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ABSTRACT

Purpose. Limestone and marble are carbonate rocks with several structural and engineering applications. The physical
and mechanical properties of the rocks are fundamental as they determine their suitability for various use. Temperature
is one of the critical factors that could affect the properties of the rocks and consequently their engineering application.
Therefore, a better understanding of how the temperature, especially when it is higher than ambient, will affect the
properties of the rocks is essential. In this work, the effects of the elevated temperature on some physical and mechan-
ical properties of the carbonate rocks have been studied.

Methods. Cubic samples of the rocks were prepared and heated in a furnace to different temperatures up to 900°C at
an interval of 100°C and then cooled to the room temperature for testing. Porosity, dry density and uniaxial compressive
strength (UCS) of the samples were determined under the effect of the elevated temperature. The porosity and dry
density were determined using the saturation and buoyancy method while the UCS was estimated from the point load
index tests performed on the samples.

Findings. The results of this work indicate that the elevated temperature has significant effects on the physical and
mechanical properties of the rocks. The porosity of the rocks showed an increasing trend as the temperature was in-
creased while the density steadily decreased especially at the temperature above 300°C. The UCS of the rocks also
declines with increased temperature but with an intermittent increase in their strength at a specific heating temperature.

Originality. Most of the available studies on Nigerian carbonate rocks are focused on the estimation of physical and
mechanical properties of the rocks without considering changes in these properties when the rocks are subjected to
high temperatures. This study therefore aims to fill the gap by investigating the effects of the elevated temperatures on
the physical and mechanical properties of some of the Nigerian carbonate rocks.

Practical implications. The results of this study further increase understanding of the effect of high temperature on
carbonate rocks, and also help to identify the critical temperature at which the properties of carbonate rocks undergo
significant and irreversible changes. This information is very important for restoration of valuable fire-damaged struc-
tures made of carbonate rocks.

Keywords: limestone, marble, elevated temperature, rock properties, heat treatment

1. INTRODUCTION

Carbonate rocks are a class of sedimentary rocks com-
posed primarily of carbonate minerals. Limestone and do-
lomite are the major types of carbonates rock while marble
is a metamorphic derivative of the carbonate rocks. These
types of rock are widely abundant in the upper crust and it
covers around 23% of the earth crust (Shafiei & Dusseault,
2012). Esu, Edet, Teme, & Okercke (1994) reported a
widespread of carbonate rocks occurrence in Nigeria.

Carbonate rocks have several industrial and enginee-
ring applications. Limestone is used as raw materials in
construction industries for cement production, road aggre-

gates, floor tiles, etc. Marble is also use as decorative ag-
gregates such as building stone, floor tiles, tombstones,
sculpture etc. For all these applications the physical and
mechanical properties of the rocks are fundamental. Pre-
vailing environmental conditions such as temperature,
pressure, humidity etc. are significant factors that could
affect the properties of the rocks and consequently affect
the suitability of their applications.

Elevated temperature has been recognised to have a sub-
stantial effect on the properties of carbonate rocks (Yavuz,
Demirdag, & Caran, 2010; Shafiei & Dusseault, 2012; Gon-
zalez-Gomez et al., 2015). When engineering structures
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made of carbonate rocks are exposed to an elevated temper-
ature such as during fire outbreaks, the strength of the struc-
tures is affected and this poses a severe danger to people and
properties in and around the structures. Prolonged thermal
induced changes in limestone region could also affect the
ecosystem as the changes in the properties of the limestone
most especially porosity and permeability could induced
more water infiltration and consequently erosion within the
region (Gonzalez-Gomez et al., 2015). Therefore, it is es-
sential to study how the properties of rock will be affected
due to any possible increase in temperature.

