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Zarovzdorné vyzdivky byvaji ¢asto vystaveny rychlému stridani teploty. V disledku techto teplotnich rozdiliz dochazi
ve strukture materialu k velkému mechanickému napéti, které casto vede k jeho porudeni. Velmi dilezitym opatienim
proti poruSeni Zarovzdorné zarobetonové vyzdivky je pouZziti Zarobetonu odolného proti ndhlym zménam teploty.
Jeho kvalita zavisi na odolnosti materidlu wici vzniku aSireni trhlin. Cilem experimentu, ktery je popsan
v prispévku, je overit Ucinnost pridavku riznych prisad do matrixu Zarobetonu za Ucelem zvySeni odolnosti daného
Z&robetonu proti nahlym zmeénam teploty a déle zjistit teplotni oblasti, kdy je dana prisada Gc¢inna. Experimentalni
vzorky na testovani odolnosti proti nahlym zmeénam teploty byly pripraveny z prisad bézné pouZivanych v praxi.
Testovanym Zarobetonem, ze kterého byly pripraveny zkuSebni smési a zkuSebni telesa, byl nizkocementovy
Zarobeton na bazi objemove stabilniho kameniva, kterym je paleny kaolin. Z hlediska poZadavk: uziti a aplikace se
predevsim u nizkocementovych Zarobeton: pozaduje zvySeni odolnosti proti zmenam teploty.

Do zakladniho sloZeni referencni smesi A byly pridany heterogenizujici p7isady (3 hm. %) a byly pripraveny vzorky.
Celkem bylo pro experimentalni prace pouzito 8 druh:i mikroprisad (nestabilizovany ZrO,, zirkonsilikat, kiemicity
pisek, stabilizovany ZrO,, rutil, grafit, kyanit a spinel). Heterogenizujici p/isady byly vybrany s predpokladem, ze
budou kladnym zpiisobem peisobit v zakladni zkuSebni smési na jeji odolnost proti teplotnim Sokiim. Pripravené
vzorky byly vypaleny na teploty 110, 600, 800, 1000, 1200, 1400, 1450 a 1500 °C ve vysokoteplotni superkanthalové
elektrické peci s naristem teploty 5,5 °C-min™. Po vypaleni na prislusné teploty byly jednotlivé vzorky testovany na
bezné sledované parametry (zdanliva porovitost, objemova hmotnost, nasékavost, trvalé délkové zmeny). Pérovitost
a objemova hmotnost jsou vlastnosti Zarobeton:, které znac¢né ovlivsiuji vSechny pevnosti a také tepelné vlastnosti
(tepelnd vodivost). Nepimo tak na nich zavisi i odolnost vici teplotnim Sokim. Vzorky byly také podrobeny
zkousk&m pevnosti v tlaku za studena a pevnosti v tahu za ohybu. Vzorky s vySSi pevnosti v tahu za ohybu nez ma
srovnavaci vzorek by mely Iépe odolavat vzniku trhlin, a tedy i nahlym teplotnim Sokim. Stanoveni odolnosti proti
nahlym zménam teploty bylo provedeno ochlazovanim zkuSebnich téles tvaru valecku 50 x50 mm z teploty 950 °C
na 10 — 20 °C ponosenim do studené vody. Vysledky experiments potvrdily vhodny postup pri priprave zkuSebnich
Zarobetonovych smesi a téeles pomoci prisad s rozdilnou teplotni roztaznosti.

Kli¢ova slova: Zarobeton; sloZeni Zarobetonové smési; heterogenizace struktury; odolnost proti ndhlym zménam
teploty; prisady Zarobetonu

Refractory linings are often exposed to rapid temperature fluctuations. Due to these temperature differences high
mechanical stress occurs in the material structure, which often leads to failure of the lining. An important measure
against failure of the refractory lining is the usage of refractory concrete resistant to sudden temperature changes.
Its quality depends on the material resistance to cracking and crack propagation. The aim of the experiment
described in this paper was to verify the addition of various additives to the matrix of refractory concrete in order to
increase the resistance of the refractory concrete against sudden temperature changes, suitability of particular
additives and to determine the temperature range, in which the given ingredient is effective.

