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HEATING RATE OF GRANULAR INORGANIC MATERIALS BY MICROWAVE
RADIATION

Purpose. Determining heating rate of granular materials of inorganic origin used for manufacturing foundry molds and rods in
the field of ultra-high frequency radiation, dependence of the heating rate of materials on the magnitude of their relative dielectric
permeability, as well as establishing the influence of the chemical composition and structure of inorganic materials on their relative

dielectric permeability.

Methodology. Investigation was carried out on test material samples weighing 200 grams which were heated by microwave ra-
diation with frequency of 2.45 GHz at nominal magnetron power of 700 W. Among the tested materials are: silicate block (soda),
rutile, normal electro-corundum, zircon concentrate, distene-sillimanite concentrate, chamotte, quartz sand, sodium chloride,

B-gypsum (G4, closed), a-gypsum (G22, closed).

Findings. According to the results of changing the initial temperature of samples, the heating rate of granular materials of inor-
ganic origin and values of their relative dielectric permeability (¢) were calculated. It has been found that investigated the heating
rate of industrial-grade materials is in the range from 12 (for closed gypsum grade G22) to 122 °C/min (for silicate block).

Originality. Values of dielectric permeability indicators of solid granular materials-insulators of industrial purity with a value of
€ < 17 have been established for the first time. It has been determined that their heating rate is directly proportional to ¢ value.
Moreover, these materials’ dielectric permeability depends solely on their chemical composition and can be calculated according
to the additivity rule of elementary chemical components included in their composition

Practical value. Based on the obtained data, materials appropriated for manufacturing casting model-core equipment, as well
as casting molding and core mixtures working, dried and structured in the field of microwave radiation have been recommended.
Using such materials will reduce energy consumption of casting parts production and increase its environmental safety.

Keywords: dielectric permeability, ultrahigh frequency radiation, granular material, heating rate, foundry mold, core

Introduction. Determination of electrical properties of di-
electrics is one of the tasks of modern fundamental science,
which is of great theoretical and practical importance. Electri-
cal properties, including relative dielectric permeability (e),
are determined by a variety of methods (resonance methods,
loop detuning, coaxial, balanced, waveguide, short circuit,
and others). Wide variety of these methods is conditioned by
both accuracy and conditions of measurements performance,
as well as formulation of the tasks to be solved, size specific,
shape and structure of examined objects, and others.

With regard to disposable non-metallic foundry molds and
cores production, as well as model-core equipment, one of the
most important indicators of technologies, in which micro-
wave radiation has been used for heating, is their granular ma-
terial heating rate. Currently, in relation to natural origin do-
mestic granular materials of technical purity, such data are
absent or have fragmented character. Hence, work aimed at
determining the heating rate, as well as at establishing the rela-
tionship between the heating rate of granular materials of nat-
ural and artificial origin of technical purity and their electrical
parameters, is relevant.

Literature review. At the present time, ultrahigh frequency
(UHF) radiation is used in a wide variety of technologies. In
particular, it is applied for disinfection of wastewater, vulcani-
zation of rubber, production of thermally expanding graphite,
products from plastics and resins, extraction of ore materials,
as well as in medicine, food and woodworking industry [1], in
forest [2] and chemical industry [3], in agriculture [4], build-
ing [5], foundry [6] and other industrial branches.
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In foundry manufacturing UHF radiation is used to a lim-
ited extent, mainly for molding and core materials, molds and
cores drying, model composition smelting from ceramic shell
molds. The limited use of UHF radiation in foundry technol-
ogy is conditioned by its application peculiarities. Particularly,
the types of tooling most used in foundries include models,
model plates, flasks and core boxes. As a rule, wood, cast iron,
steel, aluminum alloys, plastics, fiberglass, epoxides resins are
used for their manufacturing [7, 8]. Materials suitable for con-
ventional molding methods are not always suitable for use in
UHF radiation heating applications. In particular, plastic
masses and resins emit toxic substances and cancerogens when
heated [9], metal accessories, fasteners and parts heat up
quickly and, reflecting electromagnetic waves, lead to electric
arc sparking appearance in UHF furnace working chamber
[10], wooden equipment — charring and deforming. In this re-
gard, among the materials for model-and-flask equipment,
taking into account its heating in a UHF furnace, for example,
the corresponding dielectric material slowly heating up in
UHF radiation can be used.

