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1. Introduction

As a rapid developing technique, microwave heating has shown its potential in the field of
material processing. Compared with conventional heating, it can offer some interesting
advantages including significant processing time and energy savings, high heating rate,
lower environmental hazards and provision of high product quality and reliability since it is
a volumetric heating in that thermal energy is internally and instantaneously generated
within the material by the interaction between the material and electromagnetic field,
instead of originating from external radiant or resistance heating [Clark & Sutton, 1996;
Katz, 1992; Roy et al., 1999, 2002; Clark et al., 2000]. Furthermore, some excess effects, which
are referred as nonthermal, or athermal effects, may also occur during microwave heating
by the interaction of the material with the electromagnetic field [Bergese, 2006; Saitou, 2006;
Roy et al., 2002]. It is generally known that the way microwaves interact with matter
depends mainly on the electrical conductivity, complex permittivity, and complex
permeability of the materials. Currently, microwave heating is applied widely to food,
rubber, semiconductors, polymers, ceramics and metallic materials. For dielectric materials,
the heating mechanisms in microwave field are mainly the polarization dissipation of
electric dipoles under the alternating electric (E-) field and direct conduction effects.
However, microwave heating of metals is different from that observed in dielectric
materials. As good electrical conductors, bulk metals can not be well heated up because
microwaves interaction with metals is restricted to its surface, but fine metal powders may
be couple with microwaves at room temperature by Joule heating and magnetic-induced
effects. Now a variety of metallic materials have been successfully sintered and processed in
a pure microwave system or a hybrid heating system in which an external microwave
susceptor is used [Anklekar, et al., 2005, Gedevanishvili, et al., 1999]. Although the
mechanisms of microwave heating have not been fully understood until now, there is still
an increasing interest in microwave processing of various materials, especially new
materials with potential applications.
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Metallic glasses are MGs known as a new class of metallic materials with the unique
combination of physical, chemical and mechanical properties due to their disordered atomic
arrangement different from that in crystalline metallic materials [Inoue, 2000; Johnson, 1999;
Wang et al.,, 2004]. Compared with its crystalline counterparts, MGs exhibit significant
viscous flow if they are heated to supercooled liquid region (temperature range between
glass transition (T;) and crystallization onset temperature (T,)), which can be utilized for
heating and sintering process. This makes it a possibly good candidate for microwave
heating. In fact, microwave heating and sintering of metallic glassy powders and their
composites has been performed in a single-mode cavity[Yoshikawa, et al., 2007; Louzguine-
luzgin, et al., 20092], and nanocrystallization of some metallic glassy powders and ribbons
has been induced in the E-field[Nicula, et al., 2009]. Otherwise, microwave processing of
metallic glass matrix composites has also been reported because the composite materials
may exhibit the desired properties that can not be produced by conventional monolithic
materials [Li, et al., 2008; Xie, et al., 20094].

Based on the above consideration, we tried to heat of the powdered mixture MG of and
polymer in microwave field and intended to develop a composite material based on MG
and polymer using microwave heating technique because MGs and typically polymers
show complementary properties, such as electrical, optical and mechanical characteristics
and the liquidus or glass transition temperature of the commonly-used thermoplastics are
relatively low (not more than 450°C) and very close to the Tg of some MGs. If two
components can be combined in a single material, some interesting properties may be
expected in the proposed composites.

The present paper describes microwave processing of the powdered mixtures of metallic
glasses and polymers using a single-mode 915 MHz applicator in a separated magnetic (H-)
field. A single-mode applicator is chosen because it has high field strength, the most efficient
by far, can be operated continuously and used to focus the microwave field at a given
location. We investigated the heat response of the powdered mixtures of the CusZrssAls
metallic glass and polyphenylene sulfide (PPS) [C¢HsS], in a separated microwave H-field.
PPS was chosen because of its good thermal stability, excellent chemical resistance, and
inherent flame resistance. The effect of the PPS content in the mixtures on the heating
behaviors of the composites was also investigated.