Many researchers have studied the effects of high tem-
perature on the physical and mechanical properties of dif-
ferent types of rocks either granitic, carbonate rocks or
sandstones. Heuze (1983) reported irreversible changes in
the properties of granitic rocks when subjected to high
temperature — the changes which include, among others,
change in colour, reduction in strength or disintegration of
the rock fabrics. Nasseri, Schubnel, & Young (2007) con-
ducted an experimental study of some physico-mechanical
characteristics of Westerly granite at high temperature and
found a noticeable increase in the number and average
opening distance of micro-cracks of the rock at a temper-
ature above 250°C. Ferrero & Marini (2001) reported the
extension of primary micro-cracks and developments of
new cracks when calcite marbles were subjected to thermal
treatment. Other researchers have reported similar results
on the effects of elevated temperatures on the development
and propagation of rocks’ micro-cracks thereby reducing
the strength of the rock (e.g. Cantisani et al., 2009; Ferrero,
Migliazza, Spagnoli, & Zucali, 2014; Berger, Ebert, Ram-
seyer, Gnos, & Decrouez, 2016; Peng, Rong, Cai, Yao, &
Zhou, 2016; Sirdesai, Singh, Ranjith, & Singh, 2017).

The physical and mechanical properties of carbonate
rocks, as well as other rocks, determines their suitability
for engineering applications and these properties change
when subjected to high temperature. Brotons, Tomas,
Ivorra, & Alarcon (2013) examined the effect of high tem-
peratures on the physical and mechanical properties of cal-
carenite rock samples. They observed that Young’s mo-
dulus, Poisson’s ratio and uniaxial compressive strength
of the rock decrease as the temperature increases up to
600°C. Similar results were also reported by Yavuz,
Demirdag, & Caran (2010) and Gonzalez-Gomez et al.
(2015) for carbonate rocks.

In this study, carbonate rocks (i.e. limestone and mar-
bles) in some part of Nigeria were selected for the investi-
gation because of their increased engineering and con-
struction applications. Some of these applications such as
floor and wall tiles, sculptures, tombs etc. could be sub-
jected to elevated temperature in case of fire outbreak.
Most of the available studies on Nigerian carbonate rocks
such as Anifowose (1984) and Esu, Edet, Teme, &
Okereke (1994) are on the estimation of the physical and
mechanical properties of the rocks without considering the
changes on these properties when the rocks are subjected
to high temperatures.

Therefore, this study aims to investigate the effects of
the elevated temperatures on the physical and mechanical
properties of some of the Nigerian carbonate rocks. Block
samples of the rocks were prepared and subjected to dif-
ferent temperatures up to 900°C. The density, porosity,
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and uniaxial compressive stress of the samples were deter-
mined before the thermal treatment and after the treat-
ment. The results were analysed to determine the signifi-
cance of the elevated temperatures on the rock.

2. MATERIAL AND METHODS

2.1. Description of the rock samples

The carbonate rocks used for this investigation are
limestone and marble. The limestone samples were col-
lected from the quarry of BUA Cement Company in Ok-
pella while the marble samples were selected from Geo-
works quarry in Igarra. The two quarries were located in
Edo state, South-southern Nigeria. The geochemical ana-
lyses of the Okpella deposits show that the deposits con-
tain mostly calcite with the average content of 96 wt %
(Onimisi et al., 2012; Aghamelu & Amah, 2017). Obasi
(2012) also reported that the Igarra marble is calcitic with
low dolomite content — the average calcite content is about
90 wt % while that of dolomite is about 7 wt %.

The carbonate rocks of these regions were selected for
this study because of their high compositional features and
economic values (Obasi, 2012; Aina, 2014; Akinniyi &
Ola, 2016). Though these samples were collected from the
blasted rock at the quarries, only the intact rock samples
free of any blast induced fractures were selected. Sample
preparations for the determination of the physical and me-
chanical properties were conducted in the Rock mechanics
laboratory at the Federal University of Technology Akure,
Nigeria. The preparation of these samples, test procedures
and calculations followed the relevant standards as sug-
gested by International Society of Rock Mechanics
(ISRM) (Ulusay & Hudson, 2007). The limestone and
marble samples were cut into cuboid shapes of dimension
100 mm in length, 50 mm in width and 50 mm in breadth
using the masonry saw cutter that utilized water and sol-
uble oil as its coolant to reduce the rate of the dust that
was being generated during cutting of the samples. Since
the samples were wet after cutting, the samples were al-
lowed to dry before they were used for the study. Twenty
limestone samples of the cuboid shape were made and di-
vided into ten pairs. Similarly, twenty cuboid shape mar-
ble samples were made and divided into ten pairs.