Key words: refractory concrete; refractory composition of the mixture; heterogenization of the structure; resistance
to sudden temperature changes; additives

Some industrial furnaces were in operation for along severa times a day, which means they do not work
time, often months. After shutdown, a refractory lining  continuously, e.g. trolley furnace. Refractory products
or its substantial part is torn down and then build up  that have been proven for the first group of furnaces are
again. Certain thermal devices, however, are shut down  not necessarily fit for the second group. A refractory
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sensitivity and its reaction to rapid temperature changes
is in many cases the factor governing the applicability
of the product in conditions where it is exposed to
sudden and relatively high thermal shocks[1, 2].

An important prerequisite for refractory lining is usage
of the suitable refractory concrete, which is resistant to
the sudden temperature changes. Refractory concretes
are resistant to therma shock if they have high
resistance to crack formation and high resistance to
crack developing [3].

Experimental work has been based on evauation and
comparison of a reference sample of refractory concrete
and adapted refractory concrete samples. The adaption
was done by adding of heterogenization ingredients to
the basic composition. Heterogenization impurities are
substances, which have a different (larger or smaller)
thermal expansion of the base of a reference sample, or
which in a certain temperature range exhibit a step
change in expansion. The consequence of this
heterogenization of the structure is formation of micro
cracks, which leads to reduction of modulus of elasticity
and thus to an increase of resistance of the material to
the temperature changes [4]. Experimanta results
showed in what temperature range concerned micro
ingredient is functional. Therefore the tests were
performed on specimens fired at different temperatures.
The next stage was to set formulas and other commonly
monitored  parameters of  refractory  concrete
(mechanical properties, changesin volume).

The recipes were designed according to the rules of
refractory concretes.

1. Resistance to sudden temperature changes

Sensitivity of refractory material to temperature change
is one of its main characteristics. An example could be
asignificant influence of resistance to the temperature
changes in the furnace linings of periodically working
devices. These changes are cyclical, i.e. they regularly
repeat. The higher is the temperature change, the harder
isthe resistance of the material.

Refractory materials are in practice often exposed to
strong variations in temperature (heating and cooling).
Since the temperature compensation always needs some
time, the temperature gradient arises during variationsin
temperature  within  the material  (temperature
difference). This temperature difference results in
adifferent thermal expansion coefficient, which leads to
a mechanica tension in the volume of the loaded
material. The emerging stress can disrupt the structure
of the product. A great danger arises in refractory
materials during a rapid cooling. In this case, the
temperature decreases towards the centre of the product
due to formation of the colder surface layer of the
meaterial at the contact with the cooler environment. The
outer portion of the material has then a strong tendency
to contract and it thus finds itself in a tensile stress.

Ability of refractory materials to withstand tensile stress
is very small and thus cracks easily occur. The opposite
phenomenon occurs during rapid heating. In this case,
the outer layer of the material has higher temperature
compared to the inner layer and thus it comes under
compressive stress. The disturbance of the material
during the loading occurs in most cases due to the high
shear stress in the outer layers. A typical characteristic
of the consequences of the shear stressisasmall peeling
of the layers or separation of the larger portions of
material.

Fig. 1 shows the states of tension and damage of
refractory concrete in the case of one-sided heating.
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Fig.1 Typed) it expresses a state of tension and damage of
refractory concrete in the compression zone, type b) in the
tensile zone, type c) it shows the formation of cracksin the
case of one-sided heating [5]

Typ a) vyjadiuje stav napéti a poruseni Zarobetonu v tlakové
zOng, typ b) v z6né tahové, typ c) znézoriiuje vznik trhlin pri
jednostranném ohievu

Obr. 1

Resistance against temperature changes is therefore an
ability of the materia to resist sudden temperature
changes without structural failure. The fact, whether
fragile refractory body can resist or not the intense
temperature change depends solely on whether it can
withstand the emerging thermal tension, or an excess of
a yield strength value and thus avoid the plastic
deformation.

Resistance to sudden temperature changes cannot be
expressed by a single physical quantity; it is the sum of
a series of material properties. The major effects on the
resistance to sudden temperature changes are the
following: physical properties, such as strength, thermal
expansion, thermal conductivity; elastic properties, such
as extensibility; external conditions, such as the desired
size range of temperatures, temperature changes, the
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shape of the desired product by size and complexity.
Ceramic materials are more resistant to temperature
changes and they have thereby higher strength and heat,
or thermal conductivity, lower modulus of elasticity and
thermal expansion coefficient, as well as good
graininess and a micro-porous structure [6 — 10].