2. Experimental procedure

The CusoZrssAls metallic glassy powders were fabricated by a high-pressure gas-atomized
method. The preparation procedure has been presented elsewhere [Xie, et al., 2007]. Size
distribution of the gas-atomized alloy powders was measured by a conventional sieving
method. PPS used in this work was in the form of off-white neat powder and its average
molecular weight was about 10,000. The blended powders were obtained by mixing
CusoZrssAls metallic glassy alloy powders with the size under 90 pm and PPS powders
according to various volumetric ratios in a mixer. To obtain larger-size samples and
improve sintering, we have designed and built a single-mode microwave applicator
(915MHZ, 5kW) with the pressure loading system. The illustration schematic of a single-
mode 915 MHz microwave system is shown in Fig. 1. It consists of a single-mode 915 MHz
generator with a power output adjustable from 1 to 5 kW in steps of 40 W, a waveguide,
three-stub tuner, separator, a single-mode tunable applicator, a pressure loading system, an
infrared pyrometer and a computer control system. Microwave-induced heating was
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performed in a separated H-field maximum. The samples were placed in an alumina (Al,O3)
mould because Al;O3 has not obvious heat response in the H-field. The applied pressure was
kept at about 5 MPa for avoiding the fracture of the alumina mould during heating process.
To order to initiate microwave absorption, the resonating cavity was tuned by a remotely
controlled three-stub tuner and the slide plunger at the end of the waveguide. The
temperature was controlled by adjusting the input power (P;j). The temperature
measurement was performed in situ using an infrared pyrometer through a quartz window
on the side of the press. The pyrometer was calibrated by comparison of the reading with
thermocouple in a resistance furnace. It is not possible to measure the sample temperature
under about 450 K. All experiments were carried out under a flowing nitrogen gas or low
vacuum.

Dummy load

Vacuum Pump

Pressure
ﬂ Stub Tuner .

Microwave HHH 1 1 |;b/ i
Generator | Magnetronj A | [ H
= /II
ﬁ P}rrumeter“ |I il
Computer
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Fig. 1. lllustration schematic of a single-mode 915 MHz microwave system

The structures of the initial powders and the sintered composites were determined by X-ray
diffractometry (XRD) in reflection with a monochromatic Cu-Ka radiation. The thermal
stability of metallic glassy powder was examined using differential scanning calorimetry
(DSC) at a heating rate of 40 K/min. The density of the bulk sintered specimen was calculated
by measuring the mass and dimension of the sample (mass per volume). The
microstructures of the sintered specimens and initial metallic glassy alloy powders were
characterized by scanning electron microscopy (SEM).

3. Results and discussion

3.1 Characterization of CusoZrssAls gas-atomized powders

Here the characteristics of the gas-atomized CusoZrssAls are determined. Figure 2 shows the
XRD pattern and DSC curve of CusoZrssAls alloy powders with particle size under 125 pm. It
can be seen in Fig. 2(a) that only typical broad diffraction maxima without any observable
sharp diffraction peaks corresponding to crystalline phases occur, indicating that a fully
amorphous phase is formed in the particle size range below 125 um. As shown in Fig. 2(b), a
distinct glass transition characteristic followed by two crystallization events occurs, and the
values of Ty, T,, and supercooled liquid region width (AT) were determined to be 708 K, 776
K and 68 K, respectively, which are similar to the ones reported for the as-cast CusoZrssAls
rod and ribbon[Inoue & Zhang, 2002]. Figure 3 shows a typical SEM micrograph of the gas-
atomized CusoZrssAls alloy powders with particle sizes under 125 um. Most of the gas-

www.intechopen.com
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atomized powders have a spherical morphology with clean surface. On the outer surface of
the particles no observable contrast revealing the formation of crystalline phase is seen.
These results show that the gas-atomized method is flexible for fabricating metallic glassy
powders.

(a) (b) LT‘ =776 K
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g Cu Zr Al <125 pm T =703 K E
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e 40 K/min

20 30 4 5 60 70 30 600 P 700 750 300 850
20 (degree) Temperature (K)

Fig. 2. XRD pattern and DSC curve of CusoZrs5Als alloy powders with particle size below
125 pum.

Fig. 3. SEM micrograph of the gas-atomized CusoZrssAls alloy powders with particles sizes
under 125 pm

3.2 Microwave processing of the mixtures of Cus¢ZrssAls metallic glassy powder and
PPS powder

We firstly simulated the electromagnetic field distribution in the waveguide based on the
finite element method and by using a JAMG-Studio program. The results have indicated
that the separated E- and H-field maxima can be obtained by adjusting the position of the
alumina loading pressure system in the waveguide [Xie, et al., 2009]. Using this applicator,
a two-phase CusoZrysAls/Fe sintered sample was successfully heating up in H-field
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maximum [Louzguine-luzgin, et al., 2009%]. The combination of two materials better offers
temperature control on heating compared to heating of metallic glass separately. We also
processed the CusoZrysAls metallic glass matrix composites containing Sn powders in H-
field maximum with an applied pressure of about 5 MPa[Lj, et al., 2010]. Now we tried to
heat a two-phase material which consists of CusoZrssAls and PPS in H-field maximum.