The issues of dielectric materials heating were dealt with
by many scientists and researchers [11, 12]. Nevertheless,
methodology for determining the heating rate, adopted in
some of such studies, involving the water tank installation in
addition to the test material in UHF furnace working space
[12], casts doubt on the adequacy of the obtained results. In
addition, the heating rate of bulk granular materials of indus-
trial purity, most often used for the production of foundry
molds and cores, has not been determined.

Purpose of the study is to determine the heating rate of
granular materials, used in foundry molds and cores manufac-
turing processes in UHF field, its dependence on relative di-
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electric permeability, to establish the degree of influence of
chemical composition and structure of inorganic materials on
relative dielectric permeability.

Methods and materials. To determine the rate of increase
in materials’ temperature during their heating by a UHF radia-
tion device, schematically shown in Fig. 1.

According to the scheme in Fig. 1, the device is a contain-
er made of foam with an apparent density of 22 kg/m?. Di-
mensions of the working cavity of a foam container are &40 x
x 70 mm. In upper part of the container, its working cavity is
closed with a foam cover.

To control the UHF furnace operability, before starting
the next series of material tests, magnitude of the change in
temperature of distilled water sample weighing 180 + 1 g, heat-
ed in a cardboard cup, was determined. Any material test result
was taken as true if, during preliminary control heating in the
UHF furnace, water sample temperature increased by
38.3—38.7 °C in 60 s, and voltage in power supply of the UHF
equipment during material testing was 220 + 3 V.

During the experiment, 5 weighed samples of each test
granular material were prepared. The weight of test portions
was 180—220 g due to apparent density of the test material and
volume of the working space of the used foam container-ther-
mostat. Measurement of the initial temperature of the mate-
rial samples was carried out 10—15 min after test material plac-
ing in the container thermostat. To measure the temperature
with an accuracy of 0.1 °C, NiCr—CuNi, a thermocouple with
working junction diameter of 0.2—0.3 mm was used. After
measuring the temperature, the thermocouple was removed
from the thermostat container, the working cavity was closed
with a foam cover and thermostat container was installed in
the rotation center of UHF furnace table.

In all the experiments, the duration of material processing
in UHF furnace with frequency of 2.45 GHz at nominal mag-
netron power of Py, =700 W was 60 s. At the end of the treat-
ment the container was removed from UHF furnace and its
contents were mixed by shaking from three to five times with
simultaneous rotating on 180 °C in a vertical plane. After mix-
ing, NiCr—CuNi thermocouple was put into the working cav-
ity of the container to certain depth and repeated temperature
measurement was performed. The number of the same mea-
surement repetitions for one sample was 2.

The following materials were selected for testing in this
work:

- as ecologically and sanitary-hygienically safe binding
material for disposable mixtures of foundry molds and cores
— silicate block (soda), corresponding to GOST 917-41;

- as refractory granular materials for disposable foundry
molds and cores — rutile (GOST 22938-78), normal alumi-
num-oxide (GOST 28818-90), zircon concentrate (GOST

Fig. 1. Scheme of device for determining the temperature change
in bulk materials during their heating by UHF radiation:

1 — thermostat container; 2 — testing material; 3 — thermocouple;
4 — foam cover; 5 — measuring device

4882-74), disten-sillimanite concentrate (TU-U 14-10-01-01-
98), refractory aggregates (GOST 23037-78), quartz sand
(GOST 2138-91), sodium chloride (GOST 13830-97);

- as environmentally and sanitary-hygienically safe bind-
ing material for model-flask and core tooling — water-closed
B-gypsum (grade G-4) and a-gypsum (grade G-22) that meet
GOST 125-79 requirements. In this study, gypsum crumb was
used. It was prepared by mechanical grinding to required frac-
tion of water-closed gypsum of specified grades and then dried
in air for 15 days at temperature of 32—35 °C and relative air
humidity of 42—45 %.

All tested materials had been dried before investigation
for 3—5 min in ultrahigh frequency furnace with nominal
magnetron power of 700 W and then cooled in air to room
temperature. Predominant tested materials grain size was
0.1-0.2 mm.

Materials selected for testing specification and their ele-
mentary chemical compositions are given in Table 1.

