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rtцrfurtftп_ Fаmщш ýаfrцfrtlм ýшrffiшч IDý..
кплшкftшkо \пr", АШ&sешl\Гý' МlшпоrГкшrшlVJL- Кишпr5шш
tsll-, ]гflпdЬфr ýДП.-lýrпfrrпшr Ш,,, Ввrkчпап шл.* Шrф;1,,
Kltd'tn ý'шfiкýНЫIID,,КItrшffiшlшtл[. апт,d lh., l[иh* мkffiпй
Zakhidov R,A., Avezov R.R., Klychev Sh.I., Abbasov
E.S,, Abdurakhnronov А. Mamatkosimov nrade а great
contribution. In particular, they conducted rеsеаrсБ оп
the development of energy-efficient technologies for
цsiпg solar energy in the production of ceramic miterials,
improving the temperature апd humidity conditioný апj
trrodeling hеаt alrd llrass tratlsfel proceýýes for орtiпtаl
control of technological processes. Although tlre чsе
of solar епеrgу for сеrаmiс materials is widъý used irr
fогеigп соuпtriеs (Russia, Ukraine, etc.). Insufficient
attention is paid to solving the complex rеqчirеmепts
for ttlе paTameters оf high-temperature electric treateTs
using lепеwаЫе епеr8у ýоlшсеЕt especialф solar епеrgу.
[1-4] Ву converting sоlаr energy into heat, the use oi а
set of solar епеrý devices сап iпсrеаsе productiviýby uр
to 50% Ьу automatically adjusting епеr8у consumption in
the production of hiф-tепrреrаtчrе ele-itrlc hеаtЁrs, as а
result of which these desigTs сап rеduсе capital costs Ьу
60-70*i-

Methodý апd rпaterials. А diýtiпctive feature of
electric heaters is their eleetrical resistance. It is muсh
higher at rооm temperature, but drорs to а rпiпimum as йе
tеmреrаtчrе rises to 800"с- Whеп the tешреrаtuте limit
exceeds 800ос, the resistance of the hеаtеr iпсrеаsеs Ьу
about 5*i every I Ш)'С betrile€n l ШЮ алd t 5(ю"с- тhеrеfоrе,
ф mеаsuriпg the resistanc]e at rооп temperature, note
that these values do not соrrеýрOпd to resisiance values пt
ореrаtiпg temperature of the sаrпе hеаtеr. This should Ье
taken into account when choosing heaters ап,d connecting
them to 8тоuрý. The resistance of а high-temperature
electric hеаtег is measured in ап open fiегd at а constant
temperature of 1000-15tЮоС in а steady state of the

wеfuщршц il!шй ii[slrшlhc Ь celcrrlmed Шу Шrчr;dПцg the
sщdý,!кЯllнrgв ЩttМ сшшлшМ flсrпшfrщttrшщfiп ttrc hедttрf.,

]tlfu c,ll$ftmifu ltтх,я{tпчтý {шm hё Qнedt iim fu пшшгrш ш wШп-
IIth lhяrft ащgпшýiче шatшшпскs iimr пdыiiпrп tm lfu
chromite are inert gases (аrgоп, helium), пitrоgеп, саrьоп
dioxide at а hеаtег temperature iп the atmospt *i" up to
1200"с. Whеп the охуgеп reduced рrеSýurе is less tЪап
I(Ю Ра, it is possib|e to wоrk in this аtmоsрhеrе at а
tеmреrаtцге of l4Ш}"С. [5-6|.

Сопчепiспсе: easy and quick rерlасеmепt; continuous
and cyclical crperation; heating up ttl I8tШ"С in ап
oxidizing atmosphere; stabiliý of eleetrical properties
during ореrаtiоп (по aging) - otd and пеw heatiný elements
can Ье used together; the ability to wоrk iп the entire
tеmреrаturе rа.п8е.

