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Dielectric heating of materials may have distinct advantages over conventional heating in
view of the fact that it is a bulk heating technique, and does not rely on conduction or
convection, the driving force of which are temperature gradients. Dielectric heating is
currently predominantly practised in food and ceramic processing. Research is conducted
also in the areas of chemistry and in solid catalysed reactions. Base materials used in these
applications, like food containers, catalysts and green ceramic products, may not
demonstrate sufficiently high dielectric loss factors to allow dielectric heating to be
feasible. In such cases microwave susceptor materials may be added. A whole variety of
such susceptor materials are known, such as zirconia, silicon carbide and carbon. In this
work, the impregnation with carbon was investigated as a way to enhance the dielectric
loss factor for low loss porous oxidic materials. To this end a variety of porous oxides was
impregnated with poly furfuryl alcohol which was subsequently carbonised. Impregnation
conditions, dielectric heating behaviour, calculations on dielectric properties and oxidation
resistance will be reported. C© 2003 Kluwer Academic Publishers

1. Introduction
The systematic modification of low loss materials with
dopants in order to increase the dielectric loss tangent
and thereby to allow heating in a dielectric field is com-
mon practice, for instance to produce high loss ceramic
food containers. To this end a variety of so-called sus-
ceptor materials are employed including zirconia [1, 2],
silicon carbide [3] and carbon [4–6].

Susceptor materials are preferably well dispersed
within the matrix of a low loss base material, in or-
der to create a large interfacial heat transfer area and
to prevent local overheating and even temperature run-
aways. Silicon carbide is chemically inert to most gases
and fluids and has a very high dielectric loss tangent.
For this reason it is a favourable susceptor material.
Alumina-SiC composites can be synthesised using a
sol-gel technique [7, 8]. In this way SiC particles are
covered with boehmite by deposition precipitation us-
ing aluminium nitrate and ammonia. No reports how-
ever have been published on the coating of SiC particles
with other oxidic materials. Coating oxidic materials
with SiC is even more difficult because the synthesis
of silicon carbide involves heat treatment at elevated
temperature [9–11]. Such a heat treatment could alter
the structure of the oxide.

An alternative to the use of silicon carbide is amor-
phous carbon, which is cheap and easily prepared. Car-
bon itself is a high loss material [12, 13], that can be
readily heated in a 2.45 GHz electromagnetic field to
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temperatures in excess of 1000◦C [14, 15]. Applications
profiting from the ease with which carbon can be heated
in a dielectric field are found in minerals processing
[16, 17], desulfurisation of coal [18, 19], regeneration
of carbon [20, 21], modification of carbon surface prop-
erties [22, 23], pyrolysis of coal [24, 25], synthesis of
inorganic compounds and microwave induced chemical
reactions [26, 27]. For composite materials of carbon
black in expoxy resin it has been shown that the dielec-
tric properties increase with volume concentration of
the carbon [28, 29].

Vissers et al. [30] prepared carbon covered Al2O3
carrier materials using pyrolysis of cyclohexane or
ethane on the surface of γ -Al2O3. Alternatively,
carbon-coating of oxidic supports may be carried out
by using a carbon precursor based on coal tar pitch [31],
impregnation with a polymer [32–35] or chemical va-
por deposition of hydrocarbons [36]. The coating of a
monolithic catalyst with carbon using a polymeric ma-
terial based on furfuryl alcohol was described [37, 38].
After carbonisation at 550◦C a carbon coating may be
formed. Coatings with a carbon content of up to 20 wt%
can be obtained.

Low loss oxides such as SiO2 or Al2O3 are frequently
used for ceramics and catalyst supports. In the present
work, we have assessed the feasibility of increasing
the dielectric properties of these low oxides through
impregnation with carbon as a susceptor material.
We have tested the use of carbon impregnation using
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furfuryl alcohol polymerisation and carbonisation. The
carbon content of these samples was systematically var-
ied by changing the polymerisation conditions. Dielec-
tric heating of both the pure and carbon impregnated
oxides was tested in a 1 kW monomode cavity operated
in the TE10 mode at 2.45 GHz. The dielectric loss factor
of the carbon-coated oxides as a function of carbon con-
tent was measured and compared to calculations based
on the Rayleigh mixture equation. The resistance of the
carbon layer towards oxidation was also studied.