We investigated the heat response of the powdered mixture of the CusoZrssAls metallic glass
and PPS in H-field maximum. Figure 4 shows the temperature profiles and energy
consumption of the PPS powder and blended powders heated by microwaves in a separated
H-field. It can be seen that all curves of the temperature and energy consumption are not
smooth because microwave absorption capacity of the material is very sensitive to the tuner
adjustment. It has been reported that fine metallic glassy powders can be heated up like
most of pure metals in H-field likely by the eddy current loss effect[Buchelnikov, et al.,
2008]. Compared with metallic glassy powders, PPS did not show obvious heat response
under a flowing nitrogen gas with the increase of P; because most of polymers are loss
dielectric constant materials at room temperature. In H-field magnetic effect did not
contribute to microwave absorption of PPS powders. Only under low vacuum the obvious
increase of the temperature was detected by microwave-induced plasma at the surface of the
sample which is not a normal heating process. The addition of CusoZrssAls metallic glassy
powders strongly affected the heating behaviors of the composites in the H-field. In the case
of 75 vol.% PPS, although the temperature was not detected like pure PPS because its
surface temperature was too low, its inner temperature was far higher than its surface
temperature due to the reverse thermal gradient inside the composite, temperature
decreasing rapidly from inside to outside. This is attributed to conductive and radiant heat
loss from the surface and selecting heating achieved by the differential coupling of metallic
glassy powder and PPS with microwaves. With the further increase of the content of
CusoZrysAls metallic glassy powders, the relatively uniform temperature distribution could
be realized in the cases of 25 and 50 vol.% PPS. This also means that the increase of the
temperature in the blended powders at room temperature depends mainly on CusoZrssAls
metallic glass and obvious heat response only occurred at a sufficient content of CusoZrssAls
metallic glass.
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Fig. 4. Temperature profiles and energy consumption of the PPS powder and blended
powders heated by microwaves in a separated H-field
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Figure 5 shows the XRD patterns of the initial blended powders and composites with 25, 50
and 75 vol.% PPS powder heated by microwaves under a flowing nitrogen gas. As shown in
Fig. 5(a), in the case of 50 vol.% PPS, except for the phase corresponding to PPS, only typical
broad diffraction maxima was seen without any detectable sharp diffraction peak
corresponding to a crystallization peak, indicating that an amorphous phase was retained.
Partial crystallization was induced in the case of 25 vol.% PPS because of its relatively high
sintering temperature. Different from the composites with 25 and 75 vol.% PPS, a gradient
structure in the composite with 75 vol.% PPS was induced by microwave heating in a
separated H-field. To confirm its thermal gradient, the structural changes from the center to
surface were investigated. The composite have had three different zones. It is shown that in
Fig. 5(b) that zone A, close to the surface of the sample, did not show obvious heat response
and had a similar structure as the initial blended powders. Zone C was located in the central
region of the sample and exhibited a porous structure. Due to the decomposition of PPS, the
formation of cubic Zro,, ZrSye7 and ZrHy,s phase was detected except for CuyoZr; and AlZr,
phase during microwave processing. In the zone B, PPS powders were cured by microwaves
and a high fraction of CusoZrssAls metallic glassy phase was also retained. Such a gradient
structure formed by microwave heating is closely linked with different dielectric properties
of CusoZrssAls metallic glass and PPS and their contents in the composite. Due to the low
content of CusoZrysAls metallic glass, the composite has a poorer heat conductivity
compared to those with a higher fraction of CusZrssAls metallic glass, so the reverse
thermal gradient was more easily induced in a short time.

(a) o PPS (b) O ocCu,Zr, ®CubicZrO,
#Unkown phase OAlzZr, ®Z1S,
= =
= g=
: E
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2 Cu, Zr, Al + 50 vol.%PPS jz
2 2
R= k=
WW&L Zone A
Cu, Zr, Al + 75 vol.%PPS
20 30 40 50 60 70 80 20 30 40 50 60 70 80
20 (degree) 26 (degree)

Fig. 5. XRD patterns of the initial blended powders and composites with 25, 50 and 75 vol.%
PPS powder heated by microwaves under a flowing nitrogen gas.

