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Abstract

The combustion behaviour of three oil shale and four coal samples were inves-
tigated under atmospheric and elevated pressure with YCR-1 pressurized DTA
apparatus. With increasing temperature two peaks of heat release were observed
on the DTA exothermal curve. The first one could be related to volatile matter,
and the second one to fixed carbon. Computer integration of the areas under
the first and second peaks (S; and S;) gave the fractional contribution to heat
release of volatile matter and fixed carbon, respectively. It is established that
S1/8; for oil shale is higher than that for coal. The characteristic temperatures
of oil shale and coal are also different. Experimental data fitted overall with
first order reaction yielded kinetic parameters. The difference in combustion
behaviour of oil shale and coal should be taken into consideration in design and
operation of plants.

Introduction

Coal-fired power generation constitutes the main component of power
supply in China. With drastically increasing power demand, there is
a nation-wide shortage of coal for power generation. Utilization of low
grade fuel, such as waste coal or oil shale has received more attention.
Fluidized bed combustion of coal has proved to be an attractive techno-
logy because of its use of low-grade fuel, high efficiency and low environ-
mental pollution. About one hundred recycling fluidized bed combustion
plants are in operation now in the world. A West Germany Lurgi boiler
(270 t/h) had been operating for 25,000 hours in April 1989. The Ahl-
strom recycling bed aggregate (420 t/h, 110,000 kW) of Finland is the
biggest one in the world. Other kinds of fluidized bed combustion plants
were put into operation in the USA and France in the 1980s [1].
Research and development of pressurized fluidized bed plants began
in the middle of the 1980s. The Board of Stockholm Energy in Sweden
had built a 12 atm fluidized bed plant for a cogeneration unit of 200,000 kW
in 1984 [2]. A PFBC demonstration plant was built in Ohio (USA) in 1988
with a 70,000 kW generator [3]. Pressurized fluidized bed test facilities
were built in Finland to utilize peat [4]. A commercial scale pressurized
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fluidized unit (330,000 kW) was built in West Virginia jointly by the
USA and Sweden under the sponsorship of DOE [5]. In China, Nanjing
Institute of Technology (now Southeastern University) initiated a pres-
surized fluidized bed combustion project in 1981 with the support of
State Science and Technology Commission and built its test facilities
in 1984 [6]. The operating pressure of pressurized fluidized bed is gene-
rally 12—16 atm, its thermal efficiency is as high as 99 % and its
effluent gas is compatible with gas turbine. Its fly ash, nitrides and
sulfides concentrations are lower than permitted by emission standard.
Moreover, high sulfur, high ash and low heating value fuels can readily
be utilized. Bituminous coal, anthracite, peat or waste coal are generally
used. However, little use has been made of oil shale. Coal, even waste
coal, differs from oil shale in their properties. The combustion behaviour
of oil shale compared with that of coal has been studied in the present
work.

Samples

Three kinds of oil shale, i. e., Fushun, Maoming and Estonian and four
kinds of coal, i.e., Huangxian lignite, Liupanshui waste coal, Datong
bituminous coal and Rujigou anthracite were investigated to compare
the combustion behaviour of oil shale with coal samples of different
coalification and heating value (see Table 1). The samples were finely
ground to under 200 mesh, dried by infrared rays, then investigated
under atmospheric and elevated pressure with YCR-1 pressurized DTA
apparatus.

Table 1. Properties of oil shale and coal samples
Tabauya 1. OcHOBHBIE IOKAa3aTeJH KadeCTBa M3YYEHHBIX 00pa3moB

Industrial analysis, %, Heating Organic
value, carbon,
Moisture Vol. mat. Ash CO; kecal/kg 9%
Fushun oil shale 4.15 17.53 73.86 2.4 1364 12.6
Maoming oil shale 2.57 19.16 73.70 1.4 1745 16.2
Estonian oil shale 0.12 41.5 39.5 18.7 3200 43.2
Huangxian lignite 19.6 56.61 8.86 6784
Liupanshui waste coal 1.53 41.76 19.13 4419 50.8
Datong bituminous
coal 4.72 25.63 772 6622 75.5
Rujigou anthracite 1.03 8.71 7.64 7696 85.1

Apparatus and Experimental

1. YCR-1 DTA apparatus made by Beijing Optical Instrument Factory
was modified to operate at 1000 °C and up to 100 atm (Fig. 1).