ýреs of Нф-tепреrаtцrе electric hеаtеrs Ьаsed оп
lапйапчm drromite:
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TlTe - К lапthапчm chromite electromagnet - iп
the form of а dчmЬЬеll, a-working аrеа, L- tЙl length,
d-diameter of the wоrнпg рап, D-diameter of the coniaci
раrt, b-part of the cold contact, the mахimцm operating
tеmреrаtцrе of фре k-type electric heaters reachis 175ф
" c.[7l.
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ТЬеdкlзiсфсзЕiftЬшdесflввдьтвппm sfuшj:[Е"
ФрЕ С - те tоЫт dm]ý rirfr е ý!iЕС Wffiцg рI..
ý}iE ýý if;s gв@e prryetfu$" *Ь а*fuщ d'&кl
яЕ*ý,Е*rаl pEIt iý жЙ ейghtr *ж !r!* аrеЁ,зфе
- Йfu япМfu ЕЬе ЕЖ dftЫ тffiiiхп аE'fu
ýeýEff.Ti'n* ft*'ж ý}kýg fu }kýgýh ýý & &ж*.. тпre
жпПiiý tвп{шмltе dLýЦE{j sЙ ffiЕ dhsiýdt s{iilýýs ib
х7m,с-

_ 
цlйн}фlr - 

:

Illtвwrftiilgдen of ftre (ltшшпiiв llfrI{hm 1ГФе ltЕffir
is sliфflуйiсkеr than Йat of the K-type, ýо йе mахimчm
орегаtiпg tеmреrаtчrе is 18tЮ"С- [8J

Х,вяrltз. High-temperature electric heating dеmепý
based оп сhrоmitе and lапthапum аrе made of €еrаmiс
rnsterial. аrе ccnductire аэd allýlý. r,esistance }reating
dirеct}y frош rшт ttйреrfisе- Strrrcluratly, t}tcýe
hеаtеrg rпаdе of chTmtrite and |antharrrrn arе marla iп
the form of wires and pipes of чаriоцs cross-sections апd
configurations, which have а metal coating at the ends for
connecting electrical contacts- Heaters based оп chromite
and lапthапum аrе used in air-driven electric resistance
fчrпасеs апd provide thermal proceýseý at tempentures шр
to 17Ц} " С, iп ýOmе саýеý чр to 1НЮ " С. Tlre heaters сап
Ье used continuoшýly and intermittently with fuII cooling
ЬеМееп cycles- Heating elements based ап chromite апd
lantlranurrr аrе еаýу to rерlасе, ътhiсh reduces produrtion
losses.

Iп the iпdцstriаl рrоduсtiсп ofthis type ofheaters, the
tЫlохitцg tееhпо&ugiЁt rre u*td:

- tацэ апd *mall firпttiоrв о{ r}E rеramic .ni}Bý аrе
ýyntheýized Ьу the addition of lапthапчm and сfuоmiчm
oxide, followed Ьу the addition of calcium. All these
chemical elementý are brought into the ýаmе ýtate;

- then frоm the prepared fractiona| mass, сеrаmiс pipes
with а flowingwire аrе formed;

- the pipes аrе heated in а Ыф-tшlщаturе induýtrial
electric fчrпасе, wlridl allov*s tlre lreater [o Ье оле шlil-

This product has а length of up to 1500 nrnr алd
mоrе. The voltage iп the supply пеtwоrk сап Ье used for
апу network, but nrainly ]20, 380 юlВ- Тhе mахimчm
temperatBre of suеh elernenlt is *р to 18ý} degree*,
Dеtеrýiваtisп af Brдteri*I dear*ty шd рагаsitу- ТЬ
deTlsiý trtd pcrosity of tьэ mated cвamic rnatprialc Ere
determined using hydroýtatic gravity ассогdiпg to the
folIowing expreýsiоn:

р: ill. рр-{m" - m"}r.) (1}
w{rеrе р - is the density оý the samgle, hg/ mý; mя is the

mass af tht *аlrrple. ý р*- - deэsity of the tiquid. }gJ rrr;i
m*. iý ttк шаsв of ttre saпrple iп llsцi{t8.

