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Abstract. The paper focuses on building envelopes ifdustrial thermal generating units, their effi@ncy and its
increase. Building envelopes made of lightweight heasistant concretes are considered most effectieen the point of
their building construction, maintenance, repair ahcost-effectiveness. One of the unresolved prolsemere is that
porous granular materials suitable for use as coete fillers operating at temperatures over 1080 are not industrially
manufactured at the moment The article also charadses commonly used heat resistant porous filldtsndicates that
the use of exhaust zeolites is potentially perspectGeneral properties and characteristics of zédi are also given. The
paper demonstrates that it is quite possible to @séhaust zeolites in building envelopes of lightwieigheat-resistant
concretes. The work describes testing experimentsypfcal exhaust zeolites (petrochemical and oifineng industries
wastes) in Samara region and the Republic of Tatarstdheir stress-strain properties and chemical coosftions as well
as X-ray crystallographic analysis (including anais under high temperature) are presented. Theyyaahat zeolites are
heat-resistant and fire-proof because of corundurarmhation. Phosphate binder was used for tesing inaheesistant
concretes. The composition of the concrete mixtusegiven in the paper. As a result, concrete with tfalowing
characteristics was obtained: 1550 kgfndensity, with compressive strength of approximat@y MPa, having high
thermal resistance and maximum permissible apptioa temperature of 1450° c.

Keywords: lightweight concretes, heat resistance, axdtaeolites, concrete mixture, physical and thetrpeoperties.

I. INTRODUCTION

Nowadays hardly any production can do without Il. THEORY AND EXPERIMENTS
thermal units of different application, for whichet Some of the most promising materials, in terms of
most effective lining is usually constructions of their use as heat-resistant fillers, are exhausted
lightweight heat-resistant concrete. Nevertheléss, zeolite-containing adsorbents which are wastes of
overall volume of concrete linings compared to petrochemical industry and oil refining factories.
single-piece refractories, is extremely small amd i Such materials include exhaust zeolites, zeasorbs
less than 10% of the total. One of the reasons isere and other zeolite-like catalysts, hereinafter refeirto
the lack of industrial production, i.e. large guant as "zeolites".
production of heat-resistant porous fillers for Zeolites are referred to the class of
concrete, which are able to work at a temperaturéhydroalumosilicates with space-framed structure.
over 1000°C [1-5]. Such porous fillers as expanded Such tetrahedra as AlOor SiQ. with negative
clay, ceramsite, aggloporite, vermiculite, perldéee  charges balanced by Ca, Mg, Na, K and sometimes
sometimes referred to as heat-resistant, but theiBa or Sr ions serve as the basis of the frame. All
maximum application temperature does not exceedeolites have one and the same typical structhedr t
1000-1100°C. It is important to note that several crystal lattice is penetrated by micropores of daie
types of heat-resistant porous fillers as well las t size, enabling anions and cations move to the cente
technology for their production have already beenof the structure, or, vice versa, to its periphery
invented for concretes used at temperatures 1000(L4-16].
1500°C [5-13]. The methodology of producing such Wide application of zeolites in petrochemical and
aggregates is based on very scarce and expensivefining industries is brought about by the follogyi
high-aluminous raw materials and their clinker characteristic properties:
formation, melting and swelling at high temperasure a) zeolites are "cations", i.e. capable of ion
Therefore, searching and discovering of availableexchange of cations with surrounding environment.
porous, preferably granulated, materials with Highh ~ This characteristic makes possible to use them for
resistance is now of considerable interest. regulating water hardness;
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b) a definite diameter of zeolite pores can beluse , _ Table2
for gaseous and quuid substances clearance from Physical mechanical properties of used adsorbents
. . - . Oxide
various impurities or for separation of substances
with. different size of their molecules. Therefore, §§ S| & 5@ Sl ol of o] ol &
zeolites are often referred to as "molecular sieves N o =| 2| £| | ¥| 9| £| o
c) the volumes of zeolite-containing wastes are
quite substantial. According to our information32- ol B | g| 2| 2| | gl ©
thousand tons of such zeolite-containing wastes are <1 | ©| &| | 4| | | 5| o
generated only in the Samara region . Almost all of
these (_exhaust zeolites Iqok as granules of 1-8 mm o | Il 9| 8| 8| | 3| 8§ 5| %
size with the bulk density up to 850 kg/mand w| ~| o b| d| o] S| o| &

refractory property of 1550-18G{C.
Research and testing of exhaust zeolites generated X-ray crystallographic analysis made it possible
by industrial enterprises of Samara region (Z-19 an {4 prove that tested exhaust zeolites at a temperat
the Republic of Tatarstan (Z-2) were carried out in ¢ 59 0c contain mostly boehmitg-AlO (OH) (see
accordance with standard methodologies and thesjgyre 1), The analysis results prove the results o
Standard of the Russian Federathén20955 "Heal-  chemjcal composition of zeolites determinations and

resist.ant concretes. and their aggregate_ and fillers -onclusions that high-aluminous compounds of high
The influence of high-temperature heating on thes&efractory properties make the large part of zeslit
wastes was studied by means of X-ray composition.

crystallographic analysis.
Physical and mechanical characteristics of exhaus
zeolites are presented in Table 1.