2. Experimental conditions. Medium: Air. Pressure: Atmospheric, 6, 12,
18 atm (gauge). Amount of sample: 10—15 mg. Reference: Oil shale
ash for oil shale, calcined Al;03; for coal. Heat-up rate: 10 °C/min. Re-
corded paper speed: 4 mm/min. Measuring range: 100 pV in general,
250 pV for Huangxian lignite (18 atm), Estonian oil shale (12 atm,
18 atm).
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Fig. 1. Laboratory apparatus: I — temperature control, 2 — pres-
surized DTA apparatus, 3 — temperature compensation, 4 — ampli-
fier, 5 — recorded, 6 — compressed air cylinder, 7 — pressure gauge,
8 — valve

Puc. 1. JJaGopaTopHOoe 060pyzoOBaHHE

3. Experimental method. A sample of 10—15 mg was weighed on a one
hundred thousandth precision balance and put into a @ 5 X 4 mm
crucible together with an equivalent amount of reference, then placed
in the sample holder of the DTA apparatus. The pressure vessel was
sealed tight, then pressurized air was passed through and adjusted to
the pressure needed, which was kept constant during combustion. The
sample was heated up with constant rate to the burn up temperature.
The DTA exothermal curve was obtained. °

Results and Discussion

The DTA exothermal curves were converted to unit weight samples,
as shown in Fig. 2. With rising temperature, two peaks of heat release
can be observed. The first one can be related to volatile matter, and the
second one to fixed carbon. The changes in curves shape visualize the
oxidation capability, release of volatile matter, the degree of burn-up
of the fuel etc. In Table 2 the characteristic temperatures of samples
are given and the same are also illustrated in Fig. 3.
(1) Under atmospheric pressure the temperature of vigorous combustion
of volatile matter, Ty, for oil shale is nearly the same as for waste coal,
while being lower than that for anthracite by tens of degrees (centigrade).
The temperature of vigorous combustion of fixed carbon, T's, for oil shale
is lower than that for waste coal, bituminous coal and anthracite appro-
ximately 100 degrees.
(2) Computer integration of the areas under the first and second peaks
gave the fractional contribution to heat release in the combustion of
volatile matter and fixed carbon respectively, as shown in Table 3.

0il shale in China has a high ash content (75 %), a very low, heating
value, and its organic carbon content is as low as 10—20 9%. In contrast
to it, ash and organic carbon contents for waste coal are 20 % and 50 %,
respectively. However, the heat generated during combustion of volatile
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Fig. 2. DTA curves under different pressures (I — 6 atm (gauge);
2 — 6 atm (gauge); 3 — 12 atm (gauge); 4 — 18 atm (gauge);
A — Fushun oil shale; B — Maoming oil shale; C — Estonian oil
shale; D — Huangxian lignite; E — Liupanshui waste coal; F —
Datong bituminous coal; G — Rujigou anthracite

Puc. 2. Tepmorpammsel [ITA, nosydyeHHbIe IDH PAa3JIUYHBIX HaBIEHUAX
(I—0,2—6,3—12u4 — 18 atm, no MmaHoOMeTpy): A — yurys-
CKHI Troproumii ciaHen; B — MaoMHHCKHU roprouyuii cianenm, C —
9CTOHCKHUH CIIaHEI-KYKepCUT, /] — XYaHU3AHBCKUHA JUTHUT, E — oT-
XOABI JOOBIYM JIIONAHYYUCKOro yriisi, F — HaTOHCKUNA OUTYMUHO3HBIHN
yronb, G — pYAKUTaNCKUHA aHTPALUT
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matter in oil shale is greater than that of fixed carbon. In other words,
S1/S: for oil shale is more than 1, while for coal, S;/S;: is always less
than 1 and decreases with the degree of coalification.

