
Miscibility and thermal properties of blends of
melamine–formaldehyde resin with low
density polyethylene

W. Brostow*1,2 and T. Datashvili1

Blends were prepared using a Brabender preparation station and compression moulding.

Characterisation included differential scanning calorimetry (DSC), thermogravimetric analysis

(TGA), Fourier transform infrared spectroscopy (FTIR), environmental scanning electron

microscopy (ESEM) and atomic force microscopy (AFM). Thermal analysis, AFM and ESEM

support the occurrence of a partial compatibilisation. In particular, the DSC results showed that

the melting peaks intermediate between those of pure components.
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Introduction
Demands are growing for improvement of mechanical
and/or tribological properties of polymer based materi-
als (PBMs).1,2 Polymer blends and/or polymers with
fibres or fillers can provide properties unattainable in
pure components.3–13 Melamine–formaldehyde resins
(MFR) have been synthesised and blended with a low
density polyethylene (LDPE) to improve LDPE proper-
ties. A variety of techniques have been used to determine
the miscibility behaviour and thermal properties of the
blends as potential design materials for the plastics
industry.

Experimental

Materials
Low density polyethylene was from Aldrich Chemicals
Co. Melamine C3H6N6 (2,4,6–triamino–1,3,5–triazine),
formaldehyde CH2O and sodium hydroxide NaOH were
from Fluka and Sigma Chemicals Co. respectively.

Synthesis of melamine–formaldehyde resin
Melamine–formaldehyde resin was synthesised from
melamine by polycondensation reaction with formalde-
hyde in a basic medium. The molar ratio of melamine–
formaldehyde was from 1 to 3. The pH value of
formaldehyde (37?0 wt-% in water) was adjusted to
7?5–8?0 by adding 10 wt-%NaOH (aq.). The resulting
solution was placed in a beaker and thoroughly mixed
with 20 g melamine; the components were then stirred
for 40 min at 120uC. The resulting structure is

Final product was subjected to evaporation at 70uC at
13–16 kPa, followed by drying at 80uC for 24 h.

Blending and sample preparation
Dried PE and MFR were melt mixed in a CW
Brabender D–52 Preparation Station at 80 rev min–1

and 160uC. The resulting blends were pelletised and
dried. The blends contained in turn were 1, 5, 10, 20 and
25 wt-%MFR. Subsequently, the blends were dried for
8 h at 100uC before being compressed in a Carver
compression moulding machine at 160uC at the pressure
of 20?76103 kPa.

Differential scanning calorimetry
Differential scanning calorimetry (DSC) measurements
were performed on a Perkin Elmer DSC–7 instru-
ment.14,15 The temperature ranged from –100 to 300uC
and the heating rate was 10 K min–1 under N2. A sealed
liquid type Al capsule pan was used. Melting tempera-
tures Tm were evaluated on the basis of thermo grams.

Thermogravimetric analysis
All the blend samples were dried in an oven at 100uC for
1 h before being analysed by thermogravimetric analysis
(TGA) in N2 atmosphere at the heating rate of
10 K min–1. Isothermal thermogravimetry was used to
determine a temperature profile on a Perkin Elmer TG–7
instrument. Several milligrams of each dried sample
were placed on a balance located in the furnace that was
heated from z50 to 600uC.

Fourier transform infrared spectroscopy
spectroscopy
The spectra were recorded on a Nexus 470 Fourier
transform infrared spectroscopy (FTIR) ESP Series
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spectrometer at the resolution of 4 cm–1 in the mid
infrared range from 4000 to 800 cm–1. To enhance the
signal to noise ratio, each of the reference and sample
spectra presented constitutes the average of 68 recorded
scans. All blend systems were used in the solid state.
Following an established procedure,16,17 the indexes
were calculated as

secondary amine index~
I1550

I3345

|100 (2)

Environmental scanning electron microscopy
Micrographs of PE, MFR and all blends were taken
using a FEI Quanta environmental scanning electron
microscopy (ESEM). Some samples were fractured in
liquid N2 mounted on a copper stub and coated with a
thin layer of gold to avoid electrostatic charging.

Atomic force microscopy
Nanoscope III atomic force microscopy (AFM) from
Veeco Digital Instruments was used to study the
roughness and morphology of the blends. Standard
silicon nitride contact mode probes were used.