Results. The experimental values of the tested material
heating rate are given in Table 2.

The calculation of UHF radiation specific power, which
has been used for material heating, and material relative di-
electric permeability was carried out as follows.

The value of UHF radiation specific power that goes to
heat any material has been calculated according to a well-
known formula [10], W/cm?

p=5563-10"2¢.¢) E2.f, (1

where ¢ is relative dielectric permeability of heated material; g,
is electric constant (8.854 - 107> F/m); E is the electromag-
netic field vector, V/m; fis electromagnetic field frequency,
Hz.

Duration of material heating from its initial #, temperature
to temperature ¢, was calculated by formula, with

Table 1

Granulated materials and their elementary chemical compositions

Material Elementary chemical compositions, (%, weight)
Silicate-block (soda) Na,0 25.4 %; SiO, 73.8 %; Al,0;+ Fe,050.47 %; rest — 0.33 %
Rutile 97 % TiO,; 1.7 % Fe,05; 0.5 % Al,05; 0.4 % SiO,; 0.2 % ZrO,; rest — 0.2 %

Normal aluminum oxide

95 % Al,03; 0.5 % Fe,05; 1.8 % Ti0,; 0.6 % CaO; rest — 2.1 %

Zircon concentrate (zirconsand)

65 % ZrOy; 32.5 % SiO,; 2 % ALOy; 0.4 % TiO,; 0.1 % Fe,0,

Disten-sillimanite concentrate
rest — 0.2 %

57.8 % AlLO5; 39 % SiO,; 1.8 % TiO,; 0.8 % Zr0,; 0.8 % Fe,05; 0.2 % MgO; 0.1 % CaO:; 0.1 % Na,O + K,0;

Refractory aggregates

28 % Al,04; 64.5 % SiO,; 6.1 % Fe,03; rest — 1.4 %

Quartz sand

99.7 % SiOy; 0.07 % ALOj; 0.03 % Fe,05; 0.29 % (Na,0 + K,0 + CaO + MgO); rest — 0.09 %

Sodium chloride

NaCl98.2 %; H,0 0.25 %; rest — 1.55 %

B-gypsum (grade G4),
a- gypsum (grade G22)

CaS0, 98 %; rest —2 %
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Table 2
Heating rate of granulated materials by UHF radiation

Chemical formula

Material (basi.c substal.'lce w,
specific density, °C/min
kg/m?)
Silicate-block (soda) nNa,O - mSiO, (2440) | 122.0£8
Rutile TiO, (4290) 38.6+14
Normal aluminum oxide a-Al,05(3970) 48.0+ 1.0
Zircon concentrate Z1Si0,4 (4670) 22.6+1.2
Disten-sillimanite concentrate | nAl,O; - mSiO, (3520) | 20.4+0.8
Refractory aggregates nAl,O5 - mSiO, (3000) | 25.4+2.1
Quartz sand Si0, (2650) 28.0+ 1.5
Sodium chloride NacCl (2164) 264+1.3
B-gypsum (grade G4, closed) | CaSO,(2320) 22.6+0.9
a-gypsum (grade G22, closed) | CaSO,(2320) 120+£0.3
c-m-\t,—t .m-
= (2 1):cmAt, @)

p p

where c is specific heat capacity of the tested (heated) material,
J/(kg - °C); m is the tested (heated) material’s sample mass, kg.
Insofar as

p:Zh’PM7

where Z, is the coefficient taking into account magnetron’s
specific power decrease at the i point of UHF furnace work-
ing space.

Then, from formula (2), it could be found that the rate of
temperature rise for the heated material is, °C/s

At Z,-P
== _Th M (3)
T c-m
At the same time, solving (2), with respect to p, we get
c-m-At
P 4)

To carry out calculations, formula (1) could be written in
form

g=A-p, (5)
where A is the constant value for accepted experiment condi-
tions, cm?®/W.

Using the data from Table 2, according to formulas (3) and
(5), taking A = 0.07 cm®/W, values of p and ¢ for the studied

materials could be calculated. Calculating results of the aver-
age values of ¢ for the studied materials, as well as the data of
[11, 12] are given in Table 3.