2.2. Heat treatment

The rate at which a rock sample is heated in a furnace
will determines the extent of changes in the physical and
mechanical properties of the rock sample. The high rate of
heating can cause the rock sample to fail earlier due to
sudden thermal shock. For the rock to be heated evenly, it
is imperative to have a slow rate of heating (Yavuz,
Demirdag, & Caran, 2010). To avoid the thermal shock,
the rock samples for this investigation were subjected to
heat treatment at a rate of 5°C/min in a carbolite muffle
furnace. After the samples were heated to the targeted tem-
perature, the temperature was kept constant for two hours.
After that, the samples were allowed to cool a little in the
furnace before they were completely cooled in the desic-
cator to ensure that the samples were not allowed to be
disrupted by atmospheric temperature.

Based on the maximum temperature they were sub-
jected to, the limestone and marble samples were catego-
rized into ten groups: 100, 200, 300, 400, 500, 600, 700,
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800, 900°C and ambient temperature. The ambient tem-
perature during the experiment was approximately 25°C.
Each group contains two specimens — one specimen for
mechanical properties tests while the other for physical
properties tests.

2.3. Determination of the physical
and mechanical properties

The porosity and dry density were determined to study
the effect of the elevated temperature on the physical pro-
perties of the carbonates rocks while the uniaxial compres-
sive strength (UCS) was determined to assess the impact
of the temperature on the mechanical property. The poro-
sity and dry density are essential properties of any rock,
and they are highly correlated. The porosity influence the
internal surface area per unit material volume and hence
determines the transport properties and strength of any
rock materials (Yavuz, Demirdag, & Caran, 2010). Ac-
cording to Martin, Noel, Boyd, & Price (1996), a compres-
sive study of porosity can provide information on the sus-
ceptibility of any rock type to thermal stress. The uniaxial
compressive strength (UCS) of intact rock samples is one
of the most important mechanical properties of rock re-
quired for the design of any geotechnical, structural and
mining engineering projects. Therefore, the three proper-
ties selected could give a better representation of the phys-
ical and mechanical behaviour of the carbonate rocks
when subjected to elevated temperature.

The porosity and dry density of the rock samples were
determined using the saturation and buoyancy method as
suggested by ISRM (Brown, 1981). The technique, how-
ever, can only be applied to rocks which exhibit intact and
non-swelling characteristics. Since the limestone and the
marble are intact and do not swell in the presence of water,
this technique was employed to measure their porosity.
The saturated mass (M), the submerged-saturated mass
(M), and the oven-dry mass (M) of the samples were
measured using the procedure suggested by ISRM
(Brown, 1981). The bulk volume (V) of the samples was
calculated by dividing the difference between M, and
M., with the density of water (p,,) as shown Equation (1).
The porosity () and the dry density (ps) of the samples
was calculated using Equations (2) and (3), respectively:

V:Msatp_Msub : (1)
w
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M,
= . 3
== 3)

The uniaxial compressive strength (UCS) of the sam-
ples was estimated using Point Load Test (PLT) follo-
wing the method suggested for determine point load
strength by ISRM (Brown, 1981). Though UCS is best
determined using UCS machine following the procedure
outlined by ISRM (Brown, 1981) however, it is time-
consuming and expensive when compared with indirect
estimation of the UCS using point load tests.

The block samples of the carbonate rocks of dimension
100x50%50 mm were loaded diametrically during the test.
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The load is increased steadily until the failure of the sam-
ples occurred and the load (P) was recorded. Figure 1
shows some of the samples after the point load index test —
the failure mode of the samples is the typical mode of
failure for valid block tests as described by ISRM (Brown,
1981). The point load strength index (/) of the samples
was calculated using Equation (4):

P
I =—0

) “)

N Dez

where:
D, — the equivalent core diameter which is given by

De: ﬂ’
uﬂ'

A —the minimum cross-sectional area of the plane
through the platen contact point.

