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Thermal Characteristics of Heating Films Including Conductive Graphite
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Abstract: Heating films were prepared with composites of poly (methyl methacrylate) and conductive graphite. The
as-prepared composite was deposited on a PET film and then fabricated using a bar coater to produce a film with
uniform thickness. Copper electrodes were attached to both ends of the as-prepared film, and the heating characteristics
of the film were analyzed while applying a DC voltage. The electrical conductivity and heating temperature of the
heating films depended on the size, structure, content, and the dispersion characteristics of the graphite in the composite.
The thermal energy was adjusted by controlling the electrical energy, based on the Joule heating theory. The electrical
resistance of the film was altered in proportion to Ohm’s law, and the heating temperature was changed according to
the structure of the film (interelectrode spacing or electrode length) and the conductive graphite content. When the
content of conductive graphite in the film increases, the electrical resistance decreases, and the heating temperature
increases; however, there is no significant change above a certain content (50%).
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Fig. 1. Schematics of (a) a heating film and (b) a circuit set
for the heating measurement (adapted from ref. 16).
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Fig. 2. XRD patterns of (a) PMMA and (b) PMMA/graphite (30
wt%) composite films. The inset is a cross-sectional FE-SEM image
of PMMA/graphite (30 wt%) composite film. Asterisks (*) indicate
the characteristic peaks obtained from graphite.
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Fig. 3. Plots of resistance and temperature measured in the
heating films with variable graphite loadings. The inset shows
a cross-sectional FE-SEM image of PMMA/graphite (60 wt%)
composite film. The heating film has a dimension of 90 mm x
300 mm x 0.1 mm (electrode length x film width x thickness).
The film temperature was measured at the DC 24 V.

Table 1. Density of sample (g/cm’).

wt% 30 40 50 60 70
Calc. 1.37 1.43 1.49 1.55 1.61
Meas. 1.35 1.43 1.50 1.52 1.55

“wt%” represents the weight percent of graphite in a film
sample. Calc. and Meas. indicate the calculated and measured
values, respectively.
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Fig. 4. Plots of temperature vs. voltage applied to heating
films (fixed film width & variable film length). The numbers
of the graphs indicate the intervals between electrodes (film
length). All the film widths are fixed to 9 cm, and the film
thickness is 90 um in graphs.
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Table 2. Current and resistance measured on films under the
experiment of Fig. 4.

Film length Applied voltage (V)
Measured
(cm) 6 12 18 24
9 Current (A) 0.34 0.68 0.81 0.97

Resistance (2) 17.6 17.6 222 24.7

Current (A) 0.28 0.56 0.75 0.88

8 Resistance (Q) 21.4 21.4 24.0 27.3

.- Current (A) 0.17 0.33 0.44 0.56
Resistance (2) 35.3 36.4 40.9 429
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