(8) The peak shapes are different for different samples and the two
peaks overlap to some extent. With increasing pressure, overlapping
tends to decrease, with the first peak moving toward the lower tempe-
rature. It is more evident for oil shale that the first peak becomes smaller
in width and greater in height. It shows that the volatile matter burns
more readily under pressure. No obvious change could be observed for
coal but the burn-up temperature of coal sample changes greatly with
increasing pressure, about 100 degrees with the increase of pressure
from atmospheric to 18 atm (gauge). For oil shale the change is merely
from several to tens of degrees.
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Table 2. Characteristic temperatures of oxidation-combustion, °C
Tabauya 2. XapakTepHCTHYECKHE TeMIIepaTypsl OKHCIeHHA-ropenus, °C

Sample T T, Ts T, T5 Te

FO1 203 341 408 397 427 546
F02 173 299 370 359 401 541
F03 170 284 362 352 409 539
F04 161 273 359 348 400 541
MO1 157 327 375 369 400 535
MO02 137 272 350 337 379 528
MO03 147 268 342 331 375 519
MO04 137 256 335 321 368 514
Uo1 192 347 428 416 503 553
Uo02 170 2901 389 374 439 529
U3 174 279 376 356 425 498
U04 172 231 378 355 424 494
DO1 113 352 422 390 534 655
D02 113 291 371 336 450 573
D03 113 270 346 321 390 558
D04 105 268 341 320 380 548
HO1 97 331 371 351 435 565
HO02 123 289 351 334 392 542
HO03 133 245 345 318 372 532
HO04 137 232 342 312 364 535
RO1 181 394 476 447 582 712
R0O2 195 367 414 393 512 610
RO3 185 343 389 361 480 595
RO4 183 336 379 357 466 571
GO1 156 354 447 399 531 652
G02 170 295 357 343 461 581
GO03 159 285 348 334 437 568
G04 145 271 340 327 419 553

Notes: F — Fushun oil shale, M — Maoming oil shale, U — Estonian oil shale, D —
Datong bituminous coal, H — Huangxian lignite, R — Rujigou anthracite, G — Liupanshui
waste coal. 1 — 0 atm (gauge), 2 — 6 atm (gauge), 3 — 12 atm (gauge), 4 — 18 atm
(gauge).

Fig. 3. Illustration of characteristic temperatures: 7| — temperature
at which oxidation of volatile matter begins, Ty — temperature of
vigorous combustion of volatile matter, T's — temperature of comp-
letion of combustion of volatile matter, Ty — temperature at which
combustion of fixed carbon begins, T5 — temperature of vigorous
combustion of fixed carbon, Ts — temperature of burn-up of fixed
carbon

Puc. 3. Cxema onpepesneHus xapakrepHex Temnepatryp ATA aias nery-
yux BemecTB (7', — Hadano ropenus, I's — BEITOpAHHE OCHOBHOH Mac-
cel, T3 — KOHel ropeHus) u tBepporo yriepoga (I's — Hadago rope-
HudA, Ts — BBITOPDAHUE OCHOBHOM Macchl, I's — IOJHOE BBITOpaHUE)
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Table 3. Fractional contribution of volatile matter and fixed carbon
Ta6auya 3. Bkaax B TeNJOBBIAeJeHHE JETYy4YHX BeIIeCTB M TBEpPAOro yriepona