' Pure purity was determined Ьу the following expression:
П : (.rп,.._-. _ щ.), tflF,.,6 {вr. цt. - Вс..ъ} 

ta}
rrhеге П- is the purity of the sаmрlеs,%; r\,*- - is the

mass оf the sample мtцrаtеdwith liquid, ý-
Dеtеrrпiпаtitп gf liп€аr shriпkage_ Rеrв"еrу of

saпtple* dшirgrупiЬis Fas detennilrcd ф tlre Ыtorilg
ехрrеssiоп:

y=ttb-x!}!b} tfi}% (5}
whеrе Аm - is the mаýý loss of йе sample dчriпg

ýynйeýiý,%; mп- is the mass of the sаmрiе before sylrttesis,
kg; m, -is the mass of йе sample аftеr synthesis,kg-

Determination of tlre moduJus of elasticity. The
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шщful'gg яf'ffiуvцg dе&gцщiвЕd Д!ý,фе rýкпЕмвmЕ
паt}md tш р rЕqftай ý,чtсý ýзfutrý ь --Спв Йt
пЕкýваЕ!ýF с*шв*хrgм;** d *!Ё WýЬffi_ тk
Е!!ýшшЕ tвтryЬ эв Ьщ rhe *d*r"ity d tbe
фзt #лзýdh йя rdг#tс- lfurm# сrтп- ic
л-дь.

]Мйшýf Ьfis& d*щрМщ !Е€mсЕ
d tlrc ftцшlшк ýilaellll iТш IrЕRýqше iЕп tffце с.drпg wш
dшшпfrmеd шr а ýhiiшfu AG-шkIlж wШt*шlвше
пппгhifuш шшu 5х5х45 пIrlцш ggшldiк агt gЕdirщ &D йе ftfl llшOfrlg
рryrcssmmт:

бiншrлпlш-3zРкlФЁ) (4)
lfuсФrшлкu,-iЬ ulfu Мiцвшсsшппqвшщрthсш,йшж

[&се, Е; К - is tftе coefficient of'the test Ъаsе; Ь - iЪ the
width оf the sample, m; h - sаmрlе heigtrt, m-

Compressive sýrength wаs determined on а ýhimаdац
АG-КЮkNХ machine iп lt}xl0xl0 mm samples iп
асrвrdапсе r*.ith the fоllжriцg expression:

trю:PJtb}} tsi
ttrrt ýсп- i6 ttre с7;:прrc*siоп рrеttчrе, ЖПа; Р _

compressive fоrсе, Н; Ь - is the width of the sample, m;
h - sаmрlе height, m.

Determination of the crack resistance coefficient. The
frасtuге toughness coefficient (К,.) was determined Ьу
the entrance to tie Viсkеrs pyramid. Сrасks were detected
using п TP-7p-r oЁicd hаrdпеss tester up to lO Еrп in
length. Тhе KlC чаIuеs аrе determined Ьу the following
expression:

Krc - t,Olý {Pi'tl'i tЕчr;нчL' (6)
rrhere К,.- crack rезЬtапсе coefhcient, ЦРх . 6'Д; с -