2. Theory
For the solid material to be heated the dielectric en-
ergy needs to be converted into heat. The interaction
of a material with a dielectric field is governed by its
dimensionless complex permittivity ε:

ε = ε′ − j · ε′′ (1)

The dielectric constant ε′ is a measure of the amount
of energy which can be stored in a material in the form
of an electrical field. The dielectric loss factor ε′′ is a
measure of how much energy a material may dissipate
in the form of heat. The dielectric loss factor is material,
temperature and frequency dependent.

The dielectric properties of a material consisting
of different components, such as air-solid mixtures,
can be calculated from the properties of the sepa-
rate components using dielectric mixture equations.
Well known mixture equations are the Complex Re-
fractive Index mixture equation, the Landau and
Lifshitz, Looyenga equation, the Böttcher equation, the
Bruggeman-Hani equation, the Lichtenecker equation,
and the Rayleigh equation [39, 40]. The Rayleigh mix-
ture formula describes a two component material in
which material 2, consisting of small spherical parti-
cles, is dispersed in material 1:

εeff = ε1(2ε1 + ε2) + 2ε1�(ε2 − ε1)

2ε1 + ε2 − �(ε2 − ε1)
(2)

in which: εeff = complex permittivity of the mixture (-).
ε1 = complex permittivity of the continuum material 1
(-). ε2 = complex permittivity of the dispersed material
2 (-). � = volume fraction of material 2 in 1 (-).

The Rayleigh equation is not valid when the dis-
persed phase becomes a continuous phase. This is typi-
cally the case when the volume fraction of material 2 in
1 exceeds 30%. Above this volume fraction a significant
statistical probability exists of finding a pathway that
electrically connects two or more of the small spherical
inclusions.

3. Experimental procedure
3.1. Sample preparation
3.1.1. Polymerisation
Carbon coating of silica and alumina was investigated
using furfuryl alcohol polymerisation and subsequent
carbonisation (Table I). Silicon and aluminium oxides
were dried at 150◦C overnight and subsequently thor-
oughly mixed with furfuryl alcohol (Aldrich, 98%) in
a vigorously stirred reaction vessel. Nitric acid (Acros,
p.a.) was added drop wise to the suspension in order to
start the polymerisation. The reaction vessel was water-

TABLE I Oxides and amount of chemicals used

Total amount

Furfuryl alcohol HNO3

Oxide (mol · g−1
oxide) (mol · g−1

oxide) Sample

γ -Al2O3 (trilob shaped 2.3 × 10−2 0 A0
extrudates; lenght × 1.2 × 10−3 A1
diameter = 5 × 10−3 × 2.4 × 10−3 A2
2 × 10−3 m) 3.6 × 10−3 A3

4.8 × 10−3 A4
6.0 × 10−3 A5

γ -Al2O3 (sieve fraction: 2.3 × 10−2 0 B0
d ≤ 200 µm) 1.2 × 10−3 B1

2.4 × 10−3 B2
3.6 × 10−3 B3

SiO2 4.6 × 10−2 0 C0
2.4 × 10−3 C2
4.8 × 10−3 C4
7.2 × 10−3 C6
9.6 × 10−3 C8
1.2 × 10−2 C10

TABLE I I Oxides and amount of chemicals used

Total amount

Furfuryl Drying
alcohol HNO3 time

Oxide (cm3) (cm3) (days) Sample

γ -Al2O3 2.3 × 10−2 0 2 AC000
(cylinder shaped 1.2 × 10−3 2 AC050
extrudates) 2.4 × 10−3 2 AC100

4.2 × 10−3 2 AC175
γ -Al2O3 (sieve fraction: 2.3 × 10−2 0 4 BC0

d ≤ 200 µm) 2.1 × 10−3 4 BC9
SiO2 4.6 × 10−2 0 3 CC0

4.3 × 10−3 3 CC18
6.4 × 10−3 3 CC27

cooled. The addition of nitric acid was controlled in
such a way to keep the temperature of the suspension
at 40◦C–50◦C. Samples were dried overnight at 50◦C
in air.