Volatile ixed Si1/8S2

matter S; carbon S;
Fushun oil shale 0.64 0.36 1.78
Maoming oil shale 0.57 0.43 1.33
Estonian oil shale 0.67 0.33 2.03
Huangxian lignite 0.42 0.58 0.72
Datong bituminous coal 0.29 0.71 0.41
Liupanshui waste coal 0.28 0.72 0.38
Rujigou anthracite 0.18 0.82 0.22

Reaction Kinetics
The fundamental equation to describe the combustion kinetics is:

d
3= Af@eREr(1 — )

where a pressure factorf(p) is set into the general kinetic equation, to
take into account the reaction pressure. For constant heat-up rate
T=T,+ pt:

dy Lo Ao J‘T e—E/RT dT.,
1—x P g

Its approximate integration gives:

\Jﬂ Te—E/RTAT —

where x — conversion of solid reactant, %; ¢ — reaction time, sec; E —
apparent energy of activation, J/mol; A — apparent frequency factor,
sec—1; T — reaction temperature, K; f(p) — pressure factor, atm; ¢ —
heat-up rate, °C/min; R — gas constant, 8.314 J/mol K.

Reaction rate constant K is calculated using the following equation:

2
RT i 2(RT/E)J oE/RT
E 1 — 6(RT/E)’

K — Ae—E/RT,

The kinetic parameters are also calculated for the first (K;) and second
(K9) peak separately, as shown in Table 4 and Table 5.

Table 4. Kinetic parameters
Tabruya 4. KnHeTHYeCKHe mapameTphl

Activation Frequency factor, Correlation
energy, KJ/mol factor, sec—! coefficient
E E, E, A A 1 A 2 R R 1 Ry

FO1  52.84 71.50 44.37 1.767E + 02 9.957E + 03 3.259E + 01 0.9784 0.9916 0.9966
MOl  50.29 68.38 42.39 1.371E + 02 7.767E - 03 2.756E + 01 0.9957 0.9964 0.9969
U0l 45.96 59.89 44.03 3.12 E - 01 6.957E + 03 1.876E -+ 01 0.9795 0.9866 0.9874
DOl 3596 41.11 34.59 2.243E -+ 01 8.167E - 00 1.560E + 01 0.9921 0.9971 0.9856
HOl  44.65 46.17 44.79 2.360E + 01 3.433E + 01 2.15 E + 01 0.9956 0.9994 0.9940
ROl  48.97 4266 62.17 8.033E + 01 2.487E + 01 4.571E + 01 0.9967 0.9988 0.9937
+0 +02 3.

GO1 45.23 55.13 39.29 1.127E 1 1.164E 429E + 00 0.9904 0.9951 0.9833
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Table 5. Reaction rate constant at 800 °C, atm—!
Ta6auya 5. llokasatenn kuHeTukHu ropenus npu 800 °C, atm—!

K K, K,
Fushun oil shale 0.4950 3.288 0.225
Maoming oil shale 0.4878 3.639 0.2403
Estonian oil shale 0.1805 0.8433 0.1347
Datong bituminous coal 0.03981 0.0814 0.0323
Huangxian lignite 0.1581 0.1948 0.1418
Rujigou anthracite 0.03315 0.0208 0.0617
Liupanshui waste coal 0.0702 0.2408 0.0419

It is evident from kinetic calculations that by combustion at 800 °C for
all samples (with the exception of anthracite) the reaction rate of volatile
matter is higher than that of fixed carbon. In case of pulverized fuel,
oil shale burns faster than coal.

In summary, the combustion behaviour of oil shale differs from coal
in their characteristic temperatures, heat release and reaction rate.
It should be taken into consideration in design and operation of plants.

