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Abstract

This paper presents the results of fundamental studies concerning the possibility of synthesizingkyiMi®ans of a microwave
oven. Several attempts involving various precursors have been made with a view to identify suitable combinations of precursors that are
microwave receptive and reactive in nature. Also, the optimization of reaction conditions, both in terms of microwave exposure time and
period of post-heat-treatment required to synthesize phase-pure 4,iNé® been made. The optimum synthesis involves two steps, viz.
exposure of precursor to microwaves for 5 min followed by a post-treatment of heating the samples in flowing oxygen or in air for about 5 h.
Despite the involvement of two steps, this procedure reduces both processing time and cost. Among the various combinations of precursors
chosen for the present study a microwave irradiated (5 min) LIOH-Nig@binbination when subjected to post-heat-treatmenpi(b®)
results in the formation of a phase-pure LiNi€ample, which exhibits good electrochemical performance (163 mAhag a potential
cathode material for lithium cells.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction uct can be obtained in a relatively short time. Consequently,
sintering of ceramics using microwaves has been found to
Microwave energy has been in use for over 50 years in be advantageous in terms of reduction in particle size, sin-
diversified fields such as communications, food processing, tering temperature, and firing tinj@]. These parameters are
and textiles. The recent application of microwaves towards reported to have significant effects on the characteristics of
the synthesis of variety of organic compourds?], e.g. ceramics for commercial applications. The scope and use of
esterification, hydrolysis, substitution, and polymerization, microwave radiation for solid-state synthesis is restricted,
has opened up a new gateway in the modern era of synthetichowever, owing to the limited availability of microwave sus-
chemistry. Further, it has been shown that microwave pro- ceptors[9].
cessing could be a viable route for the synthesis of many in-  Of late, a great deal of interest has been shown in the
organic material$3,4], the sintering of advanced materials microwave-assisted synthesis of cathode materials such as
and chemical analysig?]. For instance, doped ZnS phos- LiMn204[10,11] LiCoO, [12,13]and Li g25Mn1.97504 [9]
phor[5], nano CdSe, PbSe semiconducti@is LaCrO; (an that are used in 4V lithium batteries. On the other hand,
electrode/interconnector for solid oxide fuel cel[g] are no report on the microwave-assisted synthesis of the cath-
certain technologically important material that have been ode material LiNiQ has appeared in the literature. There-
synthesized by microwave processing. fore, an attempt has been made in the present work to
It is well known that, due to the high penetration depths explore the possibility of synthesizing LiNyOusing mi-
of microwaves, its coupling with lossy materials results in crowave radiation and to optimize the irradiation time and
rapid and uniform heating of the entire bulk of the reacting post-heat-treatment conditions required for the formation of
substance. This, in turn, minimizes the thermal gradients, phase-pure LiNiQ with acceptable electrochemical charac-
reduces the time for particle diffusion and hence the prod- teristics. Also, with a view to examine the suitability of the
microwave-assisted process and to have a better insight into
mpondmg author. Tels91-4565-227-555: the perfor_mance of microwave (_jerived LiNiGamples, a
fax: +91-4565-427-779. comparative study has been carried out of the performance of
E-mail address: kalyani1973@yahoo.com (P. Kalyani). LiNiO » synthesized via the conventional solid-state method.
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2. Experimental 2.2. Instruments