3.1.2. Carbonisation
Larger quantities of material (Table II) were coated
with polymer, as described above. However, prolonged
drying times were used. The dried material was car-
bonised in a fixed bed in a flow of Ar (SV = space
velocity = 4 × 10−5 m3 s−1 · kg−1). The carbonisation
temperature was first raised to 150◦C at a heating rate of
5◦C per minute and maintained there for an hour. Sub-
sequently the temperature was raised to 550◦C at the
same heating rate and maintained at that temperature
for 12 hours.

3.1.3. Reference material
Norit RX3 Extra is an acid washed steam activated,
extruded peat-based carbon and was used as a refer-
ence material. Analysis data from the supplier are in
Table III.

3.2. Characterisation
3.2.1. Pure oxides
The specific surface area and pore volume of the pure
oxides was determined with N2-physisorption in a
Sorptomatic 1990 (CE Instruments) (Table IV). The
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T ABL E I I I Typical analysis of Norit RX3 extra

Ash content 3 w/w%
Apparent density 400 kg · m−3

Sa 1542 m2 · g−1 (N2, BET)
Vp 0.77 cm3 · g−1 (N2)

0.15 cm3 · g−1 (meso 2–50 nm)
0.45 cm3 · g−1 (macro > 50 nm)

average pore width was measured using mercury intru-
sion in a Pascal 440 (CE Instruments). Helium density
was measured using a Multi-volume 1305 pycnometre
from Micromeritcs.

3.2.2. Temperature programmed
desorption (TPD)

About 70 mg of sample was placed into a porous bas-
ket in a Setaram TG85 thermo-balance and heated in
Ar (SV = 2 × 10−2 m3 · s−1 · kg−1) at a heating rate of
10 K · min−1 to 900◦C.

3.2.3. Temperature programmed
oxidation (TPO)

About 70 mg of sample was placed into a porous bas-
ket in a Setaram TG85 thermo-balance and heated in
air (SV = 2 × 10−2 m3 · s−1 · kg−1) at a heating rate of
10 K · min−1 to 800◦C. The carbon content of the sam-
ple was calculated from the weight loss between 300◦C
and 800◦C. After cooling down to room temperature the
colour of all samples was white, indicating complete
burn off of carbon.

3.3. Dielectric heating
3.3.1. Temperature measurement
During drying of the sample in a conventional furnace
the temperature of the sample bed was monitored simul-
taneously with a thermocouple (type K) and an optical
fiber. This allows calibration of the optical fiber. A lin-
ear correlation was observed between the temperature
measured by the thermocouple and the optical fiber.

The temperature in the sample during experiments in
the microwave furnace was only measured using an op-
tical fiber. The temperature measurement using optical
fibers is restricted to >100◦C.

3.3.2. Microwave set-up
The microwave system (Fig. 1) consists of a microwave
source (2450 MHz, 1 kW), a circulator to prevent
damage of the microwave source due to reflected mi-
crowaves, a 3-stub tuner section, the monomode mi-
crowave cavity TE10 and a water load. Reflection of
the microwaves was minimised using the stub tuners.
The waveguide is formed by a copper rectangular chan-
nel with the dimensions 8.65 cm (width) × 4.375 cm
(height). The microwave set-up was operated in travel-
ling wave mode; any microwave energy not absorbed

T ABL E IV Characterisation of the pure oxides

Oxide Supplier Name SBET (m2 · g−1) Pore volume (cm3 · g−1) Pore width (nm) Density (g · cm−3)