PE3SIOME

Ona Kuras cKuUraHue yriasi — OCHOBHOM HCTOYHUK IIOJYYEHUS BJIEKTPOIHEPIHUH.
OpHaKo dHepreTHYECKHEe IMOTPEGHOCTH CTPaHBI BO3PACTAIOT CTOJb OBICTPO, YTO
yris AJd NPOU3BOACTBA JHEPTUM yKe He XBaTaeT. Ilo 5TOH HpUYMHE HCIIOJb-
30BaHWE HUBKOKAJIOPDUWHBIX TOIJINB, TAKHX, KAK OTXOABI AOOBIYM YIJIS UJIM I'OPIO-
4YHe CJAHIBI, IPUBJIEKAIOT Bce GoJiblllee BHUMAHUE CIEIHAHUCTOB.

IIpyMeHUTEILHO K HUBKOCOPTHHEIM YIJISAM BeChbMa IEDPCIeKTHBHA TEXHOJIOTHS
COKUTaHUSA B KHIAIIEM CJIOe, IIOCKOJIBKY IIPOLIECC 3TOT BBICOKO3(GGhEKTHBEH u
9KOJIOTHUYECKU OesomaceH.

B Mupe 3KCHJIyaTHPYeTCSI OKOJIO COTHH YCTAHOBOK [IJIA COKUTaHUS TBEPABIX
TOILIMB B PENUPKYJIUPYIONIEM KumsmeM ciaoe. IlapoBoil KoTes 3amajHOTepMaH-
ckoit komnanuu «Jlypru» (270 t/4) x ampento 1989 r. orpaboran yxe 25 Thic. 4.
ArperaT ¢ pENUDPKYJIUDPYIOIIUM CJIOEM KOMIAHUH <«AJubCcTpoM», PUHIAHIUA
(420 T/4, 110 TeIC. KB), ABNAEeTCH caMbIM KpymHEIM B Mupe. B 1980-x rr. B CIIIA
u PpaHnuu OB BBEAEHBHI B 9KCILIyaTaldi0 APYTrUe BUABI YCTAHOBOK CIXKUTAHHUSA
B KUISANIEM CJIOeE.

UccnenoBanusi u pa3paboTKa yCTAHOBOK C KUIAIIMM CJIOEM IIOJ JaBJIeHHEM
O6bl1u HauaTel B cepexpunHe 1980-x rr. MunucrepcTBo sHepreruku IlIBemuu mo-
crpousio B 1984 r. ycraHOBKY ¢ KunamuMm cioeM MmoirHocTbio 200 Teic. kBT. [le-
MOHCTPAIMOHHAS YCTAHOBKA AJIA CXKUTaHUA TBEPABIX TOIJIMB B KUIAIIEM CJIO€
moj, maBJjieHueM (C reHepaTopoM MouiHOCTHIO 70 Thic. KBT) 6BlyIa CcOoOpyXkeHa B LITaTe
Oraiio (CIITA) B 1988 r. OneiTHas yCTAHOBKA IJIA CXKUTAHUA TOpha B KHUIAIIEM
cjioe TOJ AaBiieHueM Obiia moctpoeHa u B Puunanauu. IIpoMelmieHHas ycra-
HOBKA [JIA CIKUTAHUSA TBEPAOro TOIJIMBA B KHUIIAIIEM CJOe II0J AaBJIE€HUEM IIO-
crpoeHa B 3amagHoi Buppxunuu cosmectHo CIIIA wu IllBenmeir nmpu duHaHCO-
BO# moamep:xkke MunucrepcrBa suepreruru CIIIA.