2.1. Synthesis procedure The synthesis of LiNi@ was attempted using an un-
modified kitchen microwave oven (type no. WP700L17,
Combinations of hydroxides, carbonates and oxides of Singer Ltd., India) rated at 700 W power output and with
lithium and nickel were selected to synthesize LiNi@Ging a frequency of 2.45GHz. As the accurate measurement of
microwaves, se&able 1 In a typical experiment, calculated the reaction temperature is not straightforward and requires
amounts of selected precursors were homogenized me-+igorous modification of the oven, the present study focuses
chanically and pelletized. The pellet was put in an alumina on the influence the time of exposure of the reactants to the
crucible and placed inside another larger alumina crucible, microwaves.
which was stuffed with glass wool. The purpose of using  The phase purity of the products was verified by X-ray
glass wool is mainly to avoid breaking and cracking of the diffraction analysis with a JEOL-JDX 8030 X-ray diffrac-
glass turntable in the microwave oven by minimizing the tometer. The diffractograms were recorded using nickel
heat transfer to the turntable. The whole assembly was kepffiltered Cu Kx radiation ¢ = 1.5408 A) at room tempera-
at the centre of the turntable. The pellets were exposed toture in the 2 range 10-80with a scan rate set at 0. 1.
microwave radiation for various exposure times, e.g. 3, 5, 7 Powder densities were measured based on the Archimedes’
and 15min. The reaction was triggered after 15-20s with principle using xylene as the liquid medium. The mor-
the appearance of orange colour glow, presumably due tophology of the powders was examined by means of a
the interaction of lithium ions with microwave radiation. HITACHI S-3000 H scanning electron microscope, and the
The disappearance of the glow was taken as the sign ofparticle-size distribution was determined by laser diffraction
completion of the reaction for all the precursors attempted with a Malvern Easy Particle Sizer. The surface area of the
in the present study. Simultaneously, LiNi®amples were  synthesized powders was determined by BET adsorption
synthesized by solid-state method also, using an intimatemethod using low-temperature nitrogen adsorption (Quanta
mixture of LIOH and Ni(OH3 (A) and LiOH and N3Os3 (B). Chrome Nova 1000, US).

The mixtures on heating in an;@&tmosphere at 70 for Electrochemical performance was evaluated by as-
21 h with intermittent grinding (to ensure phase homogene- sembling cathode-limited 2016 lithium coin cells. Cath-
ity) resulted in the formation of fine powders of LiNyO odes were fabricated by slurrying the cathode powders

It is very interesting to note that unlike the solid-state with 10wt.% graphite and 2wt.% PVdF as binder in
method, intermittent grinding of the pre-exposed reaction N-methyl-2-pyrrolidone (NMP) as solvent, and coating the
mixture was found to have no effective interaction with mi- mixture over an Al foil current-collector. After drying at
crowaves further, as indicated by the non-appearance of thel10°C overnight, the discs were pressed in a hydraulic
receptive orange glow. Also, the expected rise in temperaturepress at a pressure of about 10-15 kgérto achieve per-
was not observed, thus substantiating the non-interactivefect adherence of the coated material over the surface of the
nature of the pre-exposed sample with microwaves due tocurrent-collector. Discs of 1.6 cm diameter were punched out
intermittent grinding. In other words, the process of intermit- and typical cathodes were found to have an average cover-
tent grinding does not appear to give any favourable result age of active material of about 7 mg per disc. The electrolyte
over microwave interaction with the pre-exposed samples, consisted of 1 M LiAsk in 1:1 (v/v) EC:DMC (EC: ethy-
as far as the microwave-assisted synthesis of LiN&on- lene carbonate; DMC: dimethyl carbonate), and polypropy-
cerned. Based on this, it may be concluded that ‘one-shotlene fabric was used as the separator. Charge—discharge
exposure’ (i.e. until the glow stops) to microwave radiations studies were performed using an in-house cell-testing unit.
is ideal for optimizing the exposure time. It is considered
that no such observation of the effect of intermittent grind-
ing has been made by any research group to date for the3. Results and discussion
microwave-assisted synthesis of lithium battery cathodes.

The precursoF exhibits neither a rise in temperature nor
the orange colour glow when the reactants were exposed to

Table 1 microwaves. Therefore, the possibility of using carbonates
Precursors chosen for microwave-assisted synthesis of LiNiO of lithium and nickel to synthesize LiNi©was ruled out,
Code Lithium source Nickel source Interaction with as these compounds could not react eﬁeCtlvely V.Vlth the mi-
microwaves crowaves. By Cont_rast, the rest of_ the_ combinatiohsH)
A LiOH Ni(OH), Positive are found to be microwave regeptlve in nature. Among the
B LiOH Ni»O3 Positive microwave receptive combinations of precursors, only com-
C LiOH Basic nickel carbonate  Positive binationsA andB have been chosen for further characteri-
D LioCOs Ni(OH)2 Positive zation in the present study. Actually, the preference for these
E LioCO3 Ni»O3 Positive ; ; Fp ; ; ;
combinations originates basically from the very objective of
F LioCO3 Basic nickel carbonate Negative 9 y y 0]

comparing the results of the microwave-assisted synthesis




P. Kalyani et al./Journal of Power Sources 123 (2003) 53-60 55

(@)
(a) ﬂ

(b)

