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Research of heating the lining of high-temperature units in order to increase their
residual resource

Abstract. The article contains an analysis of the initial stage of the heating process of high-
temperature units. The heating modes used at the enterprises lead to various difficulties: a
delay in the heating process or heating at a high speed at which mechanical stresses arise
and exceed the permissible values. The proposed graphical dependencies for heating
allow us to heat up at the highest possible speeds, taking into account the time spent on
drying. In this case, the ultimate strength of refractory materials is not exceeded, which
leads to a significant reduction in the time for the heating process.
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Introduction

Currently, enterprises that operate high-temperature units have an important task - to determine
the residual working time of the equipment (units). This allows as avoiding emergencies situations
related to the safety of the operating personnel so predicting the time and amount of resources
consumed.

Technological processes in high-temperature heat-technological installations are distinguished
by a great variety and are determined by the following [1]:

¢ intensity of heat supply to the surface of the processed material (intensity of external heat
transfer) and heat transfer inside the processed material;

¢ the intensity of mass supply from the outside to the reacting surface of the processed material
(intensity of external mass transfer) and the intensity of molecular mass transfer inside the processed
material;

¢ intensity of mixing of phases (solid, liquid) in the zone of their heat treatment;

¢ the speed of the actual chemical reaction and separation of target and related products;

¢ a combination of two or more of the listed factors.

This classification makes it possible to consider and analyze entire classes of technological
processes from a single point of view and uniform methods. The approach facilitates the borrowing of
the research results of some types of technological processes for the organization of others, using
physical and mathematical analogies.

Research methods

Thermal stresses in the lining are a decisive condition in assessing the residual time, since a
decrease in the thickness of the lining due to the action of temperature stresses is the most common
reason for the withdrawal of high-temperature units for repair.

Let's consider three methods of heating high-temperature units that use fireclay bricks as lining.

Heating up of high-temperature units should be carried out with the avoidance of thermal
stresses in the lining of the unit exceeding the permissible limit. The technique developed by the authors
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makes it possible to select the temperatures at which this condition is met. The analysis of various
heating modes was carried out for the material under study (chamotte) to a temperature of 110 °C (the
temperature of the drying process beginning) using the developed program. The drying process and
further heating to operating temperature were also investigated. Three heat up options were
considered:

- uniform heating up to operating temperature;

- initial heating at minimum speeds and further heating at maximum speeds;

- the maximum possible rising of temperature from the initial stage.

The maximum heating rate was limited by the arising temperature stresses, and the choice of the
optimal heating method was determined by its minimum time. Let's consider different ways of heating
the unit intensity.

The way No 1. The intensity of heating should be as follows: The first four steps have a speed of
10 °C/min (the time step was 10 minutes), then nine minutes with 1 °C/min, then - 2 °C/min until the
temperature of 110 ° C is reached. Exposure at this temperature is 37 minutes.

The way No 2 has a heating rate of 2 °C/min until the temperature of 110 °C is reached.
Temperature holding in this case takes 44 minutes and then heating occurs to the operating
temperature.

The way No 3. The first six minutes have a heating rate of 2 °C/min, the next five minutes at 10
°C/min, and the remaining nine minutes at 1 °C/min, which takes 38 minutes.

Thus, the most optimal heating mode in terms of time is obtained at a temperature holding of 37
minutes, when the arising thermal stresses (compression, expansion) does not exceed the limit values.

There are factory lining heating methods. In many cases, they do not take into account the initial
stage of drying up to 110 °C, the so-called temperature holding (horizontal section on the temperature
graph). In the case when they even take into account the time to reach this temperature, the resulting
limiting stresses are ignored [2]. Studies of drying samples have shown that the rate of evaporation of
capillary moisture falls within the temperature range from 55-65 °C to 100-110 °C.

The values of many parameters are taken for calculations as constant, i.e., independent of
temperature when developing thermal regimes for heating high-temperature units. For example, the
values of the specific volumetric heat capacity c, thermal conductivity coefficient A and ultimate
strength o are taken constant for calculations.

