-H stretching), 470 cm™! (Mg-0), 1040 cm™ and 515 cm™ (AI-O-Si) are
observed in the composite spectra (6,9,13,15). These spectra indicate the interaction

between Na-Mt and polymer matrix.
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Figure 2: FTIR spectra of (a) Na-Mt, (b) pure PHMAm, and (c) PHMAmM/Na-Mt7.

SEM analysis

Figure 3(a-d) shows the SEM images of Na-Mt, pure PHMAm, and PHMAm/Na-Mt3, and
PHMAmM/Na-Mt7 composites, respectively. The layered structure of the clay before the
polymerization and bright and smooth surface of PHMAm are shown in Figures 3(a) and
3(b), respectively. The clay layers have been uniformly dispersed on the polymer matrix
following the PHMAmM polymerization process on the Na-Mt layers where the morphology
of the synthesized composite displays a spongy and porous structure (Figure 3(c) and (d)).
This observation is in well conformity with the previous XRD results obtained on similar

clay/polymer composites (2,13,16,17).
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Figure 3: SEM images of (a) Na-Mt , (b) pure PHMAmM (c) PHMAm/Na-Mt3, and (d)
PHMAmM/Na-Mt7.

Thermal analysis data

The thermograms of Na-Mt, pure PHMAm, PHMAm/Na-Mt3, and PHMAm/Na-Mt7 are
presented in Figure 4(a-d). The weight losses observed at temperatures lower than 125 °C
on the TGA curve of Na-Mt indicate the elimination of the moisture and physisorbed water
species in the structure. At higher temperatures, weight losses occurred due to the
dehydroxylation of Na-Mt. The total weight loss by 20.82 % of Na-Mt is noticeable up to
the temperature of 800 °C showing high thermal stability of the pure clay (2,6,15).

The removal of adsorbed water from pure PHMAm occurs with a small weight loss at
temperatures below 150 °C (Figure 4(b)). The degradation temperature of pure PHMAm is
263.07 °C, and it is almost completely degraded at 800 °C. As a result, pure PHMAmM should
have lower thermal stability than to Na-Mt.

The PHMAmM/Na-Mt3 composite has a degradation temperature (339.39 °C) which is higher
by 76.32 °C than that of pure PHMAmM, and shows a weight loss of 25.32% at 800 °C. This
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weight loss is smaller than that seen at 150 °C which is due to the desorption of adsorbed
water [Fig. 4(c)]. However, the weight loss increased further up to 77.78 wt % in parallel
with the HMAm content, e.g., the PHMAmM/Na-Mt7 composite had a lower decomposition
temperature (320 °C) and exhibited a weight loss by 74.63% at 800 °C depending on the
decrease of the clay content in the sample. Similarly, a small weight loss seen below 120
°C may be ascribed to the removal of adsorbed water [Fig. 4(d)]. As a result, incorporation
of PHMAm into Na-Mt would be expected to increase the thermal stabilities of the
PHMAmM/Na-Mt3 and PHMAmM/Na-Mt7 composites in comparison with pure PHMAm. This
enhanced thermal stability of the PHMAmM/Na-Mt composites may be given to Na-Mt acting

as a barrier against heat flow (15-18).
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Figure 4: TGA curves of (a) Na-Mt, (b) pure PHMAmM, (¢) PHMAm/Na-Mt3, and (d)
PHMAmM/Na-Mt7 composite.

Surface area measurements and micro-mesopore volumes
The determined micro-mesopore volumes and surface areas of Na-Mt and PHMAmM/Na-Mt

composites using adsorption and desorption isotherms are listed in Table 3.

Table 3. The BET specific surface areas (A) and specific micro-mesopore volumes (V) of
NaMt and PHMAmM/Na-Mt composites.

Sample (A), m2gl (V)x103, cm3g?
Na-Mt 67.56 111.0
PHMAmM/Na-Mt1 10.32 0.21
PHMAm/Na-Mt2 5.79 0.12
PHMAmM/Na-Mt3 4.53 0.10

PHMAm: poly(N-hydroxymethyl acrylamide); Mt: Montmorillonite.
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It could be as expected that the Na-Mt would exhibit higher BET surface area and micro-
mesopore volume than PHMAmM/Na-Mt composites. The BET surface area and micro-
mesopore volume of Na-Mt were 67.56 m2g! and 111.0x10-3 cm3g?, respectively. Table 3
shows that these values decreased significantly down to 10.32 m?g! and 0.21x103 cm3g™!
for PHMAm/Na-Mt1, 5.79 m?g?! and 0.12 x103 cm3g! for PHMAm/Na-Mt2, and 4.53 m?g!
and 0,10x10°3 cm3g! for PHMAmM/Na-Mt3, respectively. Lower surface area of PHMAmM/Na-
Mt composites than that of Na-Mt (Table 3) suggests that the latter sample may have

considerable amount of the blocked small- and medium-size pores by PHMAmM (19-22).

Measurements of moisture retention and water uptake
The moisture retention and water uptake values of Na-Mt and PHMAmM/Na-Mt composites
decreased with PHMAmM content as shown in Figures 5 and 6. It was observed that moisture

retention of the composites decreased remarkably, but water uptake decreased gradually.
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Figure 5. Percentage moisture retention values of Na-Mt and PHMAmM/Na-Mt
composites.
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Figure 6. Percentage water uptake values of Na-Mt and PHMAm/Na-Mt composites.
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The decreases in moisture retention and water uptake can be attributed to the presence of
the limited amount of clay reatained by the composites, which reflects that the polymer
species introduced into the layers of Na-Mt reaches a certain extent in the duration of the
formation of a cross linked structure which prevents the insertion of water molecules.
Water resistance of the composites can be greatly developed as an outcome of this effect
(23,24).

CONCLUSIONS

PHMAmM/Na-Mt composites were successfully prepared by in situ free radical
polymerization. The resulting composites showed higher thermal stability than pure
PHMAmM and Na-Mt clay induced the thermal stability. The PHMAmM/Na-Mt3 composite has
a degradation temperature which is higher by 76.32 °C than that of pure PHMAmM. The
resultant composites had a distinct intercalated morphology. XRD data demonstrated that
interlayer distance of Na-Mt increased with N-hydroxymethyl acrylamide amount up to
50.00 wt% and then no further increase of the interlayer distance at higher HMAm content
was observed. Adsorptive, moisture retentions and water uptake values of composites

obviously decreased in comparison with that of Na-Mt.
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