The analysis of the data in Tables 1—3 shows that among
studied materials, quartz sand has the best complex of proper-
ties, including environmentally and sanitary-hygienically safe-
ty, specific density, dielectric permeability value, cost and
deficit, for foundry molds and cores production using UHF
heating. At the same time, it is appropriate to use o.-gypsum
for model equipment and core boxes manufacturing. This
choice is due to the fact that among refractory and binder ma-
terials quartz sand and o.-gypsum are characterized by one of
the lowest heating rates when exposed to UHF radiation with
described above parameters.

In terms of dielectric permeability, except for silicate block,
the studied materials can be assigned to the group of dielectrics
with low dielectric permeability (¢ < 10). Moreover, there is di-
rect proportional relationship between dielectric permeability
and heating rate of this group of dielectric materials at A =
=0.07 cm*®/W, as evidenced by dependence plot in Fig. 2.

Apart from the main substance, the investigated granular
materials also contain substances-impurities in their composi-
tion that affect the value of their dielectric permeability. Based
on the nature of tested materials occurrence, it can be stated
that they are not mechanical mixtures of the main substance
and substances-impurities, but alloys of these materials. Con-
sequently, substances-impurities change not only physico-
chemical parameters of the main substance, but also its struc-
ture, dielectric permeability and a number of other properties
and parameters.

By analogy with mechanical mixtures of dielectrics, the
present work assumes existence of additive-mass influence of
elemental composition of substances-impurities alloys on the
dielectric permeability of the main substance. Based on this
suggestion, to estimate the influence of basic substance and
substances-impurities on relative dielectric permeability of the
studied dielectrics with low dielectric permeability, using Ta-
ble 1 and Table 3 data, the following system of equations could
be written

97-TiO, +1.7-Fe,0, +0.5- Al,0, +0.4-Si0, +0.2- ZrO, = 6.9
95-Al,0, +0.5-Fe,0, +1.8-TiO, +0.6-Ca0=7.6

65-Zr0, +32.5-Si0, +2-Al,0, +0.4-TiO, +0.1-Fe,0, =3.2
57.8-ALO, +39-Si0, +1.8-TiO, +0.8- ZrO, +0.8- Fe,0; +
+0.4-(Na,0+K,0+MgO+Ca0)=4.3

28-Al,0, +64.1-Si0, +6.1-Fe,0, =4.9

99.7-Si0, +0.07- Al,0, +0.0-Fe,O, +
+0.29-(Na,0+K,0+Ca0+Mg0)=4.6

Table 3

Calculating results of p and ¢ for average parameter values of the studied materials heated in UHF furnaces with 2.45 GHz
frequency and nominal magnetron power of 700 W during 60 s

€
Material c,J/(kg-°C) At, °C m,g p, W/em? calcul. tesults (L. 12]

Silicate-block (soda) 837 122.0 144 245 17.2

Rutile 690 38.6 222 99 6.9 10.6—175
Normal aluminum oxide 800 48.0 170 109 7.6 80
Zircon concentrate (zircon sand) 550 22.6 218 45 32 3.6—-5.2
Disten-sillimanite concentrate 900 20.4 200 61 4.3

Refractory aggregates 825 25.4 200 70 4.9

Quartz sand 740 28.0 191 66 4.6 2.0—6.0
Sodium chloride 920 26.4 187 76 5.3

B-gypsum (grade G4, closed) 880 22.6 195 65 4.5

a- gypsum (grade G22, closed) 880 12.0 195 34 2.4
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Fig. 2. Dependence w =f(g)

Denoting the total mass content of Na,O, K,0, CaO and
MgO in the analyzed materials as component fand renaming
it to X1, 8102 to x,, A1203 to X3, F6203 10 Xy, T102 to X5, ZI‘O2 to
X, it is possible to arrive at linear equations system of the fol-
lowing form

0.4-x,+0.5-x;+1.7-x,+97-x,+0.2-x,=6.9
0.6-x,+95-x;+0.5-x,+1.8-x,=7.6
32.5-%+2-x,+0.1-, +0.4 - x;+65-x, =3.2
39-x,+57.8-x;+04-x,+1.8-x;,+0.8-x,=4.3 ’
64.1-x,+28-x;+6.1-x,=4.9
0.29-x,+99.7-x,+0.07-x, +0.03-x, =4.6

(6)