Meanwhile, the value of such a parameter as the ultimate compressive strength of a material is
highly dependent on temperature.

Research results

The initial stage in the development of rational heating schedules for high-temperature units is
the construction of existing heating schedules and their analysis from the standpoint of the arising
temperature stresses. The program developed by the authors has the ability to calculate temperature
fields and stresses by temperature at one point - on the inner surface of the lining for analyzing heating
graphs. That is, if the temperature is measured during heating at one point, then the desired values of
temperature stresses can be obtained over the entire section of the lining.

Such work was carried out on 25-ton steel-pouring ladles in the process of heating them up after
overhaul. The operation of these ladles according to the appropriate technology assumes a major
overhaul after 40 heats on average. Complete replacement of the lining, including the reinforcing layer,
takes place during the overhaul. After that, the ladles are heated to operating temperature on special
benches by burning a propane-butane mixture in a burner.

Periclase-carbon refractories are widely used for lining steel-pouring ladles. Let's take a look at
the drying and heating schedule for a 25-ton steel ladle lining with a 135 mm working layer of periclase
carbon. The heat up time to an operating temperature of 938 ° C is 24 hours (Figure 1).
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Figure 1. Drying and heating of steel ladle lining

The first stage (0-1:20 hours) has an interval of 20-350 °C and is carried out at an average speed
of 37.2 °C/hour. At the same time, heating proceeds quickly, but evenly, without holding at a
temperature of 100-110 °C to remove moisture. Further, from 1:20 to 5:00, the heating rate decreases to
an average rate of 2-3 °C/hour, forming a horizontal section in the figure. Based on the figure, this
horizontal section is necessary for relaxation of temperature stresses, after which the temperature rises
from 400 °C to 650 °C in 20 minutes with an average heating rate of 75 °C/hour. Further, heating goes
from 650 °C to 800 °C in 1:40 hours at an average rate of 13.6 °C/hour. Then a long period of
temperature rise follows up to 900 °C in 5 hours. After that, slow heating takes 3 hours at a rate of 2
°C/hour to the holding temperature at 933 °C (horizontal section in the figure) for relaxation of
temperature stresses. The lining temperature has been maintained at 938 °C for the last six hours instead
of heating up. Thus, the average heating rate of the lining of a steel-pouring ladle from 20 °C to 938 °C is
40 °C/hour.

Analysis of this figure shows that thermal stresses arise in the lining when it is heated (Figure 2),
which leads to the appearance of cracks and further to its destruction (Figure 3).
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Figure 2. The resulting temperature stresses
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The figure shows that the resulting thermal compressive stresses are twice the ultimate strength
specified by the manufacturer for periclase-carbon refractories (40 MPa in compression and 25 MPa in
tension).

Lining cracking is the result of heating at a high rate. The nature of the destruction is shown in
Figure 3 for the lining of a 25 ton steel-pouring ladle after 22 melting cycles [3].

Figure 3. Cracks in the lining of a steel ladle

As a result, it can be concluded that the permissible heating rates are exceeded at the
corresponding points in time. In addition, the ladle is heated up within 24 hours, and from the graph
(Figure 4, curve 2) it can be seen that the inner surface of the lining reaches its maximum temperature
after 16 hours of heating. Thus, the maximum lining temperature is maintained during the last 8 hours

instead of heating up.
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1 - factory warm-up schedule; 2- the author's warm-up schedule.

Figure 4. Steel ladle heating schedules
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The rates of temperature rise were selected individually for each section of the curve. The
average rate of temperature increase in areas from 18 to 500 °C (not containing drying areas) was
approximately 90 °C/h. The total heat-up time to a temperature of 938 ° C is 16 hours and 20 minutes.

Conclusion

The research shows that the durability of the lining in high-temperature units is more dependent
on temperature differences than on the chemical effect of the process material, etc. Thus, the main
reason that determines the residual working time of high-temperature units is the wear of the lining
during operation, associated with irrational processes drying and heating. Reducing the temperature
stresses that arise during the heating process, taking into account the drying process, to normalized
values, allows us to increase the residual working time of the high-temperature unit lining.