0, :
Table | A A l f‘ a
Physical mechanical properties of used adsorbents
' <

Value of indicators
Indicators Zeolite type
Z-1 z-2
Density:
-absolute, g/cH] 2.8 2.7
- in the lump, g/cri 1.18 1.37
- bulk, kg/n? 640 810
Porosity:
- true, % 58 49 Fig. 1. X-ray diffraction pattern of exhausted adsorbent20C:
- intergranular, % 46 41 a-Z-1,b-22
Water absorption by 75 47 . . . )
weight,% It goes without saying that heat resistant filliens
Sieve residue percentage, |% concrete should have certain physical and thermal
10 mm 26 37 characteristics. Physical and thermal charactesistf
5 mm 774 83.8 exhaust zeolites are presented in Table 3. For a
55 mm Toa 75 comparative analysis we also give here similar
125 mm 06 : characteristics of spepially manufactured aggldpori
0.63 (A) generated from high refractory raw charge with
refractoriness of 1710 ... 175C.
0,315 mm . .
The obtained data show that the wastes in
0,14 mm . .. . R
pyr , question are similar by their physical and thermal
ylinaer compressive H H H _ H
strength, MPa 2.7 4.64 properties to specially produced high-resistant

aggloporite with very energy-consuming production

. . . . technology. For the final determination of maximum
According to _the|r_ chem|9al composition (see permissible temperature of lightweight concrete

Table 2), the zeolites in question are high-aluméo 5 yjication on tested zeolites we tested concreetes

materials with a minimum content of fluxing oxides. yetermine their deformation under load when heated.
This fact predetermines their high refractory

properties.

54



Environment. Technology. Resources, Rezekne, Latvia
Proceedings of the Yinternational Scientific and Practical Conferenslume Ill, 53-56

Table 3 i B
Special physical and thermal properties of exhaeslites e ; § 8 =
Indicators LNWW a
. Heat resistance, therma o <
Zeolite . ) i a3 oy
type Fire Resistance W‘N"W b
When heated to 100¢C oc o "
and cooled in airjet W‘M‘#\ (o4
=3 2’,3‘:
K-KOPYHA =3 =2 S
z-2 46 1850 2 S T £
32 = (¢F R
A 25 1710-1750 MMWP—J\ o

high Fig. 3. Exhaust zeolite Z-2 X-ray diffraction pattern=at 300,

For materials designed to operate at b at 500, ¢ — at 800. d  at 1000, e — at 1200

temperatures, it is necessary have data on theenatu

of the processes occurring_ in these materials whgn The analysis of the obtained results showed that
heated. To do that we applied X-ray crystallographi {5 the manufacture of heat-resistant concretes the

analysis of exhaust zeolites Z-1 and Z-2 atyggt effective binder (for the purpose of working

temperatures of 300, 500, 800, 1000 and 1200  (ogether with the filler) is the phosphate bindaséd
The results of the tests are given in Figures 23and 4, phosphoric acid and floured chamotte.

The results show that at a temperature of 300 In the course of the experiments the following
the tested zeolites are presented as «bemites» A'Qomposition of the concrete mix (for 1 cub.m. of
(OH) (see Figures 2a and 3a). When zeolites ar@oncrete) was suggested:
heated to 500, 800 and 1080 they are dehydrated exhaust zeolites — 660 kg:
and amorphicized. At these temperatures they have floured chamotte — 530 kg;'
only the traces of-alumina (see Figures 2b, 2c, 2d _ 65% orthophosphoric acid'— 560 |
and 30b, 3¢, 3d). When zeolites are further _heabed t As the result we obtained concreté with 1550
;200 C they form corundun-AlO; (see Figures kg/m? density and with compressive strength of
<€ and 38.)' Corundum _fo_rmat|on at h'gh temperature%\pproximately 21 MPa. The designed lightweight
is beneficial, _because Itis a stable high tempeeat heat-resistant concrete had the following thermal
form of alumina that has high strength and thermal

characteristics characteristics:
' - heat resistance after heating to 8Q0is 45-55

air thermal shifts;

a
=
—s
L

i — the maximum permissible temperature of use
a corresponding to 4% of deformation is
1450°C.
. . RESULTS

The research yielded the following conclusions:

e Exhaust zeolites density makes it possible to
refer them to aggregate and fillers suitable for
manufacturing lightweight concrete. Exhaust
zeolites are characterized by comparatively

e high compressive strength (2.7 ... 4.6 MPa).

e According to their chemical composition,
exhaust zeolites are  high-aluminous-
containing materials (over 70% of /8%) with
a minimum content of oxides of RO anddR

e When exhaust zeolites are heated, they

Fig. 2 Exhaust zeolite Z-1 X-ray diffraction pattern-at 300;
b — at 500; ¢ — at 800; d — at 1000; e — at ZD0

The analysis of the obtained results showed that generate a high temperature form of alumina —
for the manufacture of heat-resistant concretes the corundum - characterized by high heat-
most effective binder (for the purpose of working resistant, strength and fire-resistant properties.
together with the filler) is the phosphate bindeséd e The exhaust zeolites under analysis have high
on phosphoric acid and floured chamotte. fire-resistant properties: 1750-1880.

e Characteristics exhaust zeolites correspond to
the requirements of the Standard of the
Russian Federatiof\e 20955 "Heat-resistant
concretes and their aggregate and fillers" and
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e Heat-resistant lightweight concrete obtained
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can be used as porous fillers in lightweight [8] S. A. Mizyuryaev, A.Yu. Zhigulin, Construction dgas and

heat-resistant concretes.

on the basis of exhaust zeolites has excellent
physical and thermal characteristics and is
suitable for manufacturing structures, designed
to operate at temperatures up to 12460
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