Thermal properties
Thermal characterisation of polymer blends is a well
known method for the determination of their misci-
bility.14 Differential scanning calorimetry curves for
several compositions are shown in Fig. 1. All the blends
show melting peaks in the 140–150uC regions, inter-
mediate between melting temperatures Tm of two pure
components (Table 1).

All the blends studied displayed exotherms in the
temperature range of 80–100oC, between the crystal-
lisation temperatures Tc of PE and MFR. The
exotherms are shown in Fig. 2. Upon the addition of
MF resin, the Tc values are shifted to lower values than
that for pure LDPE. The authors concluded that their
blends are miscible in the amorphous state.

The TGA curves of the MFR, LDPE and all blends
are shown in Fig. 3 and clearly show better thermal
stability of all blends as compared to the pure
components. Thus, both LDPE and MFR gain by the
addition of the second component. All the cured blends
exhibit thermal stability up to 300oC. The TGA
derivative curves in Fig. 4 show that the weight loss
increases noticeably above 500oC.

Fourier transform infrared spectroscopy
analysis
Fourier transform infrared spectroscopy analysis is
known as a suitable method to determine the presence
of specific interactions between various groups in

Table 1 Melting temperatures of LDPEzMFR blends

Composition Melting temperatures, oC

LDPE 139.4
99% LDPE 139.7
95% LDPE 140.8
90% LDPE 141.8
80% LDPE 143.7
75% LDPE 145.2

1 Differential scanning calorimetry thermograms of LDPE

and LDPEzMFR blends

2 Differential scanning calorimetry thermograms of LDPE and LDPE/MFR blends
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3 Thermogravimetric analysis scans of LDPEzMFR compositions

4 Derivatives of PE, MFR and PEzMFR blends from TGA scans
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polymer blends. It is sensitive to both inter- and
intramolecular interactions.18 Figure 5 shows the
FTIR spectra for all blends and LDPE.

The blends containing 1 and 5 wt-%MFR exhibited
no stretching vibration of –OH in the 3000–3600 cm–1

range. The vibration seemed to appear at higher
concentrations of MFR as small peaks. These peaks
are characteristic for the –OH fragments of the MFR. A

small portion of these –OH groups appeared along with
increasing concentration of MFR though not evidence
for hydrogen bonds between the PE and MFR.

High peaks in the region 2800–3000 cm–1 are
associated with the methylene (–CH2–) and dimethylene

5 Fourier transform infrared spectroscopy spectra for

blends and pure LDPE

6 Fourier transform infrared spectroscopy spectra for

850–2000 cm–1 region of blends and LDPE

7 Images (ESEM) of MFR

8 Scanning electron micrographs of cryogenically frac-

tured surfaces of blends containing a 10, b 20 and c

25 wt-%MFR
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(–CH2–CH2–) stretching of the polyethylene. Also note
the N–H stretching peak in the 3000–3600 cm–1 range.
The functional group changes in the blends, as Fig. 6
shows the expanded scale FTIR spectra in the 850–
2000 cm–1 region at room temperature (24oC) for several
blend compositions. The formation of peaks is observed
in Fig. 6 in the 800–1700 cm–1 region. These signals are
characteristic for the MF resin and are larger at higher
MFR concentrations.

Other characteristic peaks for the MF resin are the
absorption bands in the 1546–1558 cm–1, 1635–
1648 cm–1 and 1006–1022 cm–1 range. The 1546–
1558 cm–1 range corresponded to the secondary
aromatic amine, while the 1635–1648 cm–1 range corre-
sponded to the NH2 vibration. The peaks increased in
size, as expected, with increasing MF resin contents.

Blends morphology
The roughness and morphology of the LDPEzMFR
blends are seen in the AFM and ESEM images. Figure 7
shows an ESEM micrograph of the MF resin, a typical
case of brittle fracture. The fracture paths are mostly
straight and constitute failure bands.

Figure 8 shows SEM results for the blends.

9 Images (AFM) of blends containing a 10, b 20 and c

25 wt-%MFR

10 Roughness analysis of blends containing a 10, b 20

and c 25 wt-%MFR
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Images (ESEM and AFM) obtained from the blends
show similar morphologies; LDPE and MFR are
partially miscible and the extent of phase separation is
low, as shown in Figs. 9 and 10.

From the AFM measurements performed for the
blends, the microscopic roughness (root mean square
value) was determined to be 59?1–88?4 nm over the
whole composition range, for an area of 10610 mm.
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