γ -Al2O3 Ketjen Ketjen CK300 208 0.5 8.4 3.1
SiO2 Grace Grace 113 325 1.0 10 2.2

Figure 1 Schematic drawing of 2.45 GHz microwave setup: (a) water
trap, (b) oxygen trap, (c) mass flow controller, (d) generator (Muegge,
MW-GIR 2 M 167-850-04), (e) microwave source (Muegge, MW-
46029-850-01), (f ) circulator (Philips, 2722 163 02071), (g) stub
tuners (Muegge, MW-7614-0060), (h) power sensor (Rhode & Schwarz,
828.3818.02), (i) quartz tubular reactor, ( j) optical fiber (Luxtron,
accufiber—OFT lightpipe, straight end), (k) waterload, (l) quadrupole
mass spectrometer (Balzers, Prisma QMS 2000).

after passing through the microwave cavity was ab-
sorbed by a water load.

A quartz tubular reactor (internal diameter =
18 mm), designed to accommodate an optical fiber, is
positioned perpendicular to the direction of propaga-
tion. It is filled with a pre-set volume of sample. All
samples were crushed and sieved to a particle size of
≤200 µm. Throughout all experiments the volume of
sample was kept constant (10 cm3). Using a conven-
tional furnace the carbonised sample was dried in a He
flow (GHSV = 6 × 102 hr−1) at 150◦C for 1 hour; the
heating rate employed was 5◦C per minute. After cool-
ing down to room temperature the sample was trans-
ferred to the microwave cavity under a He flow.

The temperature of the sample during dielectric heat-
ing was controlled through a temperature control loop
coupled to the microwave power and the optical fiber
inserted in the sample bed.

4. Results and discussion
Several low loss oxidic materials were impregnated
with carbon. After polymerisation and carbonisation,
dielectric heating experiments of the materials thus ob-
tained were carried out. The resistance of the carbon
layer towards oxidation in an oxidising atmosphere dur-
ing dielectric heating in air was also studied.

4.1. Impregnation of low loss oxidic
materials with carbon

4.1.1. Polymerisation and carbonisation
Following the impregnation of samples with furfuryl
alcohol and polymerisation, a TPD analysis was per-
formed (Fig. 2). After TPD all samples were coloured
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Figure 2 Weight loss as a function of temperature during TPD analysis under an Ar flow of oxides impregnated with polymer of furfuryl alcohol (as
indicated in Table I) during various stages of polymerisation. Cylinder shaped γ -Al2O3 extrudates (sample series A, left), γ -Al2O3 sieve fraction
(sample series B, middle), SiO2 (sample series C, right).

Figure 3 Weight loss as a function of temperature during TPO of samples after carbonisation. Cylinder shaped γ -Al2O3 extrudates (sample series
AC, left), γ -Al2O3 sieve fraction (sample series BC, middle), SiO2 (sample series CC, right).

black. In the TPD patterns the loss of water and furfuryl
alcohol is seen between 80◦C and 180◦C. The region
between 300◦C and 700◦C, with a maximum around
400◦C–450◦C, corresponds to the carbonisation of the
polymer [38].

For all samples one may observe an increasing loss
of water during TPD (bands from 80◦C to 180◦C) with
an increasing amount of HNO3 added during polymeri-
sation. This is due to a higher degree of polymerisation
and the thus increased polymer content of the sam-
ples. Water formed during polymerisation adsorbs to
the oxide and is released only at higher temperatures.

The weight loss during carbonisation in the temper-
ature range 300◦C–700◦C increases with amount of
HNO3 added during the polymerisation step. Again,
this is due to a higher polymerisation rate and
conversion.

For further experiments a carbonisation temperature
of 550◦C was chosen. This is beyond the temperature
where maximum in carbonisation rate was observed
(400–450◦C), but low enough to prevent any sintering
of the oxide.

After polymerisation samples were carbonised at
550◦C in Ar and subsequently allowed to cool down
to room temperature (Table II).

4.1.2. Carbon content
In order to assess the carbon content after carbonisation,
carbonised samples were heated in air (Fig. 3).