BN WS

(d)

Intensity {a.u)

L I
10 30 50 70

20 (deg.
(© 9-)
Fig. 2. XRD pattern of product obtained from microwave treatment of
M LiIOH-Ni,O3 precursor for: (a) 3min; (b) 5min; (c) 7min; (d) 15min.
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(Fig. 1d were given to the same precursor individually. Sur-
prisingly, with the increasing exposure time, the intensity
of the (00 3) peak is found to decrease drastically and ulti-
(d) mately results in the mere formation of NiO orNigO1g
phase at the end of the 7 and 15 min. From this observation,
it is therefore assumed that longer exposure time could lead
to a rise in temperature that may lead to the decomposition
of LINiO,, which has already been formed from the ini-
tial microwave interaction. In other words, longer exposure
time will be of little use as far as the microwave-assisted
synthesis is concerned. Similarly the product obtained from
precursorB, exposed for 5min alone is found to exhibit a
Fig. 1. XRD pattern of product obtained from microwave treatment of maximum (0 0 3) peak intensity of 70%, compared with that
LiIOH-NIi(OH), precursor for: (a) 3min; (b) 5min; (c) 7 min; (d) 15 min. exposed for 3, 7 or 15 mm:(g_ 2)

Since the product obtained from the combinatirex-
and the solid-state method of synthesizing Liki@volving hibits the (00 3) peak with an intensity as high as 90%, it

10.0 300 50.0 70.0
20 (Deg.)

the same combinations of precursors. may or may not require post-heat-treatment to improve the
peak intensity further. On the other hand, for the combina-
3.1. Phase analysis by PXRD tion B, it is considered that post-heat-treatment is highly es-

sential to obtain better purity of the compound. Therefore,

The XRD patterns of the compounds derived frén the products obtained from andB were further subjected
and B using microwave irradiation for periods of 3, 5, 7 to post-heat-treatment at 700 in flowing O, and air for
and 15min are shown iRigs. 1 and 2respectively. The  various times. The optimization of temperature required to
combinationA exposed for 3min shows the evolution of synthesize phase-pure LiNi@ia the solid-state method has
LiNiO 2 phase, but an insufficient exposure time as evidencedbeen carried out in one of our earlier studj#4] and from
from the reduced intensity of the peaksid. 19. On the the satisfactory results obtained, a temperature of Ci@as
other hand, the product obtained after an exposure time ofbeen also taken as the optimum post-heat-treating temper-
5min (Fig. 1b exhibits the presence of the characteristic ature for the present study. Here again, it is found that, ir-
(00 3) peak with a maximum intensity of approximately 90% respective of the type of precursor chosen, a heat-treatment
against 100%, which is normally observed for phase-pure for 5h in flowing @ is found to be sufficient to obtain bet-
LiNiO». Therefore, in order to understand the effect of expo- ter sample purity, whereas longer heating times such as 10
sure time on phase purity, a systematic investigation involv- and 15h may not be required. Also, it is worth noting that
ing longer exposure times such as 7 niig( 19 and 15 min a temperature of 700 is sufficient for the formation of
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XRD peaks which, in turn, may lead to better electrochem-
ical properties.
(a) Oxygen The crystal parameters calculated for various products ob-
tained from the selected precursorsfoandB treated under
different conditions assuming a hexagonal setting (sp. gr.
R—3m—ng) showed excellent matchinggble 2 with those
of the JCPDS valuefl6]. From thelpo3/l(104 ratio and
c/a values (evaluated from the XRD patterns) of the these
post-heat-treated samples, it is confirmed that a treatment
time of 5h in the @ atmosphere is sufficient to obtain a
product with high crystallinity and 2D structure, irrespec-
(b) Air tive of the precursors employed. The sample derived from
B in flowing air for 5h has no distinct splitting of (10 8)
and (110) peaks, which is an indication of a reduction
in the 2D characteristics. Therefore, it is evident that the
J post-heat-treatment in oxygen atmosphere alone results in
| | the formation of phase-pure LiNgOwhen precursoB is
10 30 50 70 used. In other words, heat-treatment in air is inefficient to
20 (deg.) synthesize pure LiNi@ using the microwave pre-exposed
B type precursor. On the other hand, precur8odisplay
Fig. 3. Typical XRD pattern of LiNiQ synthesized from precursd, only a slight improvement in peak intensity for both énd
pc_)st-treated in flowing (a) 9and (b) air for 5h after 5min exposure to air post-treated samples relative to the ‘as-derived’ LiNIiO
microwaves. . .
product. Therefore, the actual choice, as well as the require-
ment of the post-heat-treatment can be confirmed only af-
phase-pure LiNi@ products against the reported tempera- ter subjecting these samples to systematic electrochemical
ture of 750-850C [15]. characterization studies.