2. Experimental methods and material

Test samples for the resistance to sudden temperature
changes experiment were prepared from the commonly
used additives. The composition of the reference sample
is given in Tab. 1. The test mixture and test specimens
were prepared from a low-cement refractory concrete
based on volume stable aggregate, acalcined kaolin.
Fig. 2 showsfillers of the mixture.

Tab.1 Composition of refractory concrete mixture “A” —reference
sample without additives
Tab.1 Slozeni zarobetonové smesi “A* — srovnavaci vzorek bez
prisad
Raw material Share (%0)
Calcined kaolin 65
Finely ground fire clay 14
Micro-silica
Complex ingredient
Reactive alumina 10
Alumina cement 5

Fig. 2

Fillers of the mixture — three fractions of calcined kaolin,
finely ground fire clay, micro-silicaand reactive alumina
Plnivo smeési — tti frakce paeného kaolinu, jemné mlety
Samot, mikrosilika a reaktivni oxid hlinity

Obr. 2

Subsequently, to the basic composition of the reference
mixture “A” the heterogenization additives were added
(3 weight %) and thus treated samples were prepared.
Eight kinds of micro additives were used for
experimental work (marked as “B-1"). The exact
quantity of ingredients is confidential. Tab. 2 shows
marking of the samples and the type of additive.

Tab. 2 Marking of the samples “B-I" with individua additives
Tab.2 Oznateni vzorka “B-I1" sjednotlivymi piisadami

Sample identification Kind of ingredient
B ZrO, non-stabilized
Zircon silicate

Silicon sand
ZrO, stabilized
Rutile
Graphite

IT|O|mm|O|O

Kyanite
| Spinel

Heterogenization ingredients were chosen with the
expectation that they would positively influence the
basic test mixture and enhance its therma shock
resistance.

Prepared samples A — | were burned-out a the
temperatures of 110, 600, 800, 1000, 1200, 1400, 1450
and 1500 °C in the high superkanthal electric furnace (see
Fig. 3) with the temperature increase of 5.5 °C-min™.

Fig. 3 High-temperature kanthal-super electric furnace
Obr. 3 Vysokoteplotni elektricka superkanthal ova pec

3. Results and evaluation

After burning-out at the respective temperatures, the
routinely monitored parameters (apparent porosity, bulk
density) were determined in individual samples, the
results are summarized in Tab. 3.

Porosity and bulk density are properties of refractory
concrete, which greatly affect all strength and thermal
properties (thermal conductivity), and resistance to the
temperature shocks therefore indirectly depends on
them.
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Tab. 3 Bulk density and apparent porosity in individual samples
Tab. 3 Objemova hmotnost azdanliva porovitost u jednotlivych vzorka
Sample identification
Firing temperature (°C) A B C D E F G H 1
110 2323 | 2328 | 2310 | 2326 | 2309 | 2313 | 2195 | 2290 | 2308
600 2302 | 2321 | 2279 | 2281 | 2266 | 2268 | 2146 | 2260 | 2290
800 2296 | 2304 | 2295 | 2258 | 2314 | 2311 | 2123 | 2268 | 2283
Bulk density 1000 2291 | 2332 | 2293 | 2284 | 2284 | 2317 | 2099 | 2256 | 2282
(kg'm'a) 1200 2312 | 2327 | 2334 | 2292 | 2312 | 2303 | 2101 | 2246 | 2307
1400 2282 | 2314 | 2281 | 2302 | 2310 | 2311 | 2101 | 2243 | 2321
1450 2345 | 2339 | 2347 | 2328 | 2364 | 2371 | 2131 | 2324 | 2364
1500 2372 | 2405 | 2377 | 2357 | 2412 | 2372 | 2164 | 2377 | 2432
600 11.6 10.3 9.8 10.7 11.0 141 16.9 12.8 13.2
800 11.2 10.5 89 9.8 10.2 11.0 18.1 12.1 129
Apparent 1000 11.7 11.0 10.6 10.8 115 11.2 18.8 133 13.2
porosity 1200 11.7 11.2 10.8 11.0 11.7 114 19.2 13.0 125
(%) 1400 111 10.9 10.8 10.0 11.2 9.9 18.2 12.3 11.6
1450 10.7 9.9 9.2 9.7 9.6 8.0 16.7 10.3 10.3
1500 9.1 7.6 7.5 74 6.3 6.0 14.7 7.8 6.9

From the mechanical properties (tensile strength and
compressive strength) with respect to the common
requirements and application of refractory concretes in
practice, the values at the temperatures of 1000, 1200 and
1400 °C are mentioned. Comparison of the measured
values of the various samplesis shown in Fig. 4.