Solving equations system (6) by Gauss method, for granu-
lar inorganic materials of natural and artificial origins, con-
taining (in weight) SiO, in the range from 0 to 99.7 %, Al,O4
from 0.07 to 95.0 %, ZrO, from 0 to 65 %, TiO, from 0 to
97 %, Fe,05 from 0.03 to 6.1 % and total content of Na,O +
+ K,0 + CaO + MgO from 0 to 0.6 %, the following equation
could be obtained

£=0.0307 - ZrO, +0.0326 - SiO, + 0.0483 - Al,O5 +
+0.0665 - TiO, + 0.2394 - Fe,05 +4.6262 - (Na,0 + (7)
+ K,0 + CaO + MgO),

where ZrO,, SiO,, Al,O5 and other substances are indicated in
weight %.

The obtained result indicates that the relative dielectric
permeability of the studied inorganic materials does not de-
pend on their structure and, with accuracy acceptable for en-
gineering calculations, can be determined by additive rule,
based on elementary substance mass contents in their compo-
sition, by the formula (7). In addition, based on the fact that
€ =1.0001959 for air, it is permissible for engineering calcula-
tions to use simplified formula of dependence w = f(g), which
has the form

W=1747-(e-1). ®8)

It follows from formula (8) that rate of temperature rise of
material heated in a UHF radiation field is directly propor-
tional to its relative permeability and depends only on its
chemical composition.

Conclusions. It has been established that between the value
of dielectric permeability and the heating rate of inorganic
solid granular materials-insulators of industrial purity with
predominant grain size of 0.1—0.2 mm, heated by UHF radia-
tion with 2.45 GHz frequency, direct proportional relationship
takes place. For dielectrics with low dielectric permeability
(e < 17), its value depends exclusively on their chemical com-
position and can be calculated according to additive rule of
substances included in dielectric mass elemental composition.
It was found that the heating rate of the studied material
changes in the range from 12 °C/min (for closed gypsum,
grade G22) to 122 °C/min (for silicate block). Among the
studied materials for model-core equipment production, pro-
cessed by UHF radiation in foundries, G22 gypsum can be
recommended, for disposable foundry molds and cores manu-

facturing — zircon sand, distene-sillimanite, refractory aggre-
gates or quartz. In this case, in terms of sanitary-hygienically
safety, specific density, dielectric permeability, cost and deficit
for foundry molds and cores production, preference should be
given to quartz sand.
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Merta. BuzHaueHHS 1IBUAKOCTI HarpiBy 36pHUCTUX MaTe-
piajiiB HEOPraHiYHOTO MOXO/IXKEHHSI, 1110 BUKOPHUCTOBYIOTHCS
IIJIS1 BUTOTOBJIEHHS TMBapHUX (DOPM i CTPUKHIB, Y MOJIi Hall-
BHCOKOYaCTOTHOI'O BUITPOMiHIOBAaHHS, 3aJ1€3KHOCTI IIBUIKO-
CTi HarpiBy marepiaiiB BiJl BEJIMUMHU IX BiTHOCHOI JieJieK-
TPUYHOI TIPOHMKHOCTi, BCTAaHOBJIEHHSI BIUIMBY XiMi4YHOI'O
CKJIaJy Ta CTPYKTYPU HEOPraHIYHUX MaTepiaiiB Ha BETUUUHY
X BITHOCHOI AieIeKTPUYHOI TPOHUKHOCTI.

Metoauka. [1ociixkeHHS] TPOBOAWIM Ha HaBaXXKax BU-
npoboByBaHUX MaTepianiB Macoro 200 r, 1110 HarpiBajau Hajl-
BUCOKOYACTOTHUM BUITPOMiHIOBaHHSM i3 yactororo 2,45 [Ty
3a HOMiHaJIbHOI MOTYXXHOCTI MarHeTpoHa 700 BT. Y uncini Bu-
MpoOOBYBAaHUX MaTtepialliB: cuiikaT-opuia (Comosa), pyTu,
€JIEKTPOKOPYH/I HOPMAJIbHUI, KOHLEHTPAT LIMPKOHOBUI,
KOHIIEHTPAT AUCTEH-CWIIMAHITOBUIA, IIIAMOT, TTiCOK KBapIIO-
BUI, HaTpiit xymopuctuit, B-rinc (['4, 3aTBopeHmii), a-rinc
(I'22, 3aTBOpPEHMIA).