сrас}, leпgth, m-
Tte ttншt **ility of зiliжr гдrЬidе ýiC" lite all

ather ро}усrрtаllirrе rт,rarni{ Tnaterials, еrtепdя to brittle
materials; thеrеfоrе. all laws rеlаtеd to the mочеmепt of
ceramics чпdеr the iпfluепсе of thernral ýtresýes arising
frоm tеmреrаtчrе changes can Ье applied to it- The main
ргореrtiеs that determine йе reýiýtance of materials to
thеrmаi and thenTlal shock lоаф аrе strength, modulus
of elasticity, crreffieient of ttrermat expansion, thеrmаl
cTnductivity алd heat d,issipation- The stuф of Йе
thermal resistance of mапу ceramic mаtеriаls shшs that
ап irсrеаýе iп mесhапiсаI strепgй, а decrease in the
elastic rnodulus, ап iпсrеаsе in the coefficient of thеrmаl
expansio;t and ап irlкеже iп thеrша] coвdцctiT.ity аIr*гауs
cшtribцt* t* жr furr*rsе in tlt€ thдгIýýt r*siýtsn€e gf
tтдmiс matg,rials- ýiliý} rarbide is cfiaracferized Ц hish
thеrmаl conductiviý, reBching values in the гапgе of 50-
150 Wm" К for produets based оп SiC, а rеlаtiчеlу lоъ,
coefficient of thеrmаl expansion (4.5-5). 1О-6 1Л- These
properties mаiпý determine the hiф heat resistance of
ttrаmiе рrоduсВ mаdе of silicon eaфide 19 - 1В]. Аtчшiпum
tулidе - ш-?9.Sх, siticorr сайidе - 2о-?ý апd rgrаmiс
products ш-th а hardening additive during combustion
of the ргоdчС are characterized Ьу а porosiý of 30-40%,
ftexibility uр tc 80 МРа sпd practically unlimited heat
resistance- Up to 12{N}" С- This material was паmеd Tвcor
[r1-I3l- Тесоr Еиt€risl hяs Ьеп used to rпаkе small tube
glаsа bead siп:*rirg tr*ciЫts tЬt tапЬе tsed as t ltater
filtдr дt hoTre_ lYhen firirц r-шcibles with glass bads, the
heatirtgtempeгatшre rе*сttеd 85t}" С, the hеаtiпg tirrre rras
2 hotrrs, foltotrвd Ъry shаrр eooling. Сruсffеs mаdе fгоm
the specified material сап Ье stored for up to 1500 cycles.
It should Ье noted that йе inclusion of silicon carbide,
чЙiсh is sufliciently resistmt to oxidation up to 15{Ю" С,

a
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into the спmроsitiоп of сhаrрrl сеrаmir рюdшrts шр to
* 100-200 рm, significantý increases thermal stability.
Сеrаmiс products with а SiC content of mоrе than 50% сап
withstand instant hеаtirц чр to 1500" С. [14-16|.

ТЪеrmаl conductivity of SiC (silicon carbide).
This properý mainly determines the реrfоrmапсе of

silicon carbide materials at hЦh tеmреrаtцrеý. tleat iп
silicon carbide is trапsfеrrеd mainly Ьу phonons, Thermal
conductivity of SiC single crystals is close to the thеrmаl
conductivity of dianrond, silicon апd other covalent
crystals. The Йеrmаl conductiviý of SiC-based ceramics
depends оп шапу factors - йе аmоuпt of цrrоsiý, the
residuдl саrЬоп алd silicoл ýontent, and temperatrrre-
Porosiw аlшцчв significantlv affects lйе чаlче of йепrrдl
conductivity of all cerarnic materials, inc|uding SiC
materials, Тhеrmа| conducivity of dense nraterials nade
of SiC has high I products, reaching 120-150 Wm.К. As
the porosiý iпсrеаýеs, the феrmаl conductivity dесrеаsеs
significanfly, but ýtill rеmаiпs at а porosity Iече| of 20-30*
аt48*5оYлп-с-

As tlre porosity iпсrеаsеs, the tlrегпtаI сопdчсtiчitу
decreases significantly, but still rеmаiпs at а porosity lerrel
of 20-30% at 40-50 W / m.С.