The heating schedules obtained by the authors allow the heating process to be carried out at the
highest possible rates and to control it without exceeding the ultimate strength of refractory materials.
In this case, a significant reduction in the time for the heating process occurs.

This research is funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP09561854).
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ZKorapsl TeMIiepaTypaabl KOHABIPFBLAAP ABIH KaAABIK PeCYPCBIH apTTHIPY MaKCaThIHAA JKBIABITY
IIpOIleciH 3epTTey

Anpaatmia. Makadada >KOFapbl TemIlepaTypadbl KOHABIPFBIAAPABI  KBIABITY —IIPOIIEeCiHiH
Oacrarkbl Ke3eHiHe Taajay >KacaaraH. KacimopriHaapaa K0AA4aHBIAATBIH SKBIABITY pesKuMAepi apTypAai
KUBIH/ABIKTap¥Fa aKeae/i: KbI3AbIpY IPOLIeCiHiH Kellliryi Hemece >KblAgaMAbIKTa KbI3AbIpy. HaTimkecinae
KepHeyaep pyKcaT eTiareHaepAeH achin Tycedi. KenTipyre KeTeTiH yaKbITTBI eCKepe OTBIPBII, JKbLABITYFa
apHaAfaH JaMblfaH rpaduUKaAblK ToyeaAidikTep, OTKa TO3iMAlI MaTepuaalapAblH IIeKTi OepikTiriHeH
acriactaH, MYMKiH 00AaTBIH eH >KOFaphl >KblAJaMABIKIIeH KbI3ABIpyFa MYMKIHAIK Oepeai, Oy SKBIABITY
IIPOLIeCiHiH yaKbIThI aiiTapABIKTall KbICKapaAbl.

Tyiin cesaep: oTka TesimMai MaTepmaajap, KenTipy, KbI3ABIPY >KBLAAAMABIFBI, (PyTepOBKa,
JKOFapHBl TeMITepaTypaAbl KOHABIPFHI, XKBIABITY I'paduri.
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UccaeaoBanne nponecca pasorpesa pyTepOoOBOK BBICOKOTEMIIEPATYPHBIX arperaTos C 11eabio
MOBBIIMIEHNS VIX OCTaTOUHOTIO pecypca

AnpnoTtammmst.  Craresl  CO4ep>XUT aHaAM3 HavaadbHOIO 9Talla IIporecca pasorpesa
BBICOKOTEMIIepaTypHBIX arperatos. ITpumMensemble Ha MPeANPUATHAX PeKMMBI pa3orpesa IPUBOAAT K
PasAMYHBIM TPYAHOCTSAM: 3aTATMBaHMIO IIpollecca pas3orpeBa UAUM Pa3orpeB €O  CKOPOCTAMI,
BO3HMKAIOII[Ve HaIIPsDKEHNSI IIPU KOTOPHIX IIPEeBHIIIAIOT AOIycTuMble. PazpaboraHHbIe rpadpirdeckue
3aBMCUMOCTH AAs pa3orpeBa, C yuéTOM 3aTpaT BpeMeH! Ha CyIIIKY, [IO3BOASAIOT IIPOU3BOAUTDL Pa3orpes C
MaKCMaAbHO BO3MOXKHBIMU CKOPOCTSAMM, He IIpeBblIllasi IIpedead IIPOYHOCTM OTHEYHOPHBIX
MaTepuasAoB, YTO MPUBOAUT K 3HAUUTEAbHOMY CHIKEHMIO BpeMeHM Ha ITpoliecc pa3orpesa.

KaroueBbie ca0Ba: OrHeyIOpHBIE MaTepmaabl, CyIlIKa, CKOPOCTb pa3orpesa, (yTepoOBKa,
BBICOKOTEMIIEpaTYpPHBIIT arperar, rpapuk pasorpesa.
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