Tensile bending strength of samples A -1 (MPa)

Tensile strength (wpa)

21000 °C

=1200 °C 01400°C

Fig.4 Tensile bending strength of individual samples
Obr.4 Pevnost v tahu za ohybu u jednotlivych vzorkt

The samples with higher tensile bending strength than
the reference sample A should better resist cracking and
thus also the sudden thermal shock. These include the
firing temperature of 1000 °C for the test mixtures C
and H, while the other mixtures reached lower values.
At 1200 °C the higher values were measured for the
samples B, C, D, E and F. Only the mixture D showed
at 1400 °C a higher tensile strength than the reference
sample.

The samples were subjected to the tests of compressive
strength (Fig. 5). The samples B, D and F reached the
highest values with firing temperature of 1000 °C the
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other samples had lower values. At 1200 and 1400 °C the
highest values measured compared to the reference
sample were determined for the mixtures B, C, D, E
and F.

Compressive strength cold for samples A -1 (MPa)

Compressive strength ( MPa)

samples

[Teiocmizove miave |

Fig.5 Cold compressive strength of individual samples
Obr.5 Pevnost v tlaku za studena u jednotlivych vzorka

Determination of resistance to sudden temperature
changes was performed according to DIN 51068 Part 1.
The principle consists in cooling of the test samples
with cylindrical shape 50x 50 mm, from 950 °C to
10—-20°C by immersion in cold water [11]. Test
specimens were held in an oven at 110°C for 30
minutes and, after thorough heating they were placed in
a furnace with temperature of 950 °C (Fig.6). The
temperature in the oven was not allowed to fall below
750 °C after opening and closing the door. During
15 — 30 minutes the temperature in the furnace had to
reach the original 950 °C. At this temperature, the
samples were left for another 15 minutes.
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Fig. 6

Test samples in the furnace during the experiment on
resistance to sudden temperature changes

ZkuSebni télesa v peci pti zkousce odolnosti proti nahlym
zménam teploty

Obr. 6

After the elapsed time, the samples were removed from
the furnace and immersed in water at the temperature of
10 — 20 °C, where they were left for 3 minutes. They
were subsequently dried in an oven at about 110 °C and
the whole cycle was repeated.

The test was carried out till the sample fell apart into two
or more pieces, or until all 30 cycles were performed. For
the samples burned at 1000 °C the procedure continued
up to the 235" cycle. The disintegration cycle was
included and counted to the whole cycle. The output of
the test was a visua evaluation of the test samples. The
test results are summarized in Tab. 4.

Tab.4 Number of cycles during the disintegration of individual
samples
Tab. 4 Pocet cyklu pii rozpadu jednotlivych vzorka

Number of cycles at disintegration of individual samples during
the destruction test on resistance to sudden temperature changes

Sample identification

Firing tempe-

rature (°C) A B C | D E F| G| H |

1000 233 |> 235| 130 [> 235| 234 | 105 |> 235|> 235| 184

1200 16 | 25 | 30 {>30| 25 |>30(>30(>30|>30

1400 16 | 18 | 12 | 20 |>30| 24 |>30| 11 |(>30

Hairline cracks along the perimeter of the test sample
are due to tensile stresses at the surface of the body,
which arise from the quenching in a water bath. The
cracks are located at half the height of the body, which
is explained by the distance from the hot centre from
colder surface, when just one half is the shortest
distance. These cracks are formed on the top and bottom
of the base (Fig. 7).

Fig. 7 Reference sample“A” burned at 1400 °C at disintegration
after 16 cycles

Obr. 7 Srovnévaci vzorek “A” vypdeny na 1400 °C pii rozpadnuti
po 16 cyklech

Conclusions

On the basis of theoretica knowledge, severa ways
exist to increase the resistance to sudden temperature
changes.

One is the reduction of modulus of easticity, which can
be realized by creating micro-cracks resulting hetero-
genization of the structure.

The fundamental technologica  possibility is
acombination of two chemically coexisting components
with different thermal expansion coefficient.

The aim of the experiment described in this paper was
to verify the addition of various additives to the matrix
of refractory concrete in order to increase the resistance
of the refractory concrete to sudden temperature
changes, aswell as suitability of particular additives.