Figure 1. Some rock samples after point load index tests

Since the tested samples were in block form, it varied
as a function of D,. Therefore, a size correction was
applied as suggested by ISRM (Brown, 1981) to take care
of the equivalent diameters for the samples other than the
standardised 50 mm in diameter. Therefore, the size-cor-
rected point load strength index (/ys0)) of the samples was
calculated using Equation (5):

0.45
S(SO) 50 N

The major challenge of using the point load test index
for the estimation of the uniaxial compressive strength of
rock samples is the determination of the appropriate cor-
relation between (/ys0)) and UCS. Many researchers have
proposed a number of the correlations based on the tests
they performed on different rock types. Some of them are
Broch & Franklin (1972); Bieniawski (1975); Akram &
Bakar (2007); Kim, Kim, Kang, Kang, & Baek (2012);
Salah, Omar, & Shanableh (2014); Elhakim (2015).
However, estimation of the UCS using these correlations
for different rock types could lead to large variability and
errors. Therefore, it is highly recommended to develop
UCS — Is0) correlations to be used for any specific rock
type and local geologies (Elhakim, 2015).

Therefore, based on the information from the quarries
and the UCS data on the Igarra marble reported by Saliu,
Akindoyeni, & Okewale (2013), linear regression models
with zero intercept which correlate the UCS and Igso)
were developed. The coefficients of the linear equations
for the limestone and marble were estimated to be 10.3 and
11.8, respectively.

6]
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3. RESULTS AND DISCUSSION

3.1. Variation of the sample porosity
with increased temperature

The porosity of an intact rock depends on the number
and width of the pores and the pre-existing cracks in the
rock hence any changes in the characteristics of the pores
and the cracks due to external factors will affect the po-
rosity of the rock. Elevated temperature is one of such
factors. Generally, the porosity of the limestone and mar-
ble samples when subjected to high temperature shows a
gradual increase when compared with the porosity of the
samples at ambient temperature as shown in Figures 2
and 3, respectively.
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Figure 2. Variation of porosity of the limestone samples with
different temperatures
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Figure 3. Variation of porosity of the marble samples with
different temperatures

However, at some specific temperature range, there is
a decrease in the porosity of the samples. The Igarra mar-
ble is less porous when compared with the limestone sam-
ple however, the effect of the temperature is more signifi-
cant on its porosity than that of the limestone. The porosity
of the marble samples increased by 189% at a temperature
0f 900°C when compared with its porosity at the ambient
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temperature while that of the limestone sample increased
by 125%. As shown in Figure 3, the porosity of the marble
increased at the temperature of 100°C. The sudden in-
crease in the porosity may be due to the evaporation of some
locked-in free water in the pre-existing pores of the samples
thereby exposing the pores. The decrease in the porosity of
the limestone and the marble samples at a temperature of
100 and 300°C, respectively as shown in Figures 2 and 3 is
a possible indication of the expansion of the rocks grains
and the consequent closure of the pores and pre-existing fis-
sures in the samples. When a rock is subjected to high tem-
perature it leads to the expansion of the grains that constitute
the mineral assemblage of the rock hence the closure of the
pre-existing pores leading to the compaction of the rock
sample (Sirdesai, Singh, Ranjith, & Singh, 2017). Further
increase in the temperature will lead to more expansion.
Since each mineral grain has different thermal expansion
coefficient at a certain temperature, the contrast in the ther-
mal expansion will induced new micro-cracks and thereby
increase the porosity of the rock samples (Sirdesai, Singh,
Ranyjith, & Singh, 2017). The porosity of the limestone and
marble samples steadily increased within the range
300 —900°C and 400 —900°C, respectively and this is a
possible indication of the creation of new micro-fractures at
the onset of the respective temperature ranges. By regres-
sion analysis, the relationship between the porosity of the
limestone (7.) and the marble (7,,) with the heating tempe-
rature (7) can be expressed with Equations (6) and (7), re-
spectively. The coefficient of correlation (R?) for the equa-
tions (6) and (7) are 0.95 and 0.91, respectively:

3 2
T T 5T
=8| — | +02] — | +—=—+10; 6
& (1000) (100) 1000 ©
3 2
T T 6T
=20 — | +03| — | ———+ 7
M (1000) (100) 1000 @

3.2. Variation of the sample density
with elevated temperature

Density is one of the physical properties of rock which
determines its application for engineering purposes. The
effect of the high temperature on the densities of the lime-
stone and marble samples is shown in Figures 4 and 5. The
density of the samples decrease with increase in tempera-
ture when compared with their densities at the ambient
temperature however, the changes are not as significant as
that of their porosities. As shown in Figure 4 the tempera-
ture effect on the limestone density is more significant than
that of the marble sample which is expected because the
marble sample is less porous than the limestone sample as
shown in Figure 3. The density of the limestone decrease
by 41% at the temperature of 900°C when compared with
its density at the ambient temperature while the density of
the marble decrease by 15% at the same temperature range.

A remarkable reduction in the density of the samples,
when compared with their initial densities at ambient tem-
perature, was observed at the temperature above 200°C
and 300°C for the limestone and marble samples, respec-
tively. This observation is also an indication that at these
temperatures there is possibility of the creation of new mi-
cro-cracks and pores, as explained in Section 3.1, which
leads to the increase in their porosities.
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Figure 4. Variation of density of the limestone samples with
different temperatures
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Figure 5. Variation of density of the marble samples with
different temperatures

The increase in the porosity makes the samples less
compact and consequently reduced their densities. Poros-
ity and dry density are highly correlated — a highly porous
rock usually has low density (Brown, 1981). By regression
analysis, the fitting Equations (8) and (9) describe the re-
lationship between the density of the limestone (p;) and
the marble (pys) with the temperature (7), respectively. The
coefficient of correlation (R?) for both equations are 0.95:
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3.3. Temperature effect on the uniaxial
compressive strength (UCS)

The UCS is one of the most important mechanical
properties of rock as it is often used as a key input for the
characterisation of the rock material strength. It also de-
termines rock suitability for engineering purposes hence
any changes in the UCS of rock due to external factors
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such as high temperature will affect the engineering appli-
cation of the rock.

The results of the effect of the elevated temperature on
the limestone and marble samples are presented in Fi-
gures 6 and 7. The results reveal the trend that the increased
temperature has a significant effect on the strength of both
limestone and marble samples. The overall impact of the el-
evated temperature is almost the same on both rock samples
when considering the percentage decrease in their strength
at 900°C. However, there are differences in the pattern of
change in the strength of the rocks at different temperatures.
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Figure 6. Variation of UCS of the limestone samples with
different temperatures
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Figure 7. Variation of UCS of the marble samples with
different temperatures

As shown in Figure 7 the UCS of the marble generally
decreased with increased temperature but with an intermit-
tent increase in its strength at a specific heating tempera-
ture. For instance, the UCS at 400°C is about 30% higher
than that at 300°C and the UCS also increased by 55%
from 400 to 500°C. Notwithstanding the intermittent in-
crease, the strength of the limestone decreased rapidly
from 60 to 4 MPa, a decrease of about 93% from 400 to
900°C. This temperature range (i.e. above 400°C) falls
within the range when the porosity of the marble rapidly
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increased as explained previously. An increased in the po-
rosity makes the rock sample less compact and conse-
quently result to the reduction of the rock strength. These
observations are similar to those reported by Zhu, Tian,
Jiang, & Cheng (2018) for Chinese marbles. They ob-
served that at a temperature above 200°C the trend of the
strength of some marble with temperature can either in-
creasing or decreasing while most marble basically de-
crease with temperature from 200 to 800°C. For the lime-
stone, decreasing trend of the strength with increase in
temperature was observed as shown in Figure 6.