In the TPO analysis of the carbonised samples
(Fig. 3) two regions can be distinguished. At low tem-
perature, between 60◦C and 120◦C, desorption of mois-
ture is observed. The peak as of 350◦C reflects oxidation
of the carbon deposited on the oxidic material.
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T ABL E V Carbon content of different low loss oxides after polymeri-
sation and carbonisation and dielectric heating in a He-flow to 800◦C

Carbon content (wt%)

After polymerisation After dielectric
Sample and carbonisation heating to 800◦C

AC000 3.4 n.d.
AC050 11.4 n.d.
AC100 14.3 n.d.
AC175 25.8 25.9
BC0 4.9 n.d.
BC9 27.0 27.1
CC0 29.7 27.8
CC18 39.7 39.0
CC27 41.4 42.4

n.d. = not determined.

The maximum of this peak for the alumina-based
samples (sample series AC and BC) is at lower tem-
perature (500◦C) than for the SiO2 (sample series CC)
based materials (550◦C). It is also observed from the
TPO analysis that the peak maximum of the oxidation
of the carbon shifts to higher temperatures for increas-
ing carbon loadings. This may be due to mass transport
limitations.

Using TPO the total carbon loading was assessed. In
the case when no nitric acid was added during poly-
merisation the carbon content of the alumina is less
than for SiO2 (Table V). This remains unexplained as
silica is the least acidic oxide and would therefore be
expected hardly to catalyse the polymerisation reaction.
Possibly, differences in pore size play a role.

4.2. Dielectric heating
Samples were heated in a dielectric field at a linear heat-
ing rate. To this end, the temperature of the sample was
controlled through an optical fiber temperature control

Figure 4 Temperature versus time during dielectric heating (2◦C · min−1) under a He flow (GHSV = 6 × 102 hr−1) of cylinder shaped γ -Al2O3

extrudates (sample AC175) after carbonisation and drying.

loop coupled to the microwave source. The successful
implementation of this control loop is demonstrated by
Fig. 4.

After a stabilisation period of 1 hour the temperature
was increased to 800◦C at a rate of 2◦C · min−1 and
maintained there for an hour.

The optical fiber system used does not allow mea-
surement of temperatures below 100◦C. A small over-
shoot in temperature of approximately 30◦C is usually
observed at the beginning of the heating process. There-
fore no data below 130◦C are available.

4.2.1. Heating in an inert gas
After drying the carbonised materials at 150◦C in a
conventional furnace the samples were heated in the di-
electric field in helium to 800◦C at a rate of 2◦C · min−1

(Fig. 5).
The absorbed microwave power increases quite

sharply with temperature, indicating an increase of
the dielectric loss factor. Samples without carbon (not
shown) show hardly any microwave absorption and
heating of these samples with the power input used
beyond 100◦C was not observed.

Between 400◦C and 500◦C an increase in power ab-
sorbed is observed. Analysis of the gas flow shows a
small release of CO in this temperature range. The car-
bon content of the samples after dielectric heating is
comparable to that before heating (Table V).

After drying in a conventional furnace sample CC27
was first heated in a dielectric field to 600◦C. Follow-
ing cooling to room temperature, the sample was again
heated in a dielectric field, now to 800◦C. During the
first cycle of the repeated heating expeariments irre-
versible changes in the dielectric properties were ob-
served around 500◦C (Fig. 6). Subsequent heating of
the same sample does not lead to further changes.
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Figure 5 Absorbed microwave power as a function of temperature during dielectric heating (2◦C · min−1) under a He flow (GHSV = 6 × 102 hr−1)
of samples after carbonisation and drying (as indicated in Table II). Cylinder shaped γ -Al2O3 extrudates (sample series AC), γ -Al2O3 sieve fraction
(sample series BC), SiO2 (sample series CC).

Figure 6 Dielectric heating (2◦C · min−1) under a He flow (GHSV = 6 × 102 hr−1) of sample CC27 (44wt% C/SiO2) after carbonisation and drying.
The sample was first heated to 600◦C (1st cycle). After allowing to cool down to room temperature the same sample was re-heated to 800◦C (2nd
cycle). Left: temperature as a function of time; right: absorbed microwave power as a function of temperature.