Table 1 lists the common features and relative densities of Pure PPS powder and the
composites with 25, 50, 75 and 90 vol.% PPS powder heated by microwaves in a separated
H-field. Pure PPS sample obtained under low vacuum shows very low relative density
(57%) because the plasma induced by the interaction between microwaves and atmosphere
interrupted the normal heating process and the actual sintering temperature is lower than
the reading temperature by pyrometer. Under a flowing nitrogen gas, the introduction of 10
vol.% CusoZrssAls metallic glassy powders only makes the mixture be weakly sintered. In
the case of 75 vol.% PPS, the powdered mixture was heterogeneous heated and sintered to
lead to the formation of a gradient structure. The composite with 50 vol.% PPS obtained
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Composition Atmosphere Relatl've Common Feature
Density

Cus0Zry5Al5+25 vol. % N 847, Sintered and partial
PPS 2 ’ crystallization

CusoZrisAls+50 vol % N> 72% Sintered and amorphous
PPS

Cus0Zry5Al5+50 vol. % Vacuum 599 Weakly sintered and
PPS amorphous

Cus0Zry5Al5+75 vol. % N Sintered and gradient
PPS 2 structure

CuspZrssAls+90 vol. % .
PPS N> Weakly sintered
PPS N> Not sintered
PPS Vacuum 58% Weakly sintered

Table 1. Common features and relative densities of pure PPS powders and the composites
with 25, 50, 75 and 90 vol.% PPS powder heated by microwaves.

under a flowing nitrogen gas also has a higher relative density than that under low vacuum.
Bulk CusoZrssAls metallic glass/PPS composite with a high relative density (84%) was
obtained by microwave heating of the blended powders containing 25 vol.% PPS. This
shows that the higher sintering temperature leads to the melting of PPS particles and then
the resulted composites are much denser with the significantly reduced number of voids.
The compressive strength of these composites was also measured and no more than 100
MPa, similar to that of common polymers. These results further manifested that a better
sintering quality could be obtained in the composite with a high fraction of CusoZrssAls
metallic glassy phase.

Figure 6 shows the appearance and microstructure of the composite with 25 vol.% PPS
powder heated by microwaves in H-field under a flowing nitrogen gas. As shown in Fig.
6(a), a bulk sintered composite with a relative density of about 84% was obtained under an
applied pressure of about 5 MPa. It can be seen in Fig. 6 (b) that PPS powders were melted
by microwave heating and permeated into the voids and interstices between the CusoZrssAls
particles. Figure 7 presents the SEM micrograph of the polished cross section of the zone B
of the composite with 75 vol.% PPS powder heated by microwaves under a flowing nitrogen
gas. In the zone B, PPS powders were rapidly and well consolidated by microwaves heating
and the wetting seemed good with no obvious cracking observed on the interface between
metallic glassy particle and PPS particle. A good bonding state between CusoZrssAls metallic
glassy particles and PPS was seen. Recently it has been reported that some MGs with low
glass transition temperature have similar viscosities at the same temperature as some
polymers [Kiindig, et al., 2007]. In addition, ZrssCusAl;oNis metallic glass was also
successfully deposited on various engineering polymer substrates by magnetron sputtering
as thin homogeneous layers of about 400 nm and a good adhesion was achieved[Soinila, et
al., 2009]. The above results show that microwave-induced heating process can offer a
possibility to fabricate a single composite material that consists of metallic glass and
polymer.
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(@) (b)

Fig. 6. Appearance and microstructure of the composite with 25 vol.% PPS powder heated
by microwaves in H-field

D SE(M) 2009/08/15 $

Fig. 7. SEM micrograph of the polished cross section of the zone B of the composite with 75
vol.% PPS powder heated by microwaves under a flowing nitrogen gas