Similar to the behaviour of the marble sample, the
trend of the UCS with temperature also show some inter-
mittent increase. From 100 to 200°C the strength increased
by 30%. From 400 to 500°C the strength also increased by
30%. The UCS at 700°C is about 40% higher than that at
600°C and also the strength increased by 40% from 700 to
800°C. Nevertheless, the strength of the limestone de-
creased rapidly from 41 to 5.6 MPa, a decrease of about
86% from 200 to 900°C. Gonzalez-Gomez et al. (2015)
has also reported similar behaviour for some Mexican
limestone when subjected to high temperature. By using
regression analysis, equations (10) and (11) were found to
provide a good fit to changes in the UCS of the lime stone
(UCS;) and the marble (UCSy), respectively as a function
of the heating temperature (7). The coefficient of correla-
tion (R?) for the equations (10) and (11) are 0.88 and 0.75,
respectively:

3 2
UCS; =-20 I + I —ﬂ+58; (10)
1000 100 100
3 2
UCSy, =—60 I +0.6 T —8—T+67. (11)
1000 100 100
4. CONCLUSIONS

Limestone and marble are significant rocks in Nigeria
because of their increasing structural and engineering ap-
plications. Many researchers have investigated the proper-
ties, compositional features and economic values of the
carbonate rock. However, the effects of the prevailing en-
vironmental conditions such as high temperature on the
Nigerian carbonate rocks have not been much reported.
The knowledge of these effects is essential to determine
the behaviour of any structures made of these rocks when
exposed to high temperature. In this study, the effects of
the elevated temperature on the physical and mechanical
properties of the carbonate rocks were investigated. Dry
density, porosity and UCS of the rock when subjected to a
different high temperature. The effects of the high temper-
ature on the physical and mechanical properties of the
rocks were analysed, and from the results, the following
conclusions can be drawn:

1. Generally, the elevated temperature has a significant
effect on the physical and mechanical properties of the
carbonate rocks.

2. The measured porosity for the limestone and mar-
ble increased steadily with the increased temperature at
a temperature above 300 and 400°C, respectively. How-
ever, the increase is more remarkable for the marble than
the limestone, though the marble is less porous than
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limestone. A sudden increase in the porosity of the mar-
ble was observed at a temperature of 100°C, which could
be due to the evaporation of locked-in free water in the
pre-existing pores. Additional studies would be required
to confirm this assumption.

3. The density of the rocks showed a decreasing trend
with the increased temperature, but the changes are not as
significant as that of the porosity. A remarkable reduction
in the density of limestone and marble was observed at the
temperature of 200 and 300°C, respectively.

4. The UCS of the limestone and marble behaved dif-
ferently, though the general decreasing trend was ob-
served. The UCS of the marble increased intermittently
between the temperature range of 300 and 500°C and later
decreased rapidly from the temperature above 400°C. The
rapid reduction in the UCS of the limestone occurred at a
temperature above 200°C, though an increased in its UCS
was observed at a temperature range of 100 and 200°C.

5. From the previous studies, such as Sirdesai, Singh,
Ranjith, & Singh (2017), it has been observed that at a spe-
cific temperature, new micro-cracks and pores are created
in rock samples due to thermal stress. The new cracks and
pores lead to the increase in the porosity and reduction in
the density and consequently reduce the strength of the
rock material. Therefore, in this study, the possible onsets
of the progressive development of these new cracks and
pores for the limestone and marble are at a temperature
above 300 and 400°C, respectively.
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BIIMB BUCOKUX TEMIIEPATYP HA ®I3UKO-MEXAHIYHI
BJIACTHUBOCTI KAPBOHATHHUX ITOPIJ Y INIBAEHHIU HIT'EPII

M.A. Iapic

Merta. BuBueHHsI BIUIMBY BUCOKHMX TeMIIEpaTyp Ha (hi3UKO-MEXaHIuHi BIACTUBOCTI KapOOHATHUX IOPiJ Ha OCHOBI
€KCIIePUMEHTAIbHUX TEPMIYHUX JOCIHIKEHb X 3pa3KiB JUIsl MPOEKTyBaHHsI OyiBelb 1 CIIOpPY, CTIHKUX 10 PyHHYBaHb

BIJI ITOXKEXK.