Further, it is quite interesting that the samples obtained In an attempt to understand the effect of microwave ir-
from A andB with a post-heat-treatment in,Jor 5h and radiation on the selected set of precursors, two LiNiO
that derived fromA heat treated in air for 5 h exhibited strik- samples were synthesized from the combinatiarasnd B
ing similarity and better crystallinity in their XRD patterns. by adopting the conventional solid-state method. The react-
On the other hand, the product obtained from combination ing mixtures were heated in an oxygen atmosphere for and
B exhibits a slight mismatch in the XRD pattern, and thus 5 and 21 h separately, with usual intermittent grindibd].
in the related crystal constant values (when subjected to The XRD pattern for LiNiQ obtained fromA is shown in
post-heat-treatment in flowing air for 5h). From this obser- Fig. 4 Both precursors heat-treated for 5h failed to give
vation, it may be inferred that a heat-treatment in flowing phase-pure LiNi@, whereas the XRD patterns and the crys-
air 5h would be inadequate for the combinati®ro yield tal constants are quite similar for LiNjOsamples derived
phase-pure oxide. Hence, it is appropriate and advantageousifter 21 h of heat-treatment in flowing,OThis observation
to heat this precursor in flowing Cfor just 5h rather than  agree with that of Ohzuku et dl17] and confirms the re-
in flowing air for a longer period. Typical XRD patterns of quirement of at least 20 h of heating irp @tmosphere to
LiNiO, obtained from the ‘all-hydroxideA treated in Q obtain phase-pure LiNi@by the solid-state method, irre-
and air are presented ifig. 3. Consequently, it is under-  spective of the nature of the precursor combination such as
stood that post-heat-treatment plays a vital role in enhancingA andB chosen for the present study. A reduction in reac-
the phase purity by way of improving the intensity of the tion time to the level of a minimum of 5 h is found, however,

{003)

~
o
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Intensity (a.u)

Table 2

Crystal parameters, density and BET surface area of synthesized 4 {{i€oretical density= 4.78 g cnT3)

Precursor Post-heat-treatment Crystal constants Density (§)cm BET surface area (Ag1)
a (A c (A) cla loo3/l(104

LIOH-Ni(OH), [A] (o) 2.873 14.193 4.940 1.29 4.111 9.8

LIOH-NIi(OH), [A] Air 2.874 14.192 4.938 1.34 4.350 8.9

LiIOH-Ni(OH), [A] As-derived 2.870 14.182 4.941 1.23 4.158 9.4

LIOH-NIi(OH), [A] Oz (21 h) (solid-state) 2.875 14.194 4.937 1.33 4.343 8.6

LiOH-Ni,O3 [B] 0O, 2.873 14.183 4.937 1.34 4.302 8.3

LiIOH-NiO3 [B] Air 2.870 14.191 4.945 1.19 3.824 7.1

LiOH-Ni»Os [B] 0 (21h) (solid-state) ~ 2.873  14.194  4.940  1.33 4302 8.7
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Fig. 4. Typical XRD and pattern of LiNi® synthesized via solid-state
route by heating precursdk in flowing O, for (a) 5h and (b) 21 h.

to be sufficient when pre-treatment with microwaves has
been adopted. Also, as the precurdoexposed for 5min
yields LiNiO, which exhibits a (003) peak with a rela-
tively high intensity of 90%, @ post-heat-treatment is not
mandatory. Hence, it is quite obvious that either an expo-
sure time of 5min under microwave radiation followed by
a post-heat-treatment in ap@tmosphere for about 5h, or
a single step heat-treatment of the precursor inpatino-
sphere for at least 21 h (solid-state), is the ideal condition
for the precursoB to synthesize phase-pure LiNAOOn

the other hand, the ‘all-hydroxide’ precursdmay require

a microwave irradiation time of 5min alone (as received)
to synthesize LiNi@. Consequently, a direct heat-treatment
of A for 21 h (solid-state) or a post-heat-treatmentoin
flowing air for 5 h yields LiNiQ of good purity. Evidently,
post-heat-treatment ingJor 5 h has been found to enhance
the phase purity to the optimum level, which is reflected
in the electrochemical performance of LiNiddiscussed
below in Section 3.3 obtained from the ‘all-hydroxide’
precursorA. Hence, the application of microwave radia-
tion for 5min has been found to be significant and capable
of reducing the total processing time from 21 to 5h for
both the precursorsA( and B) selected for the present
study.