In the middle раrt of the solar очеп, the tеmреrаtшrе
rеасhеs its mахimшm value (about 2050" С) in аЬоut l0
minutes, arrd then Ь mаiпtяiпеd at l700-t8Ш)" С for 17
miпцtеs after the stдrt of the teýt (thеrmосочрtе tG 1)"
The drop in tеmреrаturе after 17-17.5 minutes сап Ье
explained Ьу the deposition of electric heating material
and the corresponding redistribution of heat. The changB
in the аmоцпt of heat supplied to the sample is поtiсеаЫе,
especially in the атеа adiacent to the electric hеаtег
(ttжmgшФ€ }Р l), d pr*ted}y iЕФ€rесfriЫе а*
largc distances (thеrmосоuрlе Г,{е 4}. At а distance of }{Х}
mm from the sample (fumace center), the tеmреrаturе
(йеrmосоuрlе Ne 3) reaches 1250" С in аЬоut 9-10
minutes, and at а diýtance of 30t} mm (thеrmосоuрlе NЧ 4)
in about 23 minutes.

Figure l- Shorcs tiше plots of tеmреrаturе values
оftаiпеd frош the improrrcd mоdеls aborre. Iп thе omrýe
of the experiment, the tеmреrаturе was measured at four
points (thermocouples оf the сhrоmеl-аlumеl ýре wеrе
used): thermocouples N9. 1 and 4wеrе located at а distance
of 20 mm frоm the sample suface, NP. 2. - the ambient
tеmреrаturе waý meaýured at а фstапсе of 180 mm from
t}re srryrde шrfдсе itt tЬшшрlэ !rre- 3-

.4,п ехретimепt чtý gsrried очt in which the
temperature ulas measured at four points (chromel-alumel
thermocouples were used): thermocouples Ns 1 and 4 were
located at а distance of 20 шm frоm the соrе surface, NЧ 2-
- the аmЬiепt tеmреrаturе wаý шеаýчrеd at а distance of
180 шm fTom йе surfасе of the соrе and iп thеrшосrчрlе
I{P. 3. The location of ttre thеrшосшцtев is йшп in FiBEe
2. The dpramics of measurements in Figure З.

Тhеrmосоuрlе М 1 showed а shаrр rise in tеmреrаturе,
which began after 8.5 hочrs and did поt exceed 135О" С.
Тhеrшосоuрlе Ng 2 showed а maximum tеmреrаturе of
1200" С_ Тhеrrпосоuрlе showed the arnbient temperature
Ng 3" lйich Ьу the eвd of t}e earnlчi8rr did Bot exceed
1ý0' С, The",rmocorrplp ]!ýg 4 shrлшрj that а mаrimum
tеmреrаturе of 1(ХЮ" С was reached at t}re епd of йе ruп-

It should Ье noted that the роwеr сопsumрtiоп
shown in the experiment waý t03,{ХЮ k$h- Дссоrdiпg to
experimental data, it сап Ье argued that at а distance ot 0
+ 30 сm.

The рrосеsз of forming silicon carbide frоm ttre core in
the industrial furпасе continues. The ехреrimепtаl results
also suggest that the mode of роwеr supply for heating the
fчrпасе hаs а significant effect оп the mass yield of silicon
carbide. It should Ье noted that йе рrосеss of obtaining
silicon carbide is affeded Ьу the uпечеп heating of the
соrе апd the deposition ofthe сhаrgе.
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Figure 1- Ьшсгimепtаl and calculated уаlчеs of

t€mреrаtчrc асреr*псе on time whеп tlre очеп is
rшlfrпg_ fu шаlЬсrs &]m 1 to б ооrrеsроrrd to the

Figчrе 2. Installation diagram of thеrrпоспrрlеs in the
сrш tесtimr of the frгпасе.
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Figure 4- Ьреrimепtаl and catculatedva|ues of йе time
dерепdепсе оftеппреrаtчrе for the period ofoperation
of ttre furпасе- Ilre пчrпЬегs l ftrочgh 8 соrrеsропd to

the thеrrпосочрlе пчmЬеrs.
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