B Kurae, B HaHbAHCKOM TEXHOJIOTHYECKOM MHCTUTYTe (HOBBIM IOro-BocTouHbIi
yHuBepcurer), B 1981 r. HauyaThel paboThl 10 IPOEKTHUPOBAHUIO YCTAHOBKHU IJIS
COKUTaHUA TBEPABIX TOIJIMB B KHUIANIEM CJIO€ IIOJ AaBJIeHUEM. IIpu moanepikke
TocymapcTBeHHON KOMHCCHHU IO HAYKE M TeXHOJIOTHH B 1984 r. mMOCTPOEHO OIBIT-
HOe 06GopyZoBaHWE. Y CTAHOBKA JKCILJIyaTHPOBAJACh B OCHOBHOM IIPU [JAaBJIEHHHU
12—16 arm., ee Tepmuyeckas sdderTuBHOCTL cocraBasua 99 %, mosydaemblit
B IIPOIlECCE CIKUTAHUA OTXOAAIIUNA ra3 MOJKET HCIIOJb30BATHCH [Jis TPUBEJECHUS
B ABHJKEHHe rasoBoil Typ6uubl. ComepsKaHHe COELUHEHWN a30Ta W CEpbl B JIETY-
4yei 30Jie OBLIIO HUIKe JOIyCKaeMOro CTaHZapTOM ypoBHA. BoJsiee Toro, B aToM mpo-
Imecce BO3MOXXHO HCIIOJIb30BaHUE BBICOKOCEDHMCTBIX, BBICOKO30JIBHBIX M HU3KO-
KaJOpPUWHBIX TomiauB. Kak mpaBuio, paGoTel B 5TO# 06GJACTH BEeIUCH AJA OUTY-
MUHO3HBIX yIJIeHd, aHTpamuTa, Topda HIM OTXOLOB [OOBIYM HJIM OOOralleHUs



Combustion behaviour of oil shale and coal: Wang Jiangiu et al. 218
Iosedenue zopwuux cranyee U Yzaeii npu cimcuzanuu: Ban J3anv-uxcu u 0p.

yria. B 4acTu MCIOJNb30BaHUS IOPIOYUX CIAHIEB CAEIaHO ITOKAa HEMHOTro. YTOJb,
KaKk ¥ OTXOABI A0OBIYM U O6OraileHHs YrJsd, OTJIMYAeTCHA II0 CBOMM CBOMCTBAM
OT TOpIOYHMX CJIAHLEB. B mpexcraBieHHON paboTe H3y4eHO IOBeJEeHHE CJAHIA
IIPU CXKUTAHWK B KHUIMAIIEM CJIOe II0 CDaBHEHHUIO C yIJeM.

HcciegoBanu TpW THUINA TOpPIOYHX ciaaHneB — u3 Pymyna, MaomuHa u ICTO-
HUHM, a TaKKe 4YeThIpe TUIlla YIJsf — XYaHbI3AHCKUM JIUTHUT, OTXOABI HOOBIYM
JIIONAHYYHCKOrO Yrjs, JaTAHBCKUN OUTYMHUHOBHBIH yrolb M DY KHUIaMCKHUH aHT-
pauur (Tabm. 1).

O6pa3ubl M3MeNbYaJd A0 KPYNHOCTH KyckoB MeHee 200 Meln, BBICYyIIMBAJIHM
B MHGPAKPACHBIX JyYyaX M H3ydYajau NPH aTMOCHEpHOM X IMOBHIIIEHHOM JaBe-
HUH C WCIOJAb30oBaHMeM ycTpoucrsa ¥YCP-1 auddepeHIualbHOrO TEPMHYECKOTO
anamnusa ([ITA). B craTbe mogpo6HO ONMHCHIBaeTCA HCIOJIb30BaHHAs amnaparypa,
KOTOpasl ITO3BOJISET BECTH HCCiefoBaHus npu Temmeparypax go 1000 °C u paie-
Huu go 100 aTm. (puc. 1), a TakKe MeTOAWKA DKCIEPUMEHTA.