4. Conclusion

In the present work, using a single-mode 915 MHz microwave applicator, we investigated
the heating behaviors of the mixtures of CusoZrssAls metallic glassy powder and PPS
powder in a separated H-field. The CusoZrssAls metallic glass/PPS composites were
fabricated with an applied pressure of about 5 MPa under a flowing nitrogen gas. The
mixtures with a high fraction of CusoZrssAls metallic glassy phase could be heated well and
exhibited a relatively uniform structure. With the increase in PPS content above 90 vol.%,
the mixture was hardly heated up under a nitrogen-flow atmosphere, but was heated well
in low vacuum by microwave-induced plasma heating. A bulk sintered composite with
retention of an amorphous structure were obtained. The bonding state between metallic
glassy and PPS particles was found. The gradient structure could be formed by microwave
processing of the composites with a high fraction of PPS phase. It is evident that microwave
induced heating process in the mixture of CusoZrssAls metallic glassy powder and PPS
powder in a separated H-field offers a possibility to fabricate metallic glass/polymer
composites with large dimensions.

www.intechopen.com



Microwave Processing of Metallic Glass/polymer Composite Material in A Separated H-Field 241

5. References

Anklekar, R.M.; Bauer, K.; Agrawal, D.K. & Roy, R. (2005). Improved mechanical properties
and microstructural development of microwave sintered copper and nickel steel
PM parts, Powder Metallurgy, Vol. 48, 39-46

Bergese, P. (2006). Specific heat, polarization and heat conduction in microwave heating
system: A nonequilibrium thermodynamic point of view, Acta Materialia, Vol. 54,
1843-1849

Buchelnikov, V.D.; Louzguine-luzgin, D.V.; Xie, G.Q.; Li, S.; Yoshikawa, N.; Sato, M. &
Inoue, A. (2008). Heating of metallic powders by microwaves: Experiment and
theory, Journal of Applied Physics, Vol. 104, 113505-1-6

Clark, D.E. & Sutton, W.H. (1996). Microwave processing of materials, Annual Review of
Materials Science, Vol. 26, 299-331

Clark, D.E,; Folz, D.C. & West, ].LK. (2000). Processing materials with microwave energy,
Materials Science and Engineering: A, Vol. 287, 153-158

Gedevanishvili, S.; Agrawal, D.K. & Roy, R. (1999). Microwave combustion synthesis and
sintering of intermetallics and alloys, Journal of Materials Science Letters, Vol. 18,
665-668

Inoue, A. (2000). Stabilization of metallic supercooled and bulk amorphous alloys, Acta
Materialia, Vol. 48, 279-306

Inoue, A. & Zhang, W. (2002). Formation, thermal stability and mechanical properties of Cu-
Zr-Al bulk glassy alloys, Materials Transition, Vol. 43, 2921-2925

Johnson, W.L. (1999). Bulk glass-forming metallic alloys: science and technology, Materials
Research Bulletin, Vol. 24, 42-56

Katz, ].D. (1992). Microwave sintering of ceramics, Annual Review of Materials Science, Vol. 22,
153-170

Kindig, A.; Schweizer, T.; Schafler, E. & Loffler, J. (2007). Metallic glass/polymer
composites by co-processing at similar viscosities, Scripta Materialia, Vol. 56, 289-
292

aLouzguine-luzgin, D.V.; Xie, G.Q.; Li, S.; Inoue, A.; Yoshikawa, N.; Mashiko, S.; Taniguchi,
S. & Sato, M. (2009). Microwave-induced heating and sintering of metallic glasses,
Journal of Alloys and Compounds, Vol. 483, 78-81

bLouzguine-luzgin, D.V.; Xie, G.Q.; Li, S.; Inoue, A.; Yoshikawa, N. & Sato, M. (2009).
Microwave-induced heating of a single glassy phase and a two-phase material
consisting of a metallic glass and Fe powder, Philosophical Magazine Letters, Vol. 89,
86-94

Li, S; Xie, G.Q.; Louzguine-lozgin, D.V.; Cao, Z.P.; Yoshikawa, N.; Sato, M. & Inoue, A.
(2008). Microwave sintering of Ni-based bulk metallic glass matrix composite in a
single-mode applicator, Materials Transaction, Vol. 49, 2850-2853

Li, S,; Xie, G.Q.; Louzguine-lozgin, D.V.; Sato, M. & Inoue, A. (2010). Microwave-induced
sintering of Cu-based metallic glass matrix composites in a single-mode 915-MHz
applicator, Metallurgical and Materials Transactions A, DOI: 10.1007 /s11661-010-0346-
8