Norit RX3 Extra is a non-graphitisable carbon with
a surface covered by chemisorbed oxygen [41]. In a
microwave field the carbon is readily heated to 800◦C
in a He flow (Fig. 7). The dielectric loss factor is con-
stant up to 800◦C. Therefore the observed change in
structure during dielectric heating of the carbon coated
low loss oxides cannot be attributed to the reaction of
chemisorbed oxygen with the carbon.

Reaction of the carbon with the oxide, thereby form-
ing carbides, is unlikely as this kind of process proceeds
at temperatures around 1600◦C [10, 11, 42].

The observed sudden increase of the dielectric loss
factor indicates some kind of change in structure of
the samples. As all samples tested show this behaviour
it is reasonable to suspect that the carbon coating of
the samples undergoes a change in structure, whereby
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Figure 7 Dielectric heating (2◦C · min−1) under a He flow (GHSV = 6 × 102 hr−1) of Norit RX3 extra after drying at 150◦C in a conventional furnace.
Incident microwave power and absorbed microwave power as a function of temperature.

the dielectric loss factor of the material increases. At
800◦C the dielectric loss factor of the low loss oxide im-
pregnated samples is comparable to that of Norit RX3
Extra (Figs 5 and 7 respectively). In view of the density
differences between the materials this is not surprising.

From the experiments it is clear that the dielectric
loss factor of the samples is enhanced significantly by
the presence of the carbon coating. A plot of the di-
electric loss factor as a function of the volume fraction
of carbon in the samples (Equation 2) shows that the
dielectric loss factor is proportional to the carbon con-
tent (Fig. 8). It would therefore be expected that the
absorbed microwave power increases with carbon con-
tent. The samples were heated to 800◦C at a rate of
2◦C · min−1 under a He flow and kept at 800◦C for an
hour, so that steady state conditions were achieved. The
fraction of microwave power absorbed at 800◦C as a
function of the amount of carbon present in the reactor
is also shown in Fig. 8.

The complex permittivity of some porous ceramics
and carbonaceous materials are shown in Table VI. Un-
fortunately the temperature at which the dielectric prop-
erties were measured are not always clearly mentioned.

The dielectric loss factor of sample series CC (sam-
ples based on SiO2), e.g., the absorbed microwave
power, is proportional to the carbon content of the sam-
ples [13]. The samples based on Al2O3 (samples series
AC and BC), however, deviate from this trend. Appar-
ently an effect of the support material exists that influ-
ences the dielectric loss factor. At high temperature it
may be possible that the ε′′ of Al2O3 or SiO2 approach
that of carbon.

The theoretical dielectric loss factor based on the
Rayleigh equation is in qualitative agreement with the
measured absorbed microwave power, e.g., the dielec-
tric loss factor increases with carbon content. At room

TABLE VI Complex permittivity of porous oxide ceramics and
carbonaceous materials at 2.45 GHz

Material ε′ (-) ε′′ (-) Temperature (◦C) Ref.

α-Al2O3 8–10 0–1 100–1200 [44]
γ -Al2O3 3.006 0.1720 Room temperaturea [13]
SiO2 3.066 0.215 Room temperaturea [13]
Active carbon 7 2 Room temperaturea [45]
Soot ∼10 ∼3 Room temperaturea [13]

aTemperature at which dielectric properties were measured not clearly
mentioned by the authors.

temperature the Rayleigh mixture equation predicts a
dielectric loss factor which is proportional to the total
carbon volume fraction, on account of the compara-
tively high value of ε′′ for carbon. Extrapolation of the
Rayleigh equation to higher temperatures is tempered
by the lack of ε′′ data at high temperature. It is known
that dielectric properties are temperature dependent
(see for instance the data onα-Al2O3 in Table VI). Also,
the Rayleigh mixture equation is only valid for isolated,
conducting particles suspended in a non-conducting
medium.

4.2.2. Heating in an oxygen-containing
atmosphere

After drying the carbonised materials at 150◦C in a
conventional furnace samples were tested for dielectric
heating in O2/He (0.5vol% O2, GHSV = 6 × 102 hr−1)
to a set-point of 800◦C at a rate of 2◦C · min−1 (Fig. 9).