Pe3ynbraTn. 3a pesynbTaTaMM 3MiHM MOYATKOBOI TEM-
TepaTypu HaBaXKOK pO3paxyBajii IIBUAKICTb HATPIiBY 3ep-
HUCTUX MaTepiajiB HEOPraHiYHOIO MOXOMKEHHS, BEJINYM-
HU 1X BIIHOCHOI 1ieJIEKTPUYHOI MPOHUKHOCTI (g). BcTaHOB-
JIEHO, 10 ILIBUIKICTh HaArpiBy AOCITIIXEHUX MarepiajiB
TIPOMUCIIOBOT YMCTOTU 3HAXOMUTHCS B Mexax Bim 12 (st
3aTBOpeHoro rincy Mmapku ['22) no 122 °C/xB (nas cuiikar-
Opusn).

HayxoBa HoBu3HA. YTiepiile BU3HAUEHI BEIMUMHU JTieJIeK-
TPUYHOI TTPOHUKHOCTI TBEPAMX 3EPHUCTUX MarepiasiB-iie-
JIEKTPUKIB MPOMUCIIOBOI YMCTOTH 3 BeJIMYMHOIO € < 17. BeTa-
HOBJIEHO, 1110 IIBMIKICTH 1X HArpiBy MpsIMO MPOMOpIiiiHA
BesinuuHi €. [1py 1boMy, BeJIMUMHA TieJIEKTPUIHOI TPOHUK-
HOCTI LIMX MaTepianiB 3aJeXnUTh BUKJIIOUHO Bill X XiMi4YHOTO
cKJIafy i Moxe OyTH po3paxoBaHa 3a MPaBUJIOM aAUTUBHOCTI
eJIeMeHTApHUX XiIMIYHUX KOMITOHEHTIB, IO BXOMSITH 1O iX
cKJIany.

IIpakTHyHa 3HayumicTb. Ha OCHOBI OTpMMaHUX HaHUX
PEKOMEHI0BaHi MaTepiau, 1110 MPUAATHI 111 BUTOTOBJIEH-
HST TUBAPHOTO MOJIETbHO-CTPUXKHEBOTO OCHAIIEHHS, a Ta-
KOX JTJUBAapHUX (DOPMYBAJIbHUX i CTPUKHEBUX CyMillleid, sIKi
MPAIIoIOTh, 10 CyIIaTh 200 CTPYKTYPYIOTh IiJ Ni€l0 HaI-
BUCOKOYACTOTHOTO BUMPOMiHIOBaHHSI. BUKopucrtaHHs Ta-
KMX MaTepiajiB J103BOJUTb 3HU3UTU EHEPTOEMHICTh BUPOO-
HUIITBA JUTUX AeTajell i MiABUILUTH HOTO eKOJIOTiuHYy 6e3-
TeKxy.

KmouoBi cioBa: diesexkmpuuna nporukHicms, Ha08ucoko-
Yacmomue GUNPOMIHIOBAHHS, 3ePHUCMUL Mamepian, weuo-
Kicmb Haepigy, ausapHa opma, cmpuiceHb
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Lean. OnpenesieHue CKOPOCTH HarpeBa 3epHUCTBIX Ma-
TEPUAJIOB HEOPTAaHWIECKOTO TPOUCXOXICHUS, WCITOIb3ye-
MBIX ISl UBTOTOBJIEHUS TUTEHHBIX (DOPM U CTEPXKHEI, B TTOJIE
CBEPXBBICOKOYACTOTHOTO M3JTyYeHUSI, 3aBUCUMOCTH CKOPO-
CTW HarpeBa MaTepUaJoB OT BEJIMYMHBI UX OTHOCHUTEIbHOM
NBJIEKTPUUECKON IPOHUTIAEMOCTH, YCTAHOBJICHUE BIIUSTHUST
XUMHUYECKOTO COCTAaBa U CTPYKTYPbl HEPraHMYECKUX MaTepu -
aJIOB Ha BEJIMYMHY WX OTHOCUTEIIBHON ITUIJIEKTPUIECKOM
MPOHUIIAEMOCTH.