Metoauka. Ky6iuni 3pazku nopin HarpiBanucs B neui 1o 900°C 3 inrepBanom y 100°C, a moTiM 0X0JI0[PKYBAIHCS
JI0 KiMHaTHOI Temiieparypu. [lopucricts, 06’€MHa Maca B CyXOMy CTaHi, MillHicTh Ha 0tHoockoBHH cTuck (MOC) 3pa3kiB
BU3HAYAIIUCS TP PI3HUX BUCOKHX TeMIiieparypax. [TopucTicts Ta 00’€MHa Maca B CyXOMY CTaHi BUMIPIOBAJIKCS LUISIXOM
BH3HAUCHHS HACHYEHHS W IUIaBy4yOCTi 3paskiB, y Toi uwac sk MOC ouiHIoBanacs mpHu BUIPOOYBaHHI 3pasKiB Ha

30CEPECIKECHC HABAHTAXKCHHS.
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PesyabTaTi. Pe3ysnbraTi OCHIIPKEHHS! CBIIYaTh MPO Te, 10 BUCOKI TEMIIEpaTypy YHHATH CYTTEBUI BIUIMB Ha (i3HKO-
MEXaHIuHi BJIACTHBOCTI KapOOHATHHX TIOPiJ. 3 MiJIBUILEHHSIM TEeMIIEpaTypy MOPUCTICTh MOPiJ Ma€ CTIHKY TEHAEHLIIO 10
30UIBIICHHS, @ 00’€MHA Maca — 0 3MCHIICHHs, ocoOnuBo mpu Temieparypax Buine 300°C. MOC Ttakox B IJIOMY
3HIKYETBCS TIPH MiJBUIIEHH] TEMIEPaTypH, OJHAK IIPU JESKUX TEeMIIEpaTypax CHOCTEPIraeThesi THMYACOBE 301IbIICHHS
MIITHOCTI.

HayxoBa HoBu3Ha. Briepie st kapOdonaTHux nopin Hirepii BCTaHOBJIEHO XapakTep BIUIMBY BUCOKHX TeMIEpaTyp
Ha iX (pi3MKO-MeXaHIuHI BIACTHUBOCTI, IO paHillle HE NOCTIHKYyBaIoCch. JlaHe MOCIIIKEHHS IPOBEICHO 3 METOIO
3aIIOBHEHHS NIPOTaJIMHH Y BUBYCHHI LIOTO MUTaHHSL.

I[pakTuyHa 3HAYUMICTh. PO3IMPEHO YSBIECHHS IIOJO BIUIMBY BHCOKHX TEMIepaTyp Ha KapOOHaTHI IMOpomu Ta
BU3HAYEHO KPUTHYHI 3HAYCHHS TEMIIEPATypH, IIPH SIKMX iX BIACTHBOCTI 3a3HAIOTh CYTTEBHX 1 HE3BOPOTHIX 3MiH. LIi naHi €
JOCUTh BaXXJIMBUMH [UISl BIJIHOBJICHHS 3HAUYYIIUX CIOPYA 13 KapOOHATHUX MOPiA, sIKI MiJAanucs pyHHYBaHHIO Iijl Yac
TIOKEXKI.

KuaiouoBi ciioBa: sanmsx, mapmyp, eucoxka memnepamypa, 61acmugocmi nopoou, menioguil niug

BJUSIHUE BBICOKUX TEMITIEPATYP HA ®U3UKO-MEXAHUYECKUE
CBOVMICTBA KAPBOHATHBIX IIOPO/I B IO’KHO HUT'EPUU

M.A. Unpuc

Hean. M3yyenue BiusHHUS BBICOKMX TeMIEparyp Ha (U3MKO-MEXaHHMYECKHE CBOWCTBAa KapOOHATHBIX IOPOJ Ha
OCHOBE JKCIIEPHMEHTAIILHBIX TEPMUUECKHX UCCIECAOBAaHUI UX 00pa3loB AJIsl IPOSKTUPOBAHUS 3[aHUH 1 COOPY)KEHHH,
YCTOHUUBBIX K pa3pyLICHUsIM OT [IOKapOB.