The absorbed microwave power, e.g., the dielec-
tric loss factor, while heating in He is comparable for
the Al2O3 based sample (sample BC9) and the SiO2
based sample (sample CC27). Initially the dielectric
loss factor increases with temperature. However, due
to the oxygen atmosphere the carbon is oxidised at
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Figure 8 Left: Absorbed microwave power as a function of carbon content of samples after carbonisation and drying. Data shown are under steady
state conditions at 800◦C. (�) Cylinder shaped γ -Al2O3 extrudates (sample series AC), (�) γ -Al2O3 sieve fraction (sample series BC), (�) SiO2

(sample series CC). Right: modeling of dielectric loss factor, ε′′, at room temperature as a function of carbon content using the Rayleigh mixture
equation (density of γ -Al2O3 and SiO2 in Table IV; density of amorphous carbon taken as 2000 kg · m−3 [43]; ε′′ of γ -Al2O3, SiO2 and activated
carbon in Table VI).

Figure 9 Absorbed microwave power as a function of temperature during dielectric heating (2◦C · min−1) under a He flow or O2/He flow (0.5 vol%
O2) (GHSV = 6 × 102 hr−1) of samples after carbonisation and drying. γ -Al2O3 sieve fraction (sample BC9), and SiO2 (sample CC27).
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Figure 10 Analysis of gas phase composition during dielectric heating with a linear heating rate (2◦C · min−1) under a O2/He flow (0.5 vol% O2,
GHSV = 6 × 102 hr−1) of samples after carbonisation and drying. γ -Al2O3 sieve fraction (sample BC9), SiO2 (sample CC27). Three masses were
monitored as a function of temperature: O2 (left), CO (middle), and CO2 (right).

temperature beyond 400◦C and concurrently the dielec-
tric loss factor is reduced. As a consequence the final
temperatures reached in helium are no longer obtained.

For all samples the oxygen consumption starts
around 150◦C (Fig. 10). The conversion of oxygen
reaches 100%. The rate at which the oxygen is con-
sumed, e.g., the combustion rate, increases in the series
BC9 < CC27. It was also observed that the tempera-
ture at which the dielectric loss factor reaches a max-
imum increases in the series CC27 < BC9. The rate at
which the carbon is combusted clearly differs between
the samples.

The carbon is oxidised to CO and CO2. CO2 produc-
tion reaches a maximum between 300◦C and 500◦C,
whereas CO is mainly observed between 500◦C and
700◦C. Below 500◦C, oxygen absorbs onto the carbon
surface forming absorbed CO species. These species
further react with oxygen to CO2. At higher tempera-
tures, CO2 reacts with the carbon to CO.

5. Conclusions
Oxides, such as alumina and silica, do not heat up well
in a dielectric field due to the low dielectric loss fac-
tor. This loss factor can be enhanced significantly by
impregnation of these oxides with amorphous carbons,
being a suitable microwave susceptor material. In this
way heating of alumina and silica the material in a di-
electric field up to at least 800◦C is possible.

A suitable way to impregnate porous oxides is by
impregnation and subsequent polymerisation of fur-
furyl alcohol, followed by carbonisation at 550◦C of
the polymer. The ultimate carbon content obtained can
easily be controlled during the polymerisation through
the amount of acid used as the polymerisation catalyst.

The dielectric loss factor of carbon-impregnated low
loss oxides increases with temperature and is roughly

proportional to the carbon content in accordance with
the Rayleigh mixture equation. Under He, an irre-
versible and as yet unexplained change in the impreg-
nated carbon is observed between 400◦C and 500◦C,
with a concurrent increase in the dielectric loss factor.

Carbon impregnation may be utilised to allow it to
be temporarily heated in a dielectric field under a flow
of air or oxygen. Beyond 350◦C this carbon starts to
be oxidised, producing additional heat to heat up the
sample. Maximum temperatures reached are less than
for dielectric heating in inert gas. This principle could
be used in curing of low loss ceramics.
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