Nicula, R.; Stir, M.; Ishizaki, K.; Catal4d-Civera, J.M. & Vaucher, S. (2009). Rapid
nanocrystallization of soft-magnetic amorphous alloys using microwave induction
heating, Scripta Materialia, Vol. 60, 120-123Roy, R.; Agrawal, D.K,; Cheng, J.P. &

www.intechopen.com



242 Advances in Induction and Microwave Heating of Mineral and Organic Materials

Gedevanishvili, S. (1999). Full sintering of powdered metals using microwaves,
Nature, Vol. 399, 668-670

Roy, R.; Peelamedu, R.D.; Cheng, J.P.; Grimes, C.A. & Agrawal, D.K. (2002). Major phase
transformations and magnetic property changes caused by electromagnetic fields at
microwave frequencies, Journal of Materials Research, Vol. 17, 3008-3011

Roy, R.; Peelamedu, R.,; Hurtt, L; Cheng, ]J.P. & Agrawal, D.K. (2002). Definitive
experimental evidence for microwave effects: radically new effects of separated E
and H fields, such as decrystallization of oxides in seconds, Journal of Materials
Research Innovation, Vol. 6, 128-140

Saitou, K. (2006). Microwave sintering of iron, cobalt, copper and stainless steel powders,
Scripta Materials, Vol. 54, 875-879

Soinila, E.; Sharma, P.; Heino, M.; Pischow, K. & Inoue, A. (2009). Bulk metallic glass coating
of polymer substrates, Journal of Physics: Conference Series, Vol. 144, 012051

Wang, W.H.; Dong, C. & Shek, C.H. Bulk metallic glasses, Materials Science and Engineering:
R: Reports, Vol. 44, 45-89

Xie, G.Q.; Louzguine-luzgin, D.V.; Kimura, H. & Inoue, A. (2007). Nearly full density
Ni52.5Nb10Zr15Ti15Pt7.5 bulk metallic glass obtained by spark plasma sintering of
gas atomized powders, Applied Physics Letters, Vol. 90, 241902-1-3

aXie, G.Q.; Li, S.; Louzguine-lozgin, D.V.; Cao, Z.P.; Yoshikawa, N.; Sato, M. & Inoue, A.
(2009). Effect of Sn on microwave-induced heating and sintering of Ni-based
metallic glassy alloy powders, intermetallics, Vol. 17, 274-277

bXie, G.Q.; Suzuki, M.; Louzguine-luzgin, D.V,; Li, S,; Inoue, A; Yoshikawa, N. & Sato,
(2009). M. Analysis of electromagnetic field distributions in a 915 MHz single-mode
microwave applicator, Progress in Electromagnetics Research, Vol. 89, 135-148

Yoshikawa, N.; Louzguine-luzgin, D.V.; Mashiko, K.; Xie, G.Q.; Sato, M.; Inoue, A. &
Taniguchi, S. (2007). Microstructural changes during microwave heating of
Nis5Zr1sNbyTiisPt; s metallic glasses, Materials Transaction, Vol. 48, 632-634

www.intechopen.com



Advances in Induction and Microwave Heating of Mineral and

ADVANCES IN INDUCTION AND

MICROWAVE HEATING OF MINERAL Organic Materials
AND ORGANIC MATERIALS

Edited by Prof. StanisA.aw Grundas

ISBN 978-953-307-522-8

Hard cover, 752 pages

Publisher InTech

Published online 14, February, 2011
Published in print edition February, 2011

The book offers comprehensive coverage of the broad range of scientific knowledge in the fields of advances
in induction and microwave heating of mineral and organic materials. Beginning with industry application in
many areas of practical application to mineral materials and ending with raw materials of agriculture origin the
authors, specialists in different scientific area, present their results in the two sections: Section 1-Induction and
Microwave Heating of Mineral Materials, and Section 2-Microwave Heating of Organic Materials.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Song Li, Dmitri V Louzguine-Lugzin, Guogiang Xie, Motoyasu Sato and Akihisa Inoue (2011). Microwave
Processing of Metallic Glass/Polymer Composite in a Separated H-Field, Advances in Induction and Microwave
Heating of Mineral and Organic Materials, Prof. StanisA,aw Grundas (Ed.), ISBN: 978-953-307-522-8, InTech,
Available from: http://www.intechopen.com/books/advances-in-induction-and-microwave-heating-of-mineral-
and-organic-materials/microwave-processing-of-metallic-glass-polymer-composite-in-a-separated-h-field

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