Pe3yasTaThl M 00CYyIKACHHE

Ok3oTepmuyeckas kpuBad [ITA xapakTepusyeT eJUHUIy Beca o0pasma, Kak 3TO
nokasaHo Ha puc. 2. C Bo3dpacTanueM TeMrepaTyphl HaGI0Lal0TCs ABa IIUKA BEIJE-
JeHusl Temyia. IIepBBI OTHOCHTCH K JIETYYHMM IPOAYKTAM, a BTOPOM — K (puUKCH-
POBaHHOMY yrjepoay. ViaMeHeHHe BHJa KPHBOM OTpa’kaeT CIOCOOHOCTH OKMCJIe-
HUSA, BBIJEJNEHUSA JIETYYHUX IPOAYKTOB, & TaK)KE€ CTEIEHb CYKUTAHUS TOFIJIUBA.
B Tabs. 2 npuBOZATCA TeMIepaTypHBEIE XapaKTEPUCTHKH 00pasiloB, KOTOpPHIE
HJLIIOCTPUPYET pHC. 3.

WHTerpanbHas maomaAb IIEPBOTO U BTOPOTO IHKA AaeT GPaKIHOHHOE pacipe-
JeJleHVe BBIJEJIeHUS TellJla IPHU CKUTAaHUHU JIETYYUX IPOAYKTOB U (DUKCHPOBAH-
HOTO yrJiepoZa COOTBETCTBEHHO, KaK 3TO BHAHO u3 Tabi. 3.

Crnannsl Kurasg uMeoT BEICOKOE cozepikaHue 30JbI (0KoJo 75 9%) u OdYeHB
HUSKYI0 YAEJBHYIO TEIJIOTYy cropaHus. Majo COZEpKHUTCA M OpPraHHUYEeCKOro
yraepoga — 10—20 9%, a B oTX0zax yriisd, HAIPOTHUB, 30JIEI COAEPKHUTCH 0KoJIo 20 %,
u opranudeckoro yriepoza — 50 %. Tem He MeHee IPH CIKUTAHHUM JETYYHUX IIPO-
LYKTOB B Cly4yae IODIOYHX CJIAHIEB TeIJIa BBIfeJsAeTcs 0OoJblle, YeM IIPH CIXKHUra-
HUM GUKCHPOBAHHOTO YIJIEepoja.

Buzasl nmuka, pasiaudYHBIE AJIS PAa3JMYHBIX 00pasmoB, X ABa IIHMKAa B HEKOTODPOM
cremeHu coBmazaoT. C yBeJIWYeHHWEM [LaBJIEHHS 4YaCTHYHOE COBIAZEHHE HMeeT
TEeHJEHIUI0 K YMEHbIIeHH0. IIpudueM mepBBId MUK CABUraeTrcsa K 0ojiee HHUBKOMH
TeMIepaTrype. JTo 0oJiee SBHO BHIDAXXEHO AJA CJAHIA — IEPBBIH IHUK yMEHb-
IaeTcs 10 IIMPHUHE W YBEJIHWYHUBAETCS IO BHICOTE. JTO FOBOPHUT O TOM, YTO JIETY-
4Yyhe NPOAYKTHI MHTEHCHUBHEE U JIerdye TOPAT IOJ AaBJICHUEM.

Pacuersl kuneTuku roperud npu 800 °C mokassIBaioT, 4TO AJIA KaKAoro obpasma
CKOPOCTh TOPEHHUS JIETYYUX IPOAYKTOB BEIIIE CKOPDOCTH TOpeHUA (UKCHPOBAH-
HOro yrJiepoga. IIpu pacHBIJIEHWH TOIJIMBA CJAHEIN TOPUT ObicTpee yras (Tab-
aunsl 4 u 5).

IloBeseHre rOpeHUs CIAHIA U YLJA DasjiddaeTcs II0 CBOEH TeMIepaTypHOM
XapaKTEePUCTUKE, BBIZIEJIEHUIO TeIjla ¥ CKOPOCTH peaKnuu. IlosydeHHBIE DKCIEPH-
MeHTaJbHble JaHHbIE Ba’XHBI IPU [IPOEKTHUPOBAHUM M BSKCIIyaTallUH YCTaHO-
BOK JIJISl CKUTAaHUS TBEPABIX TOIJIMB B KHUIAIIEM CJOe.
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