From the results it is evident that some of the ingre-
dients had positive effect on increasing of resistance to
sudden temperature changes compared to the reference
sample. The performed experiments confirmed the
appropriate procedure for the preparation of test sam-
ples and refractory mixtures using ingredients with
different thermal expansion.
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Ohnisko problémi v investicich a obchodu s emisemi

Stahl und Eisen 137/2017 Nr. 1

ArcelorMittal dokongil renovaci vyzdivky na vysoké peci 5A; celkové koncern v Eisenhiittenstadtu investoval
40 mil. € Tato vysoka pec nyni zasobuje ocelarnu 5000 tunami surového Zeleza denng. 'V dobeg, ktera je
poznamenana silnymi nejistotami v evropské energetické a klimatické politice a dumpingovymi importy z Dalného
vychodu tak ArcelorMittal potvrzuje svij vztah k ocelarné svice nez 2700 zaméstnanci a k regionu. Velké starosti
koncernu ae délgji hrozici vicendklady z obchodu semisnimi povolenkami. Ocelérnu z tohoto divodu v prosinci
nav&tivil ministr hospodéistvi a energetiky Braniborska Albrecht Gerber, aby se informoval o situaci.

Investice 8,5 mil. € do vyroby dratu: Swiss Steel AG nastavuje smér pro
vyrobu oceli 4.0

Focus Rostfrei 02.01.2017

Trend k individudiné modifikovanym specidnim ocelim zesiluje. Aby mohl dostét budoucim poZadavkam ohledné
zékaznicky orientovanych vyrobki z dratu a vysSSich hmotnosti dratovych svitki, investoval vyrobce oceli Swiss
Steel nyni 8,5 mil. € do své valcovny v Emmenbriicke. Cela oblast zpracovani svitki byla dovedena do nejnovéjsiho
stavu techniky a poskytuje dnes maximalni flexibilitu pri dalSim zpracovani oceli, jakoz i vazani a baleni drétovych
svitki. To jsou dilezité predpoklady pro vyvoj zakaznicky specifikovanych ocelovych vyrobka. Modernizaci chee
Swiss Steel posilit svou pozici natrhu.

Rust obchodu s ocelovymi rourami: Mnichovska holdingovéa spole¢nost chce
pievzit zavody Aperam

Stahl Aktuell 11.01.2017

Mutares AG vidi v obchodu s ocelovymi rourami potencidl a planuje pievzeti firmy Aperam Stainless Services &
Solutions Tubes Europe. Jak sdélila mnichovska holdingova spoletnost, méa byt jeji 100% dcera BSL se sidlem
v Soissons, ktera vyrédbi roury pro ropné, plynarské a chemické odvétvi, sloucena se zadvodem Aperam v Ancerville
adistribuénim centrem Aperamu v Annecy. Podnik si od toho slibuje synergické efekty, coz ekl mluvéi Mutares na
dotaz MBI Stahl Aktuell. Cilem mabyt , vyrazné zvySeni hodnoty” . Velikost transakce nechtél mluvei komentovat.

Kléckner & Co: Ruhl nepoklada digitalizaci za ,,zazra¢nou zbran*

Stahl Aktuell 23.01.2017

Gisbert Ruhl, $&f obchodnika s oceli a s kovy Kldckner, varoval na svétovém hospodarském féru v Davosu pied tim,
aby byla digitalizace pokladana za zaézraénou zbran a aby byly ignorovany skutecné potteby lidi uvnitt i mimo
firmu. , Technologie ziskava na vyznamu. To ale neznamena, Ze spolupracovnici jsou méné cenni*. Rihl informoval
0 z&kaznicich, ktefi své objednavky i presto, Ze existuje digitdni platforma, nejradéji posilaji faxem. Dokonce
i tehdy, kdyz zvoli elektronickou formu, podlou mail s naskenovanym formuléiem ve formatu pdf. Presto poklada za
pravdépodobné, Ze digitalizace ugini mnohé profese piebytenymi. Rikéli ,mnohé profese’, patii jedts
k optimistim. Podle nékterych studii vychazi 44 % Séfi mezindrodnich koncerni ztoho, Ze robotizace,
automatizace a umélé inteligence zpusobi, Ze lidé se stanou v budoucnu v pracovnim Zivoté ,,irelevantnimi®.
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