Metoauka. McciaemoBaHust TpOBOAMIM Ha HaBECKaxX MC-
MbITYeMbIX MaTepuanaoB Maccoii 200 T, KOTOopble HarpeBaiu
CBEPXBBICOKOUYACTOTHBIM M3JIy4eHUEM C JacToToit 2,45 'l
MPU HOMUHAaJIbHOM MoITHOCTU MarHeTpoHa 700 Bt. B uucie
HCTIBITYEMbBIX MaTepUajioB: CUJIMKAT-IJIBIOA (ComoBasy), py-
TUJI, 2JIEKTPOKOPYH HOPMAaJIbHbIM, KOHLIEHTPAT LIMPKOHO-
BBIIi, KOHILIEHTPAT TUCTEH-CUJUIMMAHUTOBBIN, IIAMOT, TIECOK
KBaplIeBblid, HaTpUii XJopucThlii, B-rumnc (I'4, 3aTBOpEH-
HbIi), a-tutic (I'22, 3aTBOPEHHDIIN).

Pesyabratel. [lo pesynbraTaM M3MEHEHHUsI HayalbHOM
TeMIIepaTypbl HABECOK PaCcCUMTAIN CKOPOCTh Harpera 3ep-
HUCTBIX MaTepUaJioB HEOPraHMYECKOro IPOMCXOXIACHUS,
BEJMYMHBI NX OTHOCUTETLHOU TU3JIEKTPUUECKON MTPpOHUIIAC-
MOCTH (g). YCTaHOBJIEHO, YTO CKOPOCTb HarpeBa Mccieno-
BaHHBIX MaTepUAaJIOB IIPOMBIIIICHHOM YMCTOTHI HAXOIUTCS B
npenenax oT 12 (mis 3aTBOpEHHOrO TuUrca Mapku [22) no
122 °C/MuH (1151 CUJTUKAT-TJIBIOBI).

Hayunas HoBu3Ha. BriepBble ornpeneieHbl BeJIMIUHBI T~
BJIEKTPUYECKOI TTPOHUIIAEMOCTH TBEPABIX 36 PHUCTHIX MaTe-
PUAIOB-TU3JIEKTPUKOB IIPOMBIIIUIEHHOM YUCTOTHI C BEJTUIH-
Hoit € < 17. YcTaHOB/IEHO, UTO CKOPOCTb MX Harpena Mnpsmo
MPOMOPIIMOHATIBHA BeMYnHe €. [1py 3TOM, BeTMUMHA THI-
JIGKTPUYECKON MPOHUIIAEMOCTH 3TUX MAaTEepPUaoB 3aBUCUT
HCKJTIOYUTETLHO OT MX XMMHUYECKOTO COCTaBa M MOXKET OBITh
paccyuTaHa 1o MPaBWIy afAUTUBHOCTH BXOMSIINX B X CO-
CTaB 3JIEMEHTAPHBIX XUMUIECKUX KOMITOHEHTOB.

IIpakTnyeckas 3HauMmMocTh. Ha oCHOBe MOJy4eHHBIX
NMAHHBIX PEKOMEHIOBAHBI MAaTepUAJIbl, TTPUTOTHBIC TSI U3T0-
TOBJICHUSI JIMTEMHOW MOIEJIIbHO-CTEPXKHEBOM OCHACTKM, a
TaKXXe JIMTEHHBIX (POPMOBOYHBIX 1 CTEPKHEBBIX CMeceld, pa-
0OTaOIIMX, BBICYIIMBAEMBIX W CTPYKTYPUPYEMBIX B IIOJIE
CBEPXBBICOKOYACTOTHOTO M3NMydeHus. Mcmoib3oBaHue Ta-
KHX MaTepuajioB MO3BOJUT CHU3UTH SHEPTro€MKOCTb MPOU3-
BOJICTBA JINTHIX NeTajeil M TOBBICUTH €r0 JKOJOTMYECKYIO
0€30MacHOCTb.

KmoueBble cioBa: dusiexmpuueckas HNPOHUUAEMOCHb,
CBEPXBLICOKOUACMOMHOE U3AYHeHUe, 3ePHUCMbLI Mamepuan,
CKOpOCmb Hazpesa, AUmeliHas opma, CmepiceHd
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