3.2. Microstructure, particle size and distribution of
post-treated LiNiO2

A typical scanning election micrograph of the LINiO
samples obtained from precursdksand B post-treated in
oxygen at 700C for 5h are depicted irFig. 5a and b
The observed agglomeration is an indication of the highly
sintered nature of the particles at 7@ For all the com-
pounds, discrete bands in the particle size ranggu2rand
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observed from the particle-size distribution analysis. The
particle-size distribution pattern for LiNgobtained from

A is shown inFig. 5¢ For all the seven samples, the average
specific surface area is found to be around #@m which

is comparable with that obtained from the solid-state method
reported in[18]. Similarly, the estimated powder density of
all the seven samples is within 80-90% of the calculated
values. This close agreement supports the fact that the prod-
uct obtained from microwave method is well condensed and
sintered. Physical parameters such as density, particle size
and surface area, along with the crystal constant values de-
rived from XRD data, are given ifiable 2

3.3. Electrochemical studies

Electrochemical characterization studies were conducted
for a set of seven LiNiQ samples obtained from precur-
sors A and B subjected to different reaction conditions.
More details about the various types of LiNiG@amples ob-
tained from different conditions are furnished Table 2
The ‘as-derived’ product (without any post-heat-treatment)
obtained from the microwave oven was also subjected to
electrochemical characterization studies to understand the
role and the necessity of post-treatment on the microwave
exposed samples synthesized from precufsor

To understand the electrochemical behaviour of LiNiO
2016 coin cells were assembled using the synthesized sam-
ples as cathodes against a lithium anode with 1 M LiAsF
in 1:1 (v/v) EC:DMC electrolyte. Charge—discharge studies
were performed at a constant current of 0.1 mAérin the
voltage range 3.3—4.3 V. The cycling performance of various
Li||LiNiO2 is given inFig. 6.

The products obtained from the solid-state method using
the precursoré andB show a maximum capacity of about
165mAhgl. The microwave-exposed precurs@rwhen
post-heat-treated in £for about 5 h exhibits a similar dis-
charge capacity4163 mAh g 1) during the first cycle. This
result demonstrates the feasibility and the practically viable
nature of synthesizing LiNi©@with microwaves.

Detailed studies of the performance of LiNiGynthe-
sized by the microwave-assisted method reveal considerable
differences in capacity with respect to the type of precursor
employed A or B) and the nature of post-heat-treatmen (O
or air). For example, with the post-heat-treatdorecur-
sor, the product obtained fromy(eat-treatment exhibits a
higher discharge capacity (163 mAhY than that obtained
from heating in air (157 mAhgl). Further the ‘as received’
precursorA obtained from a ‘single-shot’ microwave ex-
posure yields a higher (comparable whheat-treated in
air) capacity (155 mAhg!) than any of the samples derived
from the post-treated precursBr (~120mAhg1). From
this, it is concluded that microwave interactions have a spe-
cific preference for ‘all-hydroxides’ precurseéy, presum-
ably due to the polar nature of the reactants. On the other
hand, microwave interactions are found to have least pref-
erence for ‘all carbonate’ precursdiqas evidenced by the
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Fig. 5. Electron micrograph of (a) LiNi©synthesized from @ post-heat-treatment of precursar (b) LiNiO, synthesized from @post-heat-treatment
of precursor B; (c) typical particle-size distribution pattern observed for LINiOm O, treated precursof.
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180 ple (65mAhg?). Such a difference in discharge capacity
5 160 - 1 values is not observed with precursdrwhen post-heated
< 0 | either in @ (163mAhg?) in air (157 mAhg?l).
E The first discharge capacity of the microwave irradiated
2 120 - sampleA followed by O post-heat-treatment gives about
§ 100 - - [BJ-oxygen 160mAh g1, which is considerably higher than the values
S & [B]-air (135mAhg1) reported by Chang and Kum{a9]. Inter-
o 801 - [B]-SS estingly, the discharge capacity values are maintained up
S 60 e -+ [Al-0xygen to at least 30 cycles, without much capacity fade. That is,
b | = [AJ-air at the end of the 30th cycle, the discharge capacity of
o 4 + [AJas received is 164mAh g for the solid-state product and an average
Qo
w20 . [ASS of 157 mAhg! for the post-heated, microwave irradiated
0 ! . ‘ : : samples, i.e. a capacity fade of less than 5%. Similarly, the
0 5 10 15 20 25 20 product obtained frorB after 30 cycles gives 164 mAhd