Metoauka. Kyouueckne oOpasisl mopox HarpeBanuch B meun 10 900°C ¢ wuntepBaom B 100°C, a 3arem
OXJIKIAJINCh 10 KOMHATHOW Temmeparypbl. [lopucrocTh, 00beMHas Macca B CyXOM COCTOSHHM, HMPOYHOCTH Ha
ormHoocHoe cxarue (IIOC) 00pa3noB onpeaensuich IpH Pa3IHIHBIX BRICOKHX TemnepaTypax. [lopuctocts n o0beMHast
Macca B CyXoM
COCTOSTHMM U3MEPSUTICH ITyTEeM OMNPE/IeICHNs] HACHIIEHUS U IUIaBy4ecTr 00pasios, B To BpeMs kak [IOC ouneHuBanach
IIPY UCHBITAHUM 00Pa3I0B Ha COCPEIOTOUCHHYIO Harpy3Ky.

Pe3yabTaThl. Pe3ynbraTel HCCIEAOBaHUS CBUIETEIBCTBYIOT O TOM, YTO BBICOKHE TEMIIEPaTyphl OKa3bIBAIOT
3HAYNTEIBHOE BIUSHUE Ha (HU3MKO-MEXaHWYECKUE CBOMCTBA KapOOHAaTHBIX mopod. C Bo3pacTaHHEM TEMIIEpaTyphl
HOPHUCTOCTB ITOPOJ] UMEET YCTOMYMBYIO TEH/ICHIINIO K YBEINYEHHIO, @ 00beMHAsi Macca — K YMEHBIIEHHIO, 0COOEHHO MPHU
temnepatypax Bbiiie 300°C. IIOC Taxke B I1eTOM CHH)KAeTCsI P MOBBILIEHUH TEMIIEPATyphl, OHAKO MPU HEKOTOPHIX
TeMIlepaTypax HaOJI0AaeTcsl BpEeMEHHOE yBEIMYCHUE IPOYHOCTH.

Hayuynas HoBu3HA. BniepBble s kapOOHaTHBIX mopoJ Hurepum yCTaHOBIEH XapakTep BIMSHHS BBICOKHX
TeMITepaTyp Ha UX (PU3NKO-MEXaHUUECKHE CBOWCTBA, YTO paHee HEe MCCIIeN0BalIoCh. [laHHOe McCiIeoBaHne IIPOBEAECHO
JUTS 3aII0JTHEHUST Tpo0eria B M3y4EeHHH 3TOT0 BOIIPOCa.

IpakTHyeckasi 3HAYMMOCTb. PacMpeHs!l NpeNCTaBIeHUS O BIMSHUM BBICOKMX TEMIIEpaTyp Ha KapOOHAaTHBIE
TIOPOABI ¥ ONIPE/ICIICHBI KPUTHUECKHE 3HAUEHHS TEMIIEPATYPBbI, TPH KOTOPBIX MX CBONHCTBA ITPETEPIIEBAIOT CYILIECTBEHHBIC
1 HEOOpaTHMble H3MEHEHNUS. DTH JaHHBIC OUY€Hb BAXKHBI JJIS1 BOCCTAHOBIICHNUS 3HAYUMBIX COOPYKECHHUH N3 KapOOHATHBIX
MIOPOJ, KOTOPbIE NOABEPIIINCH PA3PYIICHHIO IIPH MOXKApPE.

Kniouegwie cnoga: uzeecmusk, Mmpamop, 6blCOKAsl MeMNepamypa, ceolcmeaa nopoosl, meniogoe 030eLUcmeue
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