(solid-state method) and 115 mAhY (microwave expo-
sure followed by @ post-treatment) compared with 167 and
Fig. 6. Cycling behaviour of LiNi@ samples synthesized by various 120mAhg™ on the first discharge capacity, respectively.
treatments (current density 0.1 mA cnt?). The higher capacity values of both the solid-state and mi-

crowave method (using) may very well be correlated with

gualitative observations of (108) and (110) peak splitting
non-appearance of a orange glow) based on the aforesaidndloo3/l(104 values of ca. 1.3 derived from XRD data
polarity reasons. [20].

For the post-heat-treated samples of precuBsahe G By contrast, poor cycling performance has been observed
post-treated product gives a higher capacity (120mARHg  for the sample synthesized froB heated in air, which
than the air-heated counterpart (65mAtty Therefore, is evident fromFig. 6. Within 10 cycles, the capacity de-
it is clear that the products obtained from precurfor creases from 65 to 54 mAhg, a value which corresponds
even after post-heat-treatment display inferior electrochem-to only 50% of those reported. This may be explained on

Cycle No.

ical behaviour compared with precurs@rwith and with- the basis of possible cation mixirjg0] and a reduction in
out post-treatment. In summary, the capacities of the seventhe 2D characteristics of LiNi@ The combination of these
samples of LiNiQ are in the order: two factors is expected to hinder'tiiffusion and, thereby,
increase unwanted polarization and cell impedance, which
Ass ~ Bss~ Aoxygen > Aqain ultimately lowers the charge retention ability of the ox-

ide material. Hence, the observed inferior electrochemical

activity of the product obtained frof8 can be understood.
where ss denotes the solid-state method. Hence, it is con-

cluded that the microwave-treated products derived ffom
exhibit more or less similar discharge capacity compara-
ble with those of the compounds obtained from solid-state 4. Conclusions
method, irrespective of the precursors used. This in turn sub-
stantiates the fact that the microwave-assisted synthesis is In the present study, the possibility of synthesiz-
a viable process by which LiNi©with improved electro- ing LIiNiO2 using a microwave-assisted method has
chemical performance can be synthesized. been examined with the selected precursor combinations
Also, based on the discharge capacity values shown byLiOH-Ni(OH)2 (A) and LiOH-NpOs3 (B). Generally, a
LiNiO, derived from different treatments, it may be con- two-step process which involves an initial microwave heat-
cluded that the combinatioA with polar reactants is the ing of the precursor for 5min followed by an oxygen
preferred precursor as far as microwave-assisted synthesis opost-heat-treatment for 5h has been found to be optimum.
LiNiO» is concerned. Similarly, optimization of post-heat- More specifically, the process depends upon the type of
treating conditions may also be derived from comparison precursor employed. All the microwave-treated and the
of the electrochemical performance of microwave-assisted post-heated LiNiQ samples examined in this study are
products. That is, LiNi@ obtained directly from microwave  found to be phase-pure (except of LiOH-Ng heated in
irradiation of A (for about 5min) is capable of show- air) crystalline, and sintered with acceptable battery activ-
ing better performance (155mAR¢), an indication that ity. It is also observed that intermittent grinding, which is
post-heat-treatment is optional only. On the other hand, part of the conventional method of preparation causes in-
the B precursor essentially requires post-heat-treatment significant interaction of precursors with further microwave
wherein heating in an 9atmosphere results in a higher exposure. Therefore, the highlight of this method is that a
capacity (120 mAhg!) compared with the air-heated sam- combination of microwave irradiation without intermittent

~ A(asreceiverd > B(oxygen > Baain
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